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Abstract

Applications for nanoscale materials can be found in nanomedicine and nano-delivery systems, where they
can be precisely targeted to specific areas and used as regulated carriers for pharmaceuticals and diagnostic
equipment. Because nanotechnology makes it possible to precisely deliver medications in a targeted, site-
specific manner, it provides various benefits in the treatment of chronic human diseases. Recently,
chemotherapeutic medicines, biological agents, immunotherapeutic agents, and other noteworthy applications
of nanomedicine have been used to treat a wide range of disorders. The application of nanoparticles as a drug
delivery system (NDDS) holds considerable potential for the treatment of cancer. Because of several
significant benefits, drug delivery systems (DDS) based on nanoparticles are more effective than conventional
DDS. First of all, it can extend the half-lives of medications and proteins that are easily broken down. Second,
it can increase the hydrophobic medications' solubility, which will increase their therapeutic efficacy. Finally,
it makes it possible to precisely and carefully distribute medications at the precise location of the illness,

providing individualized treatment plans.
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1. INTRODUCTION

Cancer is a major global cause of mortality, with chemotherapy serving as a key treatment method. It targets
fast-growing cancer cells, but the collateral damage to healthy, fast-growing cells limits its effectiveness.
Furthermore, multi-drug resistance (MDR) hinders chemotherapy's success, as cancer cells evolve resistance
to cytotoxic drugs.!? These limitations have prompted the development of Smart Drug Delivery Systems
(SDDSs), utilizing smart nanocarriers. SDDSs offer precision in drug delivery, enabling the specific and
targeted application of drugs to cancer sites, and minimizing damage to healthy cells.>** This approach holds
great promise in improving the effectiveness of cancer treatment, potentially reducing side effects and

increasing the chances of successful therapy, marking a significant advancement in the battle against

cancer.6’7’8
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Figure 1. Nanocarriers

Controlled drug delivery systems offer advantages over conventional methods, particularly in cancer
treatment where traditional distribution harms healthy and cancer cells alike. Chemotherapeutic agents are
delivered to tumors via these carriers, which increase the concentration of drugs in cancerous cells and
decrease toxicity in healthy cells, thereby optimizing efficacy and mitigating adverse effects.®°

Controlled drug delivery systems have the added benefit of protecting drugs from degradation and clearance.
They are especially valuable for delivering sensitive substances like proteins, gene therapy, and RNA
interference agents, preventing enzymatic degradation and enhancing their effectiveness.'*'? The emergence
of nanotechnology has transformed nanoparticles into a potentially effective medium for regulated drug
delivery. This is due to their ability to prolong the half-life of drugs, enhance the solubility of hydrophobic
drugs, and facilitate sustained and controlled drug release.®®* Nanoparticles, which generally have diameters
between 10 and 1000 nm, show great potential in optimizing drug delivery and expanding the therapeutic
possibilities in various medical fields.*>® Stimuli-responsive nanoparticles are instrumental in reducing drug
toxicity and managing drug biodistribution. Liposomes, among the first nanoparticle drug delivery systems,
were introduced in the 1960s. Over time, a wide range of materials have been developed into nanoparticles
for drug delivery.t”'® Although the FDA has authorized 51 nanoparticles, 77 are still undergoing clinical

trials. highlighting their growing importance in healthcare. Approved nanoparticles frequently employ
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polymeric and liposomal materials, but researchers are exploring advanced materials like micelles, metallic,

and protein-based substances for innovative nanoparticle drug delivery systems. %2

Nanotechnology integrates biological and physical sciences, utilizing nanostructures in fields like
Nanomedicine and drug delivery systems founded on nanotechnology.??2 Nanomaterials, which commonly
vary in size from 1 to 100 nm, are of paramount importance in the progression of nanomedicine. They exert
a profound influence on biosensors, microfluidics, drug delivery, microarray tests, and tissue engineering.>
Nanotechnology functions at the nanoscale to produce nanomedicines, which have far-reaching effects on
drug delivery, biosensors, biomedicine, and tissue engineering. This influence stems from the revolutionary

potential of nanoparticles in the fields of science and healthcare.?>?

Figure 2. nanomedicine

Nanoparticles, composed of materials with atomic or molecular structures, often take the form of tiny
nanospheres, affording them increased mobility in the human body. Their nanoscale size imparts unique
biological, mechanical, chemical, electrical, magnetic, and  structural properties.??® Leveraging
nanostructures as carriers for therapeutic drugs enables precise delivery to target tissues with controlled
release, driving the growing recognition of nanomedicines for their potential to enhance drug delivery and
therapeutic effectiveness.?®

Nanomedicine is a rapidly developing discipline that employs nanoscience methodologies in the realms of
medical biology, prevention of disease, as well as therapeutic interventions. It utilizes nanoscale materials for
various applications, such as nanorobots, nanosensors for diagnostics and drug delivery, and cell-activating
compounds. Innovative approaches, like nanoparticle-based cancer diagnosis and treatment, have gained
momentum.3-32 The FDA's approval of lipid systems like liposomes and micelles highlights the progress in
nanoparticle-based therapies, marking a significant step in advancing medical science.®

Nanostructures, due to their prolonged presence in the bloodstream, facilitate controlled and sustained
medication release at prescribed doses. Their nanoscale size enables efficient tissue penetration, cellular
uptake, precise drug targeting, and reduced plasma fluctuations. Nanostructures, typically 1-10 um in size,

are absorbed by cells at a significantly higher rate compared to larger particles. This property enables them to
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collaborate effectively in treating affected cells, yielding enhanced therapeutic outcomes with minimal to no

adverse effects.3*%

Nanoparticles, pivotal in modern disease assays, excel in collecting information across clinical stages. Their
key advantage lies in binding diverse proteins to their surfaces. Gold nanoparticles, for instance, serve as
identifiers for tumors and biomarkers in biomolecule detection procedures, illustrating their significance in
advancing clinical practices. When selecting nanoparticles for drug delivery, the physicochemical traits of
pharmaceuticals are crucial. The combination of bioactive natural substances with nanoscience is gaining
traction, particularly in delivering treatments for cancer and various ailments.3¢=’

When determining which nanoparticles to utilize for drug delivery, pharmaceuticals’ physicochemical
properties are meticulously evaluated. Nanotechnology's incorporation with bioactive natural substances is
rapidly expanding, especially in delivering treatments for cancer and various illnesses. This approach offers
multiple benefits in harnessing the unique properties of natural chemicals, including the induction of tumor-
suppressive autophagy and their role as potent antimicrobial agents. The thorough research on these properties
highlights the promising potential of combining nanomaterials with natural compounds for effective disease
treatment. Synthetic polymers, including polyvinyl alcohol, poly-I-lactic acid, polyethylene glycol, and poly
(lactic-co-glycolic acid), as well as natural polymers such as chitosan and alginate, are widely utilized in the
process of nanoparticle nanofabrication for their excellent biocompatibility and biodegradability.38:3940
Nanoparticles made of polymers, such as nanospheres and nanocapsules, serve as potent drug-delivery
vehicles. Compact lipid nanostructures like liposomes and micelles, along with phospholipids, are equally
valuable for precise and targeted medication administration.4-42

Choosing an optimal nano-drug delivery system hinges on the biophysical and biological characteristics of
targeted medications. Despite concerns about nanoparticle toxicity in nanomedicine, recent trends emphasize
their collaboration with natural compounds to mitigate such issues. Green chemistry, employed in drug-loaded
nanoparticle synthesis, minimizes harmful components, reducing drug side effects. Additionally, enhancing
bioactivity involves modifying the surface properties, hydrophobicity, size, and shape of these nanomaterials,
offering a comprehensive approach to efficient and safe drug delivery systems.*344

Nanotechnology presents numerous advantages in addressing chronic human ailments through precise, site-
specific, and target-focused administration of pharmaceuticals. Nevertheless, the insufficiency of knowledge
regarding nanostructure toxicity stands as a pivotal concern, necessitating further investigation to enhance
efficacy while ensuring heightened safety for the secure practical deployment of these therapeutics.*>4®
Consequently, prudently formulating these nanoparticles holds the potential to mitigate issues linked to their
utilization. In light of the aforementioned facts, this review strives to document diverse nanotechnology-
driven drug delivery systems, the noteworthy applications of nanomedicines derived from natural compounds,
as well as considerations on bioavailability, target control the flow of nano-drugs and their sites. Additionally,
the exposition delves into the challenges entwined with nanomaterial utilization in medicinal contexts.*’#8
The utilization of nanotechnology in medicine delivery systems

In the realm of therapeutic interventions, substantial advancements have transpired in the conveyance of

medicinal agents or bioactive compounds derived from natural sources to specific anatomical sites, aiming to
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ameliorate diverse maladies. While numerous drug delivery systems have demonstrated efficacy in recent

epochs, persistent challenges necessitate resolution. The development of sophisticated technology is
imperative to effectively navigate the intricacies of delivering pharmaceutical agents to designated targets.
Consequently, scholarly inquiry is presently directed In the context of investigating nano-based drug delivery

devices, envisaged to engender a refined paradigm in drug conveyance methodologies.*®>°
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Figure 3. Nanotechnology in medicine delivery systems

Basics of approaches based on nanotechnology for drug design

Nanomedicine constitutes the medical discipline leveraging the principles of nanotechnology for the
prevention and treatment of diverse maladies through the utilization of materials at the nanoscale, including
biocompatible nanoparticles and nanorobots. Such applications encompass diagnostic, delivery, sensory, and
actuation functions within living organisms.>°? Drugs characterized by minimal solubility present inherent
biopharmaceutical challenges, encompassing restricted bio accessibility post-oral ingestion, diminished
diffusion across outer membranes, elevated quantities requisite for intravenous administration, and
undesirable antecedent effects preceding conventional vaccination processes. Nonetheless, these constraints
can be surmounted through the employment of nanotechnological approaches within drug delivery

mechanisms.>35
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Figure 4. Nanotechnology for drug design

Nanoscale drug design has garnered significant attention in the field of nanoparticle applications because of
its potential benefits, including tunable features like diffusivity, immunogenicity, solubility, drug release
patterns, and bioavailability.>® This could lead to improvements in and changes to the methods of
administration, as well as decreased toxicity, minimized side effects, optimized biodistribution, and extended
drug life cycle. Engineered drug delivery systems are made to release therapeutic compounds under regulated
conditions at predetermined areas, or they are directed towards specified locations. They are formed through
a process called self-assembly, in which basic building parts spontaneously come together to form well-
defined shapes or patterns. These systems also need to overcome obstacles like the mononuclear phagocyte
system's opsonization/sequestration.%%>’

There are two distinct mechanisms by which pharmaceuticals are transported by nanostructures, namely
passive delivery and self-delivery. The retention of pharmaceuticals within the inner hollow of the structure
mostly arises from the hydrophobic effect. Due to the limited presence of the drug within the hydrophobic
milieu, its release is characterized in a gradual and precise manner upon specific localization.®® In contrast,
self-delivery entails the incorporation of medications directly into the carrier nanostructure material, hence
facilitating the delivery process. The temporal aspect has significant importance in this context, as the drug's
efficacy diminishes when it prematurely dissociates from the carrier, hence impeding its delivery to the
intended site. Nanomaterials or nanoformulations have the potential to serve as both active and passive
mechanisms for medication delivery. An essential consideration pertains to the precise targeting of
pharmaceutical agents.>®% To achieve active targeting, specific components of the drug delivery system are
linked to the desired target site via binding molecules such as antibodies and peptides. The drug carrier
complex exhibits mobility within the bloodstream and exhibits affinity towards the target site due to its
inherent characteristics such as pH, temperature, molecular size, and shape.®52 Within the cellular
framework, the primary focal points encompass receptors situated on cellular membranes, lipids present

within cellular membranes, and antigens or proteins located on the surfaces of cells.%
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Currently, the primary objective of nanotechnology-based medication delivery systems is the treatment of

cancer. Nanomedicine has proven to be a significant asset in addressing the challenges associated with cancer
treatment.54

Drug formulation, drug delivery method, and drug delivery process

The development of nanomedicine in conjunction with advancements in drug delivery technology and drug
discovery/design has led to the creation of numerous therapeutic modalities. It has been investigated how well
traditional clinical diagnostic methods work to increase medication specificity and diagnostic precision, %>
Among the improvements being investigated are novel techniques of administering medications that target
specific anatomical regions to decrease toxicity and increase bioavailability within the body.®’
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Figure 5. drug formulation

Given this, the field of drug design seems to have great promise, underpinned by the identification of novel
lead drugs informed by biological target knowledge. The intersection of computer sciences and experimental
techniques for protein, peptide, and biological target categorization and purification is indispensable for
sectoral growth.®86® Numerous studies and reviews in this domain underscore the rational design of diverse
molecules, emphasizing the imperative examination of distinct drug release mechanisms. Additionally,
natural products offer pragmatic solutions to surmount challenges in drug design, serving as inspirational

sources for discovering compounds that have the appropriate physicochemical characteristics.’®"
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Figure 6. Drug delivery methods

At the same time, medication delivery technologies have become increasingly important in the last few years.
These systems are easy to create and help the body release active chemicals in a controlled manner. Notably,
nanocarriers designed for imaging and sensory applications have been investigated for their therapeutic
effects. A summary of the many uses for nanocarriers in nanomedicine is accompanied by discussions on

emerging opportunities and challenges in this sector.”>"

Each drug delivery system has unique chemical, physical, and morphological characteristics that lead to
different affinities for medications with different polarity. Chemical interactions, such as hydrogen and
covalent bonds, as well as physical interactions, like electrostatic and van der Waals interactions, determine
these affinities. In a study published in the year, Mattos et al. demonstrated that the release profile of biogenic
silica nanoparticles grafted with neem bark extract showed a lower release rate due to chemical interactions
than biogenic silica nanoparticles loaded with neem bark extract. A combination of these factors affects the
release Kinetics of active chemicals within the organism as well as the interactions between nanocarriers and

biological systems.”*"

Furthermore, Researchers have created lipid shells that are cross-linkable and contain prototypical drugs like
docetaxel and wortmannin to control drug discharge kinetics. This meticulous investigation extends to in vitro
and in vivo settings, offering a thorough comprehension of the discharge profile. Parameters like nanocarrier
composition (organic, inorganic, hybrid materials) and how drugs associate with them (e.g., core—shell or
matrix systems) are pivotal in elucidating drug delivery profiles. Several studies have explored release
mechanisms Many facets of nanocarriers, including diffusion, solvent impacts, chemical responses, and
stimulus-controlled release, are examined in a thorough investigation. Concerning controlled-release systems,

this review focuses particularly on polymeric nanocarriers.”®"""8

Technologies such as polymers, natural polysaccharides, antibodies, cell membranes, tunable surfactants, and
peptides are being used to coat or chemically functionalize nanostructures to increase their selectivity for

specified organ areas and decrease their immunogenicity. This is true despite the wide range of nanocarrier
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types and drug release characteristics. In some circumstances, such as when a medication has low affinity for

a target or crosses barriers like the blood-brain or blood-cerebrospinal fluid barrier, ligand-modified
nanocarriers have been employed to breach cell membranes and enable targeted drug administration.”®8 For
example, hyaluronic acid has been shown to have anticancer activity against cells that mimic melanoma stem
cells, breast cancer cells, and cells that induce lung adenocarcinoma when added as a ligand to various
nanocarriers. Additionally, it has been demonstrated to reduce protein corona immunogenicity and facilitate
intravitreal medication administration for retinal gene therapy. However, developing ligand-appended drug
delivery systems is a labor-intensive process that necessitates carefully targeted designs that include
physiological aspects such as blood flow, disease status, and tissue architecture.?:82 Only a little amount of
research has been done on the relationship between ligand-appended nanocarriers and cell membranes, and
the uptake mechanisms are yet unknown. It is commonly recognized that the uptake of nanoparticles occurs
via either phagocytic or non-phagocytic mechanisms (such as clathrinid- or caveolae-mediated endocytosis).
It has been challenging to standardize the mechanism of action and interactions of these systems in cells,
nevertheless, because each of these pathways has unique physicochemical characteristics,83848°

Stimulus-responsive nanocarriers also show the capacity to modify drug release profiles in reaction to external
stimuli. This flexible feature enhances the precision and management of drug delivery systems, paving the
way for tailored therapeutic interventions. Numerous extrinsic stimuli, including heat, magnetism, light, pH,
and ionic strength, can enhance targeting accuracy and enable accurate dosage management. It's interesting
to note that when used in conjunction with lipids or polymeric nanocarriers, superparamagnetic iron oxide
nanoparticles can initiate a controlled release system by applying an external magnetic field.2®’ Ulbrich and
colleagues carried out a comprehensive examination of recent advancements in drug delivery systems,
particularly those that employ polymeric and magnetic nanoparticles. They also looked at how drugs with or
without covalent bonds might affect how cancer is treated. Polymer nanoparticles, synthesized for utilization
in  Chemo-photothermal treatment triggered by near-infrared (NIR) radiation., represent a notable
development.®8 Hybrid nanocarriers currently stand as highly promising entities in nanomedicine,
amalgamating diverse system properties into a singular framework, thereby ensuring heightened performance
for theragnostic systems, which are used for both therapeutic and diagnostic purposes. Nonetheless, the many
ways in which drugs function and their toxicity remain relatively elusive, warranting further comprehensive
investigations.®>®! Furthermore, a surge in studies emphasizes the creation of nanocarriers by using microbes
and plant extracts in chemical reactions that are safe for the environment, signaling an expanding avenue for

exploration.®?
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Figure 7. Stimulus-responsive nanocarriers

The future of medication delivery systems and nanoparticles

The field of nanoparticle science currently stands as one of the most captivating domains of research. Cancer
emerges as a paradigmatic illustration wherein the use of nonmedical technologies has helped in both
diagnosis and therapy. By employing various types of nanoparticles to deliver therapeutically relevant
quantities to impacted cells—such as cancer or tumor cells—while maintaining the physiological homeostasis
of healthy cells, the field of nanomedicine and nano-drug delivery systems indicates the direction that research

and development will follow for many years to come.”***
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Figure 8. future of nanoparticle

The representative examples of nanoparticles discussed in these letters vary in size; some are truly measured
in nanometres, whereas others are measured in sub-micrometres (more than 100 nm). An important area of
study to be explored is materials with improved homogeneity combined with improved drug loading and
release capabilities.”>*® Significant progress has been achieved in the application of metal-based nanoparticles

for diagnostic purposes, a topic covered in detail in this study. The use of metals—such as gold and silver—
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in therapeutic and diagnostic settings is a field of study that seems to have potential for future use of

nanoparticles. One notable exuberance in this direction is to gold nanoparticles, which demonstrate significant
absorption in soft tumor tissues, rendering tumors susceptible to radiation-induced heat therapy for selective

eradication.””"%

Although much is known about the potential of nanoparticles and nano-drug delivery systems, there is still
very little concrete evidence of their application in healthcare systems, especially in the treatment and
diagnosis of cancer. This limitation is because the discipline is still in its infancy, having just produced two
decades' worth of substantial study, and there are still many fundamental characteristics that are unknown.?*-'%
Finding basic markers in sick tissues—including critical biological markers that enable accurate targeting
without interfering with regular cellular functions—will be a focus of future study. In the end, the development
of nanoparticle applications will progress in tandem with our growing understanding of diseases at the
molecular level, or those that reflect a marker identification that is comparable to the size of a nanomaterial
subcellular, thereby providing opportunities for new approaches to diagnosis and treatment.'*"1°2 Thus, future
advancements in nanomedicine applications will be fuelled by a deeper comprehension of molecular disease
markers. Beyond the boundaries described in this study, which includes well-known nanoprobes and nano
theragnostic products, more research is expected to be of utmost importance for the widespread use of

nanoparticles.!%104

The idea of releasing certain medications under controlled conditions at disease sites, the technology
infrastructure for assessing these occurrences, the effects of pharmaceuticals at the tissue/cellular level, and
theoretical mathematical models for forecasting are still not fully developed.'%!° Many studies in the field
of nanoparticles focus on formulation and biomaterials, which are the first steps toward biomedical
applications. Multidisciplinary research projects and animal studies will yield valuable data regarding possible
uses in drug therapies and diagnostic tests, requiring significant time and resource investments in research.
The future of nanomedicine and nano-drug delivery technology is envisioned as being more intelligent and

multi-cantered, in line with the worldwide trend towards precision medicine and diagnosis.'?”:1%8

The idea of developing nanorobots and nanodevices that operate in tissue diagnosis and repair processes with
complete external control mechanisms is met with a great deal of enthusiasm. This imagined future, though,
is still theoretical and just reflects prospective research projects that humanity may be able to achieve very
soon. While nanoparticles are expected to have many advantages, there is also a risk that could affect human
health and the environment at large. For this reason, extensive research is needed before using
nanoparticles.!%!'® Therefore, a detailed assessment of the potential short- or long-term harmful
consequences of new nanomaterials on people and the environment needs to be done. With the increasing
prominence of nanoparticles, the cost aspect becomes a new study focus that calls for increased research
contributions. Lastly, as previously discussed in the section above, the regulatory framework about

nanoparticles will continue to change in tandem with advancements in the uses of these particles.!!!:!12

[JCRT2402721 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | 9150


http://www.ijcrt.org/

www.ijcrt.org © 2024 IJCRT | Volume 12, Issue 2 February 2024 | ISSN: 2320-2882
Conclusion

This review encompasses an examination of works about the use of nanoparticles in the fields of drug delivery
and diagnostics. A range of nano-scale materials, such as nanorobots and nano sensors, have the potential to
be employed in biological systems for purposes such as precise diagnostics, targeted delivery, sensing, or
activation. Nanotechnology has been useful in enhancing various aspects of medicine, including solubility,

absorption, bioavailability, and controlled release.

Polymeric nano capsules and nanospheres have garnered significant attention due to their production through
solvent evaporation, emulsion polymerization, and surfactant-free polymerization. In recent years, there has
been a growing interest in theragnostic nanomedicine, a field that combines therapeutic and diagnostic
approaches. This interdisciplinary approach has particularly gained attention in the context of cancer research,
serving as a model disease for studying the potential applications of theragnostic nanomedicine. Examples of
academic research include the utilization of oleic acid-coated iron oxide nanoparticles for near-infrared
diagnostics, the application of alginate and folic acid-based chitosan nanoparticles for photodynamic detection
of colorectal cancer, the development of fluorogenic peptide probes conjugated to glycol nanoparticles for
studying metastatic processes, the use of iron oxide-coated hyaluronic acid as a biopolymeric material in

cancer therapy, and the investigation of dextran as a pot.

The prevalence of FDA-approved nanotechnology products and the number of clinical trials conducted have
experienced a significant increase since the 1990s. Various types of drug delivery systems are employed in
conjunction with pharmaceuticals or biologics, including synthetic polymer particles, liposome formulations,
micellar nanoparticles, protein nanoparticles, nanocrystals, and other such entities. The field of nanomedicine
has significantly transformed the landscape of biological drug research and delivery, even in the face of
ongoing developments in regulatory frameworks and the assessment of safety and toxicity. The field of

nanomedicine has made significant advancements in the integration of sickness diagnosis and therapy.
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