
Research Paper

Characterization of Complexes Between Naftifine and Cyclodextrins
in Solution and in the Solid State

Maite Uzqueda,1 Carmen Martı́n,1 Arantza Zornoza,1 Miguel Sánchez,1

Marı́a Cristina Martı́nez-Ohárriz,1 and Itziar Vélaz1,2

Received September 23, 2005; accepted December 29, 2005

Abstract. Naftifine (NF) is an antifungal drug poorly soluble in basic aqueous solutions. Complexation

with cyclodextrins (CDs) improves the physicochemical characteristics of many drugs. The aim of this

work is to characterize the interactions between NF and a-CD, b-CD, hydroxypropylb-CD, methylb-CD,

and g-CD. The studies have been developed in pH 12 aqueous solutions at 25-C and in the solid state.

The apparent stability constants of the complexes have been determined from phase-solubility diagrams.

In the solid state, crystalline and amorphous complexes have been characterized using X-ray diffraction

patterns, thermal analysis, and Fourier transform infrared spectroscopy. The solubility of NF improves

with all the CDs studied, with the exception of a-CD. Different types of diagrams have been found

depending on the CD used. The interaction between NF and hydroxypropylb-CD is stronger than that

with b-CD due to the specific properties of the substituents. The coevaporation method can be said the

best method in preparing the solid complexes, except for NFYa-CD; again, there is no evidence of

complexation. Furthermore, the presence of different types of CD structures upon complexation (i.e.,

cage or channel) has been discussed. Dissolution rate studies have been performed, and a positive

influence of complexation in the solid state has been observed.
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INTRODUCTION

Naftifine (NF) (E)-N-methyl-N-(1-naphthyl-methyl)-3-
phenyl-2-propen-1-amine-hydrochloride (Fig. 1) is an allyl-
amine derivative and represents a new chemical group of
antifungal compounds. NF action consists in inhibiting
squalene epoxidation, an earlier stage in the ergosterol
pathway, by interacting with the squalene epoxidase (1). It
is active against a wide range of pathogenic fungi both in vivo
and in vitro. In various clinical studies, NF has shown high
efficacy as a topical agent against various types of dermato-
mycoses. Biochemical studies have shown a specific inhibito-
ry effect in sterol biosynthesis of Candida albicans, Candida
parapsilissis, and Trichophyton mentagrophytes (2).

Cyclodextrins (CDs) are cyclic oligosaccharides contain-
ing six (a-CD), seven (b-CD), and eight (g-CD) or more a-
(1,4)-linked glucose units. The most important structural
feature of these compounds is their toroidal or doughnut
shape with a cavity that exhibits a hydrophobic character,
whereas the outside of the molecule is hydrophilic. With the
aim of extending the physicochemical properties and inclu-
sion capacity of natural CDs, various kinds of CD derivatives

such as hydrophilic, hydrophobic, and ionic derivatives have
been synthesized. Hydrophilic CDs can be used to improve
the bioavailability of poorly water-soluble drugs in immedi-
ate release formulations. On the contrary, hydrophobic CDs
can act as sustained-release carriers for water-soluble drugs.
It is desirable for drug carriers to have certain properties such
as controlled release, absorption enhancing ability, safety and
quality, and cost performance; these requisites are fulfilled by
the different CD derivatives that can modify the physico-
chemical and inclusion properties of the host molecules (3).

Randomly methylated and hydroxypropylated deriva-
tives result from etherification at the hydroxyl groups of the
glucose residues. This substitution gives rise to a solubility
enhancement associated to the loss of intermolecular H
bonds between adjacent glucose units and to the formation
of a statistically substituted material that contains a mixture
of isomeric components, which results in an amorphous
product (4,5).

The crystalline state has an important effect on various
pharmaceutical properties such as solubility, dissolution rate,
and bioavailability of poorly soluble drugs (3), and therefore,
the complexation with CDs can control solid-state properties
of drugs. Amorphous and crystalline complexes obtained by
diverse methods have been widely described in the literature
together with their possible pharmaceutical applications
(6 Y9). The complexes with natural CDs tend to crystallize
into two principal types called cage and channel structures
(Fig. 2), depending on the guest properties. In the cage
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structure, both sides of the central cavity are blocked by
other adjacent CD molecules forming isolated cages. Instead,
the channel structures are formed by a sequence of dimer
units of two neighboring CD molecules that are placed to
form an endless column (7,10,11).

CDs can play a role in topical drug formulation with
some possible application to the therapeutic use of NF (12).
Several studies reveal the favorable influence of CD com-
plexation in solid and semisolid formulations. It appears that
CDs may improve dermal absorption of drugs mainly by
increasing their thermodynamic activity in the vehicles and
favoring their delivery to the skin surface (13Y16). In this
way, the incorporation of CD solid complexes to different
topical formulations such as o/w cream formulations (12),
microemulsions (17), hydroxypropyl methylcellulose gels
(18), and liposomes (19) can improve the therapeutic effect
of the drug, reduce its side effects, and enhance the drug
dissolution, availability, diffusion properties, and permeation
rate. In addition, it has been observed the usefulness of
complexes with CDs for topical administration when a pro-
longed absorption in time is desired because CDs can act as a
depot (20).

The aim of this paper is to study the interactions
between NF and different CDs (a-CD, b-CD and derivatives,
and g-CD) in an aqueous medium and in the solid state. NF,
being a weak base, is poorly soluble when it is found in the
nonionized form, but it is probable that its complexation with
CDs would be favored in such conditions. The low solubility
of NF free base precludes the use of spectroscopic methods in
studying its binding with CDs at pH 12, although it was
possible to determine spectrophotometrically the stability
constants of the ionized form in water (21).

The experiments in solution have been carried out by
the solubility method to determine the binding constants of
the complexes formed with the nonionized form. In addition,
solid systems of NF and CD in a 1:1 molar ratio have been
prepared and characterized to identify amorphous or crystal-
line structures and to differentiate between the cage and
channel crystal types. The stability of the solid complexes has
been studied, and preliminary dissolution rate assays with the
NFYCD solid systems have been performed as well.

MATERIALS AND METHODS

Materials

Naftifine hydrochloride (molecular weight, 322.4) was
kindly supplied by Schering (Milan, Italy). b-CD, Mb-CD,
and HPb-CD were from Roquette S.A. (Lestrem, France),

Cyclolab (Budapest, Hungary), and Sigma (Missouri, USA),
respectively. Mb-CD and HPb-CD had average substitution
degrees DS $ 12 and 4, respectively. g-CD and a-CD were
purchased from Wacker Chemie GmbH (Munich, Germany).
All other reagents and solvents were from Panreac (Barce-
lona, Spain).

Methods

pHYSolubility Profile: Determination of pKa

The solubility was determined by adding excess amounts
of NF to different aqueous solutions ranging from pH 1.2 to
12.0. Depending on the desired pH value, the different aque-
ous solutions were prepared using the following reagents:
HCl, Na2HPO4, KH2PO4, NaHCO3, NaOH, and KHC8H4O4.

The mixtures were shaken until equilibrium was reached.
Then, the absorbance of filtered aliquots was measured at
254 nm. The pKa value was obtained from the solubilityYpH
profile using the HendersonYHasselbalch equation.

Solubility Studies

The solubility assays have been made in pH 12 aqueous
solutions at 25-C. This buffer solution was prepared from
Na2HPO4 (0.05 M) and NaOH (1 M) solutions.

The experiments were carried out by adding an excess of
drug (15 mg) to 20-mL buffer solutions containing different
concentrations of CD (1.0 � 10j3 to 2.0 � 10j2 M for a-CD,
Mb-CD, and HPb-CD; 1.0 � 10j3 to 1.0 � 10j2 M for b-CD;
1.0 � 10j3 to 4.0 � 10j2 M for g-CD). The test tubes were
placed in a water bath at a constant temperature and shaken
until equilibrium was reached (approximately 24 h). Then,
the samples were filtered through a 0.45-mm cellulose filter,
diluted, and measured at 222 nm with an HP8452A diode-
array spectrophotometer. The molar absorptivity of NF was
equal to 53.4 � 103 Mj1 cmj1. The presence of the ligands
did not interfere with the absorption measurements at the
experimental conditions. The assays were made in triplicate.

The apparent stability constants and the stoichiometry of
complexes were estimated from the phase-solubility diagrams
(22).

Fig. 1. Chemical structure of NF.

Fig. 2. Schematic description of (a) cage and (b) channel crystal

structures formed by CD inclusion complexes. Taken from (10).
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When a linear diagram is obtained (AL), then the
apparent stability constant (K11) for the interaction can be
calculated using:

St ¼ So þ
K11So CD½ �
1þK11So

ð1Þ

where St and So are the molar solubility of the drug in
presence and absence of CDs, respectively. K11 can be
obtained from the slope of the straight line.

The stoichiometry with respect to the ligand (n) can be
verified by:

log
St � So

So
¼ log K1n þ n log ½CD� ð2Þ

If a nonlinear plot with concave-upward curvature (Ap

type) is obtained, it means that at least one complex is
present, having a stoichiometry >1 with respect to the ligand.
The most probable case is that of 1:1 and 1:2 stoichiometries,
and the following equation can be used to calculate the
stability constants (K11 and K12):

St � So

CD½ � ¼ K11So þK11K12So CD½ � ð3Þ

Another type of diagram is classified as BS, and the
isotherm presents a plateau in which the complex solubility is
reached; the length of this plateau allows to calculate the
stoichiometry of the complex, whereas the apparent stability
constant can be obtained from the initial straight portion of
the diagram using Eq. (1).

Solid Systems

Solid systems containing NF and the different CDs were
prepared in a 1:1 molar ratio. The physical mixtures (PM)
were prepared by a careful mixing with a microspatula for
15 min. The kneaded (KN) product was obtained by wetting
the mixture of NF and CD with a minimum volume of a 50%
v/v ethanol/water solution to obtain a paste, which was sub-
sequently dried at room temperature. The coevaporated (CE)
systems were prepared by mixing hydroalcoholic solutions
(ethanol/water 50% v/v) of NF and the different CDs. These
solutions were stirred, and the solvent was eliminated under
vacuum in a rotatory evaporator at 85-C; the system was dried
at room temperature.

The coprecipitated (CP) product for the NFYg-CD
system was obtained from the solid residue of the solubility
assays. Complex formation can be observed in the precipitate
from the end of the plateau to the final portion of the BS

solubility diagram (Fig. 4d).

Characterization of Solid Dispersions

X-ray powder diffraction patterns were collected on a
Brucker D8 Advance diffractometer, with a CuK�1 radia-
tion, at a 40-kV voltage and a 30-mA current. The thermal
analysis was performed with a simultaneous SDTA/TGA
851e Mettler Toledo thermal analyzer. The thermal behavior
was studied by heating about 15 mg of the sample at a scan

rate of 5-C minj1 in a pierced aluminum crucible under static
air atmosphere (25Y450-C). The thermograms are shown
from 25 to 200-C because it is the most interesting region.
Infrared spectra were obtained with a Fourier transform
infrared (FTIR) Nicolet Avatar 360 spectrophotometer with
OMNIC ESP software, using the KBr pellet technique; the
resolution was 2 cmj1, and the spectra were the result of
averaging 100 scans.

Dissolution Studies

Preliminary dissolution studies of pure NF and the
NFYb-CD and NFYHPb-CD CE and PM products have been
performed taking 9 mg of NF or equivalent in powder into 25
mL of pH 7.0 T 0.3 buffer phosphate as dissolution medium in
sealed glass containers that were shaken at constant temper-
ature (37 T 0.5-C). Samples were taken at different times and
filtered, and the NF concentration was spectrophotometri-
cally determined at 254 nm. The variation in NF concentra-
tion due to the dilution caused by replacement of the samples
volume with dissolution medium was corrected. Relative
dissolution rates have been calculated as the ratio of the
amount of drug dissolved at 350 min with respect to that
obtained with the pure drug.

RESULTS AND DISCUSSION

pHYSolubility Profile: Determination of pKa

The NF solubility as a function of pH can be observed in
Fig. 3. The solubility value drastically decreases when the
free base is formed. From these results, the pKa value,
determined by means of the HendersonYHasselbalch equa-
tion, was 8.0 T 0.2.

Solubility Diagrams

The phase-solubility diagrams obtained permit to study
the binding between NF and different CDs (Fig. 4). From the
intercept of the diagrams, the solubility of the pure drug has
been determined equal to (4.6 T 0.4) � 10j6 M.

In the case of a-CD, no change was observed in the
solubility of NF, suggesting that NF does not fit in the a-CD
cavity. In agreement with this result, molecular modeling
studies on complexation with some benzene derivatives also
show that the benzene ring is outside the a-CD cavity (23).

Fig. 3. pHYSolubility profile of NF.
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An increase of 5-, 9-, and 21-fold in NF solubility is
observed in presence of 1.0 � 10j2 M solutions of b-CD,
HPb-CD, and Mb-CD, respectively, showing the influence of
the CD rim characteristics on complex formation. Although
b-CD is expected to provide a good fitting for the drug within
the cavity, the solubility enhancement obtained is limited by
the solubility of b-CD itself (24).

It has been observed that the solubility of the drug
increases linearly as a function of b-CD and HPb-CD
concentration (AL-type isotherm; Fig. 4a and b); this fact
indicates that a hydrosoluble complex of probable 1:1
stoichiometry is formed. The stoichiometry with respect to
CDs has been confirmed by Eq. (3); the resulting n values
equal to 1.1 and 1.0 with b-CD and HPb-CD, respectively.
The apparent stability constants of the two complexes can be
calculated by Eq. (1) and are shown in Table I. It can be
concluded that the interaction between NF and HPb-CD is
stronger than that with b-CD. The substituent present in the
CD rims plays an important role in determining the extent of
complexation. The hydroxypropyl substitution induces
changes in the hydrodynamic and hydrophobic interactions,
which contribute to the complex stability (6). The higher
complexing effectiveness of hydroxypropylated derivatives
with respect to the natural CD can also be related to their

higher aqueous solubility and to the hydrophobic cavity that
is enlarged by the hydroxyalkyl groups on the CD rims (25).

Complexation with Mb-CD gives rise to an Ap-type
solubility diagram (Fig. 4c), which suggests that at least one
complex of stoichiometry >1 with respect to the ligand could
be formed. The apparent stability constants K11 and K12 can
be calculated from Eq. (3) (Table I). The value of K12 is
approximately 13-fold smaller than K11, even though it is also
possible that the solubilization of NF at high concentration of
Mb-CD is influenced by the surfactant effects of the latter
(6).

The NF solubility increases only 2-fold in the presence of
1.0 � 10j2 M g-CD. The phase-solubility diagram obtained
for NFYg-CD is of the BS type, which corresponds to the

Fig. 4. Phase-solubility diagrams of NFYCD systems in pH 12 aqueous solution at 25-C.

Table I. Apparent Stability Constantsa for the Complexation of

Naftifine with Different Cyclodextrins in pH 12 Aqueous Solution

at 25-C

b-CD HPb-CD Mb-CD g-CD

K11 (Mj1) 512 T 33 829 T 22 1123 T 29 184 T 16

K12 (Mj1) 89 T 1

a Values are the mean T SE of three determinations.
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formation of a complex of limited solubility (Fig. 4d). The
molar ratio NFYg-CD calculated for the binding is equal to
0.9, in agreement with 1:1 stoichiometry, and the apparent
binding constant K11 is collected in Table I. The higher
standard errors obtained for this diagram can be related to
the low solubility of the NFYg-CD complex.

The wide differences among the stability constants with
each CD can allow to adjust the release of NF from the
complexes in a particular vehicle. The highest stability
constant is obtained for the NFYMb-CD system, probably
due to the role of the methyl substituents in the hydrophobic
interactions. The lowest value corresponds to the complex
with g-CD, which could be attributed to a less tight fitting of
the drug within the cavity. The values of the stability
constants obtained for the NFYCD complexes are suitable
for possible pharmaceutical applications (7).

Solid Complexes

The possible complexation of NF with different CDs (a-
CD, b-CD, HPb-CD, Mb-CD, and g-CD) in the solid state
has been studied by comparison of the KN, CE, and CP
products with the corresponding PMs.

X-Ray Diffraction

The diffraction patterns of the solid systems are dis-
played in Fig. 5. It can be seen that those corresponding to
the PMs are always a superimposition of both components.

The diffraction pattern of the NFYa-CD CE system is
equivalent to that of the PM, showing the main peaks of the
cage a-CD structure at 2q = 12.1-, 14.3-, and 21.7- (26). On
the other hand, the diffraction pattern of the NFYa-CD KN
product exhibits the channel a-CD peak at 2q = 13- with high
intensity, but there are no changes either in the characteristic
cage peak at 2q = 21.7- or that corresponding to the channel
type at 2q = 20-, suggesting an intermediate structure in the
KN solid (26). Likewise, the thermal analysis (Fig. 6) of the

PMs and CE products show three endothermic peaks
corresponding to three types of crystallization water mole-
cules, as it has been reported for the cage packing type (11),
whereas the differential thermal analysis (DTA) curve of the
KN solid displays a specific arrangement of the water
molecules in the crystals.

These detected differences can be attributed to two
different types of crystals of pure a-CD; hence, complex
formation can be rejected taking into account that the main
peaks of free NF at 2q = 6.7 and 20.1- have not changed; that
the endothermic peak at 182-C, associated to the melting of
NF, is always present (Fig. 6); and that the FTIR spectra of
all NF solid systems with a-CD are equivalent (Fig. 7).
Likewise, the X-ray diffraction patterns and the DTA curves
of CE and KN products of pure a-CD present the same
differences as those obtained from the NFYaCD CE and KN
products. Even though the hydrated crystals of natural CDs
usually adopt the cage structure, the amount of water in the
crystallization process determines the structure of crystals
(11,26,27).

In relation to complexation with b-CD, in the first
instance, it has been checked that the DTA curves and the
X-ray diffraction patterns remain unaltered after processing
pure b-CD by kneading and coevaporation. The diffraction
patterns of NFYb-CD CE and PM present several differences,
mainly the disappearance of the peak of pure NF at 2q = 6.7-,
which is an evidence of complex formation. Moreover, the
new reflections appeared especially at 2q values between 6.0-
and 20-, suggesting a new arrangement of the b-CD
molecules in the crystalline complex in relation to the cage
structure present in the PM. Unlike a-CD and g-CD, there is
no characteristic peak in the diffraction patterns of b-CD,
which allows to distinguish between the cage and channel
structures (11). In the channel inclusion complex formed by
b-CD with polymers (28), the cage peak at 2q = 12.5-, just
like what occurred in the NFYb-CD complex, was not
observed. A recent study of solid-state complexation points
out the relevance of some changes that experience the small
auxiliary peaks of b-CD around 2q = 6.25- upon complexa-

Fig. 5. X-ray diffraction patterns of single components and equimolar PM, CE, KN, and CP systems.
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tion, which are related to variation of intermolecular
distances within the crystal lattice (29). Our X-ray diffraction
results appeared to display similar changes in the region of 2q
between 6- and 8-, but the intensity of the signals is low.
Ghermani et al. (30) also suggested that certain changes in
this region could be an evidence for complexation.

The diffraction pattern of the KN system shows the main
reflections of the crystalline complex together with those of
the PM; therefore, complex formation is not completed by
kneading and depends on the mixing time.

It is noteworthy that b-CD is also able to form crystalline
complexes with NF in the absence of solvent by simple and
continuous grinding. For this reason, the mixing must be
careful and time-limited when PMs are intended to be
prepared.

The drying of the crystalline NFYb-CD complex at 70-C
results in the formation of an amorphous complex whose X-
ray diffraction diagram is similar to that of the complex
anthraceneYb-CD dried in vacuum at 80-C (31). Amorphous
CD complexes can improve solid-state properties of drugs

and are related with the loss of crystallization water
molecules (10).

HPb-CD and Mb-CD, as well as their CE and KN
products with NF, are amorphous; the peaks of the drug have
almost disappeared in both systems but the disappearance
was more complete in the CE solids. It could evidence the
formation of amorphous complexes because the new inter-
actions between NF and substituted CD prevent the crystal-
lization of the free drug. The stability of the amorphous state
of NF complexes with b-CDs has been verified in the course
of 10 months, showing again that CDs are able to stabilize
the amorphous state of some drugs (32).

On the other hand, although g-CD is amorphous, the
NFYg-CD CE, KN, and CP products present similar diffrac-
tion patterns that differ significantly from that of the PM.
The presence of new peaks of high intensity at 2q = 7.5-,
11.4-, 14.2-, 16.7-, 21.8-, and 23.7-, together with the absence
of the main reflections of pure NF, points out the formation
of a new solid phase with high crystallinity. These new peaks
are characteristic of hydrated complexes with g-CD, in which

Fig. 6. Differential thermal analysis thermograms of NF, "-CD, HP"-CD, M"-CD, and +-CD, and their respective PM, CE, KN, and

CP systems.
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the CD adopts the channel structure, irrespective of the guest
properties (33); the peak at 2q = 7.6- has been proposed as an
indicator for the g-CD channel-type packing (11). Again, this
result proves the inability of the cage structure of g-CD to
include the guest molecule because another adjacent g-CD
molecule is partially inserted in the cavity by the secondary
hydroxyl side (7). The stability of the CD solid complexes
depends on the hydration degree; in this sense, the NFYg-CD
complexes lose their crystalline structure when they are dried
at 70-C, and their diffraction patterns become similar to
those of the PM, displaying the main peaks of NF and the
amorphous g-CD state.

The amorphous state of g-CD is related to the loss of less
than half of its hydration water (11). The X-ray diffraction
patterns of KN and CE pure g-CD products exhibit a high
crystallinity, showing a mixture of the cage, intermediate, and
channel structures.

NFYg-CD exhibits the lowest stability constant due to
the g-CD cavity size; on the other hand, NF shows
remarkable ability for being included in the void of the
columnar g-CD structure by all the preparation methods
tested: kneading, coevaporation from ethanol/water mixtures,
and coprecipitation from pH 12 aqueous solution.

Finally, as it was mentioned above for the amorphous
systems, the X-ray diffraction patterns of the crystalline

complexes likewise did not change after 10 months of storage
at room temperature.

Thermal Analysis

The DTA thermogram of NF shows a sharp endothermic
peak at 182-C, which corresponds to the melting point of the
drug (Fig. 6). The decomposition process happens in two
steps with a total mass loss of 86%; it takes place between
210 and 440-C. The endothermic peak corresponding to the
melting point of NF is detected in the PMs, but it disappears
in the CE, KN, and CP systems. This thermal behavior can
evidence the formation of complexes in the solid state
between NF and the CDs studied, with the exception of a-
CD. The decrease in the melting signal of NF in the PMs in
relation to pure NF can be due to the interaction between
both components induced by heating, especially with HPb-
CD and Mb-CD (34).

The decomposition process of CD in the systems with
NF occurs at a lower temperature than that of the pure CD.
It starts at 200-C and finishes at 450-C in a single step.

The DTA curves shown in Fig. 6 exhibit the endother-
mic peaks corresponding to the loss of water from each
system. The differences detected between the complexes and
the PMs, mainly for the NFYb-CD system, also indicate a

Fig. 7. Fourier transform infrared spectra of NF, "-CD, HP"-CD, M"-CD, and +-CD, and their respective PM, CE, KN, and CP systems.

Fig. 8. Dissolution curves of NF alone (r) and NFY"-CD (A) and NFYHP"-CD (B) equimolar systems: PMs (0) and CE products (Í).
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phase transition in the CD structure during complexation.
The temperature of water loss changes from 120-C in the PM
to 90-C in the NFYb-CD crystalline complex. The numbers of
water molecules per CD unit in the complexes with b-CD,
HPb-CD, Mb-CD, and g-CD have been determined to be 9,
5, 3, and 10, respectively.

FTIR Spectroscopy

The changes between the FTIR spectra of free and com-
plexed NF are more obvious in the region of 825Y700 cmj1

for all the CDs, except for a-CD (Fig. 7). The band at 772 cmj1

corresponds to the bending vibration of the aromatic CYH
bond (35). This band appears unchanged in the PM, but it
broadens and shifts to a higher frequency in the CE and KN
products; this fact points out the inclusion of the aromatic
rings into the CD cavity. The spectrum of the CP system
formed from NF and g-CD aqueous solutions corresponds to
that of the CE solid and shows the complex characteristic
bands.

Dissolution Rate

As it has been observed, complexation with CDs
improves the solubility of the drug in alkaline media, but it
is also interesting to study the effect of solid-state complex-
ation on the dissolution rate of the drug. Therefore,
preliminary studies have been performed to obtain the
dissolution profiles of pure NF, NFYbCD, and NFYHPbCD
CE and PM products at pH 7.0 T 0.3 and 37 T 0.5-C.

The experimental results of the dissolution studies are
shown in Fig. 8. It can be observed that both complexes and
PMs exhibited faster dissolution rates than that of pure NF.
The relative dissolution rates at 350 min were found to be 1.7
and 2.6 for NFYb-CD PM and CE products, respectively, and
the values for the same solid systems of NF with HPb-CD
were 2.1 and 2.5, respectively.

The improvement on the dissolution rate of PMs in
comparison with NF alone can be due to a solubilizing action
of b-CD and HPb-CD, as their hydrophilic effect can reduce
the interfacial tension between NF and the dissolution
medium, improve drug wettability, and form readily soluble
complexes in the dissolution medium (36).

A similar trend was found with natural b-CD and HPb-
CD complexes, and no significant difference was found
between these two carriers. Moreover, it can be observed
that the CE products are more efficient than the PMs. It
could be due to a closer contact between NF and the CD,
with a better molecular dispersion of the drug into the
hydrophilic carrier, together with the interaction that occurs
in the solid state (34,37). Finally, the dissolution profile of the
NFYb-CD KN product (not shown) was similar to that of the
CE product, as expected from the solid-state studies (38).
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