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1. Introduction:

Nanoparticles (NPs) are materials with dimensions in the range of 1 to 100 nanometers and have
become a cornerstone in advanced scientific research due to their unique physical and chemical
properties. In drug delivery systems, nanoparticles offer significant benefits including controlled
release, improved bioavailability, and targeted delivery to specific tissues or cells. This research
focuses on the synthesis, functionalization, and evaluation of nanoparticles for drug delivery,
particularly in the treatment of chronic diseases such as cancer. The importance of this work lies
in its potential to improve therapeutic efficacy and minimize side effects, which is a key need in
pharmaceutical and medical industries.

2. Problem Statement:

Conventional drug delivery systems often suffer from limitations like non-specific distribution,
rapid degradation, and poor solubility of drugs. These drawbacks reduce treatment efficiency and
cause unwanted side effects. While nanoparticles are a promising alternative, there is a need for
optimized synthesis techniques and better functionalization strategies to improve drug loading
capacity and targeting ability. This research addresses the gap in designing a *stable,
biocompatible nanoparticle system* that ensures controlled and targeted drug delivery.

3. Objectives:

- To synthesize biocompatible nanoparticles using eco-friendly methods.

- To functionalize the nanoparticles with targeting ligands for site-specific drug delivery.



- To characterize the synthesized nanoparticles for size, morphology, and surface properties.
- To evaluate the drug encapsulation efficiency and controlled release behavior.

- To conduct in vitro studies to assess cytotoxicity and drug delivery performance.

4. Preliminary Literature Review:

Several researchers have explored nanoparticles for drug delivery using various materials like
polymers (e.g., PLGA), lipids, and metals (e.g., gold, silver). These studies show that
nanoparticles can significantly improve pharmacokinetics. However, many face challenges like
premature drug release, instability in biological environments, and difficulty in large-scale
production. This research aims to fill those gaps by using optimized synthesis techniques and
surface modifications to enhance functionality and stability. Compared to earlier works, this
study will provide a more sustainable and effective approach to targeted therapy.

5. Methodology:

- Synthesis: Nanoparticles will be synthesized using solvent evaporation or nanoprecipitation
techniques.

- Functionalization: Targeting ligands such as folic acid or peptides will be conjugated to the
nanoparticle surface.

- Characterization: DLS (Dynamic Light Scattering), SEM (Scanning Electron Microscopy),
FTIR, and UV-Vis spectroscopy will be used.

- Drug Loading & Release: Encapsulation efficiency and release profile will be analyzed using
dialysis and spectrophotometry.

- In Vitro Studies: Cancer cell lines (e.g., MCF-7) will be used for cytotoxicity and cellular
uptake assays.



