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Abstract. With the advancement of nanotechnology, an increasing array of nanomaterials is being
applied in the field of medicine, leveraging their unique size-related characteristics for various
purposes including treatment and disease detection. This article aims to summarize the current
applications of nanomaterials in medicine, delving into an in-depth exploration and summary of four
specific types of materials including nano-biomaterials, nanocomposites, hanometal particles, and
nanoporous materials, focusing on their functionality, characteristics, and prospects for development.
This article intends to foster further advancement of nanomaterials in the medical field by
summarizing their medical applications and encouraging cross-disciplinary inspiration and new ideas.
This could lead to the development of more cost-effective and efficient nanomaterial applications in
medicine, benefiting a broader range of patients. It is hoped that in the future, nanomaterials will
enter a phase of rapid development, with reduced costs and expanded applications, gradually
transitioning from experimental to practical clinical use.
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1. Introduction

Nanobiomaterials, encompassing an array of nanometer-sized substances such as metals, ceramics,
polymers, hydrogels, and self-assembled materials, are redefining the landscape of medical science
and healing. Characterized by their unique and influential properties, these materials have emerged
from the rapid advancements in nanotechnology, offering novel tools and methods for biomedical
applications. This evolution is not just about creating new materials but also about reshaping the ways
these materials are utilized in science and technology. The integration of nanotechnology with other
scientific disciplines has garnered significant interest, leading to innovative approaches that blend
nano-scale techniques with traditional methods to enhance material properties. Nanocomposite
hydrogels, for instance, exemplify this synergy. Composed of interlinked natural or synthetic polymer
chains, these hydrogels form a hydrophilic, gel-like structure with the ability to swell multiple times
their dry weight, containing up to 99% water or biological fluids. This creates a three-dimensional,
porous network that closely mimics the natural tissue environment, ideal for holding, releasing, or
capturing substances [1].

Emerging in this field are nanoscale metal-organic frameworks (NMOFs), which unite the
advantages of both inorganic and organic materials, offering several benefits for nanomedicine. These
include biodegradability due to weaker metal-ligand bonds, high cargo-loading efficiency owing to
their porosity, and versatility in encapsulating diverse substances. Consequently, NMOFs have seen
wide exploration in medical applications. In the realm of nanobiotechnology, metal nanoparticles
(MNPs) have attracted attention for their significant roles in imaging and drug delivery. Their unique
optical properties, such as surface plasmon resonance (SPR), enable manipulation of the optical field,
making them suitable for biomedical applications. The small size of MNPs allows them to penetrate
biological membranes, typically impermeable to larger molecules. Surface modifications, like coating
with polyethylene glycol (PEG), can enhance their pharmacokinetic properties, such as increasing
circulation time within the body while reducing non-specific uptake. In recent years, the use of MNPs
as drug delivery carriers, especially in cancer treatment, has seen substantial progress. While
conventional cancer treatments involve radiation or surgery, the use of therapeutic agents via MNPs
offers a non-invasive alternative with promising outcomes.
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2. Nanobiomaterials

Nanobiomaterials are all nanoscale-sized and have their own unique physical, chemical, and
biological properties, making them ideal for numerous medical applications. The rapid development
of nanotechnology has revolutionized every aspect of the medical field. There has been great progress
in all aspects of treatment, diagnosis, and detection of disease, and the development and application
of nanomaterials have fully contributed to these fields. This section will explore in depth the
multifaceted roles of nanobiomaterials in medicine covering areas ranging from cancer therapy and
tissue regeneration to drug delivery and medical imaging.

The application of nanomaterials in the field of cancer therapy is particularly prominent. The use
of metal-organic frameworks (MOFs) in radiation therapy improves the radiation sensitivity of tumor
cells and thus improves treatment outcomes [2]. MOFs allow precise control of drug release, reduced
toxicity to normal tissue, and higher drug concentrations at tumor sites. They also can modulate the
tumor microenvironment and enhance the effects of radiotherapy and immunotherapy. So
nanobiomaterials such as MOFs and oxide nanosheets are increasingly being used to improve the
effectiveness of existing cancer treatments, such as radiotherapy and chemotherapy.

Furthermore, the oxide nanosheet is used as a multifunctional cascade bioreactor because of its
high surface area and specific surface chemical properties. These nanosheets can enhance the efficacy
of cancer therapy because they can catalyze biological responses and modulate the tumor
microenvironment. As another kind of nanobiomaterial, selenium nanoparticles are particularly
effective in alleviating the oxidative stress induced by radiotherapy, but also have the effect of
enhancing immunotherapy, thanks to their excellent biocompatibility and antioxidant properties.

In the field of tissue regeneration, nanomaterials have played a very important role, causing
changes in the field of medicine. Three-dimensional (3D) nanofiber scaffolds, can also be designed
to release bioactive components, to further aid in the regeneration process [3]. For example, bone
tissue regeneration can be performed using polycaprolactone and gelatin-based 3D nanofiber
scaffolds, an application that has shown excellent biocompatibility and biodegradability [4].

Moreover, nanomaterials have greatly advanced the field of drug delivery. For example, polymeric
nanoparticles are widely used because of their high drug-loading capacity and controlled drug-release
properties. These nanoparticles can be designed to target specific cells or tissues, ensuring accurate
delivery of therapeutic agents where needed, thus minimizing side effects.

Gold and silver nanoparticles were used for drug delivery and imaging. Gold and silver
nanoparticles can be used for high-resolution imaging of cancer cells and tumor tissues, thanks to
their unique optical properties feasibility of surface modification, and excellent biocompatibility such
as surface plasmon resonance properties. This facilitates early detection and accurate diagnosis of
tumors and is ideal for tumor imaging and photothermal therapy. Significantly promote the
development of personalized medicine.

In conclusion, nanomaterials have opened a new era in the medical field, providing new solutions
and enhancing the effectiveness of existing treatments. They can be seen in fields ranging from cancer
therapy and tissue regeneration to drug delivery and medical imaging. Continuous exploration and
development of nanomaterials are expected to further advance the development of medical treatments
and significantly improve treatment outcomes for patients. Nanobiomaterials have demonstrated their
versatility and have the potential to solve the most challenging medical problems.

3. Nanocomposite

Nanocomposites are the integration of nanotechnology and materials science, which have
significantly promoted the development of the medical field and improved the performance of various
biomedical materials. These materials integrate the nanoscale components into the matrix, combining
the unique properties of their components to create new and unique functions. This section focuses
on the diverse applications of nanocomposites in medicine, particularly in drug delivery, tissue
engineering, diagnostic imaging, and treatment.
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In the field of drug delivery, nanocomposites have shown tremendous potential. In particular, the
drug-loaded particles of polymer-based nanoparticles, which are composed of biodegradable
materials and can encapsulate hydrophilic or hydrophobic drugs, so they have a very wide range of
applications. Their biocompatibility, and their ability to modify them against specific cells or tissues,
make them ideal systems for precise drug delivery. A well-known example is Abraxane, a paclitaxel
polymer nanoparticle preparation used for the treatment of breast cancer. This nanoparticle
formulation not only enhances the solubility and efficacy of the drug but also reduces its side effects.

In tissue engineering, nanocomposites such as 3D nanofiber scaffolds provide solutions for the
regeneration of damaged tissues. These scaffolds mimic the natural extracellular matrix, providing
an ideal environment for cell growth and differentiation. Their structural similarity to native tissues
provides structural and functional support for the formation of new tissues and can control the release
of bioactive components that contribute to tissue regeneration. This method has very broad prospects
in bone, skin, nerve, and cardiac tissue engineering.

Nanocomposite hydrogels are another class of nanocomposites that have attracted the attention of
the medical community for their applications in regenerative medicine, wound dressings, and contact
lenses. Their strong mechanical toughness and responsiveness to stimuli such as temperature,
radiation, and electromagnetic fields make them suitable for intelligent drug delivery systems. These
hydrogels can expand or contract based on external stimuli, enabling the controlled release of
encapsulated drugs or bioactive molecules [5]. This property has particular advantages in creating
dressings for chronic wounds, where responsive drug release can significantly promote the healing
process and enable timed spot release of drugs to mitigate damage to non-diseased cells.

Metal-based nanoparticles interact with hydrogel networks via surface modification and
crosslinking. For example, ultra-small platinum nanoparticles prepared from polyamide (PAMAM)
dendrimers and cross-linked with glutualanal form a Dex-DEPt hydrogel with efficient photothermal
conversion and drug release properties.

Carbon-based nanomaterials are physically or chemically combined with hydrogel networks,
which can display excellent drug release and antimicrobial properties as nanocomposite ones with
potent mechanical and photothermal conversion capabilities for hydrogels. A remarkable example is
a hydrogel made from the crosslinking of GO and mesoporous silica nanoparticles with polyvinyl
alcohol.

Dopamine nanoparticles interact with the hydrogel network through self-assembly and surface
modification to form nanocomposite hydrogels. Hydrogels are made of dopamine-modified
hyaluronic acid and gelatin. It can provide patients with good biocompatibility and controlled release
capacity for drug-loaded microspheres.

Upconversion nanoparticles combine physically or chemically with a hydrogel network to produce
nanocomposite hydrogels with superior optical and fluorescence imaging quality. For example, a
hydrogel of upconversion nanoparticles containing doped rare-earth ions with gelatin provides high-
contrast and sensitive biological imaging [6].

In conclusion, nanocomposites can develop more effective and less invasive therapeutic and
diagnostic methods, which have great potential and prospects in modern medicine. Nanocomposites
have opened up new avenues for disease diagnosis and treatment in the medical field. Their unique
physicochemical properties, such as controlled drug release, strong mechanical strength, good
biocompatibility, and optical properties, significantly improve the efficacy of medical treatments.
Continued innovation and research in the field of nanocomposites are expected to further advance the
development and progress of healthcare technologies, providing new solutions to complex medical
challenges.

4. Nanometal particles
Nanometallic particles, especially those made from precious metals such as gold and silver, have

become an integral part of medical applications due to their unique superior optical, electrical, and
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biological properties. The advent of nanomallocles alters all aspects of healthcare including disease
diagnosis, treatment, and prevention.

One of the most important applications of nanometal particles in medicine is in the field of
bioanalysis and medical diagnostics. In particular, gold nanoparticles (AuNPs) are widely used in the
field of medical diagnosis due to their excellent biocompatibility and unique optical properties, such
as surface plasma resonance (SPR) and surface-enhanced Raman scattering (SERS) [7]. These
properties make AuNPs ideal for detecting biomarkers, which enables early and accurate diagnosis
of disease because it enables sensitive point-specific detection of biomarkers. For example,
biosensors made of gold nanoparticles, are used to detect cancer markers, pathogens, and other
biomolecules, with high precision and sensitivity.

For therapeutic applications, nanoalloys are revolutionizing cancer therapy. The photothermal
properties of gold nanoparticles have been used in photothermal therapy (PTT). This therapy targets
cancer cells with AuNPs and then illuminates them with near-infrared light, leading to local heating
and destruction of tumor cells. This method can be used to replace the traditional treatment modalities.
Nanometallic particles provide a non-invasive treatment modality that reduces side effects and
improves patient outcomes.

Moreover, the application of nanomalloparticles in drug delivery shows remarkable promise. By
modifying the surface of these nanoparticles, drug delivery systems specific to diseased cells or
tissues can be designed to come with specific ligands or antibodies, ensuring more efficient and
targeted drug delivery. This strategy not only minimizes its systemic side effects but also enhances
the efficacy of the drug. An example of this is the development of gold nanoparticle-based drug
delivery systems for chemotherapy that deliver drugs directly to the tumor site that can allow specific
killing of diseased cells and reduce adverse effects on healthy cells [8].

Advanced imaging is another important application aspect of nanoparticles. Due to their optical
and magnetic properties, improved imaging quality contributes to more accurate disease diagnosis
and surveillance. Nanoparticles such as iron oxide and gold are used to improve the contrast of
magnetic resonance imaging (MRI) and computed tomography (CT) scans.

Nanometal particles can also be used in the treatment and detection of cardiovascular diseases. For
example, researchers have targeted inflammatory processes and plaque accumulation in blood vessels,
and these nanoparticles can help reduce the risk of heart attack and stroke. This finding has a potential
in the detection and treatment of atherosclerosis.

Moreover, the biocompatibility of these nanoparticles enables their widespread application in
various aspects of biomedicine. They are easily modified and allow the development of highly
specific biosensors and therapeutic agents tailored to individual needs and conditions.

In conclusion, nanometaloparticles represent a transformative leap in medicine. Their unique
optical, electrical, and biological properties have opened up new avenues for disease diagnosis,
treatment, and prevention. These nanoparticles can enhance the efficacy and specificity of cancer
therapeutic intervention and promote the rapid development of diagnostic technology, providing the
possibilities for complex medical programs, and the emergence and development of nanoparticles
mark significant progress in medical technology. As research and development advances in this field
continue, the use of nanomallometallic particles in medicine is expected to continue to grow, paving
the way for more personalized and effective healthcare solutions.

5. Nanoporous materials

Nanoporous materials as a key component of nanomaterials. Because these materials are
characterized by tiny porous structures, they have been widely used in medical treatment and
diagnosis in recent years. Among them, the most famous materials are metal-organic frameworks
(MOFs). The structure of MOFs mainly consists of transition metal ions and organic moieties through
functional connections such as formate, cyanide, triazoles, glutamate, and square acid [9]. This
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section aims to explore the diverse applications and benefits of nano-porous materials in the medical
field, exploring their role in drug delivery, tissue engineering, diagnosis, and treatment.

Targeted drug delivery is one of the most important applications of MOFs. The high surface area
of these materials enables them to load large amounts of therapeutic agents, including chemical drugs,
proteins, and nucleic acids. The adjustable pore size allows the control and continuous release of the
drug, ensuring that the drug effectively and efficiently reaches the targets in the body. For example,
in cancer therapy, nanoporous carriers can deliver chemotherapeutic drugs directly to tumor cells,
minimizing adverse effects on healthy tissue. This targeted approach not only enhances the effect of
the treatment but also significantly reduces the systemic side effects common to radiotherapy and
chemotherapy [10].

In the field of tissue engineering, nanoscale porous materials have significantly driven the
development of regenerative medicine. Their structure can mimic the extracellular matrix, providing
an ideal scaffold for cell growth and differentiation. These scaffolds are critical for tissue regeneration
because they can promote cell adhesion, proliferation, and migration. For example, in bone tissue
engineering, nanoporous scaffolds have been used to support the growth of osteoblasts and promote
the formation of new bone tissue. Similarly, in skin regeneration, these materials provide a favorable
environment for the growth of skin cells and accelerate the wound-healing process.

Nanoporous materials also have a profound impact in terms of diagnostic capabilities. Due to its
high surface area, it can detect biomolecules at very low concentrations, so these materials can be
used as highly efficient biosensors. This sensitivity is particularly beneficial in early disease detection,
where early identification of biomarkers can lead to more effective treatment outcomes. Nanoporous
sensors can rapidly detect pathogens, enabling timely intervention and treatment.

In addition, nano-porous materials play a key role in therapeutic therapy. They can be
functionalized and tailored to specific applications to be highly versatile. For example, in
photodynamic therapy (PDT) and photothermal therapy (PTT), nanoporous materials can be designed
to respond to light or heat, activating therapeutic agents at the site of disease. This precision treatment
not only enhances the efficacy of the therapy but also greatly reduces the damage to the surrounding
healthy tissues. Compared with traditional surgical treatment, it reduces the treatment link of surgery,
greatly improves the survival rate of patients, and improves the prognostic effect of patients [11].

In addition to these applications, the biocompatibility and low immunogenicity of nanoporous
materials make them ideal for medical applications with a very large market and application potential
in the future. Their compatibility with biological systems ensures that they can be used safely while
in the body without causing adverse immune responses. This aspect is crucial in applications
involving direct interaction with body fluids and tissues.

In conclusion, the application of MOFs in the medical field provides numerous benefits, including
enhanced drug delivery, improved tissue regeneration, sensitive diagnosis, and effective therapies.
These materials for specific medical application tailored ability enables them to develop all kinds of
new drugs for all kinds of diseases, specific treatment of related diseases, for patients with special
diseases, can develop special drugs for them, make the special disease cure rate greatly increased,
make it become the cornerstone of modern medical progress. As research continues to reveal the
various physicochemical properties of nanoporous materials, their role in healthcare will continue to
grow, leading to progress and development in medical treatment and patient outcomes.

In conclusion, the exploration of nanotechnology in medicine, especially through nanobiomaterials,
nanocomposites, nanometallic particles, and nanoporous materials, has opened new horizons in
healthcare. With their unique physical, chemical, and biological properties, these nanoscale materials
not only enhance the efficacy of existing medical treatments, but also introduce innovative
approaches in multiple fields, including cancer therapy, tissue regeneration, drug delivery, medical
imaging, and diagnostics.
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6. Conclusion

The adaptability of these materials to specific diseases, the ability to accurately release lesions,
and the ability to develop specific drugs according to the characteristics of patients, highlight the
impact of nanotechnology in medicine. Nanobiomaterials and nanocomposites show remarkable
promise in improving drug delivery systems, making treatments more effective while reducing side
effects. Nanoparticles of precious metals, with their superior optical and electrical properties, have
an indispensable place in the field of bioanalysis, diagnosis, and therapy. Nanoporous materials such
as MOFs are critical in advancing targeted drug delivery, effective tissue engineering, and sensitive
diagnostics, demonstrating their versatility in multiple medical applications.

The development and research of nanotechnology marks a significant leap forward in the
development of more personalized, effective, and less invasive medical solutions. Continuous
innovation and research in this area, and the future could revolutionize our healthcare and medical
approaches. Their role in improving patient outcomes and improving the quality of medical treatment
is bound to expand, but this requires us to further explore the potential of these nanomaterials. The
application of nanomaterials in medicine marks a new era in the journey of medical science. However,
challenges such as achieving targeted delivery, complete eradication of tumor cells, and controlling
side effects remain, highlighting the need for ongoing research and development in this dynamic field.
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