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ABSTRACT:

Drug delivery systems based on nanotechnology
have enormous potential to transform medicine by
improving therapeutic efficacy, lowering side
effects, and facilitating precision medicine.
Liposomes, solid lipid nanoparticles, polymeric
nanoparticles, and dendrimers are examples of
nanocarriers that have shown notable benefits in
terms of drug solubility, bioavailability, site-
specific and controlled delivery to diseased cells.
By providing controlled and sustained release
mechanisms, these systems minimise systemic
toxicity and enable optimal dosing schedules.
Through ligand functionalisation, responsive
release to environmental stimuli (such as pH or
temperature), and integration with diagnostic
imaging for theragnostic applications, future
developments seek to enhance targeted delivery.
Biocompatibility, decreased immunogenicity, and
scalability for broad clinical application are other
emerging trends. The opportunities and challenges
of nanomedicines in delivering drugs from natural
or synthetic sources to clinical use. In the field of
nanotechnology, there are numerous drug delivery
systems based on nanotechnology. Additionally,
gene therapy, cancer treatment, and overcoming
multidrug resistance are being investigated using
nanocarriers, which could lead to a shift towards
more individualised and efficient treatments for a
variety of illnesses. In the field of nanotechnology,
there are numerous drug delivery systems based on
nanotechnology. Because of its exceptional ability
to get around the restrictions and disadvantages of
conventional drug delivery, the pharmaceutical and
biotechnology industries might focus research on
nanotechnology applications in drug delivery.
Keywords: Nanotechnology, Nanoparticles, Drug
Delivery, Personalized medicine, Different disease.
Nanomedicine.

l. INTRODUCTION:
Humans have been using natural plant-
based products as treatments for a wide range of
illnesses since ancient times. Based on customs and

knowledge from the past, modern medications are
mostly made from herbs. Natural resources provide
around 25% of the main medicinal chemicals and
their derivatives that are now on the market [1, 2].
Natural products have many amazing qualities,
including decreased toxicity, astonishing chemical
variety, and chemical and biological capabilities
with macromolecular precision. Because of this,
they are beneficial leads in the search for new
medications [3]. Target-based drug delivery and
other next-generation drug developments, as well
as the understanding of drug interactions at the
molecular level, have been made possible by
computational studies. In the past, a variety of
ilinesses have been treated by drug delivery
systems (DDSs). In order to find new treatments,
pharmaceutical corporations are reluctant to invest
more in drug delivery and natural product-based
drug discovery [4]. Instead, they are looking into
the libraries of chemical compounds that are now
available. Natural medications provide benefits like
reduced toxicity and adverse effects, affordability,
and promising therapeutic outcomes. Fig-1

To treat illnesses, all medications rely on
pharmacologic active metabolites, or
pharmaceuticals [5]. Certain medications are
intended to be inactive precursors that the body
must change into active forms [6]. Large-sized
material distribution presents a number of
significant hurdles, including as in vivo instability,
low solubility and bioavailability, poor absorption
in the body, problems with target-specific delivery
and tonic effectiveness, and potentially harmful
pharmacological side effects. Conventionally
administered medications caused injury to
unaffected areas, were excreted early, had a lower
absorption rate, and required longer to heal the
illness [7]. Numerous obstacles, including their
enzymatic breakdown or pH difference, numerous
mucosal barriers, off-target effects, and their rapid
release that increased toxicity in blood, made them
less effective [8]. Recently, DDSs have been
designed to regulate the release of drugs [9].
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By working with traditional disciplines
like applied health, molecular chemistry, molecular
science, pharmaceutical science, optics, and even
engineering, nanoscience is the only platform to
uncover new features of matter. Over the past few
decades, science and technology have come
together to provide more effective healthcare
systems, treatment techniques, and nano-medical
technologies to address difficulties in the medical
and health sciences. By applying nanostructures
and nanophases to a variety of scientific domains,
nanotechnology has been demonstrated to bridge
the gap between the biological and physical
sciences [10]. This is particularly true in the fields
of nanomedicine and nano-based drug delivery
systems, where these particles are of great interest
[11, 12]. The first recorded use of the phrase
"nanotechnology” dates back to 1974 and was
made by Professor N. Taniguchi. The first idea of
nanotechnology (Feynman's theories) was soon
expanded and published by Drexler in the 1986
book "\ehicles of creation: the arrival of the
nanotechnology era" [13]. The effects of
nanotechnology on people and animals may open
up new research directions and revolutionise the
field of health science, making it a crucial topic to
be taken into account as a therapeutic tool.

In order to engineer biological materials,
such as atoms, molecules, and supramolecules, at
the nanoscale range of approximately 1-100 nm,
nanotechnology is a very dubious multidisciplinary
field that holds promise against current challenges
by developing new devices and characterising
material structure technologies with unique
properties to study and comprehend the deadly
biological problems followed by disease diagnosis
and cure [14,15]. The components of living cells
are incredibly important pieces of very small
machinery, or nanoscale. They play a significant
role in nearly every biological process, including
nutrition delivery, energy synthesis, metabolism,
and cell signalling. Numerous clinical benefits are
associated with the invention of various nanoscale
materials, and nanomedicine is quickly becoming
the gold standard in the health sciences [16, 17].
There are various strategies that tissue-specific
drug targeting techniques can employ to improve
the prognosis of the disease [18]. To create
nanomedicines, nanotechnology uses therapeutic
molecules at the nanoscale level. Nanoparticles
have been the driving force behind the discipline of
biomedicine, which includes tissue engineering,
medication delivery, nanobiotechnology, and
biosensors [19]. Since nanoparticles are made of

materials with atomic or molecular structures, they
are often tiny nanospheres [20]. As a result, they
have greater mobility within the human body than
larger materials do.Particles at the nanoscale have
special biological, mechanical, chemical, electrical,
magnetic, and structural characteristics. The use of
information and methods from nanoscience to
medical biology, disease prevention, and treatment
is a rapidly developing discipline known as
nanomedicine. It involves using materials with
nanoscale dimensions for things like nanorobots,
nano sensors for delivery, diagnosis, and sensing,
and materials that actuate living cells. Therefore, by
delivering medications in a site-specific and target-
oriented way, nanotechnology offers several
benefits in the treatment of chronic human diseases.
But a significant concern is the lack of
understanding  regarding the  toxicity  of
nanostructures, which surely calls for more study to
increase safety and efficacy and allow for the safer,
more practical use of these medications. Thus,
cautiously creating these nanoparticles may assist
address the issues related to their application. The
purpose of this review is to describe various nano-
based drug delivery methods, important uses of
nanomedicines based on natural compounds, and
the bioavailability, targeting locations, and
controlled release of nano-drugs, in addition to
other issues related to nanomaterials in
pharmaceuticals.
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[Fig-1- Examples of naturally occurring substances
taken from higher plants and applied to various
nanomedicine techniques.]

Drug delivery based on nanotechnology:
Nanoparticles are used in nano-based drug
delivery systems (NDDS), a cutting-edge
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therapeutic approach, to enhance the administration
of medications to particular bodily locations.
Through more accurate targeting and release
control, these systems are intended to improve the
safety, bioavailability, and effectiveness of
medications. Drugs that are poorly soluble in water
may become more soluble as a result, improving
distribution and absorption. By functionalising
nanoparticles with ligands that attach to receptors
on the target cells, NDDS can target particular
tissues or cells (like cancer cells). They minimise
negative effects and decrease the frequency of dose
by delivering regulated medication release over
time. NDDS lowers the total toxicity of treatments
by precisely targeting sick cells with medications,
minimising harm to healthy tissues. By avoiding
biological barriers such as the gastrointestinal tract
or blood-brain barrier, nanoparticles can increase
the  bioavailability —of medications. Drug
formulation and delivery have undergone a radical
change because to NDDS, which enables more
individualised and efficient therapies. [Fig-2]
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[Fig-2, Drugs were previously admmlstered
without nanocarriers, causing damage healthy
organs or cellsToday, procedures use
nanomedicines to deliver drugs directly to the
target site.]

Nanoparticles used in personalized medicine:
Now FDA-approved lipid systems like
liposomes and micelles were part of the first
generation of nanoparticle-based therapies [21].
Inorganic nanoparticles such as magnetic or gold
nanoparticles may be present in these liposomes
and micelles [22]. Due to these characteristics,
inorganic nanoparticles are being used more often,
with a focus on therapeutic, imaging, and drug
delivery applications. Additionally, it has been
observed  that  nanostructures help  carry
medications that are only partially water soluble to
their intended place and prevent pharmaceuticals
from tarnishing in the gastrointestinal tract. Oral
bioavailability of nanodrugs is increased due to

their usual absorptive endocytosis absorption
methods.Because of its ability to target,
nanomedicine makes it possible to reach far higher
doses than the non-formulated drug's maximum
tolerated dose. Therefore, the dosage can be
modified in accordance with the specific needs of
each patient [23]. Ultimately, two key factors that
influence a person's unique medication response
can be avoided by using nanomedicine. These
factors are associated with the wvariations in
cytochrome-P enzymes (CYP) and drug
transporters among various ethnicities [Figure 3].

Drug designing methods based on
nanotechnology:

The goal of nanotechnology-based drug
design methodologies is to develop new drug
formulations with enhanced qualities for disease
detection, therapy, and prevention by modifying
materials at the nanoscale, usually 1-100
nanometres. This strategy makes use of
nanoparticles' distinct physical, chemical, and
biological properties to increase medication
efficacy, lessen adverse effects, and enhance patient
outcomes. Using nanoscale materials, such as
biocompatible nanoparticles [27] and nanorobots
[28], nanotechnology can prevent and cure a
variety of diseases for a range of uses, such as
diagnosis [29], delivery [30], sensing [31], or
actuation in a living body [32].Numerous nanoscale
materials have been developed with a range of
clinical applications, such as medication delivery,
illness diagnostics, and molecular medical imaging.
Some of these items are currently undergoing
clinical trials [33, 34]. Atomic or molecular
components are used to create nanoparticles for the
Bottom-Up Approach approach. Polymerisation,
precipitation, and self-assembly are some of the
techniques used in this procedure. Top-Down
Approach methods such as high-energy ball
milling, etching, and milling reduce larger
materials into nanoparticles. To improve selectivity
towards sick cells or tissues, targeting ligands (such
as aptamers, peptides, or antibodies) can be
functionalised into nanoparticles.

Liposomes, proteins, polymers, micelles,
emulsions,  nanocapsules,  dendrimers, and
nanoparticles are among the many varieties of
nanomedicines.

Nanoscale drug design has been
thoroughly researched and is by far the most
sophisticated technology in the field of nanoparticle
applications due to its potential benefits, which
include the ability to alter characteristics like
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solubility, drug release profiles, diffusivity,
bioavailability, and immunogenicity. Convenient
administration methods, reduced toxicity, fewer
adverse effects, enhanced biodistribution, and a
prolonged drug life cycle can all result from this
[35].Drugs are chemically bound to the surface of
nanoparticles for targeted administration and
controlled release, and they are physically confined
within nanoparticle matrices (such as liposomes,
dendrimers, or polymeric nanoparticles). The
Enhanced Permeability and Retention (EPR) effect,
in which nanoparticles gather in tumour tissues as a
result of leaky vasculature and inadequate
lymphatic drainage, is exploited by passive
targeting. In order to provide a greater medication
concentration at the sick region, active targeting
entails functionalising nanoparticles with ligands
that attach to particular receptors that are
overexpressed on the surface of target cells (such as
cancer cells).

Drug targeting is another important area
that employs active and passive drug delivery
devices made of nanomaterials or nano
formulations. Active targeting involves attaching
moieties, including peptides and antibodies, to the
receptor structures expressed at the target region by
coupling them with a drug delivery system. The
produced drug carrier complex travels through the
bloodstream during passive targeting, where it is
drawn to the target site by affinity or binding that is
regulated by factors such as pH, temperature,
molecular site, and shape. Cell membrane
receptors, lipid components of the cell membrane,
and antigens or proteins on the cell surface are the
primary targets in the body [36]. Nowadays, the
majority of drug delivery systems mediated by
nanotechnology are focused on cancer and its
treatment. Techniques based on nanotechnology
provide substantial benefits in medication design
by enhancing treatments' safety, effectiveness, and
delivery. These methods have the potential to
improve treatment outcomes, particularly for
complicated illnesses including cancer,
neurological conditions, and infectious infections.

Different nano-carriers/ Nanotechnology based
on drug delivery:

Liposome: Liposomes are tiny, spherical vesicles
that contain one or more aqueous compartments.
Liposomes are frequently utilised in
pharmaceutical formulations because of their
biocompatibility and capacity to encapsulate both
hydrophilic (water loving) and hydrophobic (water
hating) substances. They might exist alone or in

several bilayers. Depending on their size, those
with a single bilayer membrane are referred to as
small or large uni-lamellar vesicles. Multilamellar
vesicles are those that contain more than one
bilayer.As model cells or carriers for a variety of
bioactive substances, such as medications,
vaccines, cosmetics, and nutraceuticals, liposomes
are frequently employed. When compared to free
drugs in solution, drugs associated with liposomes
exhibit significantly different pharmacokinetic
characteristics. Moreover, liposomes can lessen
systemic toxicity and stop the encapsulated
medication from degrading too soon after
administration. [76] [Table-][fig-4]

Solid lipid nanoparticles:Solid lipid nanoparticles
(SLNs) are a kind of nanocarrier that combines
nanotechnology and solid lipid matrices to deliver
drugs.Their  capacity to encapsulate both
hydrophilic drugs and lipophilic drugs medications
makes them especially noteworthy.SLNs is made
by melting solid lipids in water and adding an
emulsifier by using high-pressure homogenization,
solvent evaporation, ultrasonication methods to
create a stabilised solution. It has a diameter of 50—
1000 nm. A promising method for improving drug
delivery is the use of solid lipid nanoparticles,
which  have  advantages like increased
bioavailability and minimize adverse effects. Their
distinct qualities make them a desirable choice for a
variety of pharmaceutical applications. [77-
78][Table-2][Fig—H5]

Carbon-based nanoparticles:

Carbon atoms make up the majority of
these tiny particles. These particles have a variety
of shapes and sizes, and each one has special
qualities that make it useful in fields including
materials science, electronics, medicine, and
energy. Fullerenes and carbon nanotubes (CNTS)
are the two primary forms of carbon-based
nanoparticles. Carbon Nanotubes (CNTs) Carbon
atoms grouped in a lattice pattern inside cylindrical
tube. They can be used to strengthen materials,
make lightweight yet sturdy components, and
create high-performance electrical conductors
because of their extraordinary strength and
conductivity. They are categorised as either single-
walled carbon nanotubes (SWCNTSs) or multiwalled
carbon nanotubes (MWCNTs). CNTs are an
allotropic type of carbon with a cylindrical
framework and an increasing number of sheets in
concentric cylinders. CNTs' physical
characteristics, which are applied in biomedical
fields. For example, carbon nanotubes doped with
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nitrogen have been created for use in medication
delivery. However, the question of CNT
cytotoxicity has already garnered a lot of attention
from researchers and has yet to yield a conclusive
response [79]. Fullerenes are spherical molecules,
sometimes referred to as "buckyballs," are made up
of only carbon atoms organised in the shape of a
football. Due to their special electrical
characteristics, fullerenes find use in solar cells,
superconductors, and  medication  delivery.
Allotropes of carbon with a hollow cage structure
made up of sixty or more carbon atoms are called
fullerenes. Buckminsterfullerene, the structure of
C-60, resembles a hollow football. Fullerenes were
being researched for a number of medical
applications, including as light-activated
antibacterial agents and for attaching particular
antibiotics to their structure to target resistant
bacteria and even some cancer cells like melanoma
[80]. Additionally, there aren't many studies on
fullerene toxicity that show these carbon
nanoparticles are dependent on a variety of other
elements in addition to dose and time [81]. The
structural variety, chemical stability, conductivity,
and biocompatibility of these carbon-based
nanoparticles make them valuable. They offer
promising answers to difficult technological
problems in a variety of fields, from advanced
medicine to environmental protection. [Fig-6]

Nano crystal:

These are nanoscale crystalline particles,
usually with sizes between 1 and 100 nanometres.
These are pure drugs with no carrier molecules
attached, and they are often stabilised by
surfactants or polymeric stabilisers. Because they
have distinct physical, chemical, and visual
characteristics that set them apart from bulk
materials, nanocrystals are very remarkable. Metal
nanocrystals, oxide nanocrystals, and
semiconductor nanocrystals (such as quantum dots)
are important kinds of nanocrystals. In order to
overcome challenges such as higher saturation
solubility, increased dissolution velocity, and
increased glueyness to surface/cell membranes,
nanocrystals have certain characteristics [82].
Nanocrystals are extremely reactive and helpful as
catalysts in chemical reactions, environmental
cleanup, and energy storage systems because of
their small size and high surface-to-volume ratio.

[Fig-7]

DENDRIMERS

Dendrimers are artificial macromolecules
that resemble trees and have many branches. They
have a central core and a well-defined, symmetrical
structure. The absorption, distribution, metabolism,
and elimination (ADME) profile of dendrimers,
which are highly branched macromolecules with
several functional groups available for drug
attachment, targeting, and imaging agents, depends
on a number of structural characteristics.
Dendrimers have great potential in nanotechnology
because of their accuracy, high surface
functionality, and flexibility, especially in areas like
environmental science, materials science, and
medicine. Their adaptability enables very effective
and tailored delivery systems in situations where
conventional techniques might not be sufficient.
Because of their globular form and easily regulated
surface functionalisation, these structures are great
options for drug delivery [83]. [Fig-8]

HYDROGEL

Large volumes of water or biological
fluids can be absorbed and retained by these three-
dimensional, hydrophilic polymer networks. These
encapsulate and transport drugs, therapeutic
proteins, or vaccination antigens using hydrophobic
polysaccharides. There is a lot of potential in a new
approach that wuses cholesterol pullulan, an
extracellular polysaccharide that is released by the
fungus  Aureobasidium  pullulans.  Pullulan
surrounds the hydrophobic core of cholesterol
molecules, which self-aggregate. Hydrogels are
prized for their adaptability, especially in the
medical domain where they promote tissue repair,
cell survival, and long-term medication release.
They are an essential component of sophisticated
biomedical and ecological applications due to their
capacity to replicate natural tissues and adapt to
changes in their surroundings. Monoclonal
antibodies can be encapsulated and released by
larger hydrogels [84]. [Fig-9]
Polymeric Nano-particles:The size of polymeric
nanoparticles (PNPs) ranges from 1 to 1000
nanometres. They are composed of polymers that
have many uses, particularly in nanotechnology
and medicine.which comes in two forms:
nanospheres and nano capsules.The drug is
dissolved or dispersed in a liquid core (oil or water)
and then encased in a polymeric membrane to
create a nano capsule.To create a nanosphere, a
drug is encapsulated in a polymeric matrix.Among
other applications, their structure, biocompatibility,
and capacity to transport therapeutic agents make
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them perfect for targeted drug delivery, medical
imaging, and diagnostics.[85][ Table-3] [Fig-10]

Polymeric micelles:

In aqueous environments, amphiphilic
block copolymers self-assemble to form nanoscale
spherical structures known as polymeric micelles,
particles  size  ranging from 10- 100
nanometers.They  resemble  surfactant-formed
micelles but provide more stability and adaptability.
Applications of polymeric micelles in imaging and
diagnostics, as well as drug delivery especially for
poorly soluble drugs are being extensively
studied.[86][table-4][Fig-11]

The method and mechanism of medication drug
design and drug delivery:

To guarantee that therapeutic agents are
not only powerful but also safely and effectively
reach their intended site of action, two essential
components of pharmaceutical science—drug
delivery and drug design—cooperate. A thorough
explanation of these two procedures, their
workings, and how they combine to provide
successful treatments is provided below. Finding
and creating compounds that can alter biological
targets in order to treat illnesses is known as drug
design. In order to maximise the therapeutic impact
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Fig-12

while minimising side effects, the procedure
frequently uses a number of clearly defined steps
and a variety of computational and experimental
methodologies.

Drug delivery refers to the techniques and
tools utilised to deliver a medication to the body's
place of action. By making sure the medication
reaches the target site in the right concentration and
for the intended amount of time; while minimising
adverse effects, the goal is to obtain the best
possible therapeutic result. The medical system has
recently used a variety of drug delivery methods.
Nonetheless, there are still several issues that
require attention and investigation in order to
successfully transport medications to a specific
location.

As nanomedicine has developed and drug
delivery and discovery/design techniques have
improved, many therapeutic approaches and
conventional clinical diagnostic techniques have
been researched in an effort to improve drug
specificity and diagnostic precision. In order to
decrease their toxicity and increase their
bioavailability in the body, new drug administration
methods are being investigated, with an emphasis
on guaranteeing their targeted effect in particular
locations [37].

[Fig-3— It represents nanotechnology apply in personalized medicine] and [Fig- 12 represents applications
of nanoparticles]
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[Different types of Nano carriers/ Nanotechnology formulations in below]

Table-1, List of drugs incorporated in liposomes for effective drug delivery

Drugs formulation Therapeutic effect
Doxorubicin Thioether . Cancer treatment, particularly for breast
phosphatidylcholines cancer.
liposomes . Reduces cardiotoxicity and improves
targeting to tumor cells.
Paclitaxel Glutamic oligopeptides- | o Various cancers, including ovarian and lung
RGD peptide (PTXGIlu6- | cancer.
RGD-Lip)
Bupivacaine Unilamellar o Sustained drug release was recorded for 6
days
Cytarabine Liposome . Treatment of lymphomatous meningitis.
. Prolonged release and improved delivery to
the central nervous system
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Table-2 List of drugs loaded SLNs for effective drug delivery
Drugs loaded in SLNs | Therapeutics effect
Enrofloxacin By facilitating targeted, controlled-release delivery and maintaining
the effectiveness of enrofloxacin againstSalmonella, enrofloxacin-
loaded SLNs have the potential to enhance treatment outcomes.
Insulin SLNs are explored for oral insulin delivery to improve stability
against gastrointestinal degradation.
SLNs can enhance oral bioavailability and provide sustained release.

Ritonavir

Table-3 List of medications that have been successfully delivered by polymeric nanoparticles.
Drugs Polymeric nanoparticle type Delivery of action

Curcumin Poly  (lactic-co-glycolic  acid)-poly | Compared to PLGA, drug-loaded
(ethylene glycol) (PLGA-PEG) polymeric nanoparticles have a

14-fold greater diffusivity in the
brain parenchyma.

For drug-loaded PLGA-PEG, the
median area loss was 12.3%.

Doxorubicin Polylactic-co-glycolic

triphenylphosphine | wrapped with bovine serum albumin

(PLGA) | After 12 hours of treatment,
MCF-7 cell, at pH 6.5 caused
74% of cell apoptosis.

Tumor volume was reduced from
26 mm3 to 23 mma3.

Ofloxacin Polycaprolactone

The drug's continuous release for
six hours was noted.

Table-4 List of different polymeric micelles that are used to deliver drugs effectively.

Drugs Copolymer

Delivery of action

Doxorubicine
micelles (DCM)

Diselenide-crosslinked

In  tumor-bearing mice, drug-
loaded micelles delivered a 3.73-
fold greater quantity of drug than
free drug.

Doxorubicine Poly (ethylene glycol)

Drug release was found to
increase twofold at pH 5.

Utilising nanoparticles in a medication delivery
system:

These days, scientists and medical experts
are interested in drug delivery systems that are
focused on nanotechnology. When creating a
target-specific drug delivery system, liposomes,
micelles, dendrimers, and other organic, inorganic,
metallic, and polymer-based NPs are frequently
taken into account. These NPs cause drug delivery
in medications with low absorption capacity and
poor solubility. However, the size, shape, and other
intrinsic  biophysical/chemical characteristics of
these NPs affect how effective they are as drug
delivery vehicles. NP is referred to by a number of
other names, such as nanocarriers, nanospheres,
nanostructures, and  nanovehicles.  Gregory
Gregoriadis created the liposome, the first NPs for

a drug delivery method. NP is referred to by a
number of other names, such as nanocarriers,
nanospheres, nanostructures, and nanovehicles. A
number of commercially marketed nano-based
medications, including Abraxane®, Doxil®,
Transdrug®, and Caelyx®, are used to treat cancer.

Drug delivery systems are simple to create
and can facilitate the body's altered release of
active chemicals. For instance, reviewed the
therapeutic effects of nanocarrier systems and
provided an intriguing evaluation of their use in
imaging and sensory applications. Furthermore,
addressed fresh prospects and difficulties for the
field of nanomedicine while offering a current
summary of various nanocarrier uses. These drug
delivery systems have unique morphological,
chemical, and physical properties. They may also
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have a preference for various drug polarities
through physical or chemical interactions, such as
electrostatic and van der Waals interactions or
covalent and hydrogen bonding.Each of these
elements affects how nanocarriers interact with
biological systems and how quickly the active
ingredient is released within the body.

Strategies are currently being developed to
reduce immunogenicity by coating or chemically
functionalising the nanostructures with various
substances, including polymers, natural
polysaccharides, antibodies, cell ~membrane,
tenable surfactants, peptides, and others, and to
increase the specificity of the nanostructures to
target regions of the organism. These ligand-
modified nanocarriers have been utilised to get
through the cell membrane and enable a planned
drug delivery in a specific setting in situations
where medications do not exhibit binding and
affinity with a particular target or do not flow
through specific barriers (such as the blood—brain
barrier or the blood—cerebrospinal fluid barrier).

The interaction between the ligand-
appended in nanocarriers and cell membranes has
not been well studied, and it is still unknown how
they are absorbed. However, using external factors
like ultrasound, heat, magnetism, light, pH, and
ionic strength, stimuli-responsive nanocarriers have
demonstrated the ability to control the release
profile of drugs (as a triggered release), which can
improve targeting and allow greater dosage control.

A number of advantages are provided by
nanoparticles in drug delivery systems, such as
enhanced bioavailability, targeted distribution,
controlled release, and fewer adverse effects.
Scientists can create extremely effective and
customised drug delivery systems to treat a variety
of illnesses, especially cancer, neurological
conditions, and infections, by utilising several
nanoparticle kinds, including polymeric, lipid-
based, metal, and hybrid nanoparticles. [38-61] [
Fig-12]

Implementation of nanoparticles in various
diseases:

Although they improve medicine delivery,
increase targeting accuracy, and decrease adverse
effects, nanoparticles have completely changed the
way many diseases are treated. They are used to
treat a variety of illnesses, such as cancer,
neurological conditions, heart conditions, infectious
diseases, and more. Here is a thorough examination
of the various disorders that nanoparticles are used
to treat:

Cancer:

Globally, cancer is the biggest cause of
mortality. Because of the difficulties in properly
and successfully administering chemotherapeutic
medications, cancer treatment is one of the most
developed fields for nanoparticle applications.
Traditional cancer treatments like radiotherapy and
chemotherapy have seen many advancements, but
they still seem to be far from effective. Due to
some drawbacks, including significant side effects
and chemoresistance [61-63]

Nanoparticles are functionalized with
ligands (antibodies, peptides) that bind to specific
receptors overexpressed in cancer cells (e.g., HER2
in breast cancer), ensuring that the drug is delivered
directly to the tumor.Nanomedicine has an
enormous capacity to transform cancer treatment
and diagnosis by developing innovative
biocompatible nanoparticles that are the most
crucial feature of nanoparticles for drug delivery
purposes.Quantum dots, dendrimers, nanoshells,
nanocantilevers, nanoprobes, nanocrystals,
nanopolymers, and nanotechnologies can all be
employed to cure cancer [64-65]. These
nanoparticles stand out from conventional cancer
treatments due to their special qualities [66].
Because the vasculature of tumour tissues leaks,
nanoparticles can passively collect at the tumour
site while preventing drug accumulation in healthy
tissues, which contributes to the increased
permeability and retention (EPR) effect. For
instance,

* Doxil® (doxorubicin) and other liposomal
formulations enhance
chemotherapeuticmedication delivery while
lowering cardiotoxicity.

» Abraxane®, or albumin-bound paclitaxel, is a
polymeric nanoparticle that
improvespaclitaxel's solubility and targeting in
pancreatic, lung, and breast cancer.

» Gold nanoparticles used in photothermal
therapy, which produces heat and Kills
cancercells by exposingthem to near-infrared
light.

One important factor in cancer therapy is
the interchangeability of antiangiogenic medicines
and chemotherapy. Her-2 was employed as a target
group for breast cancer treatment, and it was
created Dby encapsulating hydrophilic and
hydrophobic anticancer medications as double-drug
delivery approach [67]. A biomedical strategy
known as theragnostic is emerging that combines
diagnosis and treatment in a single step. To make
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treatment quicker, simpler, and more effective,
theranostics will be used to integrate the key
components of medical care, including diagnosis
and therapy. Shim et al. have successfully
diagnosed and  treated cancer  together
(theranostics). They discovered the potential for
both stimulation enhanced gene silencing and
stimulus-responsive optical imaging using tiny gold
nanoparticles that contained Si RNA [68].

Ophthalmic Disorder:

One of the primary issues with topical
ophthalmic medication administration is poor eye
absorption, which makes it challenging to maintain
a suitable drug concentration in the precorneal area.
Age-related macular degeneration (AMD), diabetic
retinopathy, and glaucoma can all be treated with
nanoparticles. Lipid and polymeric nanoparticles
enhance eye drop delivery by boosting medication
penetration and extending drug retention on the
surface of the eye. In order to reduce the frequency
of injections for chronic illnesses like AMD,
intraocular injections employ nanoparticles to
enable prolonged drug release. Since nanoparticles
exhibit greater durability and a longer half-life
(t1/2) in tear fluids (up to 20 min) than
conventional drugs (t1/2 = 1-3 min), they are
attractive substitutes for standard ocular topical
medications. Drug delivery methods using
nanoparticles have demonstrated promise for
improved bioavailability, sustained intraocular dose
levels, reduced side effects, and higher absorption
of therapeutic agents. Flurbiprofen and ibuprofen-
loaded nanoparticles effectively prevented post-
operative inflammatory responses brought on by
trauma. In addition, compared to conventional eye
drop devices, the nanoparticle device generated
more medicines in vitreous humour [68-69].

Heart Disorder:

Atherosclerosis, myocardial infarction,
stroke, hypertension, and heart failure are among
the conditions collectively referred to as
cardiovascular diseases (CVDs). For cardiovascular
illnesses to be prevented and effectively treated,
early detection is essential. because it has the
potential to be the world's leading cause of death.
This is addressed by a number of novel methods,
including molecular imaging and cardiac
immunoassays. To identify CVDs, quick, precise,
sensitive, and targeted methods are required [71-
72].

To enhance medication delivery, imaging,
and the therapeutic efficiency of treatments for

disorders like atherosclerosis, heart attacks, and
hypertension, nanoparticles are used in the
treatment of cardiovascular diseases.

Disorders of the nervous system:

The most delicate and intricate organ in
the human body that is protected by the Blood-
Brain Barrier (BBB) barrier is the brain. CNS
disorders pose a serious risk to human health since
the BBB is a significant treatment barrier. One of
the biggest challenges in treating neurological
illnesses has been getting medications past the
blood-brain  barrier (BBB). There are few
alternatives for particular future therapeutic and
diagnostic techniques because the BBB can only
pass via lipophilic substances or molecules with a
molecular weight of less than 400-600 Da.
Nanoparticles provide fresh approaches to this
problem.

Since polymeric nanoparticles like butyl
cyanoacrylate (PBCA), poly
(isohexylcyanoacrylate) (PIHCA), poly (lactic
acid) (PLA), or copolymer (lactide-co-glycolide)
(PLGA), and human serum albumin (HSA) have
been shown to cross tight cell junctions, bypass the
blood-brain barrier, encapsulate higher drug
content, and can be combined with ligands to
achieve site-specific drug release, they make up the
majority of drug delivery systems used to treat
neurological diseases. To improve their capacity to
penetrate the blood-brain barrier and target the
central nervous system (CNS), nanoparticles can be
coated with surfactants, ligands, or antibodies.
When coupled with transferrin, NPs containing
anti-cancer medications, including taxols, may
have enhanced brain endothelial cell aggregation in
brain cancer. One of the neurodegenerative
disorders that affects the older population the
fastest is Alzheimer's disease. Clinically, it is
classified by a loss of spatial skills and reasoning,
linguistic access impairment, and abstraction [73].
Liquid  crystals, liposomes, solid lipid
nanoparticles, polymeric nanoparticles, nano-
emulsions, and micro-emulsions are all utilised to
treat Alzheimer's disease. Drugs that lessen the
production of amyloid plaque, a defining feature of
Alzheimer's disease, can be delivered using
nanoparticles that are designed to pass the blood-
brain barrier. Anti-inflammatory, antioxidant, and
neuroprotective medications can be delivered to the
brain using lipid-based nanoparticles.
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Diabetes:

Because they improve blood glucose
monitoring and allow for the controlled release of
insulin, nanoparticles are important in the
management of diabetes.

Because polymeric nanoparticles shield
insulin  from enzymatic breakdown in the
gastrointestinal tract, they can give insulin orally,
eliminating the need for injections. On the other
hand, glucose-responsive insulin delivery systems
that release insulin in response to elevated blood
glucose levels are developed using nanogels.
Glucose monitoring systems that provide real-time,
extremely sensitive blood sugar level readings use
nanoparticles like gold nanoparticles and quantum
dots.

Nanomedicine’s perspective for the future:

The application of nanotechnology in
healthcare, or nanomedicine, has demonstrated
great promise in enhancing drug delivery,
diagnosis, and treatment results. But in order for
nanomedicine to realise its full potential, a number
of upcoming issues need to be resolved, even with
its notable breakthroughs. These difficulties include
logistical, ethical, legal, and scientific concerns.
Numerous developments in the field of
nanomedicine demonstrate its significance in
clinical and other medical contexts. Numerous
researchers have looked into the role that
nanomedicine plays in curing cancer and lowering
rates of death and morbidity. But there are still
issues that nanomedicines will have to deal with in
the future [74].

One of the most exciting fields of study at
the moment is nanomedicine. Over the past 20
years, a great deal of research in this area has
already resulted in the completion of several dozen
clinical trials and the filing of 1500 patents [75].
The application of nanomedicine and nano-drug
delivery systems is undoubtedly the trend that will
continue to be the future area of research and
development for decades to come since it uses
different types of nanoparticles to deliver the
precise amount of drug to the affected cells, such as
the cancer/tumor cells, without interfering with the
physiology of the normal cells.

In healthy tissues, certain nanoparticles,
namely those based on metals (such as gold, silver,
and iron oxide), can induce inflammation, oxidative
stress, and cytotoxicity. Long-term exposure to
certain nanoparticles might cause unexpected side
effects, such as kidney, lung, or liver damage. On
the other hand, certain nanoparticles are difficult

for the body to eliminate and can build up in organs
or tissues over time, which raises questions
regarding long-term toxicity. It is crucial to make
sure that nanoparticles can be biodegraded or
effectively eliminated. Unwanted immunological
reactions, such as hypersensitivity, inflammation,
or allergic reactions, can be brought on by
nanoparticles. It is still difficult to maintain
therapeutic efficacy while making sure that
nanoparticles don't trigger negative immunological
reactions. Since nanomedicines frequently work
differently from conventional medications, new
evaluation procedures are needed for preclinical
research, clinical trials, and production. It might be
necessary for regulatory agencies like the FDA and
EMA to create new standards that take into account
the distinct pharmacokinetics and biodistribution of
nanoparticles. Assessing the therapeutic and
diagnostic components of a single nanomedicine
can make the licensing process more difficult.
Nanoparticles are frequently employed for
theranostics, which combines therapy and
diagnostics on a single platform. The liver and
spleen are examples of non-target tissues where
nanoparticles can still collect despite improvements
in focused delivery. Targeting tactics need to be
further refined in order to reduce off-target effects
while retaining effective drug delivery to sick cells.

The  production of  nanomedicine
frequently entails intricate, multi-step procedures
that are expensive and challenging to scale.
Creating economical, scalable manufacturing
processes is essential to introducing nanomedicines
to the market at a reasonable cost. It is challenging
to reliably create nanoparticles on a large scale with
constant size, shape, and surface features. Safety
and effectiveness may be impacted by the
unpredictable behaviour that slight changes in
nanoparticle characteristics can produce in
biological systems.

The behaviour of nanoparticles can vary
according on the disease state, metabolism, and
genetic makeup of the patient. Personalised
nanomedicine  necessitates ~ more  accurate
diagnostic and customisation techniques, which are
still in their infancy, and designing "one-size-fits-
all" nanomedicines might not work. We are still in
the early stages of developing prediction models
that can precisely forecast how a patient's body will
react to nanoparticles. Customising nanomedicine
treatments requires an understanding of individual
variations in nanoparticle absorption, distribution,
metabolism, and excretion (ADME).
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1. CONCLUSION:

In a variety of medical applications, nano-
based drug delivery systems (NDDS) have
demonstrated revolutionary potential in improving
therapeutic  efficacy, specificity, and patient
outcomes. Utilising nanoscale materials such as
polymeric carriers, liposomes, and solid lipid
nanoparticles, these systems tackle important issues
in traditional drug delivery, including low
solubility, restricted bioavailability, and lack of
targeted specificity. The controlled release,
extended circulation time, and tissue-specific
targeting offered by nano-based drug delivery
greatly enhances the therapeutic index and lowers
unfavourable side effects, particularly in complex
treatments like cancer therapy and the management
of chronic diseases. In the future, NDDS will
probably be pushed into more individualised,
accurate, and adaptive medicine frameworks by the
creation of  stimuli-responsive  nanocarriers,
integration with diagnostic tools for theragnostic
applications, and developments in bio-safe and
biodegradable materials. Furthermore, better
prediction and control over drug release profiles,
which improve patient outcomes and treatment
adherence, are promised by the integration of
artificial intelligence and machine learning into
NDDS design. To fully realise the clinical potential
of NDDS, however, issues with long-term safety,
regulatory approval, and large-scale production
must be resolved. All things considered, NDDS
have the potential to completely transform
pharmacotherapy by facilitating individualised and
minimally invasive treatments that may soon
completely change the way healthcare is delivered.
As long as researchers, physicians, and regulatory
agencies continue to innovate and work together,
nano-based delivery systems will play a crucial role
in the development of next-generation medical
treatments.
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