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Cyclodextrins as drug carriers

Abstract: In the paper selected examples of cyclodextrin inclusion complexes
with drugs are presented, pointing out advantages of their encapsulation.
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Introduction

Cyclodextrins (CDs) are cyclic oligosaccharides containing 6, 7 or 8 o.-D-
glucose units linked by 1-4 glycosidic bonds, i.e. a-, - or y-CDs, respectively
[1,2]; it should be mentioned that higher CDs are also known [3]. CDs have
hydrophilic outer surface and hydrophobic inner cavity; they may encapsulate
organic and inorganic molecules. Due to this ability they are widely used in
industrial, pharmaceutical and chemical fields and are a topic of an intense
investigation [4-13]; the theme of our research group concerns chemical and
physicochemical properties of CDs [14-19].

CDs influence chemical reactions [20, 21] and show catalytic properties
[22]; they affect stability of guest molecules and may cause their chemical
changes, e.g. they increase photofading resistance of free azo dyes and dyes
anchored to cotton fibers [23]. Encapsulation in CD cavities alters properties of
guest molecules, for example their solubility in water is significantly improved,
this fact being of value for better accessibility of lipophilic drugs from
alimentary canal [24].

CDs are used in drug delivery systems; the encapsulation of poorly
soluble drug in CD cavity results in its increased solubility and bioavailability. It
should be pointed out that orally administered drugs as a majority are poorly
soluble. The use of CDs as drug carriers allows to avoid such difficulties in drug
formulation as their sensitiveness to destruction and their side effects, e.g.
toxicity or irritation of skin; the understanding of CD/drug interaction is of
a great importance in the control of the rate of release [25]. The encapsulation
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of drugs in CD cavities by weak binding forces provides a useful model to mimic
the interaction of drugs with hydrophobic pockets of biological substrates [9].

Since CDs are nontoxic, they may be added to drugs and foods; their
easy and environmentally friendly preparation by enzymic degradation of
starch enables their wide use in a variety of fields. CDs are chiral, therefore
they can form a diastereomeric pair with included racemate; they are useful as
chiral selectors in many areas of chemistry and biology [26, 27].

The number of reports concerning CDs is enormous; in the present
paper only several selected examples of CD complexes with drugs are
described.

Examples of CDs as drug carriers

It was established that B-CD forms 1:1 inclusion complex with
anesthetic 1. The investigation of UV-Vis absorption and picosecond emission
spectra has shown that upon encapsulation the emission intensity and the
fluorescence lifetime increase [28]. This study is of importance for the better
understanding of the photochemistry of encapsulated drugs and is of value in
the search for species useful in phototherapy.
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The formation of 1:1 inclusion complexes of -CD with novocaine 2 and
its monoprotonated form 2H" has been studied using steady-state fluorescence
and UV-Vis spectroscopies [29, 30]. Novocaine is a local anesthetic existing as
a neutral molecule 2 and as a monoprotonated form 2H".
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The interaction of B-CD with permethrin 3 affords two inclusion
complexes: B-CD-3 and (B-CD),-3, which coexist in aqueous solution [31, 32].
Permethrin is a synthetic pyrethroid, used as a drug in the prevention of
malaria, in treatment of HIV and as an insecticide. Permethrin is poorly soluble
in water; inclusion into B-CD cavity improves its solubility and increases
insecticidal activity, these facts being promising for its more effective use in
medicine and in agriculture.
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It was observed that o-CD, B-CD and HP-B-CD (hydroxypropyl-B-CD)
form 1:1 inclusion complexes with the drug pefloxacin 4; as a result the
aggregates of 4 may break [33]. The complexation was studied by 'H NMR, *C
NMR and fluorescence spectroscopy methods. Spatial characterization based
on 2D NMR technique allowed to propose two models of complexes.
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The interaction of B-CD with gossypol 5 leads to 2:1 complex; due to
complexation the solubility and thermal stability of drug increases [34].
Gossypol is present in root bark and in seeds of gossypium. Gossypol is clinically
used to resist tumor and fungal pathogens and to reduce plasm cholesterol, it
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shows however some side effects on human body; the inclusion into CD cavity
enables their decrease.

CHO OH OH CHO
HO OH

Treatment of P-CD with antraquinone derivatives 6-9 affords 1:1
inclusion complexes; their stability decreases in the order 9 > 6 > 7 > 8 [35].
Antraquinone derivatives are drugs used in the treatment of cancer.
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The formation of 1:1 inclusion complexes of 3-CD with polyamide acids
10-14 has been investigated using electrospray ionization (ESI) mass
spectrometry [36, 37]. Polyamides containing N-methylpyrrole and
N-methylimidazole units have anticancer properties. The binding affinities of
10-14 in complex decrease in the order 13 >12 > 11> 10 > 14 [36, 38].
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It was observed that B-CD forms the 1:1 inclusion complex with
2-mercaptobenzothiazole 15 [39]. This compound is used in medicine as
antifungal drug, it also serves as biocorrosion inhibitor, as additive in rubber
industry and as a coating agent of metallic surfaces. 15 is volatile, it is present
in waste water of rubber additive plants; its toxicity is harmful for the
environment. The complexation of 15 by B-CD is very promising for the
environment protection.

The ability of CDs to form inclusion complexes may be of use in
analytical chemistry due to change of physical properties of guest molecules
upon complexation. As an example may serve the flow injection
spectrofluorometric method [40, 41] for determination of dequalinium chloride
16 in tablets and in serum. Compound 16 is an antibacterial and antifungal drug
used in pharmaceuticals in infections of mouth and throat, as well as in
cosmetics of oral hygiene.
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When B-CD is added to aqueous solution of 16, a strong increase of
fluorescence intensity occurs, this fact enabling the above analysis [42]. In this
process 3-CD forms with 16 the 1:1 inclusion complex.

Inclusion complexes of 3-CD, DM-B-CD, i.e. heptakis(2,6-di-O-methyl)-
B-CD and TM-B-CD, i.e. heptakis(2,3,6-tri-O-methyl)-B-CD with four cinchona
alkaloids 17-20 were investigated [43]. Cinchona alkaloids 17-20, i.e.
cinchonine 17, cinchonidine 18, quinine 19 and quinidine 20 are antimalarial
drugs; moreover quinidine 20 is useful as a sodium channel blocker in the
treatment of cardiac arrhythmias.
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Cinchona alkaloids 17-20 are encapsulated in CD cavity in acidic
medium and may be released in a neutral medium; therefore 3-CD, DM-3-CD
and TM-B-CD may serve as carriers for these drugs [44].

The inclusion of 17-20 into CD cavities improves their water solubility.
It is known that methylated [-CDs, such as DM-B-CD or TM-B-CD have
a deeper cavity than native B-CD, therefore methylated [-CDs are more
efficient receptors for cinchona alkaloids than -CD.
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CDs protect 17-20 at acidic pH, since CDs bind 17-20 more strongly at
acidic pH (like that of the gastric acid), and release 17-20 at neutral pH (like
that of serum). The explanation of this fact involves hydrogen bond
interactions. At acidic pH the nitrogen atoms of 17-20 are protonated, and
show strong hydrogen bond interactions with numerous oxygen atoms of CDs.
At neutral pH however, these hydrogen bonds are weaker due to
deprotonation, and as a result the binding between host and guest decreases.

Conclusion

Chemistry of CDs is a rapidly developing research area, this fact having
its reflection in numerous works [45, 46]; among them those concerning CD
inclusion complexes with drugs deserve a special attention [47-50]. The present
paper is not meant to be exhaustive, but simply highlights the main features of
CDs useful as drug carriers.
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Cyklodekstryny jako przenosniki lekow

Streszczenie: W artykule przedstawiono wybrane przyktady komplekséw
inkluzyjnych  cyklodekstryn z lekami, podkreslajagc pozytywne zmiany
wiasciwosci lekdw spowodowane ich kompleksowaniem.

Stowa kluczowe: cyklodekstryna, kompleks inkluzyjny, lek, rozpuszczalnosé
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