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Abstract: Intravascular medication delivery allows nanoparticles to enter the circulation via blood vessels and treat
intravascular illnesses by acting at precise locations inside the blood vessels. Another method of drug delivery including
nanoparticles is known as extravascular drug delivery, and it involves local administration (e.g., oral, inhalation, subcutaneous
injection, etc.) to target tissues. Utilising the principles of nanotechnology, nano pharmaceuticals have completely transformed
the way drugs are delivered and treatment approaches in contemporary medicine. Utilising nanoparticles (NPs) and
nanocarriers (NCs), these state-of-the-art formulations overcome significant drawbacks of traditional treatments by providing
better targeting, increased bioavailability, and less toxicity. Their revolutionary effect on healthcare is shown by the clinical
success of several nano pharmaceuticals. By decreasing the negative effects induced by systemic medications by local targeting,
nonmaterial may be employed as vascular-targeted carriers for intravascular drug delivery. Intravascular inflammation changes
the local environment, which may inspire new nanoparticle designs. When inflammatory stimuli are high, nanoparticles may
target immune cells and the receptors on their membranes. Nanoparticle formulation of a-mangostin for cancer drug delivery
system and "a-mangostin nanoparticle for cancer drug delivery system" constitute the basis of the investigation. We spoke
about the possibilities and difficulties of smart systems for the targeted treatment of various vascular and non-vascular
illnesses.
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INTRODUCTION

The most prevalent kind of cancer in the head and neck area is oral squamous cell carcinoma (OSCC),

which is a persistent and crippling illness. To address the frequent adverse effects of traditional

medications, such as a decrease in bone marrow function, kidney damage, ototoxicity, and inadequate

systemic stability, several nano formulations have been developed. It was shown that a nanoparticle loaded

with ligand-decorated CDDP—polylactic acid—polyethylene glycol (PLGA-PEG)-NR7 had a higher
potential for drug penetration in OSCCs tissue and showed rapid intracellular infiltration.

Utilising the principles of nanotechnology, nano pharmaceuticals have completely transformed the way
drugs are delivered and treatment approaches in contemporary medicine. Utilising nanoparticles (NPs) and
nanocarriers (NCs), these state-of-the-art formulations overcome significant drawbacks of traditional
treatments by providing better targeting, increased bioavailability, and less toxicity. Their revolutionary
effect on healthcare is shown by the clinical success of several nano pharmaceuticals.
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Achieving the targeted accumulation of therapeutic substances at the intended place is the goal of targeted
medication delivery. An exciting new direction in targeted drug delivery is the combination of therapeutic
medications with nanoparticles and the development of appropriate targeting routes, which have the
potential to transport multiple molecules to precise anatomical sites. In order to achieve optimal targeting
efficiency, it is crucial that the DDS remains in the physiological system for a sufficient duration to
specifically target cells and tissues, releasing the delivery medication while evading the immune system. To
enhance safety and efficacy, nanoparticles may make encapsulated cargo more stable and soluble, make
transmembrane transport easier, and lengthen cycle durations. Intravascular medication delivery allows
nanoparticles to enter the circulation via blood vessels and treat intravascular illnesses by acting at precise
locations inside the blood vessels. Another method of drug delivery including nanoparticles is known as
extravascular drug delivery, and it involves local administration (e.g., oral, inhalation, subcutaneous
injection, etc.) to target tissues.

Intravascular targeting nanoparticles

Intravascular disease specific DDS has seen extensive application as a future therapeutic strategy for
several illnesses and conditions in the last decade, including cancer and cardiovascular disorders. The total
area of an adult's blood vessels ranges from 43,000 to 75,000 square feet. Nevertheless, vascular disease is
limited to a little portion of this surface, indicating inflammation on a local level. It is common for pathogen
infection to rise and tissue healing to be postponed when systemic pharmacological treatment is used to
reduce vascular inflammation. In order to lessen the negative effects of systemic medications,
nanomaterials may be used as vascular-targeted carriers for intravascular drug delivery. Intravascular
inflammation changes the local environment, which may inspire new nanoparticle designs. When
inflammatory stimuli are high, nanoparticles may target immune cells and the receptors on their

membranes.
Surface modification and active targeting

In order to achieve local therapeutic effects, nanocarriers have their surfaces altered in a way that allows
them to penetrate the circulatory system and bind to markers on the arterial wall. This method of
medication delivery enhances therapeutic effectiveness while decreasing adverse effects associated with
systemic dosing. According to reports, therapeutic genes and medicines may be made cell specific when
ligands can be targeted to nanomaterials. The vascular endothelium is also a good place to focus vascular-
targeted treatments. Endothelial cells and the vascular lumen make up the vascular endothelium, which
plays an important role in maintaining the homeostasis of the blood vessels and the balance of tissue fluids.

Atherosclerosis, severe cardiovascular disorders (including PAD, CA, stroke, and MI), sepsis, acute
respiratory distress syndrome, and COVID-19 respiratory distress all stem from endothelial dysfunction.
An increase in vascular cell adhesion molecule 1 (VCAM-1) expression may be seen in areas where blood
flow is locally impaired. Inflamed endothelium has clearly elevated VCAM-1 levels, whereas healthy
endothelium has clearly decreased levels. An effective delivery of therapeutic nucleotides to inflammatory
endothelial cells was achieved by Zhou et al. using a VCAM I -targeting polyelectrolyte complex micelle
that targeted the inflammatory vascular endothelium.
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Solid Lipid Nanoparticle

An effort was made by F. Bonafé¢ and colleagues to create o-mangostin conjugated with CD44 Thio
aptamer solid lipid nanoparticles that might be used by MCF-7 cells to target multicellular tumour
spheroids (MCTSs). A method called nanoprecipitation was used to create lipid nanoparticles from PLGA,
soybean lecithin, and DSPE-PEG2000-COOH. Then, two catalysts called 1-ethyl-3-(3-
dimethylaminopropyl) carbodiimide and N-hydroxy succinimide were used to attach the Thio aptamer to
these nanoparticles.

Nanotechnology-Mediated Cancer Therapy

The use of nanotechnology in cancer treatment has shown impressive results. The magnetothermal and
photothermal properties of certain nanomaterials have led to the development of novel therapeutics. Using
superparamagnetic materials may provide very high sensitivity in imaging and diagnosing tumour lesions.
Furthermore, in order to kill tumour cells, the temperature may be increased to 4045 °C while an external
magnetic field is applied. Applying nanomedical devices can efficiently perform complicated functions such
as administering intracellular medication, producing power, and even detoxifying the blood vessels,
allowing for more efficient biological therapy and medical cell functioning. Because each PDT NP may
carry many photosensitive molecules, it is feasible to deliver a large number of these molecules to the
tumour site. In photodynamic therapy (PDT), it may deliver a plethora of photosensitive chemicals directly
to the tumour, where they kill cancer cells. Strong photocatalytic activity is shown by a number of
nanomaterials, including semiconductor-related ones such nanoscale titanium dioxide (TiO2) and zinc
oxide (ZnO). Nanomaterials outperform traditional photosensitisers in terms of stability, affordability,
catalytic performance, and cytotoxicity. Most importantly, it has the potential to destroy the tumour while
avoiding harming healthy tissue. PDT expands the photosensitizer's application possibilities and is an
important component of combination treatment for malignancies.

Cancer Treatment Using Photodynamic Therapy-Based Nanotechnology

Semiconductor nanoparticles may be used as a photosensitiser in tumour photodynamic treatment (PDT)
because of their usually strong photocatalytic activity. An increasingly important part of cancer treatment is
photodynamic therapy (PDT). Utilising a photosensitiser, photodynamic therapy (PDT) may selectively
destroy tumours and other local aberrant tissues by increasing ROS and ALA peptide synthesis via a
photodynamic reaction. A single oxygen and oxygen-free radicals, as well as other reactive oxygen species
(ROS), are released when the photosensitiser that is located on the targeted molecules is activated. The
interaction of reactive oxygen species (ROS) with various biological chemicals found in tumour cells and
tissues may lead to cytotoxicity, which in turn kills tumour cells and eliminates tumour tissues.
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Figure 1. Photodynamic therapy assisted by lactosomal nano photosensitizers. The formulation of a
lactosomal nano photosensitizer is achieved by combining a photosensitiser with siRNAs with a
polypeptide. Radiation treatment of the administered lactosomal nano photosensitizer triggers the
release of bound siRNAs, which in turn silence genes involved in radiation resistance. The
production of reactive oxygen species (ROS), which facilitate cell death, is another function of the
nano photosensitizer.

Role of Nanotechnology in Cancer Immunotherapy

Nanotechnology has not only improved immunotherapy but also chemotherapy, two mainstays in the fight
against cancer. Evidence suggests that inorganic NPs such as acetylated dextran (AcDEX) and mesoporous
silica might enhance the immune response when used as adjuvants in immunotherapy. When it comes to
chemo-immunotherapy, nanotechnology has been a boon for breast cancer cells. On top of that,
immunotherapy and chemotherapy together are thought to be the most effective and superior way to treat

cancer.
Nanotechnology Mediated CRISPR/Cas9 Delivery for Cancer Therapy

While viral vectors have shown some promise in delivering nucleic acids and proteins, there is need for

improvement in terms of toxicity, tissue targeting, and overall efficacy of gene delivery. Because of their

safety and effectiveness in clinical settings, nano-vehicles may be used as a mechanism to overcome

hurdles and as a potential tool for genome editing in cancer treatment. Such projected substitution may aid

in the formulation of very successful therapeutic regimens that are applicable in clinical settings. In contrast

to Bcl-2 inhibitors and RNAi technologies, CRISPR/Cas9 entirely inhibits the Bcl-2-mediated anti-
oxidative stress pathway. In many cases, the CRISPR/Cas9 system is able to efficiently and safely reach
the target tissues. Because of the CRISPR/Cas9 plasmid, the integration and distribution of vectors have
become much more challenging. Consequently, developing a reliable and efficient vector is a significant

challenge for deploying the CRISPR/Cas9 system. An engineered and built nano-domino-CRISPR (TAN)
that is tumor-specific, in conjunction with the chlorins e6 (Ce6) photosensitiser and the CRISPR/Cas9
plasmid that encodes the Bcl-2 gene, is designed to give a personalised treatment by disrupting anti-

oxidative stress and inducing apoptosis.
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OBJECTIVES OF THE STUDY
1. To study on Role of Nanotechnology in Cancer Immunotherapy
2. To study on Cancer Treatment Using Photodynamic Therapy-Based Nanotechnology

RESEARCH METHOD

A literature review utilising the keywords "nano formulation of o-mangostin for cancer drug delivery
system,
nanoparticle for cancer drug delivery system" published within the past decade formed the basis of this

non

nanoparticle formulation of a-mangostin for cancer drug delivery system," and "o-mangostin

review. The literature was sourced from Google Scholar, PubMed, but also Scopus. Exclusion criteria
included subjective opinions, evaluations, and irrelevant topics including bioactivities and pharmaceutical
features.

o-Mangostin

Mangosteen pericarps contain the metabolite a-mangostin, which is a 1,3,6,7-tetrahydroxy-2,8-di(3-methyl-
2-butenyl) xanthone. The solubility of a-mangostin in water is 2.03 x 10—4 mg/L at 25 °C, and it is soluble
in methanol as shown in Table 1. Because a-mangostin is little soluble in water, its bioavailability is also
limited. Research on the pharmacokinetics of a-mangostin in mice after a single oral dosage of 20 mg/kg
indicated a low bioavailability (F = 2.29%), which was believed to be caused by the drug's fast metabolism
in the liver and small intestine, as well as its poor absorption in the gastrointestinal tract.
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Figure 2. Chemical structure of a-mangostin.

The biological actions of a-mangostin are diverse and extensive, including hepatoprotective,
cardioprotective, antimalarial, anti-obesity, and neuroprotective effects in Alzheimer's disease. According
to earlier research, a-mangostin inhibits cancer cells via controlling the B-catenin gene, downregulating the
PI3K/Akt pathway, and reducing fatty acid synthase. Its low oral bioavailability is the biggest limitation to
its therapeutic potential, even if it has the aforementioned anticancer characteristics. The development of -
mangostin nano formulations has been driven by the need to address these difficulties and enhance the
delivery of a-mangostin for improved therapeutic results.

DATA ANALYSIS
a-Mangostin Nano formulation

The creation of nanoparticle therapeutic carriers is a direct outcome of nanotechnology's use in the medical
field. To minimise side effects, it is best to use particles between 10 and 200 nm in cancer treatments. This
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size range permits the particles to readily penetrate tumour blood vessels, which may leak and accumulate
in tumour tissue. The development of various nanoparticles as cancer drug delivery systems is ongoing.
These include micelles, nano polymers, liposomes, lipid emulsions, lipid-drug conjugates, and ligand-
targeted products like antibodies, folate, and transferrin conjugated molecules. At least one of the
components of a nanoparticle is an active medicinal ingredient; often, there are two or more components.
Nanoparticle size and form, active component physicochemical qualities, target delivery, stability, and
safety are the primary considerations when choosing materials and procedures for nanoparticle assembly.
The success of the planned administration strategy and the drug's targeting capabilities depend critically on

the components and procedures chosen.

Table 1. Summary of a-mangostin nano formulations

Carrier Cell Line Outcome References
Ethyl carbodiimide Caco-2 MCF-7 Indian indigenous
hydrochloride (EDC) biologics are priced much
and polyethyleneimide cheaper than their
(a crosslinker) with silk originators due to lenient
fibroin regulatory criteria and

minimal research and
development expenditures.

Acetobacter xylinum | B16F10; MCF-7; hGF; Much less harmful to
HaCaT healthy cells than
malignant cells
Mildly harmful to normal
cells (HaCaT cells)

DSPE-PEG2000- MCF-7 With a size range of 150-
COOH Thioaptamer 300 nm
(ligand), soybean

lecithin, and PLGA The process of

nanoparticle

internalisation

Spheroids of MCF-7
multicellular tumours
strongly de-aggregate.
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Oleoyl chitosan (as a
coating agent), miglyol
812, cetyl paomitate,

and montanov 82

Caco-2 Hela

Ensuring a particle size
below 200 nm
Extremely steady bodily
state
Highly effective
encapsulation (EE > 90%)
Internalisation at the
cellular level
Enhancement of
cytotoxicity
Repression of the anti-
apoptotic gene BCL2 and
cyclin DI (CCND1)

PLGA

The AsPC-1, PANC-1,
and Mia-Paca-2
pancreatic cancer cell
lines are cancer stem

cells.

Ensuring a particle size
below 200 nm
Amplifies access to cells
Upregulation of E-
cadherin and
downregulation of
pluripotency maintenance
factors,
Pancreatic cancer growth,
progression, and
metastasis are all hindered
by induced apoptosis.

PLGA

Normal epithelial cells
(CRL-1831) in
HCT116 and HT29

The process of
nanoparticle
internalisation
Notch receptors and its
ligands, y-secretase
complex protein, and
downstream targets'
expression is inhibited.
Induced cancer cells and
did not trigger apoptosis
in normal cells
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ECH acts as a linker CT26WT Complexation with BCD
with a, B, and y nanoparticles
cyclodextrin (CD). demonstrated the best
solubility and

complexation efficiency of
a-mangostin. The loading
ratio of the a-mangostin
complexes was greater
than that of the CDs
themselves.
Both quick and gradual
release
Reduced cell death

B-cyclodextrin A549 Large particles (< 50 nm)
The nuclear morphology
was altered when
nanoparticles were
internalised by cancer
cells.
Enhancement of

cytotoxicity
The crosslinker Genipin HT-29 Approximately 400-500
is composed of chitosan nanometres in size
and alginate. The loading capacity and

effectiveness of the
nanoparticles are both
greatly enhanced by using
genipin as a crosslinker.
Enhancement of
cytotoxicity

Nanostructured Lipid Carriers

Novel therapeutic formulations known as nanostructured lipid carriers are made up of surfactants, co-
surfactants, and physiological and biocompatible lipids. Being a lipid-based nanoparticle that is both
biocompatible and biodegradable, NCL has the potential to greatly enhance the therapeutic capacity of
chemotherapeutic medicines while maintaining low pharmacokinetic features. Its improved physical and
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chemical stability further adds to its attractiveness as a carrier. The potential oral administration of o-
mangostin prompted the development of the mucoadhesive NLC. The nanoparticles, which were made in a
size range of 200 to 400 nm, exhibited low polydispersity, zeta potentials of 40.9 mV, and an outstanding
encapsulation efficiency of more than 90%. They were coated with oleoyl-quaternized-chitosan using a
high-pressure homogenisation process. The results showed that when tested against Hela and Caco-2 cells,
the NLC-CS was more hazardous than the NLC.

Cyclodextrin Nanoparticles

When starch-modified products undergo cyclisation due to the action of cyclodextrin glycosyltransferase
(CGTase), the resulting non-reducing oligosaccharides have a ring-shaped chemical structure and are
known as cyclodextrins. Under the right circumstances, three primary classes of cyclodextrin will be
formed: a-, B-, and y-cyclodextrins, which contain 6, 7, and 8 units of (1,4) linked D(+)-glucopyranose,
respectively. Water solubility is due to the presence of several hydroxyl groups at both ends of the
molecule, but the presence of hydrophobic interior groups inside the cyclic structure creates a "molecular
pocket" that may trap other molecules with similar properties. Cavity size is determined by the number of
glucose units, and a-, B-, and y-cyclodextrin have cavity diameters of 5.7, 7.8, and 9.5 A, respectively.
Without affecting their bioactivity, hydrophobic medications such as a-mangostin may be trapped in the
cyclodextrins molecular pocket. The cytotoxicity of a-mangostin-encapsulated cyclodextrin nanoparticles
(CDNP) was tested in CT26WT cancer cells after their development by a polyaddition procedure involving
epichlorohydrin. This hyperbranched polymer, which contains cyclodextrin, was synthesised via a simple
poly-addition process using epichlorohydrin (ECH) and cyclodextrin. The procedure successfully
incorporates several cyclodextrins into the polymer.

Since their effects on people are largely unknown, nanoparticle toxicity is a major issue. Nanoparticles'
remarkable physicochemical features may cause changes to pharmacokinetics and the capacity to bypass
biological barriers, raising safety concerns despite the vast potential medical applications of these tiny
particles. Translation has also been hindered by the chemicals' intrinsic toxicity and their ability to
accumulate and remain in the human body. Because of their biodegradability, biocompatibility, and toxicity
reduction capabilities, biological capping materials like chitosan are an obvious option for nanocarriers.
Clinical translation success depends on these nanoparticles' stability, circulation time, accessibility,
bioavailability, and safety profile to disease sites. Consequently, in order to comprehend the a-mangostin
nano formulation’s in vivo behaviour, which might eventually result in the development of an appropriate
formulation with better therapeutic effectiveness, clinical studies are required.

Table 2. Tumour treatment volume reduction with various a-mangostin nanoformulations.

Formulartion Type of Reduction of tumor References

volume
tumor
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PLGA Pancreatic At 20 mg/kg, tumours
were reduced by almost
60%.
Cyclodextrin Colon At a dose of 10 mg/kg,
nanoparticle tumours are reduced by
around 56%.
Coated with the Pancreatic At a dose of 20 mg/kg,
CREKA peptide, PEG- tumours were reduced
PLA nanomicelles by more than 70%.
MPEG-PCL Melanoma A dose of 50 mg/kg
nanomicelles reduced tumour
development by almost
half.
MPEG-PLA Glioma At 50 mg/kg, tumours
nanomicelles are reduced by around
65%.

Current Trends in Modern Nano pharmaceuticals” Design

Current developments in the design of contemporary nano pharmaceuticals include nano-encapsulation,
biomimetics and bioinspiration, green design, 3D printing, and nanosuspension technology.

Nanosuspension Technology

To increase the oral bioavailability and solubility of pharmaceuticals and plant extracts, nanosuspension
technology is a promising nanotechnological strategy. A nanosuspension was successfully prepared using
the nanoprecipitation technique. A plant-derived nanosuspension was prepared using the nanoprecipitation
method, which entails dissolving the plant extract in an organic phase (ethanol) and then filtering the
mixture. The final solution was slowly added to an aqueous phase that already included a stabiliser, such as
a surfactant or polymer, while being constantly stirred.

Nano-Encapsulation

The use of nano capsules to transport bioactive substances such as medicines, nutraceuticals, and others
has recently gained traction. Drug release kinetics, stability, and targeting may be precisely controlled by
their unique structure, which is a core-shell design with a diameter usually ranging from 10 to 1000 nm.
The many materials and formulation procedures used to create nano capsules are discussed in this
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overview, along with their possible uses and where the field may go from here, particularly in the
medication delivery industry and beyond.

Because of its mild gelation conditions, low immunogenicity, and biocompatibility, alginate—an anionic
natural polysaccharide—is used in drug carrier nano formulations. In addition to its well-documented
advantages, alginate is a polymer that responds to changes in pH, allowing it to protect payloads in acidic
conditions while releasing medications in alkaline ones. A potential oral delivery system for medications to
the intestines has been developed using nano capsules manufactured from alginate. The pharmaceutical
industry often utilises dextran sulphate, a polyanionic polymer that is both biocompatible and
biodegradable, for the administration of drugs. Electrostatic integration is often used to make multilayer
nano capsules from a combination of dextran sulphate and CS. The CS and dextran sulphate nano capsules
showed remarkable stability even without the inclusion of any further covalent agents. Changing the CS to
dextran ratio changes the drug release behaviour. A higher concentration of carboxymethyl dextran in
chitosan-extra nanoparticles may improve nanoparticle dissociation, leading to an increase in gene release
in serum or cytoplasm.

Biomimetics and Bioinspiration in Nano pharmaceuticals/Nanomedicines

Nanotechnology has opened up new possibilities for the creation and development of novel treatment
techniques, which has transformed several areas, including medicine. Drawing inspiration from the
complex patterns and processes seen in nature, biomimetics and bioinspiration have become influential
concepts in the field of nano pharmaceuticals and nanomedicines. This groundbreaking work delves into
the ways in which nanotechnology, biomimetics, and bioinspiration are influencing one another to
transform nanoscale medication delivery, diagnostics, and therapies.

Some of the medical and biotechnological innovations that have resulted from biomimetics include bio-
inspired drug delivery systems, artificial organs that replicate the shape and function of real tissues and
organs, and scaffolds made of synthetic tissues. By applying biological principles to medical technology,
researchers hope to create therapies for a wide range of illnesses and injuries that are both effective and
compatible with the body. By drawing inspiration from the vast array of solutions found in nature,
biomimetics presents an exciting new direction for innovation. Biomimetic researchers seek to solve critical
global issues with technologies that are both more sustainable and robust, by studying nature's designs.

Targeted Drug Delivery

Nature offers simple but effective ways to deliver therapeutic payloads to certain cells or tissues.
Nanomedicines with a biological focus use this idea to their advantage by attaching to abnormally
expressed molecular markers on sick cells using targeted ligands like antibodies or peptides.
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Figure 3. Various targeting ligands are employed in targeted medication delivery.

To maximise therapeutic effectiveness and minimise off-target effects, these nanocarriers may selectively
transport medications to the site of action by imitating the specificity of biological recognition systems. By
modelling its precise targeting mechanisms after those found in nature, bioinspiration has completely
transformed targeted medication delivery in nanomedicines. To improve the precision and efficiency of
delivering therapeutic payloads to sick cells or tissues while minimising off-target effects, bioinspired
nanocarriers imitate biological recognition mechanisms. An exploration of bioinspired targeted drug
delivery and its nanomedicine applications is presented here:

Biological Targeting Ligands: Proteins, antibodies, or aptamers are examples of targeting ligands used in
bioinspired nanomedicines. These ligands bind to particular molecular markers that are overexpressed on
sick cell surfaces. These nanocarriers may reduce systemic toxicity and save healthy tissues by selectively
delivering medications to the site of action, much like biological recognition systems.

Cellular Membrane Camouflage: To imitate the surface characteristics of host cells, biomimetic
nanocarriers may encase themselves in vesicles produced from cell membranes. Nanocarriers may promote
connections with target cells while evading immune detection and clearance because to their camouflage.
By capitalising on natural cellular absorption processes, these nanomedicines with a biomedical bent
improve the effectiveness of targeted drug delivery across biological barriers.

Exosome-Mimetic Nanovesicles: Natural extracellular vesicles released by cells, exosomes facilitate cargo
movement and intercellular communication. Nanomedicines that draw inspiration from nature aim to
accomplish targeted drug delivery by modelling their structure and function after exosomes. Nanovesicles
mimicking exosomes may target medication delivery to particular cells or tissues by taking use of endocytic
pathways and cell-to-cell contacts.

Biological Barriers’ Penetration: To reach their goals, nanomedicines inspired by nature must first cross
biological barriers, such as the BBB or the tumour microenvironment. Successful medication distribution to
otherwise inaccessible locations is made possible by nanocarriers that imitate the size, shape, and surface
characteristics of biological entities. This allows them to more easily cross cellular membranes and
penetrate tissue barriers.

Challenges and Limitations of Nanopharmaceuticals
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Due to the unique properties of nanoparticles, investigations conducted on these tiny particles in both in
vitro and animal models have shown encouraging findings. Nevertheless, the majority of studies are still in
the early stages, and the advantages to patients are insufficient. Multiple targeting designs that account for
physiological aspects like blood flow, illness condition, and tissue shape are required for the hard challenge
of building a tailored nanomedicine delivery system. Research on the effects of nanodrugs on humans is
still in its infancy due to the wide range of results shown in animal models. This restriction may render
targeted nanoparticles distribution and function patient specific, which would be problematic owing to
inter-patient variability and would likely limit their utility. One notable development that might pave the
way for tailored drug delivery systems to become more relevant is the increasing interest in precision or
personalised medicine. Nanoparticle buildup in tumours has been linked to the EPR phenomenon in
several studies. On the other hand, there are stories that cast doubt on this finding. The EPR effect and
passive transport account for a negligible portion of the nanoparticle accumulation in tumours, according to
new imaging research that used a mouse tumour model. Nanoparticle buildup may also be facilitated by
molecular processes, interactions between immune cells, and protein coatings. Quantitative evaluation of
nanoparticle delivery and dispersion is therefore necessary with ongoing exploration of the EPR effect as a
promoter of nanoparticle accumulation. At the same time, studying tumours and the biological barriers
around them could be a very challenging task. The body's mucus membranes, particularly those in the lungs
and gastrointestinal system, significantly impede the targeted nanoparticle delivery of medications.
Nanoparticles encounter a more complicated barrier due to the fact that many circumstances, such as the
patient's lifestyle and illness status, may cause the mucus to have varying characteristics.

CONCLUSION

To enhance bioavailability and efficacy in cancer therapy, many nano formulations of a-mangostin have
been created in the last few years. a-mangostin has promising anticancer effects, however it is not practical
to use it as a powerful cancer medication due to its low solubility, fast elimination, and poor
pharmacokinetic features. The creation of nanosized delivery vehicles is one of the approaches taken to this
problem. This change is much appreciated for a-mangostin in the form of nanoparticles as they may
enhance the dispersion of a-mangostin in water and provide additional benefits that are not achieved with
traditional methods of administration. Among these benefits are the ability to alter surface properties and
particle size. As an example, cancer cells may be specifically targeted by combining o-mangostin
nanoparticles with targeting ligands like peptides and aptamers. When it comes to individualised medicine,
nanomedicine has tremendous potential to transform medication administration and treatment. Theranostic
agents that may transport drugs and conduct diagnostic imaging at the same time are one example of a
potential future trend in nanomedicine. Other potential developments include multifunctional nanoparticles
and tailored drug carriers. Researchers may create patient-specific formulations with improved therapeutic
effectiveness and less systemic toxicity by using nanoparticles' unique features, such as controlled drug
release, surface functionalisation, and size-dependent pharmacokinetics. Wearable gear, health applications
for smartphones, and remote monitoring systems are just a few examples of the digital health innovations
that might revolutionise individualised healthcare. The use of these technologies allows for the optimisation
of therapy, early illness identification, and patient involvement via the continuous monitoring of health
markers, real-time data collecting, and personalised feedback. The advent of patient-specific formulations
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and personalised medicine has the potential to revolutionise healthcare by providing individuals with more

effective, more efficient, and safer therapies that also improve their quality of life. In order to realise

personalised medicine's revolutionary promise in healthcare delivery, stakeholders must embrace new

technology, advance regulatory frameworks, and address ethical concerns. This will speed the adoption of

personalised medicine. Collaboration, innovation, and a dedication to patient-centered care will play a

crucial role in moulding healthcare's future and bringing about a new age of precision medicine as we

negotiate the intricate terrain of personalised medicine.
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