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Abstract

Cyclodextrins are promising, but using them as an excipients can sometimes be difficult. The aim of this review is to summarize the
results of recent studies on the application of parent cyclodextrins (a-, b-, c-) and some of their derivatives in topical formulations. Gen-
eral properties, current legal status, and toxicological aspects of cyclodextrins are briefly described. The goal of using cyclodextrins to
create new formulations with well-known actives, advantages, and limitations in topical formulations is presented, and possible appli-
cations in such preparations are also discussed.
� 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Cyclodextrins (CDs) are cyclic oligosaccharides com-
posed of at least six D-(+)-glucopyranose units linked by
a-(1–4) bonds (Fig. 1a) [1]. Natural CDs occur in the form
of white crystalline powder, and they form stable hydrates.
CDs have quite rigid structures (stabilized by hydrogen
bonds between C2 and C3 hydroxyl groups) lacking free
rotation in a-(1–4) bonds; thus they form torus-like mole-
cules (truncated cone) (Fig. 1b) [1]. CD molecules have a
hydrophilic outer surface (all hydroxyl groups in the ring
are located in the exterior of torus) and a hydrophobic inte-
rior (there are skeletal carbons with hydrogen atoms and
oxygen bridges inside the cavity). The non-bonding elec-
tron pairs of the oxygen bridges are directed toward the
inside cavity, thereby generating high electron density [2,3].

While CDs were first isolated by Villiers in 1891, the
main characteristics, preparation, and isolation technique
were described by Schardinger [4,5]. In the beginning, only
very small amounts of CDs were produced. It was only in
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the late 1970s when biotechnological development enabled
production of purified CDs with high yield that the
‘‘career’’ of CDs started.

There are three main natural CDs: a-, b-, and c-CD
composed of six, seven, and eight glucose units, respec-
tively. They differ in ring size and physicochemical proper-
ties (Table 1). It is possible to achieve higher homologues,
but because of their properties – large cavity dimension,
high aqueous solubility, and weak complex formation –
they cannot be of practical use. The CDs contain 18 (a-
CD), 21 (b-CD), or 24 (c-CD) hydroxyl groups that can
be chemically modified. To improve some physicochemical
properties of natural CDs, many types of derivatives have
been developed: hydrophilic (methylated, hydroxyalkylat-
ed, and branched), hydrophobic (ethylated), ionic (sulphat-
ed and phosphated) [2–5]. Derivatisation of parent crystal
CDs usually leads to achieving amorphous mixtures of iso-
mers; thus, their aqueous solubility is much higher [6].

The most important attribute of CDs is the ability to
create inclusion complexes with a large number of mole-
cules or their portions; however, not all molecules (drugs)
can form stable complexes. There are some limitations, like
very high aqueous-soluble substances, that generally can-
not be included. Recently Martins et al. [7] reported that
high soluble drug substances are able to create with CDs
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Fig. 1. Structure (a) and torus-like shape (b) of b-CD molecule [1].
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rather an association compound in which drug interacts
with the hydrophilic outer surface of CD (hydroxyls at
position 3).

The size – geometric factor of the molecule is most
important because it decides whether the molecule is able
to form ‘‘stable’’ inclusion with a-, b-, or c- CD. If the mol-
ecule had adequate properties, it interacts with CD inside
cavity without forming covalent bonds; this interaction is
‘‘guest/host’’ type. CD inclusion complex is mainly formed
via the substitution of included water by the appropriate
‘‘guest’’ molecule. Release of the enthalpy-rich water mol-
ecules from the cavity decreases the energy of the system. A
decrease in the energy of the system is due to reduce the
contact surface area between the solvent and solute as well
as solvent (highly polar water) and imperfectly solvated
(hydrophobic) CD cavity. Some other factors, such as
hydrogen bonding, changes in surface tension, van der
Waals’ interactions, and ring strain release, also can have
some influence on the complex formation. The complexa-
tion is usually a concentration-dependent process and the
molar ratio (1:1, 1:2, 2:1, 2:2) can depend on the ‘‘guest/
host’’ proportion. It is possible that in solution the mole-
cule interacts with the outer surface of CD and CD com-
plexes agglomerate (self-association) [8–10].

The association/dissociation equilibrium in aqueous
solution is one of the most characteristic features of inclu-
sion. Drug release from the CD complex is mainly caused
by dissociation due to dilution in fluids. In the case of top-
ical applications, such as ocular, nasal, rectal, or dermal,
with minimal or impossible dilution mechanism, the poten-
tial mechanism of drug release from CD complex is prefer-
ential drug uptake by tissue [11]. As reported by Stella et al.
[11] if the drug substances possesses physicochemical prop-
erties that allow it to penetrate into or through biological
membranes (skin, mucosa, or cornea), then the tissue acts
as a sink causing dissociation of the complex. Only a free
fraction of drug that is in equilibrium with the complexed
fraction may be available for absorption, thus CDs are able
to increase bioavailability rather by deliver the drug sub-
stance to absorption site and by minimisation of drug
hydrophobicity than permeation by itself. The penetration
into or permeation through the biological membranes of
inclusion complex and CDs are questionable because of
their large mass (>1000 Da) and hydrophilicity [3,11–16].
However, there are few works that demonstrate some
absorption of CDs by pulmonary, dermal (occluded) or
transmucosal route, probably through paracellular path-
way [17,18]. There are also suggestions that certain CDs
(especially methylated) are able to extract membrane com-
ponents [3,18]. This problem is wider discussed in Section
2.

2. Toxicological aspects

Natural CDs are regarded as a non-irritant to skin, eyes,
and mucosa upon inhalation [2]. However, a-CD may
cause some non-corrosive eye irritation. Among CD deriv-
atives, HP-b-CD (HP – hydroxypropylated) is regarded as
safe and non-irritating, while methylated CD can cause
serious irritations and even corrosion to the eye [3]. Jansen
et al. [19] studied the toxicity of solutions containing 12.5%
of HP-b-CD and 12.5% or 5% of DM-b-CD (DM – dime-
thylated) on the corneal epithelium of albino rabbits after
single and multiple administrations. They concluded that
DM-b-CD is toxic to the cornea in concentrations of
12.5% and 5%, whereas HP-b-CD in concentration of
12.5% is well tolerated. Cytotoxic studies on human cor-
neal epithelia cell line indicated that cytotoxicity of CDs
decreased in the following order: a-CD > DM-b-
CD > SBE-b-CD (SBE – sulfobutylated) = HP-b-CD > c-
CD [20]. Toxic effect of a-CD and DM-b-CD appeared
very quickly (just after 5 min). Cytotoxicity of CD on
corneal membranes may be due to its interaction with
membranes components, such as cholesterol, phospho-
lipids, and proteins [2,20,21]. However, there is commer-
cially available eye drops drug product (Clorocil�)



Table 1
Physicochemical properties of CDs [2,3]

CD type Glucose
units

Molecular
weight

Aqueous solubility [%; w/w] Cavity
diameter [Å

´
]

Cavity
volume [Å

´ 3]
Crystal water
content [%; w/w]20 �C 25 �C 35 �C

a-CD 6 972 9.0 12.7 20.4 4.7–5.3 174 10.2
b-CD 7 1135 1.64 1.88 2.83 6.0–6.5 262 13.2–14.5
c-CD 8 1297 18.5 25.6 39.0 7.5–8.3 427 8.13–17.7
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containing RM-b-CD (RM – randomly methylated) and
chloramphenicol.

For evaluation of the influence of CDs on membrane
irritation, damage, or induced cytotoxicity, hemolysis data
are useful [3,22]. The haemolytic effect depends on the type
(for parent CDs it is in following order: b-CD > a-CD > c-
CD) and concentration (strongly) of CD [3,23], and that of
methylated CD is much higher than other CDs [23].

As described by Ohtani et al. [24], CDs extract the lipids
from membrane without entry into the membrane. The
CDs form a new lipid containing compartment in the aque-
ous phase that equilibrates freely with the cell surface [24].
a-CD is able to solubilising rather phospholipids than ster-
ols, while b-CD interact mainly witch cholesterol and pro-
teins [18,24,25]. Derivatisation had a big influence on CDs
ability to solubilise membrane ingredients, as presented by
Motoyama et al. [26]. DM-a-CD markedly release proteins
from rabbits red blood cells in opposite to HP-a-CD and a-
CD that interact only with phospholipids [26].

Application of CD solution directly onto the mucosa
(nasal, buccal or vaginal) is regarded as safe for hydrophilic
and natural CDs in a wide range of concentrations, while
for methylated CD derivatives, the concentration and the
application time should be controlled [21,27,28]. Asai
et al. [27] demonstrated that 20% RM-b-CD causes serious
damage (cracks) to the rat nasal mucosa and that adminis-
tration of 10% solution causes irritation and thereafter
heavy secretion in paradox protect cell. Even at 5% of
RM-b-CD, they noticed some morphological changes in
epithelia but only after longer application time. Investiga-
tion by Agu et al. [28] on the model of human nasal culture
cell demonstrated that changes in ciliary beat frequency
caused by 5% DM-b-CD and 5% a-CD are reversible
and/or partly reversible, whereas for 10% DM-b-CD
changes are irreversible. These results are in good agree-
ment with the studies of Boulmedarat et al. [21] on the tox-
icity of RM-b-CD on human oral epithelium model cell.
There was indicated that 10% RM-b-CD results in toxic
and inflammatory effects depending on the exposure time,
while 2% or 5% did not induce tissue damage. Romeijn
et al. [29] and Boek et al. [30] reported, on the base of stud-
ies that were performed in vitro using chicken embryo tra-
chea as an tissue model, that methylated b-CD used in
nasal formulations (2% or 4% concentration in complexes
with estradiol, salmon calcitonin, or dihydroergotamine
methansulfonate) had a similar ciliary beat frequency as
physiological saline. Test with using cryopreserved human
mucosa from the sphenoidal sinus and 2% methylated b-
CD solution was also performed, and the ciliary beat fre-
quency was similar for both chicken and human tissues.
Also acute histological effects of singly applied 2% DM-
b-CD on the epithelium of the nasal cavity in vitro were
similar to those induced by saline [29]. Methylated b-CD
can be regarded as safe below concentrations of 5%; fur-
thermore, in vivo conditions – dilution and mucociliary
clearance – will provide decrease of CD concentration
and irritation in place [21,28]. Calidiol� nasal spray con-
tains estradiol and RM-b-CD and is applied in treatment
of osteoporosis in postmenopausal women. It provides
very fast drug diffusion to the tissue cells and thus a
pulsative therapy. Also HP-b-CD as hydrophilic natural
CD is regarded as non-irritant to the mucosa and had no
direct influence on mucosa integrity, however it can
increases the activity of a lipophilic absorption enhancer.
Irie et al. [18] presented that combination of HP-b-CD
with 1-[2-(decylthio)ethyl]azacyclopentae-2-one enhanced
absorption of CD as well as permeation marker (fluores-
cein isothiocyanatedextran) via nasal cavity after lag phase.
Simultaneous application of CDs with other excipients can
potentially influence on their permeation, and not only on
permeation of drug substance.

b-CD, applied under occlusion condition onto the skin
surface in humans, does not induce irritation or allergenic
reaction [2,3]. Skin compatibility with CDs, both natural
and a wide range of derivatives, has been summarized
recently by Piel at al. [31]. All tested CDs were well toler-
ated by the stratum corneum, with the exception of dime-
thylated derivatives where changes in corneoxenometry
were observed, which can indicate disruption in the lipid
bilayers. Overall, natural CDs and their hydrophilic deriv-
atives are not able to permeate skin barrier in significant
amounts; thus they are safe for topical applications
[3,12,32,33]. As summarized by Loftsson and Masson
[12], only 0.02% of the HP-b-CD applied dose was
absorbed into mouse skin and only about 0.3% of DM-b-
CD dose was absorbed through rat skin. This is in good
agreement with the results of Legendre et al. [33] for C14-
radiolabeled RM-b-CD, which ones found 0.1–0.2% of this
CD in acceptor fluid after 24 h permeation and about 0.7%
of CD bounded to the surface of the stratum corneum. Even
dimethylsulphoxide did not enhance RM-b-CD penetra-
tion. Only lipophilic RM-b-CD can interact with mem-
branes more readily but in high concentrations [27,31].
There is also no evidence that CDs, even after prolonged
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oral administration, can cause mutagenic or teratogenic
effect [2,3,34–36].

Generally, all types of above-discussed CDs can be used
in skin and mucosal formulations safely and without risk of
irritation; even methylated CDs in low concentrations can
be safely applied. Only for aqueous solution/suspension
containing high concentration of CDs there is some prob-
ability that methylated CD will interact with the stratum

corneum lipids (cholesterol, triglycerides) and temporarily
affect the membrane integrity [27]. As a consequence of
low b-CD aqueous solubility (1.85% at room temperature),
they cannot affect membrane structure when administrated
as solution. For eye preparation c-CD, HP-b-CD and SBE-
b-CD are recommended.

3. Legal status

a-CD (Alfadex) and b-CD (Betadex) have their own
monographs in the current European Pharmacopoeia
(EP), British Pharmacopoeia (BP) and United States Phar-
macopoeia (USP). They are classified as an excipients, not
as part of the drug substance, although opinions about
such classification are divided. The first monograph on
Betadex appeared in 1997 in the EP, and b-CD is the most
popular and well-investigated CD. Among CD derivatives,
only HP-b-CD has a legal status and own pharmacopoeial
monographs in current EP and BP, whereas dimethyl-b-
CD, 2-hydroxyethyl-b-CD, 2-hydroxypropyl-b-CD, 3-
hydroxypropyl-b-CD, and trimethyl-b-CD are regarded
as related substances [37]. The problem with derivatives is
mainly based on homogeneity of the final product. For
example, methylated CDs are commercially available in
various qualities, such as dimethyl-b-cyclodextrin with iso-
meric purity of 50%, 80% or 95% (DIMEB-50, DIMEB-80,
and DIMEB-95, respectively) (there is no 100% pure 2,6-di-
methyl-b-CD); whereas pharmacopoeial HP-b-CD is char-
acterised by molar substitution in the range 0.4–1.50.

The approval status, toxicological aspects according to
accepted application way, and economical aspect of natu-
ral CDs do not create limitations for their usage. This sit-
uation is still more complicated for CD derivates, with
the exception of HP-b-CD, because of higher prices, lack
of official monographs, differences in molar substitution
number, and purity levels between marked products. The
physicochemical properties of CD derivatives, including
the ability to form complex with the drug, can be changed
by not only the type but also by the number and position of
the substituents [38–41]. The degree of substitution is stated
as average and does not indicate the substitution position,
thus it is not a uniquely characterised derivative, as seen in
HP-b-CD [41].

The poor legal status of CDs implicates difficulties for
using them as an excipients in the drug products. As stated
by European Medicines Agency (EMEA) in the draft of
newest guideline concerning excipients, there are four
groups of these compounds: excipients described in the
EP or in the pharmacopoeia of an EU Member State, excip-
ients described in a third country pharmacopoeia, excipi-
ents not described in any pharmacopoeia and novel
excipients [42]. Registration requirements for excipients
described in pharmacopoeias are well-known, but for
non-pharmacopeial substances the requirements are more
detailed and expanded, and for novel excipients – even as
restrictive in some field as for the drug substances.

4. Application of CDs in topical formulations

4.1. Practical aspects

Practical use of the obtained complex with CDs is more
complicated than forming the inclusion. As presented by
Szejtli [23], drug formulations with CDs are usually not
bioequivalent to their reference products. Even when only
better stability is required, the absorption of the drug will
be usually affected in the positive or negative way. CDs
are able to modify mucosal, dermal, or corneal application
both by increasing (supergenerics) [6,43–47] or modifying
delivery (retarded or prolonged release) [6,48–50]; hence,
no reference products exist for performing a comparative
studies. Therefore, for registration purpose, all preclinical
studies are necessary, which increase developmental cost
for such products, and the reduction of dose does not solve
this problem [23].

Additionally, lack of unified valid pharmacopoeial
in vitro release methods makes difficult to compare a new
semisolid formulations with CD addition to those without
modification. Dissolution test is of utmost importance in
quality control; so for semisolid forms the test should also
prove lack of batch-to-batch variations, adequate quality,
stability during storage time, and equivalence of the prod-
uct after quantitative and qualitative changes in the com-
position [51]. Though in EP performing suitable test is
suggested for demonstrating appropriate release of the
drug substance, there is no description of such test.

The most popular and FDA-approved method for dis-
solution/permeation testing from topical preparations is
with use of Franz diffusion cell. However, there is no uni-
fication of test parameters, the dimensions differ a lot
between laboratories and manufacturers. Particularly,
two main parameters are different: cross-sectional surface
area and volume of receptor compartment [13,33,49,52,53].

4.2. Advantages

4.2.1. Elimination of irritating effect (or toxicity) – when

drug substance is irritating to the cornea, mucosa or skin and

avoidance of some excipients, such as pH regulators,

solubilising agents or organic solvents

Composition of ocular drug products is often a compro-
mise between solubility, pH, viscosity, and stability. Sig-
urdsson et al. [54] ascertained that CDs are useful for
attaining such compromise. The topical availability of dor-
zolamide from the CD-containing eye drops appeared to be
comparable to Trusopt�. In this study, the authors use
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RM-b-CD, which is not recommended for ophthalmic
application; therefore, the practical aspect of this formula-
tion can be disputable. HP-b-CD enables solubilisation of
tropicamid at pH 7.4 phosphate buffer instead of standard
1% tropicamid eye drops buffered at pH 5.0 (irritant to eye)
[55].

For ocular or mucosal liquid formulations, it is very
important to improve aqueous solubility because it is the
only appropriate solvent for safe administration. For nasal
drops with disoxaril or eye drops with hydrocortisone,
additional solubilising agents or permeation enhancers
may have corrosive or toxic effect on the mucosa or cornea
[14,56–59].

Bary et al. [56] proved the increased bioavailability for
hydrocortisone/HP-b-CD complex in ophthalmic solution
compared to drug suspension. In nasal delivery, aqueous
solutions are also favoured, and for disoxaril it was only
possible thanks to DM-b-CD complexation [14]. Many
substances were tested in experimental animals, isolated
corneal models, and in pilot study in humans. These studies
resulted in a few eye drops products, such as Naclof� or
Voltaren� (diclofenac sodium with HP-c-CD), Indocol-
lyre� or Indocid� (indomethacin with HP-b-CD) and
Clorocil� (chloramphenicol with RM-b-CD).

Also for liquid preparations intended for application
onto the skin the most biocompatible solvent is water.
Montassier et al. [60,61] proposed aqueous-soluble treti-
noin/b-CD complexes as an alternative for use 60% ethanol
as a solvent. The solubility of drug was the same in both
cases. Organic solvents, like ethanol, are corrosive to the
skin and their volatility may cause recrystallisation of the
drug substance during storage. CDs can be an alternative
for them.

It is possible to eliminate some corrosive activity of drug
molecules on the tissues by using of CDs. A decrease in the
invasive action of celecoxib on the stratum corneum by
DM-b-CD and HP-b-CD was demonstrated in histological
studies [62]. Ventura et al. [62] documented that DM-b-CD
alone causes more injuries on the stratum corneum than cele-
coxib/DM-b-CD complex. It is possible because only free
components can interact with the stratum corneum; the drug
substance blocking interior cavity of CD and CD ‘‘holds’’
invasive particles inside. HP-b-CD was less effective in elim-
ination of skin toxicity because of lack of complex formation
– only external interactions were possible. Anadolu et al. [44]
reported that three months of application of hydrogel and
moisturising vehicle, both containing retinoic acid/b-CD
complex, cause less side-effects than a commercial product
without b-CD. The overall percentage of topical side-effects
(erythrema, desquamation, xerosis, and irritation) for com-
mercial products was 93%, while for the b-CD-containing
formulations it was only 27%.

For reducing skin toxicity of N,N-diethyl-3-methylben-
zamide, two highly hydrophilic CDs, namely HP-b-CD
and c-CD, were used [49]. The reported lower in vitro

release of the drug substance is probably due to better
affinity of the drug to the vehicle.
4.2.2. Improvement of drug substances absorption

In the topical formulations, improved solubility is usu-
ally associated with enhanced bioavailability, like for eye
drops containing: dorzolamide [54], tropicamide [55],
hydrocortisone [56], acetazolamide [63], methazolamide
[64], thialidomide [65], ganciclovir [66], disulfiram [67], zinc
diethyldithiocarbamate [68], cannabinoids [69], and myco-
phenolate mofetil [70] or preparation intended for skin
application: sericoside [45], piroxicam [52], celeoxib [62],
tretinoin [60,61], 4-biphenylylacetic acid [71], hydrocorti-
sone [72], oxybenzone [73], and bupranolol [74]. The
increase in bioavailability is mainly due to higher concen-
tration in the site of administration, caused rather by
higher aqueous solubility and thus improved availability
onto the tissue surface than enhancement activity of CDs
by itself. Schoch et al. [75] demonstrated that modified
CDs (HP-c-CD as well as oktakis-c-CD) significantly
increased in vitro corneal permeability of diclofenac sodium
in comparison to formulation containing Cremophor. Eye
permeation enhancement is not a result of tissue damage,
rather the effect of interaction CD-drug or CD-tissue (pos-
sible an ion channel activity).

The improvement of skin permeation is possible by
increasing drug solubility, which improved availability
onto the skin surface or by influence on the barrier function
of stratum corneum (probably only in the case of DM-b-
CD) [62].

In the studies of Ventura et al. [62] on percutaneous
absorption of celecoxib from 0.01% solution or suspension
in presence of HP-b-CD and DM-b-CD, both CDs influ-
enced the in vitro drug permeation through human skin by
shortening the lag time from 2 h to 35 min for 5% DM-b-
CD and to 1 h for the same concentration of HP-b-CD.
The cumulative amount of celecoxib permeating through
the skin after 24 h was up to 7–8 times greater when either
HP-b-CD or DM-b-CD was present in the donor phase in
contrast to the uncomplexed drug substance.

4.2.3. Effects on pharmacokinetics
A CD-formulated drug is practically never bioequiva-

lent with the reference product. It can have improved or
decreased bioavailability, the drug action can be delayed
or accelerated in time. As described earlier, it is possible
to reduce lag time for transdermal permeation or achieve
faster analgesics and anti-inflammatory effect in eye drops,
as for nimesulide-containing formulations [62,76].

Decrease in application frequency is especially useful for
elder people. Saari et al. [77] reported that there were no
statistically significant differences between three weeks
therapy with 0.1% dexamethasone applied three times daily
for postcataract inflammation and 0.7% dexamethasone/
CD complex applied once daily.

Bilensoy et al. [48] observed that complexation with b-
CD reduces the release of clotrimazole from mucoadhesive
vaginal gel formulation. The cumulative release after three
days was 40% for drug/b-CD complex and 80% for clo-
trimazole incorporated alone into gel; however, after 24 h
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there was no significant difference between both formula-
tions. It is suggested by authors that gel-containing clo-
trimazole/b-CD can be used as a controlled-release
vaginal formulation; in practice, it will be hard to keep
any gel system onto vaginal mucosa for more than 4 days.
In addition, the initial 20–30% release after 10 h is very
high in comparison to only 40% release after 3 days, and
the applied experimental model cannot predict the behav-
iour of the formulation in vaginal fluid.

In transdermal therapeutic system technology, some tri-
als on using CDs to modify release profile have been per-
formed. Davaran et al. [78] used b-CD in nicotine
transdermal patch to provide the active in a sufficient, safe,
and controlled way. The release is controlled not only by
patch membrane but also by dissociation of the inclusion
complex, and the complex formation equilibrium can be
regulated by CD amount. Pose-Vilarnovo et al. [79] con-
cluded that for hypromelose-based gel system, high CD
concentration retards drug release by increasing tortuosity
of the diffusion pathway in matrix by ‘‘empty’’ CD cavities.

4.2.4. Improvement in physical-, chemical- and photo-
stability of drug substances

Sometimes it is necessary to prolong drug stability in
solution or gel formulations. Kim et al. [80] noticed that
rhEGF/HP-b-CD complex formation significantly
increased the stability of human epithelial growth factor
at 4 �C in comparison to free polypeptide. Stabilising effect
of HP-b-CD on chemical and enzymatic degradation of
ganciclovir prodrugs in eye drops was observed by Tiruche-
rai et al. [66].

It is usually more beneficial to formulate an aqueous
solution formulation for nasal administration instead of a
suspension. For new anti-viral compound disoxaril (with
very low aqueous solubility of 0.1230 lg/ml), preparing
only an acidic pH solution is possible, though it resulted
in rapid hydrolysis of the drug. Even at pH 7.0, this drug
completely hydrolysed after 36 h at 4 �C. Ventura et al.
[14] demonstrated that in the same conditions, disoxaril
complexed with DM-b-CD was found intact in amounts
of 90% after 15 days. Stability effect decreased when the
storage temperature was increased to 37 �C and was 5 times
less than in 4 �C. Besides inhibiting hydrolysis, CDs can
also eliminate crystallisation during storage of poorly solu-
ble drugs, such as sericoside in extract form. In emulsions
containing HP-c-CD and c-CD (both o/w and w/o type),
no crystallisation was found even after a 6-month storage
period at 40 �C, while for sericoside/b-CD complex crystal-
lisation occurred rapidly [45]. It was suggested that it is a
result of interaction between (smaller than c-CD) particles
of b-CD and raw vehicle materials.

Photostability effect was observed for sunscreen agents
with CDs [50,81,82]. The phenylbenzimidazole sulfonic acid
that was complexed with HP-b-CD and next incorporated
into cream formulation remains 99% intact during long-term
stability studies (6 months at room temperature in dark) in
contrast to 81% for uncomplexed agent [82].
4.2.5. Reduction of drug substances metabolism in site of

application

Complexation of dexamethasone with b-CD and HP-b-
CD protects the drug substance against skin metabolism.
Such studies performed by Lopez et al. [46] on the homog-
enised mouse skin during 2 h resulted in 30% and 65% deg-
radation of dexamethasone for complexed and free drug,
respectively. However, this stabilising effect is limited
ex vivo and in vivo by the non-homogenised full skin
because CDs are not able to penetrate into viable skin
layers.

4.3. Limitations

4.3.1. Low efficiency of complexation
For some molecules, the efficiency of complexation is

low and quite large amounts of CDs are necessary to form
inclusion complex. It can result in relatively large excess of
CDs in the final product, even when the dose of the drug
substance is small [83]. For piroxicam and b-CD or RM-
b-CD complexes with inclusion stoichiometry 1:1 prepared
by freeze-drying method, the content of drug was 22.6 and
19.9%, respectively [52]. This means that for 1% drug for-
mulation, 5% of piroxicam/b-CD complex had to be used,
which will result in obtaining a suspension formulation
(only 1.85% of b-CD could be dissolved in water at
25 �C). For itraconazole/HP-b-CD-containing vaginal
cream, obtaining 1% concentration of drug substance
needs addition of 43.6% CDs [84], while for the sunscreen
agent – phenylbenzimidazole sulfonic acid – 10-fold molar
excess of CDs was necessary to prepare a stable inclusion
complex [82]. In most cases, maximal dermal (or transder-
mal), mucosal or corneal absorption is possible when con-
centration of CDs is minimized to a small particular range,
while the excess of CD amount results in inhibition of
absorption [43,56,62,73,74,79,85–87].

Because only the uncomplexed drug can be absorbed
thus complex stability constant had a great influence on
the drug bioavailability from inclusion complex. Rate con-
stant of complex formation can vary in a wide range: from
100 to 108 1 m�1 s�1. The 0 value of dissociation rate con-
stant means that drug is incapable of forming an inclusion.
For complexes with high value of rate constant, like nitro-
phenol (108 1 m�1 s�1), the drug diffusion from the com-
plex will be the limiting factor (retarding release). High
dissolutions rate constants are important in the case of sta-
bility improvement or bitter taste elimination, while in
preparations aimed for bioavailability increasement the
lower range are necessary. Stability constant most often
is between 50 and 200 mol�1, with mean values of 129
and 490 for a- and b-CD, respectively [88].

4.3.2. Large difference in mass between CD and ‘‘guest’’ and

relatively low aqueous solubility of natural CDs

Differences in mass between CD and ‘‘guest’’ (1000 and
200–400, respectively) result in small mass loading even
when the efficacy of complex formation is excellent; such
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effect is a limitation for drugs with high dosage. Thus for-
mulations with small dosage can be produced, such as eye
drops containing 1% of indometacin or 1% of diclofenac
sodium with presence of 10% and 2% of certain CDs,
respectively, while it is impossible to produce topical skin
formulations with high drug concentration (10%) in the
form of solution or use as an excipient CD with low aque-
ous solubility, like natural b-CD.

The most popular b-CD is the least soluble among nat-
ural CDs. Additionally, CD solubility increases sharply
with temperature (Table 1), which can lead to uncontrolled
recrystallisation during cooling or rapid changes in storage
temperature. Also the CD solubility generally decreases in
the presence of organic molecules, such as ethanol or pro-
panol [23].

4.3.3. Interaction with CD inclusion complex

Small lipophilic molecules in aqueous solutions can dis-
place drug ‘‘guest’’ from CD cavity by reducing solubilising
or stabilising effect, or creating inclusion with ‘‘empty’’
CDs. The activity of some anti-microbial preservatives
can be reduced in aqueous phase by the presence of HP-
b-CD [89,90] and b-CD [10,91]. This is important for eye
drops where HP-b-CD may have practical application.
Probably it was a reason to use thiomersal as a preservative
agent for Indocollyre� drug product (0.1% indomethacin
and 10% HP-b-CD) [92]. Chan et al. [91] reported that b-
CDs in small concentrations (0.25%) are not capable of
interacting significantly with four parabens (methyl-,
ethyl-, propyl-, and butyl-). However, the degree of interac-
tion was found to increase proportionally with the concen-
tration of b-CD (0.5%, 0.75%, and 1.0%). Methyl-paraben
showed a higher extent of interaction than ethyl- and pro-
pyl-parabens due to its small size and the steric energy. H
NMR studies indicated that methyl group was accommo-
dated inside the hydrophobic cavity while ethyl group
was not in the cavity. Ethyl-, propyl- and butyl-parabens
showed a regular trend of increase in the extent of interac-
tion – probably due to changes in the orientation of the
alkyl chain in the presence of b-CD [91]. This indicates that
for new formulations with CDs and water content, appro-
priate anti-microbial efficacy test had to be examined very
carefully. This problem does not occur for c-CD thanks to
the geometric factor – largest dimension of interior of cav-
ity. As an example, Naclof� preparation (containing dic-
lofenac sodium and HP-c-CD) is preserved with
benzalkonium chloride.

Also in semisolid formulations, mainly in aqueous
phase, the problem of interaction between some excipients
and inclusion complex of the drug can occur. Bilensoy et al.
[48] founded that Carbopol 934 interacts with gel formula-
tions containing b-CD and clotrimazole, and causes precip-
itation during a few hours. The mechanism of this
incompatibility stays undefined. It is probably due to the
interaction of polymer with an uncomplexed drug – not
directly with CD ring. Propylene glycol, commonly used
as a co-solvent, can interact also with CD cavity in the
presence of the included drug substance. As presented by
Doliwa et al. [15] propylene glycol reduced piroxicam/
HP-b-CD complex stability about 30 times. This indicates
that propylene glycol molecules are able to displace pirox-
icam from inclusion with HP-b-CD cavity.

Shigeyama et al. [38,93] proved the interaction between
b-CD and emulsifying agent – Cremophor 60. In the mixed
hydrophilic ointment with purified lanolin (ratio 7:3) fused
with a-CD or b-CD the oil droplets were found, whereas
no visible structural changes in the presence of DM-b-
CD or TM-b-CD were observed. Harada [94] reported that
CDs can form inclusion complexes with big molecular par-
ticles such as polymers with high selectivity. a-CD formed
crystalline compound with poly(ethylene glycol) (PEG) in
high yield, whereas b-CD cannot form an inclusion with
PEG but it included poly(propylene glycol). The inclusion
is formed with PEGs with molecular mass above 200, and
most rapidly with 1000.

4.3.4. Changes in rheological properties of semisolid

formulations

The rheological changes usually appear as lowering the
viscosity of the gel and they depend on CD type [48,95].
Boulmedarat et al. [95] noticed that 5% of methyl-b-CD
induced pronounced loss of viscosity in gels based on
Carbopol 974P (20 Pa s vs 45 Pa s for the control), whereas
c-CD slightly increased the viscosity compared to the con-
trol. They suggested that hydrophobic interactions between
polymer chains and CD cavity appeared, thus polymer
swelling properties decreased; whereas Jug et al. [52] con-
cluded that the reason of rheological changes in hyprome-
lose gel with b-CD can be a result of possible interaction
between the hydrophilic polymer and CD ring (ternary
complex formation).

Shigeyama et al. [38] demonstrated that oil droplets coa-
lesced in the cream with a fused mixture of b-CD, resulting
in a decrease of viscosity and increase of drug release rate.
The rheological changes were a result of interaction of CD
with the emulsifying agent and caused ointment base insta-
bility after seven days, even in a cold place (4 �C).

4.3.5. Doubts on skin penetration enhancement

One of the biggest hopes for CD application in topical
formulations was using them as universal non-irritating
penetration enhancer for transdermal and transmucosal
application of drug substances. CDs are regarded by some
authors as classic enhancers that are able to extract all the
major lipid classes and proteins and thus reduce skin bar-
rier function [33,96], while others regarded their action as
problematic and rather unproved [97]. Above hypotheses
are based on the studies on the animal skin (hairless mice
or rats) performed in 1990s by Legendre et al. [33], Vollmer
et al. [96] and Bentley et al. [98]. Although Bentley et al.
[98] indicated that HP-b-CD caused removal and possible
disorganisation of the lipids in the stratum corneum and
Legendre at al. [33] stated that HP-b-CD exhibited twofold
higher activity in removing cholesterol from rat skin than
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RM-b-CD, it seems that only methylated CDs applied in
high concentrations (10–20%) in aqueous solutions can
have influence on the stratum corneum [31,74,96]. No effect
of possible disruption was seen for b-, HP-b- and c-CDs
[98].

Pretreatment studies realised on the rat skin for
bupranolol as drug substance showed no flux increases
for 2% and 10% solution of HP-b-CD, while for RM-
b-CD flux increased markedly for both concentrations
with concentration dependency [74]. Shaker et al. [32]
suggested that HP-b-CD and its inclusion complex with
corticosterone do not effectively penetrate into or trans-
port through the skin. In hairless mouse skin model,
HP-b-CD did not change the barrier function of the stra-
tum corneum, nor did it enhance transport of corticoste-
rone. Similar results were obtained during studies with
human skin [99–101]. Valjakka-Koskela et al. [99]
reported that addition of 10% of HP-b-CD decreases lev-
osimendan flux through human in vitro skin from the
solution form. Preis et al. [100] reported that incorpora-
tion of hydrocortisone/HP-b-CD inclusion complex into
gel formulation did not involves changes in the drug per-
meation through human ex vivo skin in comparison to
preparation without the CDs. In the same studies incor-
poration of drug substance/b-CD inclusion complex into
formulation resulted in decrease release. Also in the stud-
ies by Simeoni et al. [101] with excised human skin, HP-
b-CD had no effect on the stratum corneum and epider-

mal concentration of sunscreen agent buthyl-meth-
oxydibenzoylmethane in comparison to free molecules
applied as solution. Additionally, they found that sulfo-
butylether-b-CD markedly reduced epidermal absorption
of such filter without reducing its stratum corneum pene-
tration [101]. Some of CDs, like HP-b-CD, b-CD or sul-
fobutylether-b-CD, may not only had no influence on
barrier function but they even, in certain cases, may
had protective properties against penetration of drug
substances into deeper skin layers [101,102].

Ventura et al. [62] presented opposite statement. They
concluded that both HP-b-CD and DM-b-CD enhanced
drug flux through human stratum corneum and epidermis

by means of an increase of dissolution rate of the drug as
well as a direct action on the stratum corneum. The direct
impact on the stratum corneum is overestimated because
during 24 h experiment with 3% solution of CDs, HP-b-
CD had no destructive effect and seems that was not able
to act as penetration enhancer. Although DM-b-CD in
above conditions caused separation of corneocytes layers
and had significant influence on barrier function of the
skin, its inclusion complex with the drug showed less inju-
rious effect than DM-b-CD alone.
4.3.6. Physicochemical variations

Differences in physicochemical properties of CD deriva-
tives depend on their type, and number and position of
substituents. Differences in osmotic pressure for HP- or
SBE-derivatives of b- and c-CDs (commonly used in oph-
thalmic formulations) were reported [39].

Higuchi and Connors [103] classified inclusion com-
plexes drug substance/CD on the base of CD influence
on drug solubility. A-type phase-solubility profiles are
obtained when the solubility of the drug substance increase
in solution with increasing concentration of CD, while for
B-type phase-solubility profiles the inclusion complexes
formation are of limited solubility. The solubility of some
drug inclusion complexes, especially with b-CD, often gives
B-type Higuchi phase-solubility diagrams caused by poor
solubility of the ligand, whereas hydrophilic CD derivatives
demonstrated A-type.

5. Possible applications of CDs in topical formulations

5.1. Sunscreen creams

CDs are helpful in controlling skin penetration of topi-
cally applied sunscreen agents and other chemicals
[48,52,73,81,101,104,105]. Sunscreens and some topically
applied substances should stay onto skin surface without
further cutaneous penetration; thus, lowering their release
from the carrier is a beneficial feature. Additionally, sun-
screen agents under solar radiation generate a variety of
decomposition products that can be harmful to DNA, such
as free radicals and active oxygen species, and thus
decrease its UV-protection by concentration decrease. As
an example, HP-b-CD significantly reduced the release
and membrane permeation of oxybenzone without sup-
pressing the UV-absorbing properties of this chemical
[52]. Felton et al. [73] demonstrated that skin flux of oxy-
benzone is related to the CD concentration, maximum flux
occurred at 10% HP-b-CD, while 20% CD excess decreased
both skin absorption and permeation. By adding excess of
CDs, it is possible to form a drug reservoir on the skin
surface.

5.2. Liposomes

CDs can be used to improve lipophilic drug entrapment
in the aqueous liposomal phase and thus result in a new
two-carrier system of drugs-in-CD-in-liposome formula-
tions [106–109]. Maestrelli et al. [53] investigated such sys-
tem for transdermal delivery of ketoprofen. They achieved
improvement in drug entrapment for ketoprofen/HP-b-CD
complex in equimolar ratio. Encapsulation efficacy
increased with CD concentration; however, high concen-
tration destabilised liposomal membrane. Liposomal for-
mulations resulted in slower and prolonged drug
permeation through membrane (about 40% drug perme-
ated after 24 h) in comparison to drug solution (60% after
4 h). The CD interaction with liposome lipid membrane
depends on the type of CD, complexed drug substance
and lipids [107–109]. Also, some other lipidic systems, such
as microspheres, are combined with drug/CD complexes,
especially for mucosal delivery [110–113].
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5.3. New carrier systems

A new innovative procedure is based on cotton tissue or
polymer materials grafted with b-CD to improve medical
textiles features, such as anti-bacterial and anti-fungal
properties, wound dressings, transdermal therapeutic sys-
tems, textiles with sun protection factor, and prolonging
skin contact with volatile molecules [105,114–116]. There
are also trials to produce high-loading capacity hydrogels
consisting of cross-linked polymer networks with cova-
lently bonded CDs [40,117,118].

5.4. CDs as skin penetration co-enhancers

As skin penetration enhancement is difficult by using
only CDs and as the influence on drug flux depends not
only on CDs and drug substance properties but also on
other formulation components, recently CDs have been
applied with good efficacy as co-enhancers or in combina-
tion with other methods – supersaturation, electroporation,
or iontophoresis [16,47,119–122].

6. Conclusions

CDs are certainly a trend in scientific investigations –
the number of published works is huge. For topical
formulations, there are a lot of limitations besides some
advantages, and the number of products is not impressive
[123]. High costs of implementation for almost all CDs
formulations and problems with quality and legal status
of derivatives are also a limiting factor in availability of
increased number of products with CDs.

CDs are not able to penetrate biological membranes dur-
ing topical application in normal conditions, though they
are able to change the bioavailability of drugs significantly.
Unfortunately, CDs are able to interact with formulation
ingredients and cause physicochemical stability problems;
selection of proper vehicle seems to be a challenge. Thus
it is easier to create solutions or suspensions than formulate
complicated semisolids carriers, and this tendency is
reflected in the number of products too. In spite of the
above scenario, a few quite complex formulations with
modified by CDs addition properties appear – liposomes,
textiles, hydrogels, microspheres, and emulsions. They are
promising forms, but their practical use will be limited to
a narrow group of products and are a matter of time.

References

[1] T. Loftsson, M.E. Brewster, Pharmaceutical applications of cyclo-
dextrins. I. Drug solubilization and stabilization, J. Pharm. Sci. 85
(1996) 1017–1025.

[2] R.C. Rowe, P.J. Sheskey, P.J. Weller (Eds.), Handbook of
Pharmaceutical Excipients, 4th ed., Pharmaceutical Press, London,
Chicago, 2003, pp. 186–189.

[3] K.H. Fromming, J. Szejtli, Topics in Inclusion ScienceCyclodextrins
in Pharmacy, vol. 5, Kluwer Academic Publishers, Dortrecht,
Boston, London, 1994.
[4] M.H. Rubinstein (Ed.), Pharmaceutical Technology Drug Stability,
Ellis Horwood Ltd, John Wiley and Sons, New York, Chichester,
Brisbane, Toronto, 1989, pp. 9–22.

[5] E.M.M. Del Valle, Cyclodextrins and their uses: a review, Process
Biochem. 39 (2004) 1033–1046.

[6] H. Matsuda, H. Arima, Cyclodextrins in transdermal and rectal
delivery, Adv. Drug Deliv. Rev. 36 (1999) 81–99.

[7] P.S. Martins, R. Ochoa, A.M.C. Pimenta, L.A.M. Ferreira, A.L.
Melo, J.B.B. da Silva, R.D. Sinisterra, C. Demicheli, F. Frezard,
Mode of action of b-cyclodextrin as an absorption enhancer of the
water-soluble drug meglumine antimoniate, Int. J. Pharm. 325
(2006) 39–47.

[8] T. Loftsson, M. Masson, M.E. Brewster, Self-association of cyclo-
dextrins and cyclodextrin complexes, J. Pharm. Sci. 93 (2004) 1091–
1099.

[9] M.S. Duan, N. Zhao, I.B. Ossurardottir, T. Thorsteinsson, T.
Loftsson, Cyclodextrins solubilization of the antibacterial agents
triclosan and triclocarban: formation of aggregates and higher-order
complexes, Int. J. Pharm. 297 (2005) 213–222.

[10] T. Loftsson, K. Matthiasson, M. Masson, The effects of organic salts
on the cyclodextrin solubilization of drugs, Int. J. Pharm. 262 (2003)
101–107.

[11] V.J. Stella, V.M. Rao, E.A. Zannou, V. Zia, Mechanisms of drug
release from cyclodextrin complexes, Adv. Drug Deliv. Rev. 36
(1999) 3–16.

[12] T. Loftsson, M. Masson, Cyclodextrins in topical drug formulations:
theory and practice, Int. J. Pharm. 225 (2001) 15–30.

[13] T. Loftsson, S.D. Sigfusson, H.H. Sigurdsson, M. Masson, The
effects of cyclodextrins on topical delivery of hydrocortisone: the
aqueous diffusion layer, STP Pharma Sci. 13 (2003) 125–131.

[14] C.A. Ventura, I. Giannone, T. Musumeci, R. Pignatello, L. Ragini,
C. Landolfi, C. Milanese, D. Paolino, G. Puglisi, Physico-chemical
characterization of disoxaril-dimethyl-b-cyclodextrin inclusion com-
plex and in vitro permeation studies, Eur. J. Med. Chem. 41 (2006)
233–240.

[15] A. Doliwa, S. Santoyo, P. Ygartua, Influence of piroxicam:
hydroxypropyl-beta-cyclodextrin complexation on the in vitro per-
meation and skin retention of piroxicam, Skin Pharmacol. Appl.
Skin. Physiol. 14 (2001) 97–107.

[16] S.N. Murthy, Y.L. Zhao, A. Sen, S.W. Hui, Cyclodextrin enhanced
transdermal delivery of piroxicam and carboxyfluorescein by elec-
troporation, J. Control. Release 99 (2004) 393–402.

[17] R.A. Rajewski, V.J. Stella, Pharmaceutical application of cyclodex-
trins. II. In vivo drug delivery, J. Pharm. Sci. 85 (1996) 1142–1169.

[18] T. Irie, K. Uekama, Pharmaceutical applications of cyclodextrins.
III. Toxicological issues and safety evaluation, J. Pharm. Sci. 84
(1997) 147–162.

[19] T. Jansen, B. Xhonneux, J. Mesens, M. Borgers, Beta-cyclodextrins
as vehicles in eye-drop formulations: an evaluation of their effects on
rabbit corneal epithelium, Lens Eye Toxic. Res. 7 (1990) 459–468.

[20] P. Saarinen-Savolainen, T. Jarvinen, K. Araki-Sasaki, H. Watanabe,
A. Urtti, Evaluation of citotoxicity of various ophtalmic drugs, eye
drop excipients and cyclodextrins in an immortalized human corneal
epithelial cell line, Pharm. Res. 15 (1998) 1275–1280.

[21] L. Boulmedarat, A. Bochot, S. Lesieur, E. Fattal, Evaluation of
buccal methyl-b-cyclodextrin toxicity on human oral epithelial cell
culture model, J. Pharm. Sci. 94 (2005) 1300–1309.

[22] K. Uekama, Design and evaluation of cyclodextrins-based drug
formulation, Chem. Pharm. Bull. 52 (2004) 900–915.

[23] J. Szejtli, Cyclodextrin complexed generic drugs are generally not
bio-equivalent with the reference products: therefore the increase in
number of marketed drug/cyclodextrin formulations is so slow, J.
Incl. Phenom. Macrocycl. Chem. 52 (2005) 1–11.

[24] Y. Ohtani, T. Irie, K. Uekama, K. Fukunaga, J. Pitha, Differential
effects of a-, b- and c-cyclodextrins on human erythrocytes, Eur. J.
Biochem. 186 (1989) 17–22.

[25] J.C. Debouzy, F. Fauvelle, S. Crouzy, L. Girault, Y. Chapron, M.
Goschl, A. Gadelle, Mechanism of a-cyclodextrin induced hemoly-



476 K. Cal, K. Centkowska / European Journal of Pharmaceutics and Biopharmaceutics 68 (2008) 467–478
sis. 2. A study of the factors controlling the association with serine-,
ethanolamine-, and choline-phospholipids, J. Pharm. Sci. 87 (1998)
59–66.

[26] K. Motoyama, H. Arima, H. Toyodome, T. Irie, F. Hirayama, K.
Uekama, Effect of 2,6-di-0-methyl-a-cyclodextrin on hemolysis and
morphological change in rabbit’s red blood cells, Eur. J. Pharm. Sci.
29 (2006) 111–119.

[27] K. Asai, M. Morishita, H. Katsuta, S. Hosoda, K. Shinomiya, M.
Noro, T. Nagai, K. Takayama, The effects of water-soluble
cyclodextrins on the histological integrity of the rat nasal mucosa,
Int. J. Pharm. 246 (2002) 25–35.

[28] R.U. Agu, M. Jorissen, T. Willems, G. Van den Mooter, R. Kinget,
N. Verbeke, P. Augustijns, Safety assessment of selected cyclodex-
trins – effect on ciliary activity using a human cell suspension culture
model exhibiting in vitro ciliogenesis, Int. J. Pharm. 193 (2000) 219–
226.

[29] S.G. Romeijn, J.C. Verhoef, E. Marttin, F.W.H.M. Merkus, The
effect of nasal drug formulations on ciliary beating in vitro, Int. J.
Pharm. 135 (1996) 137–145.

[30] W.M. Boek, S.G. Romeijn, K. Graamans, J.C. Verhoef, F.W.H.M.
Merkus, E.H. Huizing, Validation of animal experiments on ciliary
function in vitro. II. The influence of absorption enhancers,
preservatives and physiologic saline, Acta Otolaryngol. 119 (1999)
98–101.

[31] G. Piel, S. Moutard, E. Uhoda, F. Pilard, G.E. Pierard, B. Perly, L.
Delattre, B. Evrard, Skin compatibility of cyclodextrins and their
derivatives: a comparative assessment using a corneoxenometry
bioassay, Eur. J. Pharm. Biopharm. 57 (2004) 479–482.

[32] D.S. Shaker, A.H. Ghanem, S.K. Li, K.S. Warner, F.M. Hashem,
W.I. Higuchi, Mechanistic studies of the effect of hydroxypropyl-b-
cyclodextrin on in vitro transdermal permeation of corticosterone
through hairless mouse skin, Int. J. Pharm. 253 (2003) 1–11.

[33] J.Y. Legendre, I. Rault, A. Petit, W. Luijten, I. Demuynck, S.
Horvath, Y.M. Ginot, A. Cuine, Effects of b-cyclodextrins on skin:
implications for the transdermal delivery of piribedil and a novel
cognition enhancing-drug S-9977, Eur. J. Pharm. Sci. 3 (1995) 311–
322.

[34] S. Gould, R.C. Scott, 2-Hydroxypropyl-b-cyclodextrin (HP-b-CD):
a toxicology review, Food Chem. Toxicol. 43 (2005) 1451–1459.

[35] D.H. Waalkens-Berendsen, A. Bar, Embriotoxicity and teratogenity
study with a-cyclodextrin in rats, Regul. Toxicol. Pharmacol. 39
(2004) 34–39.

[36] I.C. Munro, P.M. Newberne, V.R. Young, A. Bar, Safety assess-
ment of c-cyclodextrin, Regul. Toxicol. Pharmacol. 39 (2004) 3–13.

[37] R. Challa, A. Ahuja, J. Ali, R.K. Khar, Cyclodextrins in drug
delivery: an updated review, AAPS Pharm. Sci. Tech. 6 (2005),
article 43 (www.aapspharmscitech)..

[38] M. Shigeyama, T. Ohgaya, Y. Kawashima, H. Takeuchi, T. Hino,
Modification of the physicochemical properties of minocycline
hydrochloride ointment with cyclodextrines for optimum treatment
of bedsore, Chem. Pharm. Bull. 48 (2000) 617–622.

[39] S. Proniuk, J. Blanchard, Influence of degree of substitution of
cyclodextrins on their colligative properties in solution, J. Pharm.
Sci. 90 (2001) 1086–1090.

[40] M.E. Davis, M.E. Brewster, Cyclodextrin-based pharmaceutics: past,
present and future, Nat. Rev. Drug Discov. 3 (2004) 1023–1035.

[41] J. Blanchard, S. Proniuk, Some important considerations in the use
of cyclodextrins, Pharm. Res. 16 (1999) 1796–1798.

[42] Guideline on excipients in the dossier for application for marketing
authorisation of a medicinal product (draft), Doc. Ref. EMEA/
CHMP/QWP/396951/2006, EMEA, London, 2006.

[43] D.A. Godwin, C.J. Wiley, L.A. Felton, Using cyclodextrin com-
plexation to enhance secondary photoprotection of topically applied
ibuprofen, Eur. J. Pharm. Biopharm. 62 (2006) 85–93.

[44] R.Y. Anadolu, T. Sen, N. Tarimici, A. Birol, C. Erdem, Improved
efficacy and tolerability of retinoic acid in acne vulgaris: a new
topical formulation with cyclodextrin complex w, J. Eur. Acad.
Dermatol. Venerol. 18 (2004) 1–6.
[45] T. Rode, M. Frauen, B.W. Muller, H.J. Dusing, U. Schonrock, C.
Mundt, H. Wenck, Complex formation of sericoside with hydro-
philic cyclodextrins: improvement of solubility and skin penetration
in topical emulsion based formulations, Eur. J. Pharm. Biopharm.
55 (2003) 191–198.

[46] R.F.V. Lopez, J.H. Collet, M. Vitoria, L.B. Bentley, Influence of
cyclodextrin complexation on the in vitro permeation and skin
metabolism of dexamethasone, Int. J. Pharm. 200 (2000) 127–132.

[47] S. Sirdevei, P.V. Rao Diwan, Optimized transdermal delivery of
ketoprofen using pH and hydroxypropyl-b-cyclodextrin as co-
enhancers, Eur. J. Pharm. Biopharm. 54 (2002) 151–154.

[48] E. Bilensoy, M.A. Rouf, I. Vural, M. Sen, A.A. Hincal, Mucoad-
hesive, thermosensitive, prolonged-release vaginal gel for clotrima-
zole: b-cyclodextrin complex, AAPS Pharm. Sci. Tech. 7 (2006),
article 38 (www.aapspharmscitech)..

[49] S. Proniuk, B.M. Liederer, S.E. Dixon, J.A. Rein, M.A. Kallen, J.
Blanchard, Topical formulation studies with DEET (N,N-diethyl-3-
methylbenzamide) and cyclodextrins, J. Pharm. Sci. 91 (2002) 101–
110.

[50] S. Scalia, R. Tursilli, N. Sala, V. Iannuccelli, Encapsulation in
liposphers of the complex between butyl methoxydibenzoylmethane
and hydroxypropyl-b-cyclodextrin, Int. J. Pharm. 320 (2006) 79–85.

[51] G.L. Flynn, V.P. Shah, S.N. Tenjarla, M. Corbo, D. DeMagistris,
T.G. Feldman, T.J. Franz, D.R. Miran, D.M. Pearce, J.A. Sequeira,
J. Swarbrick, J.C.T. Wang, A. Yacobi, J.L. Zatz, Assessment of
value and applications on in vitro testing of topical dermatological
drug products, Pharm. Res. 16 (1999) 1325–1330.

[52] M. Jug, M. Becirevic-Lacan, A. Kwokal, B. Cetina-Cizmek,
Influence of cyclodextrin complexation on piroxicam gel formula-
tions, Acta Pharm. 55 (2005) 223–236.

[53] F. Maestrelli, M.L. Gonzalez-Rodrı́guez, A. Rabasco, P. Mura,
Effect of preparation technique on the properties of liposomes
encapsulating ketoprofen-cyclodextrin complexes aimed for trans-
dermal delivery, Int. J. Pharm. 312 (2006) 53–60.

[54] H.H. Sigurdsson, E. Stefansson, E. Gudmundsdottir, T. Eysteins-
son, M. Thorsteinsdottir, T. Loftsson, Cyclodextrin formulation of
dorzolamide and its distribution in the eye after topical administra-
tion, J. Control Release 102 (2005) 255–262.

[55] B. Cappello, C. Carmignani, M. Iervolino, M.I. La Rotonda, M.F.
Saettone, Solubilization of tropicamide by hydroxypropyl-b-cyclo-
dextrin and water-soluble polymers: in vitro/in vivo studies, Int. J.
Pharm. 213 (2001) 75–81.

[56] A.R. Bary, I.G. Tucker, N.M. Davies, Consideration in the use of
hydroxypropyl-b-cyclodextrin in the formulation of aqueous oph-
thalmic solutions of hydrocortisone, Eur. J. Pharm. Biopharm. 50
(2000) 237–244.

[57] S. Burgalassi, P. Chetoni, D. Monti, M.F. Saettone, Cytotoxicity of
potential ocular permeation enhancers evaluated on rabbit and
human corneal epithelial cell lines, Toxicol. Lett. 122 (2001) 1–8.

[58] R.G. Alany, T. Rades, J. Nicoll, I.G. Tucker, N.M. Davies, W/O
micro emulsion for ocular delivery: Evaluation of ocular irritation
and precorneal retention, J. Control Release 111 (2006) 145–152.

[59] P. Furrer, B. Plazonnet, J.M. Mayer, R. Gurny, Application of
in vivo confoal microscopy to the objective evaluation of ocular
irritation induced by surfactants, Int. J. Pharm. 207 (2000) 89–
98.

[60] P. Montassier, D. Duchen, M.C. Poe lman, In vitro release study of
tretinoin from tretinoin/cyclodextrin derivative complexes, J. Incl.
Phenom. Molec. Recogn. Chem. 31 (1998) 213–218.

[61] P. Montassier, D. Duchen, M.C. Poelman, Inclusion complexes of
tretinoin with cyclodextrin, Int. J. Pharm. 153 (1997) 199–209.

[62] C.A. Ventura, S. Tommasini, A. Falcone, I. Giannone, D. Paolino,
V. Sdrafkakis, M.R. Mondello, G. Puglisi, Influence of modified
cyclodextrins on solubility and percutaneous absorption of celecoxib
through human skin, Int. J. Pharm. 314 (2006) 37–45.

[63] I.P. Kaur, R. Smitha, D. Aggarwal, M. Kapil, Acetazolamide:
future perspective in topical glaucoma therapeutics, Int. J. Pharm.
248 (2002) 1–14.

http://www.aapspharmscitech
http://www.aapspharmscitech


K. Cal, K. Centkowska / European Journal of Pharmaceutics and Biopharmaceutics 68 (2008) 467–478 477
[64] E. Guomundsdottir, E. Stefansson, G. Bjarnadottir, J.F. Sigurjons-
dottir, G. Guomundsdottir, M. Masson, T. Loftsson, Methazola-
mide 1% in cyclodextrin solution lowers IOP in human ocular
hypertension, Invest. Ophtalmol. Vis. Sci. 41 (2002) 3522–3554.

[65] B. Siefert, U. Pleyer, M. Mulle, S. Keipert, C. Hartmann, Influence
of cyclodextrins on the in vitro corneal permeability and in vivo
ocular distribution of thialidomide, J. Ocul. Pharmacol. Ther. 15
(1999) 429–438.

[66] G.S. Tirucherai, A.K. Mitra, Effect on hydroxypropyl-beta-cyclo-
dextrin complexation on aqueous solubility, stability, and corneal
permeation of acyl ester prodrugs of ganciclovir, AAPS Pharm. Sci.
Tech. 4 (2003), article 45 (www.aapspharmscitech)..

[67] S. Wang, D. Li, Y. Ito, T. Nabekura, S. Wang, J. Zhang, C. Wu,
Bioavailability and anticataract effects of a topical ocular drug
delivery system containing disulfiram and hydroxypropyl-beta-
cyclodextrin on selenite treated rats, Curr. Eye Res. 29 (2004) 51–58.

[68] S. Wang, D. Li, Y. Ito, X. Liu, J. Zhang, C. Wu, An ocular drug
delivery system containing zinc diethyldithiocarbamate and HP-b-
CD inclusion complex – corneal permeability, anti-cataract effects
and mechanism studies, J. Pharm. Pharmacol. 56 (2004) 1251–1257.

[69] J. Jutunen, T. Jarvinem, R. Niemi, In-vitro permeation of cannab-
inoids and their water-soluble phosphate ester prodrugs, J. Pharm.
Pharmacol. 57 (2005) 1153–1157.

[70] S. Knapp, E. Bertelmann, C. Hartmann, S. Keipert, U. Pleyer,
Intraocular availability of topically applied mycophenolate mofetil
in rabbits, J. Ocul. Pharmacol. Ther. 19 (2003) 181–192.

[71] H. Arima, T. Miyaji, T. Irie, F. Hirayama, K. Uekama, Possible
enhancing mechanism of the cutaneous permeation of 4-biphenylyl-
acetic acid by b-cyclodextrin derivatives in hydrophilic ointment,
Chem. Pharm. Bull. 44 (1996) 582–586.

[72] A.M. Siguroardottir, T. Loftsson, The effect of polyvinylpyrrolidone
on cyclodextrin complexation of hydrocortisone and its diffusion
through hairless mouse skin, Int. J. Pharm. 126 (1995) 73–78.

[73] L. Felton, C.J. Wiley, D.A. Godwin, Influence of hydroxypropyl-b-
cyclodextrin on the transdermal permeation and skin accumulation
of oxybenzone, Drug Dev. Ind. Pharm. 28 (2002) 1117–1124.

[74] R.J. Babu, J.K. Pandit, Effect of cyclodextrins on the complexation
and transdermal delivery of bupranolol through rat skin, Int. J.
Pharm. 271 (2004) 155–165.

[75] C. Schoch, J.C. Bizec, G. Kis, Cyclodextrin derivatives and cyclo-
fructan as ocular permeation enhancers: results with different model
compounds, J. Incl. Phenom. Macrocycl. Chem. 57 (2007) 391–394.

[76] D. Passali, R. Balli, A. Scotti, V. Oldani, Controlled, double-blind
randomized comparison of nimesulide b-cyclodextrin and morniflu-
mate in acute otitis, Curr. Ther. Res. 62 (2001) 153–166.

[77] K.M. Saari, L. Nelimarkka, V. Ahola, T. Loftsson, E. Stefansson,
Comparison of topical 0.7% dexamethasone-cyclodextrin with 0. 1%
dexomethasone sodium phosphate for postcataract inflammation,
Graefes Arch. Clin. Exp. Ophthalmol. 244 (2006) 620–626.

[78] S. Davaran, M.R. Rashidi, R. Khandaghi, M. Hashemi, Develop-
ment of a novel prolonged-release nicotine transdermal patch,
Pharm. Res. 51 (2005) 233–237.

[79] B. Pose-Vilarnovo, C. Rodriguez-Tenreiro, J.F. Rosa dos Santos, J.
Vazquez-Doval, A. Concheiro, C. Alvarez-Lorenzo, J.J. Torres-
Labandeira, Modulating drug release with cyclodextrins in hydroxy-
propyl methylcellulose gels and tablets, J. Control Release 94 (2004)
351–363.

[80] E.Y. Kim, Z.G. Gao, J.S. Park, H. Li, K. Han, rhEGF/HP-b-CD
complex in poloxamer gel for ophthalmic delivery, Int. J. Pharm. 233
(2002) 159–167.

[81] S. Scalia, A. Casolari, A. Iaconinoto, S. Simeoni, Comparative
studies of the influence of cyclodextrins on the stability of the
sunscreen agent, 2-ethylhexyl-p-methoxycinnamate, J. Pharm. Bio-
med. Anal. 30 (2002) 1181–1189.

[82] S. Scalia, A. Molinari, A. Casolari, A. Maldotti, Complexation of
the sunscreen agent, phenylbenzimidazole sulphonic acid with
cyclodextrins: effect on stability and photo-induced free radical
formation, Eur. J. Pharm. Sci. 22 (2004) 241–249.
[83] T. Loftsson, H. Gudmundsdottir, J.F. Sigurjonsdottir, H.H. Sig-
urdsson, S.D. Sigfusson, M. Masson, E. Stefansson, Cyclodextrin
solubilization of benzodiazepines: formulation of midazolam nasal
spray, Int. J. Pharm. 212 (2001) 29–40.

[84] M. Francois, E. Snoeckx, P. Putteman, F. Wouters, E. De Proost, U.
Delaet, J. Peeters, M.E. Brewster, A mucoadhesive, cyclodextrin-
based vaginal cream formulation of itraconazole, AAPS Pharm. Sci.
Tech. 5 (2003), article 5 (www.aapspharmscitech)..

[85] V.J. Stella, R.A. Rajewski, Cyclodextrins: their future in drug
formulation and delivery, Pharm. Res. 14 (1997) 556–567.

[86] T. Loftsson, E. Stefansson, Effect of cyclodextrins on topical drug
delivery to the eye, Drug Dev. Ind. Pharm. 23 (1997) 473–481.

[87] T. Loftsson, B.J. Olaftsdottir, N. Bodor, The effects of cyclodextrins
on transdermal delivery of drugs, Eur. J. Pharm. Biopharm. 37
(1991) 30–33.

[88] T. Loftsson, E. Marcus, E. Brewster, M. Mason, Role of cyclodex-
trins in improving oral drug delivery, Am. J. Drug Deliv. 2 (4)
(2004).

[89] S.J. Lehner, B.W. Muller, J.K. Seydel, Interaction between p-
hydroxybenzoic acid esters and hydroxyproyl-b-cyclodextrin and
their antimicrobial effect against Candida Albicans, Int. J. Pharm. 93
(1993) 201–208.

[90] S.J. Lehner, B.W. Muller, J.K. Seydel, Effect of hydroxyproyl-b-
cyclodextrin on the antimicrobial action of preservatives, J. Pharm.
Pharmacol. 46 (1994) 186–191.

[91] L.W. Chan, T.R.R. Kurup, A. Muthaiah, J.C. Thenmozhiyal,
Interaction of p-hydroxybenzoic esters with beta-cyclodextrin, Int. J.
Pharm. 195 (2000) 71–79.

[92] Chauvin Laboratoire – Bausch & Lomb Poland, Indocollyre� (eye
drops) prescribing information, Poland, May 2003.

[93] M. Shigeyama, Preparation of gel-forming ointment base applicable
to the recovery stage of bedsore and clinical evaluation of treatment
method with different ointment base suitable to each stage of
bedsore, Yakugaku Zasshi 124 (2004) 55–67.

[94] A. Harada, Preparation and structures of supramolecules between
cyclodextrins and polymers, Coordin. Chem. Rev. 148 (1996) 115–
133.

[95] L. Boulmedarat, J.L. Grossiord, E. Fattal, A. Bochot, Influence of
methyl-b-cyclodextrin and liposomes on rheological properties of
Carbopol 974P NF gels, Int. J. Pharm. 254 (2003) 59–64.

[96] U. Vollmer, B.W. Muller, J. Peeters, J. Mesens, B. Wiffert, T. Peters,
A study of the percutaneous absorption-enhancing effects of
cyclodextrins derivatives in rats, J. Pharm. Pharmacol. 46 (1994)
19–22.

[97] A.C. Williams, Transdermal and Topical Drug Delivery, Pharma-
ceutical Press, London, Chicago, 2003.

[98] M.V.L.B. Bentley, R.F. Vianna, S. Wilson, J.H. Collett, Character-
ization of the influence of some cyclodextrins on the stratum
corneum from the hairless mouse, J. Pharm. Pharmacol. 49 (1997)
397–402.

[99] R. Valjakka-Koskela, J. Hirvonen, J. Monkkonem, J. Kiessvaara, S.
Antila, L. Lehtonen, A. Urtti, Transdermal delivery of levosimen-
dan, Eur. J. Pharm. Sci. 11 (2000) 343–350.

[100] A. Preis, W. Mehnert, K.H. Fromming, Penetration of hydrocor-
tisone into excised human skin under the influence of cyclodextrins,
Pharmazie 50 (1995) 121–126.

[101] S. Simeoni, S. Scalia, H.A.E. Benson, Influence of cyclodextrins on
in vitro human skin absorption of the sunscreen, butyl-meth-
oxydibenzoylmethane, Int. J. Pharm. 280 (2004) 163–171.

[102] S. Simeoni, S. Scalia, R. Tursilli, H. Benson, Influence of cyclodex-
trin complexation on the in vitro human skin penetration and
retention of the sunscreen agent, oxybenzone, J. Incl. Phenom.
Macrocycl. Chem. 54 (2006) 275–282.

[103] T. Higuchi, K.A. Connors, Phase-solubility techniques, Adv. Anal.
Chem. Instrum. 4 (1965) 117–212.

[104] Y. Guillaume, C. Andre, N. Simon, A. Gehin, C. Guyon, M.
Thomassin, L. Ismaili, F. Aubin, L. Nicod, Chromatographic
determination of the association constant between 8-methoxypsor-

http://www.aapspharmscitech
http://www.aapspharmscitech


478 K. Cal, K. Centkowska / European Journal of Pharmaceutics and Biopharmaceutics 68 (2008) 467–478
alen and modified b-cyclodextrin: protective effect of hydroxypropyl-
b-cyclodextrin on 8-methoxypsoralen toxicity in human keratino-
cytes, J. Chromatogr. B 798 (2003) 217–222.

[105] S. Scalia, R. Tursilli, A. Bianchi, P. Lo Nostro, E. Bocci, F. Ridi, P.
Baglioni, Incorporation of the sunscreen agent, octyl methoxycin-
namate in a cellulosic febric grafted with b-cyclodextrin, Int. J.
Pharm. 308 (2006) 155–159.

[106] N. Skalko-Basnet, Z. Pavelic, M. Becirevic-Lacan, Liposomes
containing drug and cyclodextrin prepared by the one-step spray-
drying method, Drug Dev. Ind. Pharm. 26 (2000) 1279–1284.

[107] L. Boulmedarat, G. Piel, A. Bochot, S. Lesieur, L. Delattre, E.
Fattal, Cyclodextrin-mediated drug release from liposomes dispersed
within a bioadhesive gel, Pharm. Res. 22 (2005) 962–971.

[108] S. Hartel, H.A. Diehl, S.F. Ojeda, Methyl-b-cyclodextrins and
liposomes as water-soluble carriers for cholesterol incorporation
into membranes and its evaluation by a microenzymatic fluorescence
assay and membrane fluidity-sensitive dyes, Anal. Biochem. 258
(1998) 277–284.

[109] G. Piel, M. Piette, V. Barillaro, D. Castagne, B. Evrard, L. Delattre,
Bethamethasone-in-cyclodextrin-in-liposome: the effect of cyclodex-
trins on encapsulation efficacy and release kinetics, Int. J. Pharm.
312 (2006) 75–82.

[110] G. Fundueanu, M. Constantin, A. Dalpiaz, F. Bortolotti, R.
Cortesi, P. Ascenzi, E. Menegatti, Preparation and characterization
of starch/cyclodextrin bioadhesive microspheres as platform for
nasal administration of gabexate mesylate (Foy�) in allergic rhinitis
treatment, Biomaterials 25 (2004) 159–170.

[111] R.M. Mainardes, M.C. Cocenza Urban, P.C. Cinto, M.V. Chaud,
R.C. Evangelista, M.P. Daflon Gremiao, Liposomes and micro/
nanoparticles as colloidal carriers for nasal drug delivery, Curr.
Drug Deliv. 3 (2006) 275–285.

[112] M. Jug, M. Becirevic-Lacan, B. Cetina-Cizmek, M. Horvat,
Hydroxypropyl methylcellulose microspheres with piroxicam and
piroxicam-hydroxypropyl-b-cyclodextrin inclusion complex, Phar-
mazie 59 (2004) 686–691.
[113] J. Filipovic-Gracic, D. Voinovich, M. Moneghini, M. Becirevic-
Lacan, L. Magarotto, I. Jaslenjak, Chitosan microspheres with
hydrocortisone and hydrocortisone-hydroxypropyl-b-cyclodextrin
inclusion complex, J. Pharm. Sci. 9 (2000) 373–379.

[114] B. Martel, M. Morcellet, D. Ruffin, F. Vinet, M. Weltrowski,
Capture and controlled release of fragrances by CD finished textiles,
J. Incl. Phenom. Macrocycl. 44 (2002) 439–442.

[115] H.J. Buschmann, D. Knittel, E. Schollmeyer, New textile application of
cyclodextrins, J. Incl. Phenom. Macrocycl. Chem. 40 (2001) 169–172.

[116] A.E. Tornelli, The potential for improving medical textiles with
cyclodextrins inclusion compounds, J. Textile Apparel Technol.
Manag. 3 (2) (2003) (www.tx.ncsu.edu/jtatm/)..

[117] U. Siemoneit, C. Schmitt, C. Alvarez-Lorenzo, A. Luzardo, F.
Otero-Espinar, A. Concheiro, J. Blanco-Méndez, Acrylic/cyclodex-
trin hydrogels with enhanced drug loading and sustained release
capability, Int. J. Pharm. 312 (2006) 66–74.

[118] B. Martel, D. Ruffin, M. Weltrowski, Y. Lekchiri, M. Morcellet,
Water-soluble polymers and gels from the polycondensation
between cyclodextrins and poly(carboxylic acid)s: a study of the
preparation parameters, J. Appl. Polym. Sci. 97 (2005) 433–442.

[119] M.M.R. Dias, S.L. Raghavan, M.A. Pellett, J. Hadgraft, The effect
of b-cyclodextrins on the permeation of diclofenac from supersat-
urated solutions, Int. J. Pharm. 263 (2003) 173–181.

[120] A. Doliwa, S. Santoyo, P. Ygartua, Effect of passive and iontopho-
retic skin pretreatments with terpenes on the in vitro skin transport
of piroxicam, Int. J. Pharm. 229 (2001) 37–44.

[121] T. Yamakawa, S. Nishimura, Liquid formulation of a novel
non-fluorinated topical quinolone, T-3912, utilizing the synergic
solubilizing effect of the combined use of magnesium ions and
hydroxypropyl-b-cyclodextrin, J. Control Release 86 (2003) 101–113.

[122] I. Nandi, M. Bateson, M. Bari, H.N. Joshi, Synergistic effect of
PEG-400 and cyclodextrins to enhance solubility of progesterone,
AAPS Pharm. Sci. Tech. 4 (2003), article 1 (www.aapspharmscitech).

[123] T. Loftsson, D. Duchene, Cyclodextrins and their pharmaceutical
applications, Int. J. Pharm. 329 (2007) 1–11.

http://www.tx.ncsu.edu/jtatm/
http://www.aapspharmscitech

	Use of cyclodextrins in topical formulations: Practical aspects
	Introduction
	Toxicological aspects
	Legal status
	Application of CDs in topical formulations
	Practical aspects
	Advantages
	Elimination of irritating effect or toxicity - when drug substance is irritating to the cornea, mucosa or skin and avoidance of some excipients, such as pH regulators, solubilising agents or organic
	Improvement of drug substances absorption
	Effects on pharmacokinetics
	Improvement in physical-, chemical- and photo-stability of drug substances
	Reduction of drug substances metabolism in site of application

	Limitations
	Low efficiency of complexation
	Large difference in mass between CD and  " guest "  and relatively low aqueous solubility of natural CDs
	Interaction with CD inclusion complex
	Changes in rheological properties of semisolid formulations
	Doubts on skin penetration enhancement
	Physicochemical variations


	Possible applications of CDs in topical formulations
	Sunscreen creams
	Liposomes
	New carrier systems
	CDs as skin penetration co-enhancers

	Conclusions
	References


