LIMES PLUS Journal of Social Sciences and Humanities
ISSN: 1820-0869

E-ISSN: 2406-2871

Vol. 23 (2) 2026

A New Era in Biomedical Applications and Drug Delivery Systems:
Nanomaterials

Dr. Elias V. Norberg
Department of Computational Sciences, Northfjord University, Norway

Received: 10.02.2026 Accepted: 28.05.2026 Publishing: 02.08.2026

Abstract:

The remarkable properties of nanomaterials, including their diminutive size, large surface area,
and malleability, have made them a potentially revolutionary resource in the fields of
biomedicine and drug delivery systems. investigating the possibility of using nanoparticles to
improve drug delivery, with an emphasis on increasing bioavailability, decreasing adverse
effects, and directing the drug to certain tissues or cells. We investigate the efficacy of several
nanoparticle, dendrimer, liposome, and nanocomposites systems as encapsulants and carriers
of chemotherapeutic meds, proteins, and genetic materials, among other therapeutic agents.
The article covers a wide range of topics related to medication delivery via nanoparticles,
including potential toxicity, stability, and regulatory considerations. We also emphasize
nanoparticles' contributions to individualized medicine by exploring their potential
applications in diagnostics, tissue engineering, and regenerative medicine. We need more
research to solve the remaining obstacles and refine nanomaterial-based drug delivery systems
for clinical application. We also need to make sure they are safe to deploy in biomedicine.
Keywords: nanomaterials, drug delivery systems, biomedical applications, liposomes,
dendrimers, nanoparticles

Introduction:

In recent years, nanotechnology has provided novel answers to numerous problems that
traditional approaches to drug delivery have faced, causing a sea change in the industry.
Nanomaterials have the potential to revolutionize the delivery of medicinal drugs due to their
small size, high surface area-to-volume ratio, and molecular tailoring capabilities. Improved
medication absorption, reduced systemic toxicity, and customized drug administration are three
areas where nanomaterials show the most promise for use in medicine. The use of
nanomaterials to target medicine delivery to particular cells or tissues has tremendous potential
to increase therapeutic efficacy while lowering side effects. One application of nanomaterials
in cancer treatment is the targeted delivery of chemotherapeutic drugs to cancer cells, with the
aim of minimizing chemotherapy-related side effects such as harm to healthy tissues. Similarly,
genetic material can be encapsulated and protected using nanoparticles, allowing for more
precise delivery of gene therapy to specific cells. Among the numerous fields of biomedicine
that can benefit from nanomaterials are diagnostics, tissue engineering, regenerative medicine,
and pharmaceutical applications. Their interactions with biological systems at the molecular
level enable more sensitive diagnostic tools and scaffolds for tissue regeneration and repair.
That is why personalised medicine of the future will rely heavily on nanotechnology.
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Nevertheless, a great deal of work remains before nanomaterials can find a place in medical
practice. Nanomaterials need to have their toxicity, stability, and biocompatibility addressed
before they may be employed safely and effectively in clinical settings. The necessity for
standardized production processes and regulatory impediments further impede the translation
of laboratory successes into broad clinical applications. bringing attention to the merits,
difficulties, and prospective uses of nanoparticles in biological contexts and drug delivery
systems. As a result of their revolutionary effects on drug delivery and tissue regeneration,
nanomaterials are reshaping medications. By examining current studies and new
advancements, this study aims to provide a comprehensive overview of these shifts. It goes on
to outline the necessary steps to make these technologies operate in clinical settings.
Innovative Methods for Drug Delivery Through the Use of Nanomaterials

In recent years, nanomaterials have generated considerable interest in the realm of drug
delivery due to their potential to enhance the efficacy, specificity, and safety of therapeutic
interventions. Improving drug delivery systems could not be easier than with their unique
combination of small size, large surface area, and ease of functionalization, among other
physicochemical characteristics. One way to ensure that therapeutic substances are distributed
precisely and safely is by encasing them in nanoparticles or attaching them to surfaces made
of nanomaterials. They improve in solubility, stability, and controlled release after that. In this
section, we will go over the advantages of targeted drug delivery, the process of drug
transportation using nanomaterials, and the therapeutic applications of nanocarriers.

Drug Delivery Methods Utilizing Nanomaterials

There are a number of methods that make use of nanoparticles to transport medications to their
specific targets. Such methods include active targeting, stimuli-responsive release systems, and
passive targeting. There are a number of methods that make use of nanoparticles to transport
medications to their specific targets. Such methods include active targeting, stimuli-responsive
release systems, and passive targeting.

1. Passive Targeting: Nanoparticles can be passively targeted to aggregate at certain
places, like tumours or inflamed tissues, by utilising their natural features. This is
usually because of the EPR effect, which happens in blood vessels that are leaking
because of tumours or inflammation. Because of their diminutive size—usually ranging
from 1 to 100 nm—nanoparticles are able to access these capillaries more readily than
bigger molecules, enabling targeted medication administration. By using this process,
chemotherapeutic medications can be delivered directly to the tumour site by
nanoparticles, which improves treatment efficacy while minimising injury to healthy
tissues. This approach is widely employed in cancer therapy.

2. Active Targeting: To engage in active targeting, nanoparticles are imbued with ligands
that attach to receptors that are overexpressed on the surface of specific cells or tissues.
These ligands can be antibodies, peptides, or small molecules. Because the
nanoparticles bind specifically to the target site, increasing the concentration of
medicines at the site of action and decreasing systemic diffusion, this enables for more
accurate drug delivery. Nanoparticles imbued with targeting ligands, such as folic acid
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or monoclonal antibodies, are employed to transport medications to cancer cells. The
interaction between the ligand and receptor guarantees that the drug is concentrated
precisely in the tumour.

3. Stimuli-Responsive Release Systems: Drug release from stimulus-responsive
nanomaterials can be triggered by changes in pH, temperature, light, or enzyme activity,
among other internal and external stimuli. These systems allow for localised and exact
medication administration at specific times, with a great degree of control over the
release of the drug. To illustrate, acidic environments, such tumour tissues or cellular
lysosomes, can facilitate the release of medication payloads via pH-sensitive
nanoparticles. A similar mechanism of controlled release in response to environmental
stimuli can be employed by temperature-sensitive nanoparticles, which release
pharmaceuticals when exposed to localised increases in temperature.

Enhancing Efficacy and Minimizing Side Effects via Targeted Drug Delivery

One of the many benefits that nanomaterial-based drug delivery systems provide is the
capability to specifically target particular cells, tissues, or organs. This is only one of the many
advantages that these systems offer. This not only makes the therapeutic medicine more
effective, but it also improves its effectiveness while simultaneously minimizing the systemic
negative effects. The widespread administration of pharmaceuticals using conventional means
of drug delivery usually results in the development of unwanted side effects in tissues that are
otherwise healthy. This is the case in a significant degree. However, nanoparticles can be
altered to target markers that are particular to diseases or aberrant tissue settings. This is
possible since nanoparticles are easily manipulated. It is because of this that it is feasible for
drugs to collect more effectively in sick areas while at the same time minimizing their exposure
to healthy tissues.

As an illustration, nanoparticles can be manufactured in order to specifically target tumor cells
in the context of cancer treatment. In this way, it is feasible for chemotherapeutic treatments to
be administered directly to the site of the tumor. This allows the pharmaceuticals to increase
the concentration of the medication in the malignant tissue while simultaneously decreasing
the adverse effects that they have on healthy cells that are located in close proximity to the
tumor. In a similar fashion, functionalized nanoparticles have the capability of transporting
anti-inflammatory medications to sections of the body that are inflamed, such as in the case of
rheumatoid arthritis or inflammatory bowel disease, without exposing the tissues that are
surrounding the affected area to excessive doses of the medication.

Combination therapies are able to address various parts of a disease at the same time because
of the possibility of mixing numerous therapeutic chemicals into a single nanocarrier system.
This capability makes it possible to construct combination therapies. An example of a multi-
pronged approach to the treatment of cancer is the loading of chemotherapeutic drugs and gene
therapy vectors onto nanoparticles. This is considered to be an example of something that can
be done. The implementation of this method has the potential to significantly improve the
efficacy of treatment while simultaneously lowering the level of resistance.
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Generic and Chemotherapeutic Drug Nanocarriers

Nanomaterials are appropriate for the delivery of genetic therapies and chemotherapeutic
agents because of their capacity to provide regulated and sustained release, boost drug
solubility, and increase bioavailability to the target organism.

1. Chemotherapeutic Drugs: When wused in their traditional forms, many
chemotherapeutic medications have hazardous side effects, low solubility, and unstable
stability. These medications can be stabilised and made more soluble in the circulation
by encasing them in nanomaterials like liposomes, micelles, or nanoparticles. Patients
are more likely to take their medication as prescribed when using these nanocarriers
because of the continuous drug release they give. To lessen the cardiotoxicity of
conventional chemotherapy, researchers have created liposomal formulations of
doxorubicin, which enable more precise delivery to tumour cells.

2. Genetic Drugs: Nanoparticles are an essential component of the process of gene
therapy, which is dependent on the transportation of genetic materials such as DNA,
RNA, and siRNA. It is possible to develop nanoparticles that can protect materials from
deterioration and improve their absorption by certain cells, despite the inherent
instability of the materials and the difficulties associated with their delivery. Because
lipid-based nanoparticles, polymeric nanoparticles, or dendrimers are able to pass
through biological barriers such as cell membranes and endosomes, it is common
practice to transport genetic elements utilizing these types of nanoparticles.
Immunotherapy for cancer, immunizations based on RNA, and treatments for genetic
illnesses are all examples of potential applications for genetic drug delivery.

Drug delivery techniques have been radically altered by nanoparticles in several ways. New
focused therapy methods, improved bioavailability and stability of pharmaceutical compounds,
and less adverse effects are a few examples. Nanoparticles provide an unprecedented degree of
specificity in the treatment of numerous diseases and conditions that can be targeted to specific
tissues and cells, including cancer, genetic abnormalities, inflammatory diseases, and many
more. A lot of progress might be made in two areas if scientists keep working on nanomaterial-
based drug delivery devices. These include developments in customized medicine and better
medical treatments. To guarantee the safe and effective clinical use of nanoparticles in
medicine delivery, unanswered questions about their toxicity, stability, and regulatory
licencing must be addressed. It is imperative that we resolve all of these issues. Despite these
concerns, nanomaterials may significantly enhance patient outcomes in medication delivery
systems and radically alter the healthcare business as a whole.

Conclusion:

The use of nanomaterials in drug delivery systems has the potential to revolutionize medical
treatments by increasing their accuracy, efficiency, and safety. By utilizing nanoparticles,
medications can be precisely delivered to diseased locations, increasing therapy efficacy while
decreasing the likelihood of side effects. This is achieved by making use of the unique
properties of the nanomaterials, such as their small size, large surface area, and the fact that
they may be modified to target certain functions. Nanomaterials offer novel approaches to
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overcoming the drawbacks of traditional drug delivery methods through active or passive
targeting and stimuli-responsive systems. A multitude of applications can be made of these
methods. Nanocarriers may one day change the face of healthcare in many ways. This includes
the delivery of chemotherapeutic drugs and other therapeutic agents, personalized medicine,
gene therapy, immunotherapy, cancer treatment, and many more. The capacity to include many
pharmaceutical chemicals into a single nanomaterial system opens the door to combination
therapies, which may lead to more effective and all-encompassing treatment regimens.
Nanoparticles show tremendous potential for medication delivery, but many questions
concerning their stability, biocompatibility, toxicity, and regulatory licensing remain
unanswered. This is essential for guaranteeing the safety and efficacy of their therapeutic
application. Continuous research and technological breakthroughs are required to overcome
these constraints and fully utilize nanoparticles in biological applications and drug
administration. Nanomaterials hold great promise for revolutionizing the medical industry
through the creation of safer, more effective, and more locally tailored medicines. The science
is rapidly progressing, and more and more individuals are realizing that nanomaterials will be
crucial to modernizing healthcare, improving patient outcomes, and paving the way for more
personalized and effective treatments.
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