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Nanoparticle design

ROS-Responsive Cinnamaldehyde Polymer Nanoparticles Loaded with Puerarin for the
Treatment of Atherosclerosis
DNA-barcode-based Multiplex Immunofluorescence Imaging to Analyze FFPE Specimens from
Genetically Reprogrammed Murine Melanoma
A Polysaccharide-Based Fluorescent Polymer Carrier for Natural Product Delivery and Gastric
Cancer Inhibition
Gambogic acid-iron nanozymes as effective carriers for enhanced chemotherapy by inducing
excessive autophagy and oxidative stress
Spatiotemporal Circadian Oscillator Manipulation for Enhanced Ovarian Cancer Therapy Using a
Versatile Nanoplatform
Overcoming temozolomide resistance in glioma: recent advances and mechanistic insights
Near-Infrared Photoimmunotherapy in Brain Tumors-An Unexplored Frontier
Antimicrobial Biomaterials for Cranioplasty: A Systematic Review

Nanoparticles crossing the blood-brain barrier need specific design for normal, neurodegenerative, or
cancerous brain conditions 1).

Nanoparticle design is a multifaceted field involving the creation and manipulation of particles at the
nanoscale to achieve specific properties and functions. This field intersects with disciplines like
materials science, chemistry, biology, and engineering. The primary considerations in nanoparticle
design include size, shape, surface chemistry, and functionalization.

Key Elements of Nanoparticle Design

Size and Shape:

Size: Nanoparticles typically range from 1 to 100 nanometers. The size can affect properties like
surface area, reactivity, and interaction with biological systems.

Shape: Common shapes include spheres, rods, cubes, and more complex structures like stars and
cages. The shape influences optical, electrical, and magnetic properties.

Material Composition:

Metals: Gold, silver, and platinum nanoparticles are used for their unique optical and electronic
properties.

Metal Oxides: Titanium dioxide and zinc oxide nanoparticles are used in catalysis and sunscreen.

Polymers: Biodegradable nanoparticles for drug delivery.

Liposomes and Dendrimers: Used in pharmaceutical applications for drug encapsulation and targeted
delivery.

Surface Chemistry:

Functionalization: Adding functional groups to the surface to enhance solubility, stability, and
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targeting ability. Common functional groups include carboxyl, amine, and thiol groups.

Coating: Polymers, ligands, or biomolecules can be used to coat nanoparticles to improve
biocompatibility and reduce toxicity.

Synthesis Methods:

Bottom-Up Approaches: Chemical reduction, sol-gel processes, and self-assembly techniques.

Top-Down Approaches: Lithography, ball milling, and other physical methods.

Characterization Techniques:

Microscopy: Transmission electron microscopy (TEM), scanning electron microscopy (SEM), and
atomic force microscopy (AFM) for structural analysis.

Spectroscopy: UV-Vis, FTIR, and X-ray photoelectron spectroscopy (XPS) for chemical composition and
bonding.

Dynamic Light Scattering (DLS): For size distribution and stability in solution.

Applications:

Biomedical: Drug delivery, imaging, diagnostics, and therapeutics.

Environmental: Water purification, pollutant detection, and remediation.

Energy: Solar cells, batteries, and fuel cells.

Electronics: Conductive inks, sensors, and memory devices.

Designing Nanoparticles for Specific Applications:

Drug Delivery:

Targeting: Functionalizing nanoparticles with ligands, antibodies, or peptides that target specific cells
or tissues. Controlled Release: Designing nanoparticles that release drugs in response to
environmental triggers like pH, temperature, or enzymatic activity.

Imaging and Diagnostics:

Contrast Agents: Using gold or iron oxide nanoparticles for enhanced contrast in imaging techniques
like MRI and CT scans. Biosensors: Functionalizing nanoparticles with recognition elements for
detecting biomolecules or pathogens.

Catalysis:

Surface Area: Maximizing the surface area of nanoparticles to enhance catalytic activity.

Active Sites: Engineering the surface with specific active sites for selective catalysis.

Challenges and Future Directions:

Toxicity and Biocompatibility: Ensuring that nanoparticles are safe for medical and environmental
applications.
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Scalability: Developing cost-effective and scalable synthesis methods.

Regulatory Issues: Navigating the regulatory landscape for nanoparticle-based products.

Multifunctionality: Designing nanoparticles that can perform multiple functions simultaneously, such
as imaging and therapy (theranostics).

Nanoparticle design is a dynamic and rapidly evolving field, promising significant advancements in
technology and medicine. It requires a multidisciplinary approach and continuous innovation to
overcome existing challenges and harness the full potential of nanoparticles.
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