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ABSTRACT:

Artificial intelligence systems in current times experience severe ethical problems which include algorithmic bias issues and
accountability problems and fairness issues that depend on Western utilitarian frameworks. The chapter introduces a new
model which combines Indian ethical standards with dharma and karma to govern algorithmic decision-making systems.
Dharma-based frameworks define righteous behavior through three principles which include contextual righteousness and
relational duties and cosmic order (Rta) as their core values. The chapter uses conceptual analysis and case studies from
healthcare and justice systems to show how dharma provides moral guidance for ethical Al design while karma theory
establishes strong accountability systems through its tracking of actions and their corresponding results. The analysis shows
that dharma-driven methods to problem-solving improve Western methods because they support multiple cultural traditions
and specific situations and ongoing effects on society. The integration of Indian Knowledge Systems with contemporary Al
governance creates a pathway that enables development of algorithmic systems which respect different knowledge systems
while maintaining ethical standards and supporting technological progress.
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1. INTRODUCTION: delivery, the challenges associated with
L ) ) nanomedicine, and the future directions in this
The limitations of conventional drug delivery exciting field.

systems, such as poor bioavailability, systemic
toxicity, and lack of target specificity, have driven
the development of innovative approaches to
improve therapeutic efficacy [1, 15, 32].
Nanomedicine, leveraging the unique properties of

2. NANOCARRIERS FOR DRUG DELIVERY:

A variety of nanocarriers have been developed for
drug delivery, each with its unique advantages and

nanomaterials, offers a promising avenue to
overcome these challenges. Nanoparticles, with
dimensions ranging from 1 to 1000 nanometers,
exhibit enhanced surface area-to-volume ratios,
tunable physicochemical properties, and the ability
to encapsulate or conjugate therapeutic agents [28,
45, 61]. These characteristics enable precise control
over drug release, improved pharmacokinetics, and
targeted delivery to specific cells or tissues.

The field of nanomedicine has witnessed significant
progress in recent years, with numerous nanocarriers
being developed and evaluated for their potential in
drug delivery [8, 22, 55]. This review aims to
provide a comprehensive overview of the latest
advancements in nanomedicine, focusing on the
design, functionalization, and applications of
various nanocarriers for drug delivery. We will also
discuss the strategies employed for targeted drug

limitations.
2.1. Liposomes:

Liposomes, spherical vesicles composed of
phospholipid bilayers, are among the most widely
studied nanocarriers [12, 39, 68]. Their
biocompatibility, biodegradability, and ability to
encapsulate both hydrophilic and hydrophobic drugs
make them attractive for drug delivery. Recent
advancements in liposome technology include the
development of:

e Stealth liposomes: Modified with
polyethylene glycol (PEG) to enhance
circulation time and reduce immunogenicity
[3, 26, 51].

e Targeted liposomes: Functionalized with
ligands, such as antibodies or peptides, to
enable specific binding to target cells [19,
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42, 65].

e Stimuli-responsive liposomes: Designed to
release their drug payload in response to
specific triggers, such as pH, temperature, or
enzymes [7, 30, 58].

2.2. Polymeric Nanoparticles:

Polymeric  nanoparticles, synthesized from
biocompatible and biodegradable polymers, offer
excellent control over drug release kinetics and
particle size [9, 36, 63]. Common polymers used for
nanoparticle synthesis include poly (lactic-co-
glycolic  acid)  (PLGA), chitosan, and
polycaprolactone (PCL). Recent developments in
polymeric nanoparticles include:

e Self-assembled nanoparticles: Formed
through the spontanecous assembly of
amphiphilic polymers, offering simplicity
and versatility [17, 48, 67].

e Polymer-drug conjugates: Where drug
molecules are covalently attached to the
polymer backbone, enhancing drug stability
and circulation time [5, 29, 53].

e Core-shell nanoparticles: Consisting of a
drug-loaded core and a protective shell,
enabling controlled drug release and targeted
delivery [24, 40, 60].

2.3. Dendrimers:

Dendrimers, highly branched, monodisperse
polymers, offer precise control over size, shape, and
surface functionality [11, 38, 66]. Their unique
architecture allows for the encapsulation or
conjugation of multiple drug molecules, enhancing
drug loading capacity and therapeutic efficacy.
Recent advancements in dendrimer technology
include:

e Surface-modified dendrimers:
Functionalized with targeting ligands or
stimuli-responsive groups to enhance target
specificity and controlled drug release [18,
41, 64].

e Dendrimer-drug conjugates: Where drug
molecules are covalently attached to the
dendrimer surface, enabling precise drug
delivery and reduced off-target toxicity [6,
31, 59].

e Dendrimer-based gene delivery: Utilizing
dendrimers as vectors for delivering genetic
material to target cells [21, 44, 62].

2.4. Micelles:

Micelles, self-assembled structures formed by
amphiphilic block copolymers, offer excellent drug
solubilization and controlled drug release [10, 37,
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69]. Their small size and biocompatibility make
them attractive for drug delivery applications.
Recent advances in micelle-based drug delivery
include:

e Polymeric micelles with stimuli-
responsive drug release: Where the
micelles disassemble in response to specific
triggers, such as pH or temperature,
releasing the drug payload [16, 47, 57].

e Mixed micelles: Composed of different
block copolymers, enabling fine-tuning of
micelle properties and drug release kinetics
[4, 27, 52].

o Targeted micelles: Functionalized with
ligands to enhance target specificity and
cellular uptake [20, 43, 56].

2.5. Carbon Nanotubes (CNTs):

CNTs, cylindrical nanostructures composed of
carbon atoms, possess unique mechanical, electrical,
and thermal properties [13, 34, 50]. Their high
surface area and ability to be functionalized make
them attractive for drug delivery applications.
Recent advancements in CNT-based drug delivery
include:

e Functionalized CNTs: Modified with
biocompatible polymers or targeting ligands
to enhance biocompatibility and target
specificity [2, 25, 49].

e Drug-loaded CNTs: Where drug molecules
are encapsulated or conjugated to the CNT
surface, enabling controlled drug release [ 14,
35, 54].

e CNT-based gene delivery: Utilizing CNTs
as vectors for delivering genetic material to
target cells [23, 33, 46].

2.6. Inorganic Nanoparticles:

Inorganic nanoparticles, such as gold, silica, and
iron oxide nanoparticles, offer unique optical,
magnetic, and catalytic properties [28, 45, 61]. Their
stability and ability to be functionalized make them
attractive for drug delivery and imaging
applications. Recent developments in inorganic
nanoparticles include:

e  Gold nanoparticles: Used for drug delivery,
photothermal therapy, and bioimaging.

e Silica nanoparticles: Employed for drug
delivery, gene delivery, and as contrast
agents for medical imaging.

Iron oxide nanoparticles: Utilized for magnetic
drug targeting, magnetic resonance imaging (MRI),
and hyperthermia therapy.
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Table 1: Comparison of Common Nanocarriers

Nanocarrier Advantages Disadvantages Applications
Liposomes Biocompatible, Limited stability, potential Cancer therapy, gene
biodegradable, versatile for drug leakage delivery, vaccine delivery
drug loading

Polymeric Nanoparticles

Controlled drug release,
tunable size, biodegradable

Potential for burst release,
difficulty in achieving high

Cancer therapy, drug
delivery, tissue engineering

biocompatible

solubilization, small size,

drug loading
Dendrimers Precise control over size and| Potential toxicity, complex Gene delivery, drug
functionality, high drug synthesis delivery, diagnostics
loading capacity
Micelles Excellent drug Limited stability, potential Cancer therapy, drug

for drug leakage delivery, imaging

Carbon Nanotubes

properties

High surface area, unique
mechanical and electrical

Potential toxicity, difficulty
in achieving uniform
dispersion

Drug delivery, gene
delivery, biosensors

Inorganic Nanoparticles
properties, stable

Unique optical and magnetic|

Potential toxicity, difficulty
in biodegradation

Imaging, drug delivery,
hyperthermia therapy

3. TARGETED DRUG DELIVERY:

Targeted drug delivery aims to deliver therapeutic
agents specifically to target cells or tissues,
minimizing off-target toxicity and enhancing
therapeutic efficacy.

3.1. Passive Targeting:

Passive targeting relies on the enhanced
permeability and retention (EPR) effect, where
nanoparticles accumulate in tumor tissues due to
their leaky vasculature and impaired lymphatic
drainage [33, 47, 63]. The EPR effect is a
cornerstone of nanoparticle-based cancer therapy,
allowing for preferential accumulation of drug-
loaded  nanoparticles  within  the  tumor
microenvironment. However, the magnitude of the
EPR effect can vary significantly between different
tumor types and even within individual tumors,
leading to variability in therapeutic efficacy

3.2. Active Targeting:

Active  targeting  involves  functionalizing
nanocarriers with ligands that specifically bind to
receptors overexpressed on target cells [19, 42, 65].
Common ligands used for active targeting include
antibodies, peptides, aptamers, and small molecules.
This approach enhances cellular uptake and
minimizes off-target effects.

e Antibody-conjugated nanoparticles:
Antibodies, with their high specificity and
affinity, can guide nanoparticles to target
cells expressing specific antigens. For
example, anti-EGFR antibodies can be
conjugated to nanoparticles to target cancer
cells overexpressing the epidermal growth
factor receptor [27, 56, 68].

o Peptide-functionalized nanoparticles:
Peptides, short amino acid sequences, offer
advantages such as ease of synthesis, low
immunogenicity, and tunable binding
affinity. RGD peptides, which bind to
integrin receptors overexpressed on tumor
cells, are commonly used for targeted drug
delivery [11, 38, 52].

e Aptamer-conjugated nanoparticles:
Aptamers, single-stranded DNA or RNA
molecules, can bind to target molecules with
high affinity and specificity. Aptamers can
be selected to target a wide range of
molecules, including proteins, cells, and
even small molecules [21, 44, 62].

e Small molecule-functionalized
nanoparticles: Small molecules, such as
folic acid, can be used to target cells
overexpressing specific receptors. Folic
acid-conjugated nanoparticles can be used to
target cancer cells overexpressing the folate
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receptor [18, 41, 64].
3.3. Stimuli-Responsive Drug Delivery:

Stimuli-responsive drug delivery systems release
their drug payload in response to specific triggers,
such as pH, temperature, enzymes, or light [7, 30,
58]. This approach enables precise control over drug
release and minimizes off-target toxicity.

e pH-responsive drug delivery: Tumor
tissues often exhibit a lower pH compared to
normal tissues. Nanoparticles can be
designed to release their drug payload in
response to acidic pH, enabling targeted drug
delivery to tumor cells [16, 47, 57].

e Temperature-responsive drug delivery:
Some polymers exhibit a phase transition in
response to temperature changes.
Nanoparticles can be designed to release
their drug payload in response to elevated
temperatures, enabling targeted drug
delivery to hyperthermic tissues [4, 27, 52].

e Enzyme-responsive drug delivery:
Enzymes overexpressed in specific tissues
can be used as triggers for drug release.
Nanoparticles can be designed to release
their drug payload in response to enzymatic
activity, enabling targeted drug delivery to
specific tissues [17, 48, 67].

e Light-responsive drug delivery: Light can
be used as an external trigger for drug
release. Nanoparticles can be designed to
release their drug payload in response to
specific wavelengths of light, enabling
precise spatial and temporal control over
drug release [24, 40, 60].

4. APPLICATIONS OF NANOMEDICINE IN
DRUG DELIVERY:

Nanomedicine has shown great promise in various
disease areas, including cancer, neurological
disorders, and infectious diseases.

4.1. Cancer Therapy:

Nanomedicine has revolutionized cancer therapy by
enabling targeted drug delivery to tumor cells,
enhancing therapeutic efficacy, and minimizing side
effects [14, 35, 54]. Nanoparticles can be used to
deliver chemotherapeutic agents, gene therapies,
and photothermal therapy agents to tumor tissues.

e Chemotherapeutic drug delivery:
Nanoparticles can be used to encapsulate and
deliver chemotherapeutic drugs to tumor
cells, enhancing drug accumulation and
minimizing systemic toxicity [2, 25, 49].

e Gene therapy: Nanoparticles can be used as
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vectors for delivering therapeutic genes to
tumor cells, enabling gene silencing or gene
replacement therapy [23, 33, 46].

e Photothermal therapy: Nanoparticles can
be used to convert light energy into heat,
enabling selective destruction of tumor cells
[28, 45, 61].

e Combination therapy: Nanoparticles can
be used to deliver multiple therapeutic
agents simultaneously, enhancing
therapeutic efficacy and overcoming drug
resistance [5, 29, 53].

4.2. Neurological Disorders:

Nanomedicine offers a promising approach to
overcome the blood-brain barrier (BBB) and deliver
therapeutic agents to the central nervous system
(CNS) [13, 34, 50]. Nanoparticles can be
functionalized with ligands that specifically bind to
receptors on the BBB, enabling targeted drug
delivery to the brain.

e BBB-penetrating nanoparticles:
Nanoparticles can be functionalized with
ligands that bind to receptors on the BBB,
enabling transcytosis and drug delivery to
the brain parenchyma [3, 26, 51].

e Nanoparticles for neurodegenerative
diseases: Nanoparticles can be used to
deliver therapeutic agents to the brain for the
treatment of neurodegenerative diseases,
such as Alzheimer's disease and Parkinson's
disease [12, 39, 68].

e Nanoparticles for brain  tumors:
Nanoparticles can be used to deliver
chemotherapeutic agents to brain tumors,
enhancing  drug  accumulation  and
minimizing off-target toxicity [1, 15, 32].

4.3. Infectious Diseases:

Nanomedicine can be used to deliver antimicrobial
agents to infected tissues, enhancing therapeutic
efficacy and minimizing drug resistance [9, 36, 63].
Nanoparticles can be functionalized with ligands
that specifically bind to bacterial or viral cells,
enabling targeted delivery of antimicrobial agents.

e Antibacterial nanoparticles: Nanoparticles
can be used to deliver antibiotics to bacterial
cells, enhancing drug accumulation and
overcoming antibiotic resistance [10, 37,
69].

e Antiviral nanoparticles: Nanoparticles can
be used to deliver antiviral drugs to viral
cells, inhibiting wviral replication and
enhancing therapeutic efficacy [6, 31, 59].

e Nanoparticles for vaccine delivery:
Nanoparticles can be used as vaccine
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delivery systems, enhancing antigen
presentation and inducing potent immune
responses [8, 22, 55].

s. CHALLENGES AND
DIRECTIONS:

FUTURE

Despite the significant progress in nanomedicine,
several challenges remain.

5.1. Biocompatibility and Toxicity:

The biocompatibility and toxicity of nanomaterials
are critical considerations for their clinical
translation. Extensive in vitro and in vivo studies are
required to evaluate the safety and efficacy of
nanocarriers [20, 43, 56].

e Long-term toxicity: The long-term effects
of nanomaterials on human health are not
fully understood.

e Immunogenicity: = Nanomaterials can
trigger immune responses, leading to
adverse effects.

o Biodegradation: The biodegradation of
nanomaterials can lead to the release of toxic
byproducts.

5.2. Regulatory Considerations:

The regulatory landscape for nanomedicine is still
evolving. Clear guidelines and standards are needed
to ensure the safety and efficacy of nanomedicine
products [19, 42, 65].

e Standardization of nanomaterial
characterization: Standardized methods for
characterizing nanomaterials are needed to
ensure reproducibility and comparability of
studies.

e (Clinical trial design: Clinical trials for
nanomedicine products need to be carefully
designed to address the unique challenges of
this field.

e Regulatory pathways: Clear regulatory
pathways are needed to facilitate the
approval and  commercialization  of
nanomedicine products.

5.3. Scalability and Manufacturing:

The scalable and cost-effective manufacturing of
nanocarriers is essential for their widespread clinical
application [18, 41, 64].

e Reproducibility: Manufacturing processes
need to be reproducible to ensure consistent
product quality.

e Scale-up: Manufacturing processes need to
be scalable to meet the demands of clinical
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and commercial applications.

o Cost-effectiveness: Manufacturing
processes need to be cost-effective to ensure
affordability.

5.4. Translation from Bench to Bedside:

The translation of nanomedicine from bench to
bedside requires multidisciplinary collaboration
among scientists, engineers, and clinicians [21, 44,
62].

e Collaboration: Multidisciplinary
collaboration is essential for the successful
development and translation of

nanomedicine products.

e Clinical trials: Clinical trials are needed to
evaluate the safety and efficacy of
nanomedicine products in humans.

e Commercialization: = Commercialization
strategies are needed to ensure the
widespread availability of nanomedicine
products.

Future directions in nanomedicine include:

e Development of multifunctional
nanocarriers for simultaneous drug delivery
and imaging [17, 48, 67].

e Exploration of novel nanomaterials with
enhanced biocompatibility and therapeutic
efficacy [24, 40, 60].

e Personalized nanomedicine based on
individual patient characteristics [2, 25, 49].

e Integration of artificial intelligence and
machine learning for the design and
optimization of nanocarriers [23, 33, 46].

e Development of smart nanocarriers with
feedback mechanisms for precise drug
delivery [28, 45, 61].

e Utilization of exosome-based drug delivery
[5, 29, 53].

e Nanobots for targeted drug delivery.

5.5. Nanobots for Targeted Drug Delivery:

The concept of nanobots, microscopic robots
capable of performing specific tasks within the
human body, represents a cutting-edge frontier in
nanomedicine [10, 37, 69]. These nanobots could be
designed to navigate through the bloodstream,
deliver drugs to specific cells or tissues, and even
perform minimally invasive surgical procedures.

e Autonomous nanobots: Equipped with
sensors and actuators, these nanobots could
independently navigate and perform tasks
within the body.

e Remote-controlled nanobots: Controlled
by external magnetic fields or ultrasound,
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these nanobots could be guided to specific
locations within the body.

e Nanobots for drug delivery: Nanobots
could be loaded with drugs and programmed
to release them at specific locations or in
response to specific triggers.

e Nanobots for diagnostics: Nanobots could
be equipped with sensors to detect specific
biomarkers or pathogens, enabling early
diagnosis of diseases.

5.6. Nanopores for Single-Molecule Analysis and
Drug Delivery:

Nanopores, tiny holes in membranes, offer a unique
platform for single-molecule analysis and drug
delivery [6, 31, 59]. By monitoring the electrical
current or optical signals as molecules pass through
the nanopore, researchers can identify and
characterize individual molecules.

e Nanopore sequencing: Nanopores can be
used to sequence DNA and RNA molecules,
enabling rapid and accurate genetic analysis.

e Nanopore drug delivery: Nanopores can be
used to deliver drugs directly into cells,
enabling precise control over drug dosage
and release.

e Nanopore sensors: Nanopores can be used
to detect specific molecules or pathogens,
enabling highly sensitive and specific
diagnostics.

5.7. Nanomedicine for Personalized Medicine:

Personalized medicine aims to tailor medical
treatments to the individual characteristics of each
patient [1, 15, 32]. Nanomedicine offers a powerful
platform for personalized medicine, enabling the
development of customized drug delivery systems
and diagnostic tools.

e Patient-specific nanocarriers:
Nanocarriers can be designed to target
specific cells or tissues based on the
individual patient's genetic profile or disease
characteristics.

e Nanomedicine for pharmacogenomics:
Nanomedicine can be used to deliver drugs
that are specifically tailored to the patient's
genetic makeup, minimizing side effects and
enhancing therapeutic efficacy.

e Nanomedicine for theranostics:
Nanomedicine can be used to develop
theranostic ~ agents,  which  combine
diagnostic and therapeutic capabilities,
enabling personalized monitoring and
treatment of diseases.

5.8. Nanomedicine for Regenerative Medicine:
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Regenerative medicine aims to repair or replace
damaged tissues and organs [9, 36, 63].
Nanomedicine can play a crucial role in regenerative
medicine by providing scaffolds for tissue
engineering, delivering growth factors, and
promoting cell differentiation.

e Nanofiber scaffolds: Nanofibers can be
used to create scaffolds that mimic the
extracellular ~ matrix, promoting cell
adhesion and tissue regeneration.

e Nanoparticle-mediated gene therapy:
Nanoparticles can be used to deliver genes
that promote tissue regeneration, such as
growth factors and signaling molecules.

e Nanoparticles for stem cell therapy:
Nanoparticles can be used to deliver growth
factors and differentiation factors to stem
cells, guiding their differentiation into
specific cell types.

5.9. Nanomedicine for Point-of-Care Diagnostics:

Point-of-care diagnostics aim to provide rapid and
accurate diagnostic tests at the patient's bedside or in
remote locations [20, 43, 56]. Nanomedicine can
enable the development of highly sensitive and
specific point-of-care diagnostic devices.

e Nanoparticle-based biosensors:
Nanoparticles can be used to develop
biosensors that detect specific biomarkers or
pathogens with high sensitivity and
specificity.

o Microfluidic devices: Nanoparticles can be
integrated into microfluidic devices to
enable rapid and automated diagnostic
testing.

e Paper-based diagnostics: Nanoparticles
can be used to develop paper-based
diagnostic tests that are simple, inexpensive,
and easy to use.

6. CONCLUSION:

Nanomedicine has emerged as a transformative field
with the potential to revolutionize drug delivery and
disease treatment. The development of diverse
nanocarriers, combined with sophisticated targeting
strategies ~ and  stimuli-responsive  release
mechanisms, has enabled unprecedented control
over therapeutic agent distribution and
pharmacokinetics.

While significant progress has been made,
challenges remain in terms of biocompatibility,
toxicity, regulatory considerations, and scalability.
However, ongoing research and development efforts
are addressing these challenges, paving the way for
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the clinical translation of nanomedicine.

The future of nanomedicine is bright, with the
emergence of exciting new technologies such as
nanobots, nanopores, and personalized
nanomedicine. These advancements hold the
promise of transforming healthcare by enabling
more precise, effective, and patient-centered
treatments. As research progresses, it is crucial to
maintain a focus on safety, efficacy, and ethical
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considerations to ensure the responsible and
beneficial application of nanomedicine. The
integration of artificial intelligence and machine
learning is also expected to accelerate the
development of novel nanomedicine solutions.
Collaboration between researchers, clinicians, and
industry partners will be essential for realizing the
full potential of nanomedicine and improving
human health.
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