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1. Introduction

Cyclodextrins (CDs) are cyclic oligosaccharides that contain at least six d–(+)–glucopyranose
units linked by α–(1, 4) glucosidic bonds. The three natural CDs, α-, β-, and γ-CDs, have 6, 7,
and 8 glucose units, respectively, and differ from each other in their size and solubility. CDs
with less than six glucose units cannot form due to steric hindrance, and CDs with nine or more
glucose units are difficult to purify.

In 1891, Antoine Villiers discovered crystalline dextrins and was the first to isolate the
oligosaccharides produced by starch or its derivatives using the cyclodextrin (CD) glyco-
syltransferase enzyme. The structure of CDs was described 30 years later by Freudenberg
and his co-workers, and they were produced in pure form in 1984. Since then, numerous
scientific publications and patents have been developed focusing on their diverse applica-
tions in the pharmaceutical and food industries, products, and technologies [1,2]. The most
common natural CDs used in industrial-scale production are alpha-cyclodextrin (α–CD),
beta-cyclodextrin (β–CD), and gamma-cyclodextrin (γ–CD) [1,2].

Cyclodextrins belong to the family of cage-type molecules. They have a non-symmetrical
toroidal structure, wider at one end and narrower at the other in a truncated cone shape. They
have a hydrophilic exterior, hydroxyl groups at both ends, and a hydrophobic inner cavity.
Due to their shape, CDs can encapsulate other molecules in aqueous solutions, allowing a
wide range of hydrophobic guest molecules to interact with the inner cavity of the macrocycle
to form inclusion complexes. Cyclodextrins’ encapsulation capacity and flexibility allow
host−guest-type interactions to modify the physical, chemical, and biological properties of
the guest molecules [1–5].

Cyclodextrins continue to be of interest to many researchers, due to their encapsulation
capacity and their properties as complexing agents and as carriers of different substances,
which make them good candidates for both fundamental and technological applications in
several industries. For this reason, important experimental [1–5] and theoretical studies [6,7]
have been performed, focused on their physicochemical behavior and applications.

Due to their biocompatibility, biodegradability, and relatively low-cost production [8–10],
cyclodextrins are widely used in several industries, such as the medical, pharmaceutical, cos-
metics [11–14], food [4,15–17], and textile industries [18], and in different processes related to
biotechnology, agriculture, and the environment. Likewise, they are used in controlled release
systems, to improve the solubility and bioavailability of poorly water-soluble substances, and
as catalysts for different reactions [19,20].

Despite their theoretical and applied importance, and the extensive literature available,
little is known about the significant potential of these molecules, which necessitates research
into the structure and properties of these macrocycles [21,22]. In this sense, a promising
line of study is modifying standard CDs’ structure and synthesis to obtain new ones
with greater complexing capacity toward different substances, either as a consequence of
their inclusion within the cavity of the CD or their bonding to the external part. Another
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important area of study is the physicochemical properties of the aqueous solutions of these
systems for the elucidation of the nature of host−guest and inclusion complex−aqueous
solvent interactions. In particular, the solubilizing capacity of CDs is of great practical
importance. Finally, research on the novel applications of these important molecules
to address environmental problems, synthesize new nanoparticles, and construct nano-
devices for medical applications, among other applications, will reinforce their potential
use [1–5,22,23].

Although cyclodextrins are considered toxic, their toxic effects can be eliminated
by selecting the appropriate CD type, using derived compounds with harmful properties
removed, and selecting appropriate concentrations and modes of application. Once the toxic
effects are removed, CDs can be consumed as ingredients in drugs, foods, or cosmetics [22].

2. An Overview of Published Articles

This Special Issue, Cyclodextrins: Properties and Applications, highlights research papers
or comprehensive reviews that focus on advances in the knowledge of the structure, prop-
erties, and applications of cyclodextrins (CDs). It provides a comprehensive overview of
current research related to these compounds. Fourteen papers were accepted for publica-
tion and inclusion in this Special Issue. Topics include design, synthesis, characterization,
and other applications. See list of contributions.

Contribution 1 develops eye drop formulations using voriconazole (VCZ), cyclodex-
trins (CDs), and water-soluble polymers, forming CD complex aggregates to improve
VCZ’s solubility in water and chemical stability. Among the CDs studied, SBE–β–CD was
the most effective CD solubilizer of VCZ/SBE–β–CD complexes, and the VCZ solubility
was greatly enhanced using sulfobutyl ether β–cyclodextrin (SBE–β–CD). Polyvinyl alco-
hol (PVA) promotes the solubilization and stabilization of the VCZ/SBE–β–CD complex
and less SBE–β–CD is required, which may be advantageous in terms of toxicology and
manufacturing costs.

Contribution 2 analyzes the interaction between sodium salicylate (NaSal) and the
two macrocycles 5,11,17,23–tetrakissulfonatomethylene–2,8,14,20–tetra(ethyl)resorcin arene
(Na4EtRA) and β–cyclodextrin (β–CD) using spectroscopic and computational techniques,
as well as by determining mutual diffusion coefficients. Both systems show the formation
of 1:1 host–guest complexes. For the β–CD–NaSal complex, the calculated diffusion
coefficients and complexation energies indicate that an inclusion complex occurs, while
when Na4EtRA–NaSal is used, an inclusion complex is not formed.

Contribution 3 deals with the interaction between β–cyclodextrin (β–CD) and melpha-
lan (Mel), which is an antineoplastic widely used to treat cancer and other diseases. The 1:1
solid crystalline complex formed prevents the hydrolysis and subsequent degradation of
the drug and is a useful tool in drug delivery for cancer.

Contribution 4 is related to the use of a supramolecular complex of large-ring cy-
clodextrins (LR–CDs) and α–tocopherol, the most physiologically active form of vitamin
E with numerous biological activities, such as significant antioxidant activity, anticancer
capabilities, and anti-aging properties. The results show that the most probable ratio of the
inclusion complex is 2:1 and the interaction improves the solubility and bioavailability of
α–tocopherol in pharmaceutical applications.

Contribution 5 describes a fluorescence method for analyzing the nucleocapsid protein
(N protein), which is an appropriate target for the early diagnosis of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) based on viral antigens. The method combines
the host–guest interaction fluorescence enhancement strategy with the high recognition of
aptamers. The outstanding fluorescence enhancement during the host–guest interaction
between β–CDP and pyrene and the mutually repulsive force between the negatively
charged aptamer and β–CDP ensured low background noise and had high sensitivity.

Contribution 6 focuses on the preparation and biological, physiochemical, and theoret-
ical analysis of the inclusion complexes formed between estrogens and cyclodextrins (CDs).
Estrogens have a low polarity and can interact with cyclodextrins’ hydrophobic cavities to
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create inclusion complexes. The paper focuses on the effect of CDs as estrogen solubilizers
and absorption boosters in pharmaceutical formulations, as well as on chromatographic
and electrophoretic procedures for their separation and quantification. The review shows
that the cyclodextrin type used for complexation can greatly influence the properties of the
complex formed, such as the dissolution boost of the guest molecule, the host−guest ratio,
or the complex stability.

Contribution 7 describes the obtention of three novel biomaterials via inclusion com-
plexes of β–cyclodextrin, 6–deoxi–6–amino–β–cyclodextrin, and epithelial growth factor
grafted on 6–deoxi–6–amino–β–cyclodextrin with polycaprolactone. The in silico study of
these three novel materials was based on quantum chemistry and chemoinformatics meth-
ods. The results contribute to the theoretical characterization of biomaterial derivatives of
β–cyclodextrin inclusion complexes.

Contribution 8 determines the most suitable cyclodextrins (CDs) for solubilizing a
patented succinimido−ferrocidiphenol (SuccFerr), a compound from the ferrociphenol
family with powerful anticancer activity but low water solubility. Modeling and phase
solubility experiments suggest the predominance of supramolecular SuccFerr assemblies
with two CDs and the superiority of randomly methylated β–cyclodextrins (RAME–β–
CDs). According to the authors, the method allows the modeling of the atypical hydrogen
bonds between CDs and a nonpolar ferrocene-based anticancer molecule.

Contribution 9 prepares inclusion complexes of β– and γ–cyclodextrin with enzymatic
hydrolysates of whey and colostrum proteins. The effect of cyclodextrin complexation on
the antioxidant properties, antigenic potential, and antimutagenic effect of the included
dairy peptides was determined. An increase in the antioxidant effect of hydrolysates in
host–guest systems with β– and γ–cyclodextrin was observed. Inclusion complexes of β–
and γ–cyclodextrin with whey and colostrum peptides have confirmed bioactive action,
making them promising ingredients for functional foods.

Contribution 10 explores complexation with cyclodextrin (CD) as a strategy for over-
coming the pharmaceutical limitations, such as unpleasant taste or poor aqueous solubility,
that prevent the evaluation and clinical use of 4–phenylbutyrate (PB) and structurally
related compounds in many diseases, including cancers. The results show that α–CD is
more suitable for overcoming the pharmaceutical drawbacks of PB and its shorter-chain
derivatives, while β–CD is better for the longer-chain derivatives.

Contribution 11 evaluates FA–HP–β–CD as a novel treatment for acute myeloid
leukemia (AML), both in vitro and in vivo. The authors developed folate-conjugated HP–
β–CD (FA–HP–β–CD) and investigated its effects on folate receptor (FR)-expressing AML
cells. According to the authors, the cytotoxic activity of (FA–HP–β–CD) against AML
cells was stronger than that of HP–β–CD. They confirm that FA–HP–β–CD increased the
inhibitory effects of cytarabine and the BCL–2-selective inhibitor, Venetoclax, which are
commonly used to treat elderly patients with AML. The results show that FA–HP–β–CD
induces cell death through a non-apoptotic pathway, making it a new therapeutic option
for AML chemotherapy by regulating autophagy.

Contribution 12 explores the conformational potential energy surface of systems with
conformational flexibility, such as the monomers and dimers of α–, β–, and γ–cyclodextrins
(i.e., of 6, 7, and 8 monomeric units, respectively), using combined semiempirical methods
and DFT computational approaches refined by state-of-the-art DFT functions. Moreover,
the crystal structure is compared with the experimentally recorded IR spectrum. The
authors present a cost-effective methodology to explore the conformational complexity
of flexible systems and properly refine the results with a cheap but accurate DFT method
applicable to medium-sized systems.

Contribution 13 describes the first silica–CD hybrid through one-pot sol–gel synthesis
starting from methyl–β–cyclodextrin (bM–CD) and tetramethyl orthosilicate (TMOS) as a
silica precursor. In certain cases, a high specific surface area is desirable for increasing the
release/adsorption properties, so the dense hybrid material obtained was prepared as an
aerogel. Each hybrid can be used in different applications depending on its properties.
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Contribution 14 explores the development of advanced drug delivery systems com-
posed of poloxamer 407, a non-ionic surfactant (Tween 80), and cyclodextrins (methyl–
β–CD or hydroxypropyl–β–CD) for treating Parkinson’s disease by the potential brain
targeting of ropinirole after nasal administration. The results suggest that hybrid sys-
tems combining a polymer, a surfactant, and CDs present promising opportunities for
nose-to-brain RH delivery in PAD.

Author Contributions: Conceptualization, M.A.E. and C.M.R.; methodology, M.A.E. and C.M.R.;
writing—original draft preparation, M.A.E. and C.M.R.; writing—review and editing, M.A.E. and
C.M.R. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflicts of interest.

List of Contributions:

1. Soe, H.M.S.H.; Kerdpol, K.; Rungrotmongkol, T.; Pruksakorn, P.; Autthateinchai, R.; Wet-osot,
S.; Loftsson, T.; Jansook, P. Voriconazole Eye Drops: Enhanced Solubility and Stability through
Ternary Voriconazole/Sulfobutyl Ether β–Cyclodextrin /Polyvinyl Alcohol Complexes. Int. J.
Mol. Sci. 2023, 24, 2343; https://doi.org/10.3390/ijms24032343.

2. Galindres, D.M.; Espitia-Galindo, N.; Valente, A.J.M.; Sofio, S.P.C.; Rodrigo, M.M.; Cabral,
A.M.T.D.P.V.; Esteso, M.A.; Zapata-Rivera, J.; Vargas, E.F.; Ribeiro, A.C.F. Interactions of Sodium
Salicylate with β–Cyclodextrin and an Anionic Resorcin [4]arene: Mutual Diffusion Coefficients
and Computational Study. Int. J. Mol. Sci. 2023, 24, 3921; https://doi.org/10.3390/ijms24043921.

3. Sierpe, R.; Donoso-González, O.; Lang, E.; Noyong, M.; Simon, U.; Kogan, M.J.; Yutronic, N.
Solid-State Formation of a Potential Melphalan Delivery Nanosystem Based on β–Cyclodextrin
and Silver Nanoparticles. Int. J. Mol. Sci. 2023, 24, 3990; https://doi.org/10.3390/ijms24043990.

4. Sangkhawasi, M.; Kerdpol, K.; Ismail, A.; Nutho, B.; Hanpiboon, C.; Wolschann, P.; Krusong,
K.; Rungrotmongkol, T.; Hannongbua, S. In Vitro and In Silico Study on the Molecular En-
capsulation of α–Tocopherol in a Large-Ring Cyclodextrin. Int. J. Mol. Sci. 2023, 24, 4425;
https://doi.org/10.3390/ijms24054425.

5. Gao, S.; Yang, G.; Zhang, X.; Shi, R.; Chen, R.; Zhang, X.; Peng, Y.; Yang, H.; Lu, Y.; Song, C.
β–Cyclodextrin Polymer-Based Fluorescence Enhancement Strategy via Host–Guest Interaction
for Sensitive Assay of SARS-CoV-2. Int. J. Mol. Sci. 2023, 24, 7174; https://doi.org/10.3390/
ijms24087174.

6. Araj, S.K.; Szeleszczuk, Ł. A Review on Cyclodextrins/Estrogens Inclusion Complexes. Int. J.
Mol. Sci. 2023, 24, 8780; https://doi.org/10.3390/ijms24108780.

7. Escobedo-González, R.G.; Moyers-Montoya, E.D.; Martínez-Pérez, C.A.; García-Casillas, P.E.;
Miranda-Ruvalcaba, R.; Nicolás-Vázquez, M.I.N. In Silico Study of Novel Cyclodextrin Inclu-
sion Complexes of Polycaprolactone and Its Correlation with Skin Regeneration. Int. J. Mol.
Sci. 2023, 24, 8932; https://doi.org/10.3390/ijms24108932.

8. Pigeon, P.; Najlaoui, F.; McGlinchey, M.J.; Sanz García, J.; Jaouen, G.; Gibaud, S. Unravelling the
Role of Uncommon Hydrogen Bonds in Cyclodextrin Ferrociphenol Supramolecular Complexes:
A Computational Modelling and Experimental Study. Int. J. Mol. Sci. 2023, 24, 12288; https://doi.
org/10.3390/ijms241512288.

9. Halavach, T.M.; Kurchenko, V.P.; Tarun, E.I.; Dudchik, N.V.; Yatskou, M.M.; Lodygin, A.D.;
Alieva, L.R.; Evdokimov, I.A.; Ulrih, N.P. Influence of Complexation with β– and γ–Cyclodextrin
on Bioactivity of Whey and Colostrum Peptides. Int. J. Mol. Sci. 2023, 24, 13987; https://doi.org/
10.3390/ijms241813987.

10. Commey, K.L.; Nakatake, A.; Enaka, A.; Nakamura, R.; Nishi, K.; Tsukigawa, K.; Ikeda, H.;
Yamaguchi, K.; Iohara, D.; Hirayama, F.; Yamasaki, K.; Otagiri, M. Study of the Structural
Chemistry of the Inclusion Complexation of 4-Phenylbutyrate and Related Compounds with
Cyclodextrins in Solution: Differences in Inclusion Mode with Cavity Size Dependency. Int. J.
Mol. Sci. 2023, 24, 15091; https://doi.org/10.3390/ijms242015091.

11. Kubota, Y.; Hoshiko, T.; Higashi, T.; Motoyama, K.; Okada, S.; Kimura, S. Folate-Appended
Hydroxypropyl–β–Cyclodextrin Induces Autophagic Cell Death in Acute Myeloid Leukemia
Cells. Int. J. Mol. Sci. 2023, 24, 16720; https://doi.org/10.3390/ijms242316720.

https://doi.org/10.3390/ijms24032343
https://doi.org/10.3390/ijms24043921
https://doi.org/10.3390/ijms24043990
https://doi.org/10.3390/ijms24054425
https://doi.org/10.3390/ijms24087174
https://doi.org/10.3390/ijms24087174
https://doi.org/10.3390/ijms24108780
https://doi.org/10.3390/ijms24108932
https://doi.org/10.3390/ijms241512288
https://doi.org/10.3390/ijms241512288
https://doi.org/10.3390/ijms241813987
https://doi.org/10.3390/ijms241813987
https://doi.org/10.3390/ijms242015091
https://doi.org/10.3390/ijms242316720


Int. J. Mol. Sci. 2024, 25, 4547 5 of 5

12. Pantaleone, S.; Gho, C.I.; Ferrero, R.; Brunella, V.; Corno, M. Exploration of the Conformational
Scenario for α–, β– and γ–Cyclodextrins in Dry and Wet Conditions, from Monomers to Crystal
Structures: A Quantum-Mechanical Study. Int. J. Mol. Sci. 2023, 24, 16826; https://doi.org/10.3390/
ijms242316826.

13. Gallo, M.; Onida, B.; Manna L.; Banchero, M. Silica–Cyclodextrin Hybrid Materials: Two Possible
Synthesis Processes. Int. J. Mol. Sci. 2024, 25, 1108; https://doi.org/10.3390/ijms25021108.

14. Saitani, E.; Pippa N.; Perinelli, D.R.; Forys, A.; Papakyriakopoulou, P.; Lagopati, N.; Bonacucina, G.;
Trzebicka, B.; Gazouli, M.; Pispas, S.; Valsami, G. Fabricating Polymer/Surfactant/Cyclodextrin
Hybrid Particles for Possible Nose-to-Brain Delivery of Ropinirole Hydrochloride: In Vitro and Ex
Vivo Evaluation. Int. J. Mol. Sci. 2024, 25, 1162; https://doi.org/10.3390/ijms25021162.

References
1. Crini, G. Review: A History of Cyclodextrins. Chem. Rev. 2014, 114, 10940–10975. [CrossRef] [PubMed]
2. Jansook, P.; Ogawa, N.; Loftsson, T. Cyclodextrins: Structure, physicochemical properties and pharmaceutical applications. Int. J.

Pharm. 2018, 535, 272–284. [CrossRef] [PubMed]
3. del Valle, E.M.M. Cyclodextrins and Their Uses: A Review. Process Biochem. 2004, 39, 1033–1046. [CrossRef]
4. Morin-Crini, N.; Fourmentin, S.; Fenyvesi, É.; Lichtfouse, E.; Torri, G.; Fourmentin, M.; Crini, G. 130 Years of Cyclodextrin

Discovery for Health, Food, Agriculture, and the Industry: A Review. Environ. Chem. Lett. 2021, 19, 2581–2617. [CrossRef]
5. Ali, R. (Ed.) Cyclodextrins—Core Concepts and New Frontiers; IntechOpen: London, UK, 2023; ISBN 978-1-80356-258-2.
6. Gotsev, M.G.; Ivanov, P.M.; Jaime, C. Molecular dynamics study of the conformational dynamics and energetics of some large-ring

cyclodextrins (CDn, n = 24, 25, 26, 27, 28, 29). Chirality 2007, 19, 203–213. [CrossRef] [PubMed]
7. Muldakhmetov, Z.; Fazylov, S.; Nurkenov, O.; Gazaliev, A.; Sarsenbekova, A.; Pustolaikina, I.; Nurmaganbetov, Z.; Seilkhanov,

O.; Alsfouk, A.A.; Elkaeed, E.B.; et al. Combined Computational and Experimental Studies of Anabasine Encapsulation by
Beta-Cyclodextrin. Plants 2022, 11, 2283. [CrossRef] [PubMed]

8. Pedrazzo, A.R.; Smarra, A.; Caldera, F.; Musso, G.; Dhakar, N.K.; Cecone, C.; Hamedi, A.; Corsi, I.; Trotta, F. Eco-Friendly
β-Cyclodextrin and Linecaps Polymers for the Removal of Heavy Metals. Polymers 2019, 11, 1658. [CrossRef] [PubMed]

9. Liu, Q.; Zhou, Y.; Lu, J.; Zhou, Y. Novel Cyclodextrin-Based Adsorbents for Removing Pollutants from Wastewater: A Critical
Review. Chemosphere 2020, 241, 125043. [CrossRef] [PubMed]

10. Tian, B.; Hua, S.; Tian, Y.; Liu, J. Cyclodextrin-Based Adsorbents for the Removal of Pollutants from Wastewater: A Review.
Environ. Sci. Pollut. Res. 2021, 28, 1317–1340. [CrossRef]

11. Popielec, A.; Loftsson, T. Effects of cyclodextrins on the chemical stability of drugs. Int. J. Pharm. 2017, 531, 532–542. [CrossRef]
12. Braga, S.S. Cyclodextrin Superstructures for Drug Delivery. J. Drug. Deliv. Sci. Technol. 2022, 75, 103650. [CrossRef]
13. Dubey, S.K.; Dey, A.; Singhvi, G.; Pandey, M.M.; Singh, V.; Kesharwani, P. Emerging Trends of Nanotechnology in Advanced

Cosmetics. Colloids Surf. B 2022, 214, 112440. [CrossRef]
14. Saokham, P.; Muankaew, C.; Jansook, P.; Loftsson, T. Solubility of Cyclodextrins and Drug/Cyclodextrin Complexes. Molecules

2018, 23, 1161. [CrossRef]
15. Tian, B.; Xiao, D.; Hei, T.; Ping, R.; Hua, S.; Liu, J. The Application and Prospects of Cyclodextrin Inclusion Complexes and

Polymers in the Food Industry: A Review. Polym. Int. 2020, 69, 597–603. [CrossRef]
16. Szente, L.; Szejtli, J. Cyclodextrins as food ingredients. Trends Food Sci. Technol. 2004, 15, 137–142. [CrossRef]
17. Matencio, A.; Navarro-Orcajada, S.; García-Carmona, F.; López-Nicolás, J.F. Applications of cyclodextrins in food science.

A review. Trends Food Sci. Technol. 2020, 104, 132–143. [CrossRef]
18. Bezerra, F.; Lis, M.; Firmino, H.; Dias da Silva, J.; Curto Valle, R.; Borges Valle, J.; Scacchetti, F.; Tessaro, A. The Role of

B-Cyclodextrin in the Textile Industry—Review. Molecules 2020, 25, 3624. [CrossRef]
19. Bai, C.C.; Tian, B.R.; Zhao, T.; Huang, Q.; Wang, Z.Z. Cyclodextrin-Catalyzed Organic Synthesis: Reactions, Mechanisms, and

Applications. Molecules 2017, 22, 1475. [CrossRef] [PubMed]
20. Kumar, A.R.; Ashok, K.; Bonthagarala, B.; Nama, S.; Rao, C.B. The cyclodextrins: A review. IJPRBS 2013, 2, 291–304.
21. Votava, M.; Ravoo, B.J. Principles and applications of cyclodextrin liquid crystals. Chem. Soc. Rev. 2021, 50, 10009–10024.

[CrossRef]
22. Szejtli, J. Past, present, and future of cyclodextrin. Pure Appl. Chem. 2004, 76, 1825–1845. [CrossRef]
23. Xing, C.; Zheng, X.; Deng, T.; Zeng, L.; Liu, X.; Chi, X. The Role of Cyclodextrin in the Construction of Nanoplatforms: From

Structure, Function and Application Perspectives. Pharmaceutics 2023, 15, 1536. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/ijms242316826
https://doi.org/10.3390/ijms242316826
https://doi.org/10.3390/ijms25021108
https://doi.org/10.3390/ijms25021162
https://doi.org/10.1021/cr500081p
https://www.ncbi.nlm.nih.gov/pubmed/25247843
https://doi.org/10.1016/j.ijpharm.2017.11.018
https://www.ncbi.nlm.nih.gov/pubmed/29138045
https://doi.org/10.1016/S0032-9592(03)00258-9
https://doi.org/10.1007/s10311-020-01156-w
https://doi.org/10.1002/chir.20365
https://www.ncbi.nlm.nih.gov/pubmed/17226747
https://doi.org/10.3390/plants11172283
https://www.ncbi.nlm.nih.gov/pubmed/36079665
https://doi.org/10.3390/polym11101658
https://www.ncbi.nlm.nih.gov/pubmed/31614648
https://doi.org/10.1016/j.chemosphere.2019.125043
https://www.ncbi.nlm.nih.gov/pubmed/31683417
https://doi.org/10.1007/s11356-020-11168-2
https://doi.org/10.1016/j.ijpharm.2017.06.009
https://doi.org/10.1016/j.jddst.2022.103650
https://doi.org/10.1016/j.colsurfb.2022.112440
https://doi.org/10.3390/molecules23051161
https://doi.org/10.1002/pi.5992
https://doi.org/10.1016/j.tifs.2003.09.019
https://doi.org/10.1016/j.tifs.2020.08.009
https://doi.org/10.3390/molecules25163624
https://doi.org/10.3390/molecules22091475
https://www.ncbi.nlm.nih.gov/pubmed/28880241
https://doi.org/10.1039/D0CS01324B
https://doi.org/10.1351/pac200476101825
https://doi.org/10.3390/pharmaceutics15051536
https://www.ncbi.nlm.nih.gov/pubmed/37242778

	Introduction 
	An Overview of Published Articles 
	References

