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Abstract

The interactions of Bendazac, a topical non-steroidal anti-inflammatory drug, with β-cyclodextrin, hydroxypropyl-β-
cyclodextrin and γ -cyclodextrin were investigated to evaluate possibilities to improve the drug’s poor water solubility and
eventually to enhance the topical delivery of Bendazac. Phase solubility studies demonstrated the ability of the selected
cyclodextrins to complex with Bendazac and increase drug solubility. The amount of solubilized Bendazac increased linearly
with the addition of each cyclodextrin according to AL type plots. 13C-NMR studies showed that the Bendazac A-ring was
included in the cavity of the three cyclodextrins. The γ -cyclodextrin was also able to include the B-ring of Bendazac,
forming a complex where one drug molecule fitted into two cyclodextrin molecules. Equimolar solid systems of the drug
with each cyclodextrin carrier were prepared using various techniques (physical mixing, spray-drying and freeze-drying).
The results of differential scanning calorimetry and Fourier transform infrared analysis, performed on the solid systems,
demonstrated that freeze-dried and spray-dried products had a high degree of amorphization and agreed with the hypothesis
of the existence of drug–cyclodextrin interaction in the solid state. The cyclodextrins tested were able to improve the
dissolution of Bendazac. The dissolution profile of the drug was also affected by the physico-chemical properties of each
solid system, the freeze-dried products being the most rapidly dissolving forms.

Introduction

Bendazac ((1-benzyl-1H-indazol-3-yloxy)acetic acid) is a
topical non-steroidal anti-inflammatory drug used for the
treatment of inflammatory skin disorders evolving towards
necrosis [1]. In ophthalmology, Bendazac (BEN) is em-
ployed in the management of cataract, due to its ability
to prevent lens protein denaturation and opacification [2].
The interest in the co-formulation of BEN and cyclodextrins
(CDs) lies in the possibility to favourably modify the drug’s
poor water solubility and permeability through biological
membranes (eye cornea and skin).

CDs are cyclic oligosaccharides capable of forming
water-soluble inclusion complexes with many compounds
by taking up the molecule in part or in its entirety into
their relatively hydrophobic cavity [3–4]. They have been
employed in pharmaceutical formulations to improve the
aqueous solubility, the stability and the bioavailability of
a series of proximate principles [5–7]. During recent years
CDs have also been suggested to act as penetration enhan-
cers for topical drug delivery [8–10]. This effect has been
related to the capability of CDs to increase the aqueous sol-
ubility of lipophilic water-insoluble drugs, without affecting
the drug’s intrinsic ability to permeate biological membranes
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[10]. Actually, CDs do enhance drug permeability without
causing physico-chemical changes within the biological bar-
riers, since hydrophilic CDs and their drug complexes are
only able to penetrate into biological membranes with con-
siderable difficulty [8–11]. In general, it is thought that the
CDs enhance transdermal or transcorneal drug delivery by
increasing drug availability at the barrier surface, where drug
molecules partition from the CD cavity into the lipophilic
barrier [10].

The effectiveness of CDs to improve the physico-
chemical properties of drugs depends on their capacity to
form an inclusion complex and, hence, on the type and de-
gree of drug-CD interactions. These, in turn, are governed
by the structural features of the specific drug and the CD.

In this work the interactions of BEN with different CDs,
in both solution and solid states, were investigated with an
ultimate goal to evaluate possibilities to improve the rather
unfavourable physico-chemical properties of BEN with re-
gard to optimal topical formulations. The following CDs
were selected: β-cyclodextrin (β-CD), because its unique
cavity size is suitable for complexation of most drug mo-
lecules; hydroxypropyl-β-cyclodextrin (HP-β-CD), due to
the higher water solubility with respect to the native β-CD;
γ -cyclodextrin (γ -CD), chosen for evaluating the effect of a
larger cavity than β-CD’s on BEN complexation. These CDs
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were also selected because they are considered safe upon
dermal and ocular applications [12–14].

Solution studies by the phase solubility method and
NMR spectroscopy were performed to investigate the ability
of the CDs to complex with and dissolve BEN. Solid systems
of BEN and each CD were prepared by physical mixing,
spray-drying and freeze-drying, as these methods are known
to yield products with distinctive properties in the solid state
[15, 16]. All solid systems were characterized by differential
scanning calorimetry (DSC) and Fourier transform infrared
analysis (FT-IR). Dissolution studies on the binary systems
were also performed to evaluate the influence of the physico-
chemical properties of the solid systems on the dissolution
rate of BEN.

Experimental

Chemicals

Bendazac was kindly supplied by Aziende Chimiche Ri-
unite Angelini Francesco (Rome, Italy); β-cyclodextrin
(Kleptose�) and hydroxypropyl-β-cyclodextrin (MS =
0.40) by Roquette Frères (Lestrem, France), whereas γ -
cyclodextrin was a commercial sample from Cyclolab (Bud-
apest, Hungary). All substances were used without further
purification. All chemicals were of analytical reagent grade.
Double distilled water was used throughout the study.

Solution studies

Phase solubility studies
Solubility studies were performed in unbuffered water, ac-
cording to the Higuchi and Connors method [17]. An excess
amount of BEN (10 mg) was added to 10 mL of water or CD
aqueous solutions (from 1×10−3 to 1.2×10−2 M of β-CD;
from 1 × 10−3 to 5 × 10−2M of HP-β-CD and γ -CD) in
screw-capped glass vials; these were mechanically shaken
(SS40-D Grant shaking bath) at 25 ◦C until equilibrium
was achieved (5 days). Aliquots were withdrawn, filtered
(filter HA-0.45 µm, Millipore) and spectrophotometrically
analysed for BEN content (Shimadzu UV-1204 spectropho-
tometer) at 307 nm. The presence of CDs did not interfere
with the spectrophotometric assay of the drug. Each experi-
ment was performed in triplicate; the coefficient of variation
associated with each measurement was never greater than
3%.

13C-NMR studies
13C-NMR spectra were recorded on a Bruker WM-250 spec-
trometer. Solutions containing a constant concentration of
BEN (2 × 10−2 M) and variable concentrations of each CD
(from 0 to 8×10−2 M ) were prepared in a 0.1 N solution of
NaOD in D2O to ensure drug solubilization. Spinning tubes
of 4 mm i.d. containing 0.5 mL of solution were employed.
Tetramethylsilane was used as external reference and no
correction was made for the susceptibility of the capillary.
Chemical shifts were calibrated with an accuracy of 0.01
ppm.

Preparation of solid binary systems

BEN and CDs were sieved (IG3/WET/MS, Giuliani, Torino)
and the corresponding 75–150 µm granulometric fractions
collected. The BEN/CD solid systems were all prepared in
1:1 (mol/mol) stoichiometric ratio.

For the preparation of the physical mixtures (PMs), BEN
and each CD were blended in a mortar until a homogeneous
mixture was obtained. For the preparation of the freeze-dried
(FDs) and the spray-dried (SDs) products, 1 g of each PM
was dissolved in 600 mL of water containing 0.06 g/L am-
monium hydroxide to ensure drug solubilization. After 24
hours of agitation at room temperature, the solutions were
frozen at −70 ◦C and freeze-dried in a Modulyo Edwards
apparatus, obtaining the corresponding FD products. The
same solutions were atomised in a Büchi 190 Mini Spray
Dryer to prepare the SD products. The spray-drying system
was equipped with a 0.5 mm nozzle and atomisation was per-
formed under the following conditions: N2 flow rate, around
700 L·h−1, inlet temperature, 145 ◦C, outlet temperature,
73 ◦C. No residual ammonia (Nessler’s test) was detected in
any of the SDs and FDs.

Solid state studies

Differential scanning calorimetry
DSC measurements were carried out using a Mettler DSC
30 apparatus equipped with a TC II probe. Samples were
weighed (10–15 mg) (Mettler M3 microbalance) in Al pans
pierced with a perforated lid, and scanned at 10 ◦C/min in
the 30-250 ◦C temperature range. Dry nitrogen was used as
purge gas.

X-ray analysis
X-ray powder diffraction analysis was performed by a
Philips PW3710 diffractometer in the 3-40◦ 2θ range (scan
rate 1◦ min−1). Kα radiation of Cu was generated at 40 kV
and 20 mA.

Infrared spectroscopy
FT-IR spectra (KBr disk) were obtained on a Bruker IFS-48
apparatus applying Fourier transformation of 8 scans.

Dissolution studies

The dissolution studies of BEN and the different BEN/CD
solid systems were performed according to the USP 24
method (Apparatus 2). 200 mg of BEN or equivalent
amounts of BEN/CD blends were added to 200 mL of water
(non-sink conditions) at 37.0±0.1 ◦C in a Sotax AT7 appar-
atus at a rotation speed of 100 rpm. Suitable aliquots were
removed at different time intervals, filtered and spectro-
photometrically analysed for BEN content, as for solubility
studies. A correction was calculated for the sampling. Each
test was performed in triplicate; the coefficient of variation
associated with each measurement was never greater than
3%.
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Figure 1. Phase solubility diagrams of BEN at increasing amounts of the
different CDs (mean of three experiments, CV < 3%, error bars omitted for
the sake of clarity).

Results and discussion

Solution studies

The equilibrium phase solubility plots for the various
BEN/CD systems are reported in Figure 1. Drug solubility
increased proportionally as the CD molar concentration in-
creased. At the highest concentration tested (5 × 10−2 M),
HP-β-CD and γ -CD increased BEN solubility about 10-
and 3-fold, respectively. With β-CD a three fold enhance-
ment in drug solubility was obtained at the concentration of
1.2 × 10−2 M, which indeed was the highest concentration
tested due to the limited β-CD aqueous solubility. According
to the Higuchi and Connors classification [17], the diagrams
obtained were of AL type, since they were characterized
by a straight line pattern. This type of diagram indicates
the formation of a soluble complex, thereby increasing the
total amount of drug in solution. The assumption of a 1:1
drug/CD stoichiometry is usually made for AL type dia-
grams in the absence of additional information. However,
as pointed out by Higuchi and Connors [17], an AL type
diagram does not necessarily mean that only a 1:1 complex
is formed.

Assuming a 1:1 stoichiometry, the apparent stability con-
stants (K1:1) of the complexes were calculated from the
slope of the phase solubility diagrams and the drug solu-
bility in water [17]. The K1:1 values obtained are reported
in Table 1. The stability constant of the complexes of BEN
with β-CD and with HP-β-CD were similar, indicating that
the hydroxypropyl substituent groups did not much affect the
affinity of β-CD for BEN. Additionally, the K1:1 value of the
BEN/γ -CD complex is lower than those of the complexes
with the β-CDs. However, it is important to remark that 13C-
NMR studies (see below) demonstrated a 1:2 stoichiometry
for the BEN/γ -CD complex. Therefore, the calculated K1:1
value has poor significance in the case of this complex.

13C-NMR studies were performed to investigate both the
nature of the interactions between BEN and the CDs and the
stoichiometry of the complexes in solution. The chemical

Table 1. Stability constants
of BEN/CD complexes (± in-
dicates the S.D. of the re-
spective values)

CD K1:1 (M−1)

β-CD 201 ± 5

HP-β-CD 172 ± 4

γ -CD 49 ± 1

shift changes of BEN carbons, due to the interaction with
each CD, as a function of the CD concentration were ex-
amined. NMR data analysis was performed according to the
mole ratio method [18], which provides useful information
on the portions of a drug molecule involved in the interac-
tion with CDs. As a matter of fact, the transfer of a guest
molecule from the free state to the CD cavity in solution
has been reported to cause an upfield shift of the 13C-NMR
signals of the lead carbons included and a downfield shift of
the 13C-NMR signals of the carbons externally close to the
wider rim of the hollow CD cone [19, 20]. The chemical shift
changes measured were also analysed according to Job’s
method of continuous variations [21], which is known to
provide indications on the stoichiometry of the complexes.

Figure 2(A–C) shows the chemical shift changes in the
BEN carbon atoms induced by the CDs and analysed ac-
cording to the mole ratio method. The profiles of the carbons
showing the highest variations in chemical shift are only re-
ported; the negative sign of 	 ppm (i.e., the difference in
BEN chemical shifts in the presence and absence of CD)
refers to an upfield shift, whereas the positive sign indicates
a downfield shift. In the presence of β-CD (Figure 2A) the
upfield shifts of the C10-14, C11-13 and C12 carbon atoms
suggest that the BEN phenyl group, indicated as the A-ring,
was included within the CD cavity. The downfield shifts of
the C8 and C9 carbon atoms confirm this hypothesis.

The same portions of drug molecule were involved in
the interaction with HP-β-CD, since similar patterns were
observed (Figure 2B).

In contrast to the β-CDs tested, in the presence of γ -
CD (Figure 2C) not only were the carbons of the A-ring
of BEN (C10-14, C11-13 and C12) shifted upfield but also
those of the condensed phenyl group indicated as the B-ring
(C3a, C4, C5, C7 and C7a). This indicates the interaction of
both the phenyl rings with the hollow γ -CD cone, but does
not provide definite information on the drug/CD ratio. It is
worthy of note that the signal displacements observed in the
presence of γ -CD were smaller than those observed with
the other CDs, indicating the weaker interaction between
the drug and this CD, probably due to its larger cavity size
compared to the β-CD.

Figure 3(A–C) shows Job’s plots obtained for the inter-
action between BEN and the CDs tested. They indicate a 1:1
stoichiometric ratio with β-CD and HP-β-CD (Figures 3A
and 3B respectively) because these complexes display the
greatest displacement at r = 0.5 (r is the molar fraction of
CD in the global amount of CD and BEN. It is reported in
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Figure 2. Cyclodextrin-induced 13C-chemical shifts of BEN plotted as a function of the molar ratio of each CD to BEN: β-CD (A), HP-β-CD (B), and
γ -CD (C).

Figure 3. Continuous variation plots of cyclodextrin-induced 13C-chemical shifts of BEN: β-CD (A), HP-β-CD (B), and γ -CD (C).

the figures as the value of the abscissa, and varies from 0 to
1). The plots obtained in the presence of γ -CD (Figure 3C)
show curves having an asymmetrical pattern, with r = 0.66,
suggesting that BEN can form a complex with two γ -CD
molecules.

The results of Job’s plots and those of the mole ratio
method indicate that the A-ring and the B-ring of BEN fitted
into two different γ -CD molecules.

Solid state studies

The DSC curves of the pure components and of the various
drug-CD equimolar solid systems are shown in Figure 4.
Both β-CD and γ -CD exhibited a broad endothermic effect
corresponding to their dehydration. The broader endotherm
was associated with water loss from amorphous HP-β-CD.
The thermal curve of BEN was indicative of its crystalline
anhydrous state and showed an endothermic peak at 160 ◦C,
corresponding to the melting point of the drug.
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Figure 4. DSC thermograms of pure β-CD, HP-β-CD, γ -CD, BEN and of
BEN/CD equimolar systems: physical mixture (PM), spray-dried product
(SD), freeze-dried product (FD).

Figure 5. X-ray powder diffraction pattern of the BEN/HP-β-CD physical
mixture.

The PMs of BEN with β-CD and γ -CD were subjected
to the same transitions of both the drug and the CD and
at the same temperatures, while, in the thermal curve of
the PM with HP-β-CD, the melting peak of BEN had a re-
duced intensity and was shifted to a lower temperature than
what is typical for the drug. This modification of the DSC
melting peak depends on an interaction between BEN and
HP-β-CD [22] and may indicate partial amorphization of the
drug. However, X-ray diffraction analysis on the PM sample
BEN/HP-β-CD (Figure 5) showed that the drug retained its
crystalline form at room temperature. Therefore, the ob-
served thermal behaviour is due to a drug-carrier interaction
induced by the thermal energy supplied to the sample in the
DSC scan [23] and does not depend on drug amorphization.

In all the SDs and the FDs, the dehydration peak of
the CDs broadened and the drug’s endothermal effect dis-
appeared, indicating total drug amorphization. This phe-

Figure 6. FTIR spectra of pure β-CD, HP-β-CD, γ -CD, BEN and of
BEN/CD equimolar systems: physical mixture (PM), spray-dried product
(SD), freeze-dried product (FD).

nomenon, though not unequivocally attributable to inclusion
complex formation is, however, undoubtedly indicative of
a stronger interaction in the SD and FD products between
BEN and the CDs [16].

The carbonyl stretching region of the infrared spectra
of BEN and its different equimolar systems with CDs are
presented in Figure 6. The IR spectrum of BEN gave a sharp
peak at 1720 cm−1, corresponding to the carboxyl carbonyl
stretching band of BEN. This band is of diagnostic value to
elucidate drug-CD interactions.

The carbonyl band appeared unchanged in all PMs. On
the other hand, in the SD and FD products this band was
affected by the nature of the CD. In the IR spectra of SD
and FD products with HP-β-CD, the carbonyl band, at 1720
cm−1, appeared noticeably reduced and was shifted to a
higher wavenumber (1740 cm−1). This behaviour can be
attributed to the breakdown of the intermolecular hydro-
gen bonds probably associated with the crystalline BEN
molecule, and the formation of a monomeric dispersion of
the drug as a consequence of the interaction with the CD.
Such an interaction could result in the inclusion of the drug
monomer in the CD cavity or in the formation of hydrogen
bonding of the monomeric drug with the CD [24]. In the
SDs and FDs with β-CD and γ -CD the carbonyl band of
BEN disappeared. This phenomenon has been attributed to
the restriction of the C=O into the CD cavity, and is probably
a consequence of inclusion complex formation [25, 26].
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Figure 7. Dissolution curves of BEN (�) and of BEN/β-CD (A), BEN/HP-β-CD (B) and BEN/γ -CD (C) equimolar systems: physical mixture (�),
spray-dried product (�), freeze-dried product (∗) (mean of three experiments, CV < 3%, error bars omitted for the sake of clarity).

As to solid state interactions, in contrast to what emerged
from the in-solution interactions, no significant differences
were found if the macrocycle was changed (β-CD or γ -
CD), whereas the presence of hydroxypropyl substituents
on the β-CD molecule played a role in the way the carrier
interacted with the drug in the solid state.

Dissolution studies

The mean dissolution curves of BEN and the various solid
systems with CDs are reported in Figure 7.

From the PMs only a slight increase in drug dissolution
rate was observed with respect to pure BEN. In contrast, the
SDs and FDs provided dissolution rates considerably higher
than the pure drug. It is evident that SD and FD products
containing both β-CD and γ -CD gave quite stable super-
saturated states (Figure 7A and 7C, respectively). The same
samples with HP-β-CD showed a high initial dissolution rate
followed by a slight decrease in the amount of drug dissolved
(Figure 7B). This indicates that a less stable supersaturation
state is achieved with HP-β-CD.

Table 2 shows the relative dissolution rates of the PMs,
SDs and FDs with each carrier, calculated as the ratio of
the amount of drug dissolved at 2 min to that obtained with
the pure drug. The PM with γ -CD provided the lowest
dissolution rate increase. The highest relative increases in
dissolution rate were achieved with the FDs of the three
CDs tested, which gave similar values. The SD products
provided relative dissolution rates slightly lower than the FD
products. The very good performance of SDs and FDs can be
explained by the closer contact between drug and carrier, the
decrease in drug crystallinity, as well as by a phenomenon of
drug-CD interaction occurring in the solid state.

Conclusions

A significant enhancement of BEN solubility has been
achieved by associating the drug with CDs, particularly HP-
β-CD. This CD is able to form with BEN a complex almost
as stable as β-CD, but does not suffer the solubility lim-
itations of the parent CD, and displays higher solubilizing
ability than γ -CD. Complexation of BEN with HP-β-CD

Table 2. Relative dissolution rate at t =
2 min of BEN from physical mixture
(PM), spray-dried (SD) and freeze-dried
(FD) samples with β-CD, HP-β-CD, or
γ -CD

β-CD HP-β-CD γ -CD

PM 2.4 2.1 1.6

SD 29.5 29.5 27.7

FD 35.2 34.1 34.1

as well as with β-CD occurs at a 1:1 stoichiometric ratio,
whereas one BEN molecule forms a complex with two γ -CD
molecules.

The existence of drug-CD interaction has also been evid-
enced in the solid state in spray-dried and freeze-dried
samples.

The results of dissolution studies show that spray-drying
and freeze-drying processes are very effective in enhancing
the effect of the CDs on the dissolution rate of BEN.

The improvement of BEN solubility obtained with the se-
lected CDs promises an enhanced drug permeability through
the corneal and skin barriers.
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