
Direct Formation of Nanospheres
from Amphiphilic �-Cyclodextrin
Inclusion Complexes
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Purpose. The aim of this work was to develop and characterize a
highly loaded nanoparticulate system based on amphiphilic �-cyclo-
dextrins (CDs) to facilitate the parenteral administration of poorly
soluble antifungal model drugs bifonazole and clotrimazole.
Methods. Inclusion complexes were characterized with spectroscopic
techniques. Particle size distribution of nanospheres were determined
by photon correlation spectroscopy (PCS). Nanospheres were as-
sessed for hemolytic activity. Entrapped and released drug quantities
were determined and minimum inhibitory concentration (MIC) val-
ues of drugs, amphiphilic �-CDs, and drug loaded nanospheres were
evaluated.
Results. 1:1 inclusion complexes of model drugs with amphiphilic
�-CDs gave nanospheres <300 nm (polydispersity index < 0.15) by
nanoprecipitation technique without using surfactants. By direct
preparation from preformed inclusion complexes, loading was in-
creased 2- to 8-fold depending on CD type and loading technique.
Conventionally loaded CD nanospheres displayed immediate release
whereas preloaded and highly loaded nanospheres liberated model
drugs over a period of 1 h reducing the initial burst effect. MIC values
of bifonazole and clotrimazole were lowered significantly when asso-
ciated to amphiphilic �-CD nanospheres.
Conclusion. Amphiphilic �-CDs form nonsurfactant, highly loaded
nanospheres with lower hemolytic activity than that of natural CDs
directly from inclusion complexes. They enhanced solubility and sub-
sequently therapeutic efficacy of the model drugs.

KEY WORDS: amphiphilic �-cyclodextrins; inclusion complexes;
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INTRODUCTION

Amphiphilic cyclodextrins (CDs) are obtained by graft-
ing of aliphatic chains of various length on either the primary
or the secondary face of the glucopyranose units; they are
designed to increase intimate contact of natural CDs with
biologic membranes, which is limited by their external hydro-
philicity (1). Amphiphilic properties of these derivatives were
demonstrated at the air-water and oil-water interfaces. Nano-
capsules and nanospheres were prepared using amphiphilic �-
and �-CDs modified on the secondary face by nanoprecipita-

tion and emulsion/solvent evaporation techniques avoiding
the use of additional surfactants. However, it was reported
that the drug is mostly adsorbed on the particle surface rather
than in CD cavity, thus leading to immediate release (2,3).

In this study, two derivatives that were synthesized by
grafting of 6 C chains on either primary or secondary face of
the CD glucose units were used. These amphiphilic �-CDs
were reported previously to form nanocapsules (4–6) without
using surfactants and their interfacial behavior was demon-
strated (4) in air/water and oil/water interfaces. �-CDC6
modified on the secondary face and 6-N-CAPRO-�-CD
modified on the primary face with 6C aliphatic chains (Fig. 1)
were evaluated for their inclusion capabilities and subse-
quently for nanosphere loading and release characteristics.

It was assumed that by modification on the primary face,
wider side of the cavity would be left open to facilitate drug
inclusion since the presence of long substituents may prevent
active ingredients from entering the cavity by steric hindrance
(7).

Because loaded amphiphilic �-CD nanospheres con-
sisted only of the drug and the amphiphilic �-CD, another
factor affecting loading and release would be physicochemical
properties of the entrapped drug. Bifonazole (BF) and clo-
trimazole (CL), two water-insoluble antimycotics from the
imidazole group with extreme high and low association con-
stants K1:1 (11,000 M−1 for BF and 500 M−1 for CL; Ref. 8)
were used as model drugs.

Loading and release properties of nanospheres prepared
from �-CDC6 and 6-N-CAPRO-�-CD were evaluated re-
garding the influence of amphiphilic �-CD type and inclusion
capability, K1:1 association constant of drug toward the native
�-CD, and loading technique. Hemolytic properties of am-
phiphilic �-CD nanospheres were evaluated in comparison
with �-CD, which is known to cause considerable hemolysis
properties upon parenteral administration arising from its ca-
pacity for inclusion of cell membrane components of eryth-
rocytes. Finally, the minimum inhibitory concentrations of
antifungal model drugs associated to nanospheres were com-
pared to model drugs in solution.

MATERIALS AND METHODS

Amphiphilic �-CDs represented in Fig. 1 are referred to
as 6-N-CAPRO-�-CD (MW: 1813 g/mol) and �-CDC6 (MW:
2506 g/mol) according to nomenclature previously described
(4–6). �-CD was modified on the primary face with 6C ali-
phatic chain with amide bond (6-N-CAPRO-�-CD) or on the
secondary face with ester bonds and 6C aliphatic chains (C6).
The structure and purity of both products were verified ac-
cording to techniques such as proton nuclear magnetic reso-
nance spectroscopy at 400 MHz, fast atom bombardment
mass spectrometry, Fourier transform infrared spectroscopy
(FT-IR), differential scanning calorimetry (DSC), and el-
emental analysis as reported previously (6). BF (MW: 310
g/mol) and CL (MW: 344 g/mol) were purchased by Sigma
Chemicals, Steinheim, Germany, and used without any fur-
ther purification. Candida albicans ATCC 90028 was pre-
pared by Pharmaceutical Microbiology Laboratory in
Hacettepe University. Polyethyleneglycol (PEG) 400 was
purchased by Merck, Hohenbrunn, Germany. All organic sol-
vents were of chemical grade and were used without purifi-
cation.
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Preparation of Inclusion Complexes

Inclusion complexes were prepared in a water-ethanol
system using colyophilization technique (9). 1:1 molar ratio
(drug:CD) complexes were studied. Fixed quantities of model
drugs and amphiphilic �-CDs were dissolved in ethanol,
mixed with an equal volume of water and left to equilibrate
under constant stirring for 7 days. Ethanolic phase was evap-
orated under vacuum and the aqueous dispersion was then
lyophilized to obtain the colyophilizate.

Characterization of Inclusion Complexes

DSC was used to analyze thermal behavior of the model
drugs, amphiphilic �-CDs, and 1:1 complexes. Thermograms
were taken with a DuPont DSC 910 Instrument. The samples
were heated in a hermetically sealed aluminum pan at a rate
of 10°C/min from 25 to 200°C under nitrogen atmosphere.
FT-IR spectra were recorded with a Nicolet 520 FTIR spec-
trophotometer using discs of 0.01 g sample in 0.1 g KBr be-
tween wavelengths 400 to 4000 cm−1.

Preparation and Drug Loading of Amphiphilic
�-CD Nanospheres

Nanospheres were prepared according to the nanopre-
cipitation method introduced by Fessi et al. (10). Organic
phase (1 mL) consisting of 1 mg of amphiphilic �-CD or
amphiphilic �-CD:drug inclusion complex dissolved in ac-
etone for �-CDC6 or ethanol for 6-N-CAPRO-�-CD, was
added under constant stirring to 2 mL of aqueous phase con-
sisting only of deionized water. After stirring for one hour at
room temperature, organic solvent was evaporated under

vacuum and the nanosphere dispersion was concentrated to
the desired volume (2 mL).

Nanospheres of 6-N-CAPRO-�-CD and �-CDC6 were
loaded with model drugs BF and CL according to the follow-
ing methods;

Preloaded Nanospheres: Nanospheres were prepared directly
from preformed drug:CD (1:1) complexes according to
the above described nanoprecipitation technique. No
further loading was performed.

Conventionally Loaded Nanospheres: Nanospheres were pre-
pared from amphiphilic �-CDs only, according to nano-
precipitation technique as described before and were
loaded by the addition of 200 �g of model drug to the
organic phase during preparation.

Highly Loaded Nanospheres: Preloaded nanospheres de-
scribed above were overloaded during preparation by
dissolving an additional amount of drug (200 �g) in the
organic phase.

After the formation of nanosphere dispersions, unbound wa-
ter-insoluble antifungal drug in the nanosphere dispersions
were separated by centrifugation at 30,000 g for 10 min and
discarding of the precipitate. Supernatant was then ultracen-
trifuged at 120,000 g at 25°C for 1 h by a Sorvall RC28S with
fix rotor type S20/20 (DuPont, USA) to precipitate the nano-
spheres and the encapsulated drug.

The precipitate was then lyophilized and the resulting
powder containing the loaded nanospheres (≈300 mg) was
dissolved in ethanol (1 mL) to obtain a clear solution, which
was then analyzed spectrophotometrically for the encapsu-
lated drug quantity using a Shimadzu 160A UV Spectropho-
tometer at wavelengths of 254 and 210 nm for BF and CL,
respectively.

Loading capacity was expressed in terms of entrapped
drug quantity, entrapment efficiency and associated drug per-
centage to give a better outline of the loading capacities of
amphiphilic �-CD nanospheres.

Entrapped drug quantity is the total drug quantity deter-
mined in nanosphere dispersion after the elimination of un-
bound drug by centrifugation. Entrapment efficiency was cal-
culated according to the following equation;

Entrapment Efficiency = �determined drug quantity ��mol�
Initial CD quantity ��mol� �

Associated drug percentage was also calculated according to
the following equation;

Associated drug % = 100 × �determined drug quantity �mg�

Initial drug quantity �mg� �
Characterization of Amphiphilic �-CD Nanospheres

Mean particle size (diameter, nm) and polydispersity in-
dex of amphiphilic �-CD nanospheres were determined by
PCS using a Coulter Nanosizer N4 Plus apparatus (Coultron-
ics, Margency, France). Measurements were realized as trip-
licate at a 90° angle at 20°C. A nanoparticle suspension of
intensity between 104 –106 cps was analyzed for 60 s freshly
after the preparation of nanospheres.

Fig. 1. Model drugs; bifonazole and clotrimazole and amphiphilic
�-cyclodextrins modified on the primary or secondary face; �-CDC6
and 6-N-CAPRO-�-CD.
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In Vitro Release of Model Drugs BF and CL from
Amphiphilic �-CD Nanospheres

Release kinetics of model drugs from amphiphilic �-CD
nanospheres (1 mg) were determined in 20 mL of Water:PEG
400 (60:40) providing sink conditions in a thermostated
shaker bath system (Memmert, Schwabach, Germany) at
37°C. At given time intervals, samples were withdrawn from
the system and replaced with equal volume of fresh release
medium. Samples were ultracentrifuged at 120,000 g for 1 h
(SORVALL RC 28S, DuPont, Newton USA) and the super-
natant was analyzed for free drug with a spectrophotometric,
analytically validated method (CV<2%) (Shimadzu 160A UV
spectrophotometer, Bechman Instruments, Munchen, Ger-
many) at 254 and 210 nm for BF and CL.

Hemolytic Activity of Amphiphilic �-CD Nanospheres

Blood samples were withdrawn from healthy human sub-
jects and separated by centrifugation into two parts to work
on whole blood (WB) as well as erythrocytes (red blood cells,
RBCs). For the latter, erythrocytes were separated by cen-
trifugation, washed two times with isotonic phosphate buffer,
pH 7,4 and then resuspended in this buffer in a ratio of 1
to 5.

One milliliter of unloaded amphiphilic �-CD nanosphere
dispersion prepared in isotonic PBS was obtained from vary-
ing concentration range of amphiphilic �-CDs from 0.5 to 4
mM covering the actual amphiphilic �-CD concentration
range used in nanosphere formulations (0.4 mM for �-CDC6
and 0.6 mM for 6-N-CAPRO-�-CD). Nanosphere dispersion
was treated with 50-�L blood sample (WB or RBC) and vor-
texed.

Samples were incubated at 37°C for 30 min and centri-
fuged at 5000 rpm for 10 min. Supernatant was analyzed for
hemoglobin content at 543 nm spectrophotometrically (Shi-
madzu UV 160-A, Japan). Total hemolysis (100%) was de-
termined by UV absorbance of blood samples treated with
distilled water leading to the total lysis of erythrocytes. He-
molysis percentage of each sample was then calculated ac-
cording to the following equation.

Hemolysis % =

� UV absorbance of sample treated with WB or RBC
UV absorbance of sample treated with distilled water�× 100

MIC Determination for the System Constituents

Broth microdilution method was applied to determine
the minimum inhibitory concentration (MIC) values for BF,
CL, �-CDC6 and 6-N-CAPRO-�-CD and preloaded amphi-
philic �-CD nanospheres. Procedures recommended by the
National Committee for Clinical Laboratories were followed.
In this method, 96-well microtiter plates (U-shaped) were
used. All studies were conducted in RPMI 1640. Candida
albicans ATCC 90028 was used as test organism. The final
fungal inoculum was adjusted to 5 × 105 cfu/mL in the well.
Microtiter plates were incubated for 24 h at 35°C. Minimum
inhibitory concentrations were defined as the lowest concen-
tration of antifungal agents that inhibited visible growth of
the fungi using fluconazole as control (11).

Statistical Analysis

Entrapment data were analyzed by Kruskall-Wallis
analysis of variance for BF and CL. Differences between spe-
cific formulations at given time intervals were analyzed by
Tukey test. Hemolysis of different CDs dependent on con-
centration were analyzed with Kruskall-Wallis analysis of
variance and differences between groups were analyzed by
Tukey test. In vitro release data were statistically analyzed
using the two-way analysis of variance for repeated measures
test.

RESULTS AND DISCUSSION

Characterization of Inclusion Complexes

Figure 2 represents the DSC thermograms of physical
mixtures and co-lyophilizates of model drugs BF and CL with
amphiphilic �-CDs. Melting endotherms of model drugs that
appear around 130 and 140°C disappear totally in colyophi-
lizates prepared with 1:1 molar ratio. This may be the result of
two reasons; either model drug is completely included within
the CD cavity or entangled within the “skirt” region compris-
ing of long acyl chains or lyophilization process alters the
crystalline properties of model drugs to amorphous structure
and consequently hides the melting endotherm (12). How-
ever, the second hypothesis can be overruled since bifonazole
and clotrimazole give clear melting endotherms after lyophi-
lization as seen in Fig. 2.

Another technique to assess the formation of true inclu-
sion complexes was FT IR spectroscopy. Figure 3 demon-
strates the formation of inclusion complexes between model
drugs and amphiphilic �-CDs. FT-IR spectra of model drugs
are completely masked by CD spectra, suggesting the inclu-
sion of model drugs by amphiphilic �-CD molecule. Charac-
teristic aromatic band region of model drugs around 600–800
cm−1 is not present in FT IR spectra of colyophilizates.

These findings are in accordance with previous studies
demonstrating the existence of true inclusion complexes be-
tween amphiphilic CD derivatives and various substances
(13–15). Complexation of BF and CL in �-CD also has been
demonstrated in various studies. Generally, the preferred mo-
lar ratio of drug:CD in complexes were determined to be 1:1
which is used in the complexes in this study.

Characterization of Amphiphilic �-CD Nanospheres

Mean diameter of nanospheres prepared directly from
preformed inclusion complexes (1:1) sizes vary from 200 to
300 nm with polydispersity indices below 0.150 indicating a
homogeneous dispersion of nanospheres. A slight increase
in particle size can be observed for nanospheres of clotrima-
zole:amphiphilic �-CD inclusion complex.

Loading Properties of Amphiphilic �-CD Nanospheres

Table I presents a summary of loading properties for
amphiphilic �-CD nanospheres. Factors influencing drug
loading were believed to be as follows;

1. Amphiphilic �-CD chemical structure.
2. Loading technique.
3. Affinity of model drug to mother �-CD.
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Data are expressed in terms of entrapment efficiency and
associated drug percentage in order to clarify the effect of
the above listed parameters on the amount of drug associated
in the nanospheres and the amount of drug entrapped per
unit CD.

As far as the type of amphiphilic �-CD, which is the main
constituent of the nanospheres, is concerned, entrapped drug
quantity and associated drug percentage data suggest that
6-N-CAPRO-�-CD has a higher loading capacity than
�-CDC6. Drug association is significantly higher (p < 0.05) for
6-N-CAPRO-�-CD modified on the primary face. This dif-
ference is even more pronounced in the case of bifonazole
since it has a higher affinity to the CD cavity. On the other
hand, when the drug (�mol) associated per unit CD (�mol) is

evaluated, it is not possible to differentiate between the two
amphiphilic CDs.

Nevertheless, these results in Table I confirm that drug
inclusion may be facilitated by leaving the secondary face
unmodified and thus reducing the steric hindrance and leav-
ing the wider side of the cavity open for the entrance of active
ingredients totally or partially.

It was observed that loading technique was the most in-
fluential parameter on drug entrapment to amphiphilic �-CD
nanospheres. Preparation of nanospheres from preformed in-
clusion complexes of model drugs and amphiphilic �-CD
proved to be an effective method to enhance drug loading to
amphiphilic �-CD nanospheres.

Table I shows that it is possible to increase the entrap-

Fig. 2. DSC thermograms of physical mixtures and colyophilizates of bifonazole and
clotrimazole.
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ment efficiency by 2-fold for both model drugs. There was a
significant difference (p < 0.05) between the entrapment ef-
ficiency of highly loaded formulations and conventionally
loaded ones. However, no significant difference was observed
between drug association and entrapment efficiency data of
preloaded and conventionally loaded formulations. Pro-
nounced enhancement of drug loading with highly loaded for-
mulations may be attributed to the fact that more drug could
be entrapped because of the presence of excess amount of
drug during nanosphere preparation. However, preloaded
nanospheres are limited to the amount of drug included in the
preformed complexes. Considering that a certain amount of
drug may be lost from the complex during loading process, it

is expected that loading will be lower for preloaded nano-
spheres.

Bifonazole has a very high association constant to
mother �-CD whereas clotrimazole has a significantly low
association constant. Consequently, it can be observed in
Table I that bifonazole entrapment was significantly higher (p
< 0.05) in the case of preloaded and highly loaded nano-
spheres. There was no statistical difference between bifona-
zole and clotrimazole entrapment to conventionally loaded
nanospheres. This is rather expected because the affinity of
drug to CD may play an active role for loading when nano-
spheres are prepared from preformed complexes. During the
preparation of conventionally loaded nanospheres, very little

Table I. Loading Characteristics of Preloaded, Conventionally Loaded, and Highly Loaded Amphiphililc �-Cyclodextrin Nanoparticles with
Bifonazole and Clotrimazole (n � 6)

Formulation

Bifonazole Clotrimazole

Entrapped drug quantity
(�g) ± SD

Entrapment
efficiency

Associated
drug (%)

Entrapped drug quantity
(�g) ± SD

Entrapment
efficiency

Associated
drug (%)

Preloaded
1:1 �-CDC6 35 ± 5 32 32 30 ± 2 25 25
1:1 6 N CAPRO�CD 49 ± 5 32 34 36 ± 6 23 22

Conventionally loaded
�-CDC6 68 ± 3 55 34 74 ± 4 54 37
6 N CAPRO�CD 81 ± 2 47 41 83 ± 3 44 42

Highly loaded
1:1 �-CDC6 112 ± 11 102 36 99 ± 1 83 31
1:1 6 N CAPRO � CD 173 ± 8 117 50 124 ± 6 78 35

Fig. 3. FT-IR spectra of inclusion complexes of 6-N-CAPRO-�-CD and �-CDC6.
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time is left to form an eventual complex between the loaded
drug and the nanosphere constituent; amphiphilic �-CD.
These data also suggest that when conventional loading tech-
niques are used, drug is adsorbed to the large surface of the
nanospheres.

Preparation of nanospheres directly from preformed
complexes (preloading) or reloading this preloaded nano-
sphere with excess amount of drug during preparation (highly
loading) resulted in considerable increase in loading proper-
ties. In techniques based on the use of preformed complexes,
drug is already included either in the cavity or entangled
within the long acyl chains. A second possibility for drug
entrapment is the interaction and possible entrapment of drug
in the acyl chains. High loading is found to increase the molar
drug entrapped per molar CD by 2-fold compared with con-
ventional loading.

In Vitro Release Characteristics of BF and CL from
Amphiphilic �-CD Nanospheres

In vitro release data were evaluated according to the
same parameters as those affecting drug loading. Release pro-
files of model drugs bifonazole and clotrimazole were as-
sessed in water:PEG400 (60:40). It can be observed that am-
phiphilic �-CD modification site has a significant effect on
drug release. Amphiphilic �-CD modified on the primary
face, 6-N-CAPRO-�-CD, displayed slower release profiles
than �-CDC6 modified on the secondary face. This difference
is observed only for preloaded and highly loaded nano-
spheres. Both of these techniques include preformed inclu-
sion complexes; however, the slower release profile of 6-N-
CAPRO-�-CD suggests that this molecule holds the drug
longer in its cavity.

Loading technique has a high influence on release profile
with preloading resulting in the slowest release profiles. High-
loaded nanospheres are believed to liberate the excess drug
adsorbed on the surface followed by the slower liberation of
drug included in the cavity. Conventionally loaded nano-
spheres liberated model drugs immediately within the first 15
min because of the burst effect. However, preloaded and
highly loaded nanospheres prolonged the release up to 1 h
and reduced the burst effect. It has been previously reported
that conventionally loaded amphiphilic �-CD nanospheres
entrap drug molecules by adsorption on particle surfaces
(16,17). However, for nanospheres consisting of preformed
inclusion complexes, drug entrapped in the CD cavity is also
released by time dependent mechanisms such as dissociation
upon dilution and competitive displacement of drug from the
cavity by release medium constituents (18). Highly loaded
nanospheres that are believed to entrap the drug both in the
CD cavity and adsorbed on the particle surface, release a
considerable amount of the drugs immediately but neverthe-
less continue the release process for an additional hour. Dif-
ferences in release values of nanospheres in different time
points are statistically significant (p < 0.05).

Affinity of mother �-CD to model drug plays a major
role on drug release from amphiphilic �-CD nanospheres
(19). It can be observed clearly in Figs. 4 and 5 that bifonazole
which has a very high association constant (K1:1 11,000 M−1)
with �-CD is released significantly slower than clotrimazole
which has the lowest association constant (K1:1 500 M−1)
within imidazole derived antifungals (p < 0.05).

Hemolytic Evaluation of Amphiphilic �-CD Nanospheres

Figure 6 displays hemolysis caused by amphiphilic �-CDs
compared with the mother �-CD in whole blood and red
blood cell suspension. Hemolysis induced by amphiphilic
�-CDs were evaluated because �-CD has been questioned for
its hemolytic properties arising from their ability to disrupt
cell membrane components of red blood cells, namely phos-
pholipids and cholesterol. In this study, �-CD, and nano-
spheres of 6-N-CAPRO-�-CD and �-CDC6 were evaluated
for hemolysis in RBCs and total blood.

As expected, amphiphilic �-CDs were both less hemo-
lytic (p < 0.05) than the natural �-CD because of their hydro-
phobic substituents in all concentrations covered by this
study. Besides hydrophobicity, self-assembly of amphiphilic
�-CDs in the form of nanospheres was also believed to reduce
interaction and contact of the CDs directly with the red blood
cells. Hemolytic effect was much more pronounced on red
blood cell suspension (p < 0.05), which is also expected be-
cause it is believed that the presence of other blood compo-
nents and proteins protect the disruption of erythrocyte cell
membrane (20). When amphiphilic �-CDs are compared re-
garding hemolysis, it was found that �-CDC6 caused signifi-
cantly lower hemolysis in red blood cells and total blood (p <
0.05) with less than 10% hemolysis up to a concentration of 4
mM. In the same concentration, 6-N-CAPRO-�-CD caused
15% hemolysis whereas �-CD displayed almost 20%.

The concentration range covered by the hemolysis ex-
periment was very wide and regarding that amphiphilic �-CD
concentration in nanospheres does not exceed 0.6 mM. It may
be pointed out that both amphiphilic �-CDs do not cause
hemolysis more than 20% at this molar concentration. it can
be concluded that amphiphilic �-CDs are non-hemolytic in
injectable nanosphere form and the grafting of lipophilic moi-

Fig. 4. In vitro release profile of bifonazole from amphiphilic �-CD
nanospheres in water:PEG 400 (60:40; n � 6, SD). L6NC, conven-
tionally loaded 6-N-CAPRO-�-CD nanospheres; L B-CDC6, conven-
tionally loaded �-CDC6 nanospheres; HL 6NC, highly loaded 6-N-
CAPRO-�-CD nanospheres; HL B-CDC6, highly loaded �-CDC6
nanospheres; PL 6NC, preloaded 6-N-CAPRO-�-CD nanospheres;
PL B-CDC6, preloaded B-CDC6 nanospheres.
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Fig. 6. Hemolytic evaluation of mother �-CD and amphiphilic �-CD derivatives in
WB and RBCs (n � 3, SD). 6NC WB, whole blood-treated 6-N-CAPRO-�-CD
nanospheres; 6 NC RBC, erythrocyte suspension treated with 6-N-CAPRO-�-CD
nanospheres; �-CDC6 WB, whole blood treated with �-CDC6 nanospheres; �-CDC6
RBC; erythrocyte suspension treated with �-CDC6, �-CD WB, whole blood treated
with �-CD solution; �-CD RBC, erythrocyte suspension treated with �-CD solution.

Fig. 5. In vitro release profile of clotrimazole from amphiphilic �-CD nanospheres in Wa-
ter:PEG 400 (60:40; n � 6, SD). For abbreviations, see legend to Fig. 4.
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eties to the CD molecule reduces the hemolytic activity of this
excipient.

Antimycotic Activity of Amphiphilic �-CD Nanospheres

Antimicrobial activity of the samples were assessed by
the determination of their MIC values on C. Albicans ATCC
90028. MICs against Candida albicans are listed in Table II
for ethanolic solutions of model drugs and amphiphilic
�-CDs, aqueous dispersions of drug-loaded nanospheres and
aqueous solutions of model drug:�-CD complexes. Insoluble
antifungals drugs were administered in ethanolic solution
form and the ineffectiveness of ethanol on C. albicans culture
was verified. It is seen that clotrimazole has a lower MIC
value than bifonazole probably because of its much higher
solubility than bifonazole, which is in accordance with previ-
ous data (21). Interestingly, both amphiphilic �-CDs dis-
played a certain weak antimycotic activity, as seen in Table II.
When drug-loaded amphiphilic �-CD nanospheres were in-
cubated with C. Albicans, synergistic effect was very pro-
nounced since MIC values of BF was lowered by 2-fold
whereas MIC values of CL was lowered 10-fold. This phe-
nomenon was previously encountered when clotrimazole or
other imidazole derived antifungals such miconazole or ec-
onazole was complexed to �-, hydroxypropyl-�-, or �-CD.
Lowering of the MIC values may be attributed to the super-
saturation of growth medium with antifungals, which are re-
leased from nanospheres in soluble form (16,22). Thus, clo-
trimazole which is already more soluble than bifonazole
yielded a MIC value 10 times smaller than in ethanolic solu-
tion form. Bifonazole has a very limited water-solubility and
reduced MIC value by 2-fold when associated to nanospheres.
�-CD:model drug complexes were administered at the same
molar ratio as nanospheres and MIC values are seen in Table
II. It is observed that more drug is solubilized by encapsula-
tion into nanospheres than complexation to �-CD.

CONCLUSIONS

In this study, amphiphilic �-CDs were demonstrated to
form 1:1 inclusion complexes with antifungal model drugs,
bifonazole and clotrimazole. Nanospheres were prepared di-
rectly from these inclusion complexes without any surface
active agents. Significantly high entrapment values were

achieved in comparison to conventionally loaded CD nano-
spheres by using novel techniques based on the preparation of
nanospheres from preformed inclusion complexes. This phe-
nomenon may present an advantage in the preparation of
parenteral formulation of poorly soluble drugs as in the case
of bifonazole; thus, facilitating the formulation of such drugs
for the parenteral route. In vitro release characteristics of
amphiphilic �-CD nanospheres loaded with different tech-
niques were somewhat similar with immediate release in a
period of 1 to 2 h. Amphiphilic �-CD nanospheres are prom-
ising delivery systems for drugs with poor water-solubility
facilitating the therapeutic use of these drugs because they
prove to have very low hemolytic effect and enhanced thera-
peutic efficacy.
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