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Introduction

Cyclodextrins (CDs) are cyclic oligosaccharides with a hydrophilic
exterior and a hydrophobic core, which makes them effective in forming
inclusion complexes with hydrophobic drugs. This property is particularly
useful in enhancing the bioavailability of poorly soluble drugs. This article
explores the mechanisms by which cyclodextrins improve drug solubility and
bioavailability, reviews various types of cyclodextrins and their applications
in pharmaceutical formulations and discusses recent advancements and
challenges in their use.

The bioavailability of hydrophobic drugs is often limited due to their
poor solubility in aqueous environments, which hinders their absorption
and therapeutic efficacy. Cyclodextrins have emerged as a valuable tool in
pharmaceutical science to address this challenge. By forming inclusion
complexes with hydrophobic drugs, cyclodextrins enhance solubility and
stability, thereby improving bioavailability [1,2].

Description

Mechanisms of enhancement

1. Inclusion complex formation: Cyclodextrins consist of a
ring of glucose units, creating a hydrophobic cavity capable of
accommodating hydrophobic molecules. When a hydrophobic drug
enters this cavity, it becomes solubilized in an aqueous environment,
leading to improved dissolution rates.

2. Stability improvement: The inclusion of a drug molecule inside a
cyclodextrin complex can protect it from environmental factors such
as oxidation or hydrolysis. This stabilization increases the drug’s
shelf life and ensures consistent bioavailability.

3. Modification of drug release profiles: Cyclodextrins can influence
the release rates of drugs from various dosage forms. This can be
advantageous in controlled-release formulations where a steady drug
release is desired.

Types of cyclodextrins

1. a-Cyclodextrin: Composed of six glucose units, o-cyclodextrin
has a smaller cavity compared to other types. It is effective for
smaller hydrophobic molecules and is used in oral and parenteral
formulations.

2. PB-Cyclodextrin: With seven glucose units, B-cyclodextrin has a
larger cavity and is more commonly used in drug formulations. It can
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accommodate a wider range of hydrophobic drugs and is used in oral,
intravenous and topical formulations.

3. y-Cyclodextrin: Composed of eight glucose units, y-cyclodextrin
has an even larger cavity, making it suitable for larger hydrophobic
molecules. Its applications include formulations for oral and
intravenous administration.

4. Modified cyclodextrins: Chemical modifications, such as
sulfobutylether 3-cyclodextrin, enhance solubility and reduce toxicity,
broadening their application range and improving patient safety [3].

Applications in drug formulation

1. Oral formulations: Cyclodextrins are used to improve the solubility
of poorly water-soluble drugs, which enhances their dissolution in the
gastrointestinal tract. This leads to better absorption and increased
bioavailability. For example, @-cyclodextrin is commonly used in oral
tablets and capsules to improve the solubility of antihypertensive and anti-
inflammatory drugs.

2. Parenteral formulations: In injectable formulations, cyclodextrins
help solubilize hydrophobic drugs that would otherwise require toxic organic
solvents. This reduces the risk of adverse reactions and improves the drug’s
stability. Cyclodextrins are utilized in intravenous solutions for drugs like
antifungals and anticancer agents.

3. Topical formulations: Cyclodextrins enhance the penetration
of hydrophobic drugs through the skin, improving the effectiveness of
topical treatments. They are used in creams, gels and ointments to deliver
dermatological medications more efficiently.

4. Ocular formulations: For ophthalmic drugs, cyclodextrins improve
solubility and stability, facilitating better delivery to the eye. This is crucial for
treating eye conditions with medications that have poor water solubility [4].

Recent advancements

1. Nanoparticle technology: Recent developments include the use of
cyclodextrin-based nanoparticles to further enhance drug solubility
and bioavailability. These nanoparticles can be used for targeted
drug delivery and controlled release.

2. Dual-function cyclodextrins: New cyclodextrin derivatives are being
developed that not only enhance solubility but also have additional
functions, such as targeting specific tissues or cells, improving the
therapeutic index of drugs.

3. Green chemistry: Research is focusing on environmentally friendly
methods to synthesize cyclodextrins and their derivatives, aligning
with the principles of green chemistry and sustainability.

Challenges and future directions

1. Toxicity and safety: Although cyclodextrins are generally considered
safe, their use can sometimes cause adverse effects. Ongoing
research is focused on understanding these effects and developing
safer cyclodextrin derivatives.

2. Cost and scalability: The production of cyclodextrins, especially
modified versions, can be costly. Research is needed to develop more
cost-effective synthesis methods and scalable production processes.
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Regulatory considerations: Cyclodextrins and their formulations must
comply with regulatory requirements, which can vary across regions. Ensuring
consistent quality and safety while navigating regulatory pathways remains a
challenge.

Despite their significant benefits, the use of cyclodextrins in drug
formulations faces several challenges. Safety and toxicity concerns can
arise, particularly with certain cyclodextrin derivatives, which may cause
adverse effects in some patients. Cost is another issue, as the production of
cyclodextrins, especially modified types, can be expensive and developing
cost-effective manufacturing methods is crucial. Additionally, scaling up
production to meet pharmaceutical needs can be challenging [5].

Regulatory hurdles also pose a challenge, as cyclodextrin formulations
must comply with varying regulatory standards across different regions, which
can complicate the approval process. Addressing these challenges involves
ongoing research to develop safer cyclodextrin derivatives, more economical
synthesis methods and streamlined regulatory pathways. Future directions in
cyclodextrin technology include the development of dual-function derivatives
for targeted drug delivery and advancements in green chemistry to enhance
environmental sustainability.

Conclusion

Cyclodextrins play a crucial role in enhancing the bioavailability of
hydrophobic drugs by improving their solubility, stability and release profiles.
The diverse types of cyclodextrins and their modifications offer versatile
solutions for various drug formulations. Continued research and innovation
in cyclodextrin technology are expected to address existing challenges and
expand their applications in the pharmaceutical industry.

Acknowledgement

None.

References

1. Qi, Xiaole, Jiayi Qin, Ning Ma and Xiaohua Chou, et al. "Solid self-microemulsifying
dispersible tablets of celastrol: Formulation development, charaterization and
bioavailability evaluation." Int J Pharm 472 (2014): 40-47.

2. Lee, James I, Vu T. Nguyen, Mei-Ling Chen and Peter C. Adamson. "A rapid,
sensitive and selective liquid chromatography/atmospheric pressure chemical
ionization tandem mass spectrometry method for determination of fenretinide (4-
HPR) in plasma." J Chromatogr B 862 (2008): 64-71.

3. Karppi, Jouni, Tarja Nurmi, Begona Olmedilla-Alonso and Fernando Granado-
Lorencio, et al. "Simultaneous measurement of retinol, o-tocopherol and six
carotenoids in human plasma by using an isocratic reversed-phase HPLC
method." J Chromatogr B 867 (2008): 226-232.

4. Formelli, Franca, Monica Clerici, Tiziana Campa and M. Gaetana Di Mauro, et al.
"Five-year administration of fenretinide: Pharmacokinetics and effects on plasma
retinol concentrations." J Clin Oncol 11 (1993): 2036-2042.

5. Vratilova, Jitka, Tomas Frgala, Barry J. Maurer and C. Patrick Reynolds. "Liquid
chromatography method for quantifying N-(4-hydroxyphenyl) retinamide and N-(4-
methoxyphenyl) retinamide in tissues." J Chromatogr B 808 (2004): 125-130.

Conflict of Interest

None.

Page 2 of 2

How to cite this article: Daniela, Jeffery. “Exploring the Role of Cyclodextrins
in Enhancing the Bioavailability of Hydrophobic Drugs.” J Formul Sci Bioavailab

8 (2024): 216.



https://pubmed.ncbi.nlm.nih.gov/24929011/
https://pubmed.ncbi.nlm.nih.gov/24929011/
https://pubmed.ncbi.nlm.nih.gov/24929011/
https://www.sciencedirect.com/science/article/pii/S1570023207007647
https://www.sciencedirect.com/science/article/pii/S1570023207007647
https://www.sciencedirect.com/science/article/pii/S1570023207007647
https://www.sciencedirect.com/science/article/pii/S1570023207007647
https://www.sciencedirect.com/science/article/pii/S1570023208002353
https://www.sciencedirect.com/science/article/pii/S1570023208002353
https://www.sciencedirect.com/science/article/pii/S1570023208002353
https://ascopubs.org/doi/abs/10.1200/JCO.1993.11.10.2036
https://ascopubs.org/doi/abs/10.1200/JCO.1993.11.10.2036
https://www.sciencedirect.com/science/article/pii/S1570023204001758
https://www.sciencedirect.com/science/article/pii/S1570023204001758
https://www.sciencedirect.com/science/article/pii/S1570023204001758

