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Abstract

Supramolecular chemistry has significantly advanced drug delivery systems, offering new approaches to
enhance drug stability, solubility, and targeted delivery. This review explores the various supramolecular
carriers used in drug delivery, including cyclodextrins, host-guest systems, dendrimers, and self-assembled
nanostructures. We discuss the mechanisms of drug encapsulation and release, highlight recent
advancements, and address current challenges in the field. Future directions for research and potential
applications in clinical settings are also considered.
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1. Introduction

1.1 Background

The field of drug delivery has evolved significantly with the advent of supramolecular chemistry.
Supramolecular systems, based on non-covalent interactions, offer innovative solutions for improving
drug solubility, stability, and targeting capabilities (1).

1.2 Objective

This review aims to provide a comprehensive overview of supramolecular design strategies in drug
delivery, focusing on recent advancements, mechanisms, applications, and future prospects.

2. Supramolecular Carriers in Drug Delivery

2.1 Cyclodextrins

2.1.1 Structure and Properties

Cyclodextrins are cyclic oligosaccharides with a hydrophilic outer surface and a hydrophobic core. This
unique structure enables them to form inclusion complexes with various drugs, enhancing their solubility
and stability (2, 3).

2.1.2 Applications

Cyclodextrins have been employed in a range of pharmaceutical formulations to improve the delivery of
poorly soluble drugs. Examples include hydroxypropyl-p-cyclodextrin used in anti-inflammatory and
anticancer drugs (4).

2.1.3 Challenges

Limitations of cyclodextrins include their drug-loading capacity and potential toxicity. Advances in
cyclodextrin derivatives are being explored to address these issues (5).
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2.2 Host-Guest Systems

2.2.1 Calixarenes

Calixarenes are macrocyclic compounds that form host-guest complexes with various drugs. They are
used to enhance drug stability and provide controlled release (6).

2.2.2 Crown Ethers

Crown ethers selectively bind ions and small molecules, offering targeted drug delivery and controlled
release. Their ability to encapsulate specific ions enhances the therapeutic efficacy of the drugs (7, 8).
2.2.3 Mechanisms

Host-guest interactions facilitate precise control over drug release by responding to environmental stimuli
such as pH or ionic strength (9).

2.3 Dendrimers

2.3.1 Structure and Characteristics

Dendrimers are highly branched macromolecules with multiple functional groups on their surface. They
provide a high surface area for drug attachment and enable the delivery of multiple drugs simultaneously
(10).

2.3.2 Applications

Dendrimers are used in targeted drug delivery and imaging. Recent developments include dendritic
polymers designed to target specific cancer cells, reducing systemic toxicity (11).

2.3.3 Limitations

The high cost of synthesis and potential immunogenicity are significant challenges. Ongoing research
focuses on improving biocompatibility and reducing production costs (12).

2.4 Self-Assembled Nanostructures

2.4.1 Micelles

Micelles, formed from amphiphilic molecules, encapsulate hydrophobic drugs, improving their solubility
and bioavailability. Smart micelles respond to physiological triggers for controlled release (13).

2.4.2 Nanospheres and Nanocapsules

Nanospheres and nanocapsules encapsulate drugs within their core, offering controlled release and
targeted delivery. Challenges include scalability and potential toxicity (14, 15).

3. Clinical Applications and Future Directions

3.1 Current Applications

Supramolecular drug delivery systems have progressed to clinical trials, showing improved bioavailability
and reduced side effects. For example, cyclodextrin-based formulations are in use for various
pharmaceutical applications (16).

3.2 Future Trends

Future research is expected to focus on personalized medicine, tailoring supramolecular systems to
individual patient profiles for optimized therapeutic outcomes. Regulatory advancements will also play a
crucial role in translating these systems to clinical practice (17, 18).

4. Conclusion
Supramolecular design offers significant advancements in drug delivery, providing enhanced control over
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drug release, targeting, and bioavailability. Addressing current limitations and exploring new applications
will be key to the future success of these systems.
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