Nanoparticles in Targeted
Drug Delivery

Revolutionary precision medicine has transformed healthcare in the 21st
century. Research publications have increased over 800% since 2005.

The global nanomedicine market is projected to reach $350 billion by 2027.
This growth reflects the expanding role of nanotechnology in modern

therapeutics.
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What Are Nanoparticles?

_Q) Ultra-Small Size @ Diverse Materials
Engineered particles Created from lipids,
measuring just 1-100 polymers, metals, or silica.
nanometers. A human hair is Each material offers unique
80,000 nanometers wide. properties.

é Customizable Chemistry

High surface area with tunable properties. Scientists can modify
surfaces for specific targeting.
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The Need for Targeted Drug Delivery

Enhanced Efficacy

\Z
X Precise delivery increases therapeutic impact

Reduced Side Effects

Minimizes damage to healthy tissues

Optimization Problem

Bo
90% of drugs have suboptimal delivery profiles
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Mechanisms of Targeting

Passive Targeting

V Utilizes the Enhanced Permeability and Retention effect.
Nanoparticles naturally accumulate in leaky tumor vessels.

Active Targeting

e] Employs specific ligands that bind to cell receptors.
Examples include antibodies targeting HER2 or transferrin.

Stimuli-Responsive

¢ Responds to environmental triggers like pH or temperature.

Releases drugs only under specific conditions.
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anoparticle Drug Delivery Innovatio

Recent Advances &
Innovations

1 First Generation

FDA-approved drugs like Doxil and Abraxane. Basic
nanoparticle encapsulation technology.

2 Smart Nanoparticles MRNA vaccine

PEGylaltted liposome
with highllated lipe-man

Responds to biological environments. dellivers an ncamaftes, MRNA,
nanipattes ee delvnaivasions,

iransilated mf poyteins,

Real-time tracking and controlled release mechanisms.

3 MRNA Delivery
Breakthrough COVID-19 vaccines. Lipid nanoparticles protect
fragile mRNA. 3
CRISPR delivery using . < ®
- nanopariicles nanoparticles e @ B
4 Gene Editing 4+ =\ .
CRISPR-Cas9 delivery systems. Nanoparticles enable precise o 's ’i/ @ “. y
. . gn . .i .‘: 4)-/, a \\-\\
genetic modifications. P (ITRAN
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Clinical Applications and
Success Stories

Oncology CNS Diseases

Enhanced tumor accumulation Novel methods for crossing the

in breast cancer treatment. blood-brain barrier. Opens new

Reduced toxicity compared to treatments for Alzheimer's and

standard chemotherapy. Parkinson's.

e 70% higher drug e Brain penetration increased
concentration at tumor sites by 400%

e 50% fewer systemic side e Sustained release for weeks
effects

Infectious Diseases

Nanoparticle-based antivirals and antibiotics. Targets resistant

pathogens with minimal resistance development.

o Effective against drug-resistant bacteria

e Reduced dosing frequency
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Challenges and Limitations

Immune Clearance i
Manufacturing Issues

Body's defense systems remove - _—

_ Scalability and reproducibility present
nanoparticles before they reach ll"] L

significant hurdles
targets
Patient Variability 2 Regulatory Hurdles
Delivery efficiency differs between éIé Complex approval process for novel
individuals nanomaterials
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Future Directions and
Conclusion

Personalized Nanomedicine

Tailoring nanoparticle properties to individual patients. Integration
with digital health monitoring systems.

Multi-Modal Therapies

Combining imaging, diagnostics, and treatment in single

nanoparticles. One platform serves multiple functions.

Precision Therapeutics

Next decade will see nanoparticles become standard care.
Targeting will reach cellular and subcellular precision.
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