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Abstract

Solid lipid nanoparticles (SLNs) represent a transformative advancement
in drug delivery systems, offering superior biocompatibility, stability,
and controlled release compared to conventional methods. This chapter
explores emerging trends in SLN technology, focusing on innovations that
enhance precision, efficacy, and sustainability. Key developments
include surface modifications (e.g., antibody conjugation, PEGylation)for
targeted delivery, hybrid nanocarrier systems combining SLNs with
liposomes or polymers for multifunctional therapy, and stimuli-responsive
SLNs that release drugs in response to pH, temperature, or enzymes.
SLNs are also revolutionizing gene and RNA delivery, building on mRNA
vaccine success to enable CRISPR-based therapies and personalized
medicine. The chapter highlights green formulation approaches, such as
solvent-free production and natural lipids, which reduce environmental
impact while improving therapeutic performance. Scalability challenges
are addressed through advanced manufacturing techniques like high-
pressure homogenization, paving the way for clinical and commercial
translation.  Applications span targeted cancer therapy (reducing
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systemic toxicity), CNS drug delivery (overcoming the blood-brain
barrier), dermatology (enhanced skin penetration), and antimicrobial
delivery (combating resistance). The  integration of Al-driven
design further enables personalized SLNs tailored to individual genetic
and disease profiles. Collectively, these advancements position SLNs as a
versatile platform for next-generation medicine, offering safer, more effective
treatments across diverse therapeutic areas while aligning with global
sustainability goals. Future directions include smart nanoparticles, closed-loop
systems, and scalable production for widespread clinical adoption.
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1. SURFACE MODIFICATION FOR TARGETED DELIVERY

1.1 Ligand functionalization: Attaching ligands like antibodies,
peptides, or folic acid

Solid lipid nanoparticles (SLNs) are being increasingly modified at their
surface to achieve precise drug delivery to specific tissues or cells. This
process, known as surface functionalization, involves attaching various
targeting molecules called ligands to  the outer layer of the
nanoparticles. These ligands act like "homing devices" that recognize
and bind to particular receptors found on target cells. Common
examples include antibodies (which specifically bind to cancer cell
markers), peptides (short protein fragments that target certain tissues),
and folic acid (which binds to folate receptors over expressed in many
tumors)[1].

1.2 For site- specific targeting, especially in cancer therapy

In cancer therapy, this targeted approach is especially valuable
because it helps concentrate the drug at the tumor site while minimizing
exposure to healthy tissues, thereby reducing harmful side effects. For



