
1. Introduction
Cyclosporine A (CyA) is an immuno-

suppressive oligopeptide which is used to
prevent organ rejection after transplantation
and for the treatment of selected autoimmune
diseases such as rheumatoid arthritis, Behcet’s
disease, psoriasis and nephrotic syndrome [1,

2]. This poorly water soluble drug is a highly
specific and potent inhibitor of T- l y m p h o c y t e s
by binding to cyclophilin in cytoplasm [1, 3,
4]. Administration of this drug with 11 amino
acids is limited by its hepatotoxicity,
nephrotoxicity and neurotoxicity [5]. Due to
relatively high molecular weight, very high
lipophilicity and poor solubility in aqueous
media, oral absorption of CyA is usually low
[6, 7]. These properties have limited the design
of cyclosporine dosage forms for various
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Abstract 
The purpose of this study was to prepare and characterize microspheres loaded

by   cyclosporine A (CyA)-cyclodextrin (CD) complex. To achieve this goal, PLGA
microspheres loaded by CyA-CD complex were prepared by multiple emulsification-
solvent evaporation methods. Morphology, size, encapsulation efficiency and drug
release from these microspheres were evaluated. Microscopic evaluation of
microspheres showed that microspheres were spherical in shape. The size analysis
results indicated that size range varied from 1 to 50 mm for complex loaded
microspheres. Encapsulation efficiency of microspheres was increased by increasing
drug to polymer ratio. Drug release was found to be biphasic with a first more rapid
release phase (burst) followed by a slower phase. After two weeks, 43.40%±3.45
of CyA was released from these microspheres. In conclusion, microspheres loaded
with CyA-CD complex were prepared that could be used for control delivery of CyA. 
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administration routes [6]. To overcome the
problems associated with conventional
delivery systems and to improve the eff i c i e n c y
of CyA, alternative dosage forms such as
microemulsions [8], microspheres [5, 9-12],
nanospheres [3, 9] and liposomes [13-15]
have been suggested.

The use of biodegradable microspheres
as drug delivery systems offer several
important advantages including controlled
and continuous drug release, convenient
administration, biodegradability, biocompat-
i b i l i t y, protection of drug against acid and
enzymes in the GI tract and no need for daily
use of the drug [16-18]. These microspheres
are suitable alternatives for conventional
dosage forms. Concerning the use of diff e r e n t
biodegradable polymers, PLGA has been
widely used for preparation of microspheres
due to its safety and physicochemical
properties, as it is nontoxic, biodegradable and
biocompatible [19-22].

Cyclodextrins (CD) are a group of cyclic
oligosaccharides obtained from the enzymatic
degradation of starch. They have torus shape
with hydrophilic outer surface and a lipophilic
central cavity. These properties cause CDs to
form inclusion complexes with lipophilic
molecules [23-26]. The three major CDs, α,

β, and γ, are composed of six, seven or eight
D-(+) glucopyranose units, respectively. T h e
aqueous solubility of a drug-CD complex in
p a r t i c u l a r, can be dramatically different from
that of the free drug. This complexation will
a ffect many of the physicochemical properties
of drug without alteration of the intrinsic
pharmacokinetic [27, 28]. Normally, they are
used to enhance solubility, bioavailability
and stability. Also, they protect drugs against
physicochemical and enzymatic degradation
[29, 30]. No covalent bonds exist between the
CD and its guest, so complexation can be
considered a dynamic process. Therefore, a
drug included within the cyclodextrin cavity
may be dissociated upon dilution, displaced
by a more suitable guest or transferred to a
matrix for which it has a higher aff i n i t y, such
as a biological membrane [31]. CDs have
been successfully used to modify the release
features of polymeric systems mainly due to
their capability of forming inclusion
complexes with drugs that effect drug
solubility and/or diffusivity [16, 21, 29].

The aim of this study was to incorporate
CyA-CD complex within microspheres to
study the effect of CDs incorporation on the
properties of these microspheres. Different
microsphere formulations loaded by complex

Figure 1. Effect of different concentrations of α-cyclodextrin, HP β-cyclodextrin and mixture of cyclodextrins on aqueous
solubility of CyA (Mean±SD, n=3).
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were obtained and fully characterized for
m o r p h o l o g y, size, encapsulation eff i c i e n c y
and release rate of CyA. 

2. Materials and methods
2.1. Materials 

P L G A 50:50 (MW 40000-75000) were
obtained from Sigma (USA). Cyclosporine A
was purchased from LC laboratories (USA).
Dichloromethane and polyvinyl alcohol
( P VA) (MW 27000) were supplied by Merck
(Germany). α-CD and HP β-CD were
obtained from American Maize-Products
Company (USA) and Roquette (France). All
materials were of analytical grade unless
otherwise stated.

2.2. Phase-solubility profiles
For phase-solubility studies of CyA,

aqueous solutions of α-CD, HP β- and,
mixture of α-CD and HPβ-CD with diff e r e n t
concentrations were prepared. An excess
amount of CyA powder was added to vials
containing various concentrations of CDs.
The vials placed on rotator (Rotek, A u s t r a l i a )
at room temperature (22-23 ºC) for 7 days.
F i n a l l y, aqueous solutions were filtered
through a 0.45 µm membrane filter (PTFE
F i l t e r, 17 mm, PM Separations) and the filtrate
was analysed using high performance liquid
chromatography (HPLC). In all cases,

solubility determinations were repeated three
times and intrinsic solubility of CyA in water
was measured [23, 25].

2.3. Preparation of microspheres loaded by
CyA-CD complexes

The water in oil in water (w/o/w)
emulsification-solvent evaporation method
was used to prepare these microspheres [19].
The inner aqueous phase was composed of
CyA-CD complex solution. In this case, the
mixture of α- and HP β-CD that had the best
e ffect on increasing the aqueous solubility
of CyA was chosen. The organic phase was
composed of different amounts of PLGA in
30 ml of dichloromethane. The inner aqueous
phase was emulsified in organic phase
forming the primary emulsion (w/o), using
homogenizer at 21000 rpm for 5 min. Three
different drug to polymer ratios were used
(1:5, 1:10 and 1:20). The w/o/w emulsion
was obtained by mixing the primary emulsion
in 100 ml of PVA (1%). The resulting double
emulsion was continuously stirred to allow
solvent evaporation. The solid microspheres
obtained were isolated by centrifuge (Jouan,
KR22i, France) at 15000 g for 15 min, washed
several times with distilled water, and finally,
lyophilized. The whole procedure was
repeated in triplicates. 
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Figure 2. SEM of microspheres loaded by CyA-cyclodextrin complex. Magnification of image is x5000.
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2.4. M i c ro s p h e re morphology and size analysis
The shape and surface characteristics of

microspheres were examined by optical
microscope (Olympus, Germany) and
scanning electron microscopy (SEM)(LEO,
1450 V P, England), respectively. Samples
were prepared on stubs and coated by
platinum. 

Mean diameters and particle size
distribution of microspheres were measured
by particle size analyzer (Mastersizer,
Malvern, UK). Zeta potential in basis of Laser
Doppler spectroscopy was determined by
using Zetasizer (3000HSA, Malvern, UK)
after suitable dilution with double distilled
water. Results were reported as Means±SD.

2.5. Determination of encapsulation efficiency
A known amount of CyA loaded micro-

spheres was dissolved in 1 ml dichloromethane
and after filtration through 0.45 µm filter, 20
µl of this solution was injected to HPLC.

2.6. HPLC assay
Quantitative determinations were

performed by HPLC system (Shimadzu,
Japan) using a C18 column (Alltech, USA),
UV-Vis detector (SPD-10A) at 214 nm, auto
sampler (SIL-10AD). A mobile phase
composed of 90% methanol and 10% water

at a flow rate of 1.5 ml/min was used. The
injection volume was 20 µl.

2.7. In vitro CyA release
PLGA microspheres (20 mg) loaded with

CyA-CD were suspended in phosphate buff e r
(pH 7.4, 500 ml) containing 0.01% (w/v) of
polysorbate 80. The suspension was gently
shaken in a water bath at 37 ºC. At various
time intervals, samples were centrifuged
(13000 rpm for 5 min.) and 400 µml of the
supernatant were taken and replaced with
fresh medium. CyA released into the
supernatant was quantified by HPLC as
described above and cumulative release
pattern was established and the results were
reported as Means±SD [32].

3. Results and discussion
The solubility of CyA in water increased

linearly by increasing the HP β- C D
concentration, but the relation between α-
cyclodextrin concentration and aqueous
solubility of CyA was non-linear (Figure 1).
α-CD was more effective than HPβ-CD, but
the difference between solubilizing eff e c t s
of 15% and 20% α-CD was not significant.
This effect is a result of more suitable size of
the cavity of α-CD (4.7-5.3 Å) than that of HP
β-CD (6.0-6.5 Å) [23, 33]; because for

Figure 3. Cumulative percent release of CyA from microspheres loaded by CyA-CD complex for 1:10 drug to polymer
ratio. (Mean ± SD, n=3).
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inclusion complex to be formed, some
lipophilic moiety of the drug molecule has to
fill the hydrophobic cavity [34]. In this case,
d i fferent aliphatic chains in CyA s t r u c t u r e
may interact better with hydrophobic central
cavity to form inclusion complex.

The phase solubility profile of CD mixtures
was the same as α-CD (Figure 1). Mixture of
15% α-CD and 20% HP β-CD solutions had
the best effect and was chosen for microsphere
loading. In this case, aqueous solubility of
CyA increased to 4.2039±0.1267 mg/ml. 

Evaluation of microspheres by optical
microscopy showed that microspheres were
spherical in shape. No drug crystals were
observed on any of the samples. SEM studies
displayed that microspheres has smooth
surfaces (Figure 2), but in our pervious study,
SEM evaluation of microsphere encapsulated
with CyA showed that some islands of drug
have formed on the surface of microspheres
[35]. In this case, by increasing the polymer
ratio, microspheres’ shape changed and
aggregation increased.

Results of particle size analysis revealed
that the size range varied from 1 to 50 µm for
these microspheres. The mean sizes for
microspheres loaded by CyA-CD complex,
containing 1:5, 1:10 and 1:20 drug:plymer
ratios, were 7.58±2.58, 10.69±2.80 and
12.85±3.64 µm, respectively. Particle size
and encapsulation efficiency data of diff e r e n t
microsphere formulations are summarized in
Table 1. For these microspheres, encapsulation
efficiency increased with increasing drug to
polymer ratio. Encapsulation efficiency for
1:5, 1:10 and 1:20 microspheres loaded by
CyA-CD complex was 26.46%±2.57%,
36.69%±3.21% and 57.48%±2.60%,
r e s p e c t i v e l y. Product yield was reasonable

and varied from 89 to 97% for diff e r e n t
formulations.

The release of CyA was biphasic with a
rapid release phase (burst) followed by a
slower phase (Figure 3). After two weeks,
43.40%±3.45 of CyA was released from
microspheres loaded by complex. In the
present study, addition of the CDs increased
the drug release at least by two fold when
compared with result of our last study [35].
In different studies, both increasing and
retarding effect of CDs on drug release have
been observed. For example, it has been
shown that incorporation of CD into
microsphere may improve the hydration of the
microsphere [14]. Indeed, incorporation of
CDs into polymeric drug delivery systems
can influence the mechanisms by which drug
is released. Complexed CDs for example,
can modify drug solubility or diff u s i v i t y,
improve hydration of the polymer matrix or
promote its erosion [31]. Presence of CDs in
the microspheres may promote their
dissolution rate [36]. Also, the addition of
CD to polymeric systems may enhance drug
release by acting as channeling or wicking
agents or by promoting erosion of the matrix
[31].

Drug release rate from the biodegradable
PLGA microspheres is mainly controlled by
polymer erosion, structure of the porous
microenvironment and drug diffusion [16].
Depending on microsphere preparation
technique, drug molecules are either dispersed
within the polymer or deposited inside
spherical, or nearly spherical, occlusions
(macropores) formed within the particle
during processing. Upon immersing
microspheres in an aqueous medium, water
penetrates toward the centre of the particle
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Table 1. Mean size, zeta potential, encapsulation efficiency and product yield of microspheres loaded by CyA-cyclodextrin
complex (Mean±SD, n=3).
Drug: Polymer Mean size    Zeta potential Encapsulation  Product yield 
ratio (µm) (mV) efficiency (%) (%)
1:5 7.58 ± 2.58 -23.0 26.46 ± 2.57 97.00 ±  2.58  
1:10 10.69 ± 2.80 -34.4 36.69 ± 3.21 95.58 ± 3.90  
1:20 12.85 ± 3.64 -34.2 57.48 ± 2.60 88.69 ± 3.85  
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(hydration phase) and activates drug diff u s i o n
through the innate micropores of PLGA
(angstrom- or nanometer-dimension) and the
macroporous structure of the particle. In the
case of macromolecules, the diffusion in the
porous network is highly limited due to the
cramped space available and so extremely
slow until pores grow in size and/or coalesce
because of polymer erosion [16]. Different
factors such as polymer type, preparation
method and drug characteristics influence
drug release from these matrices [31].

In conclusion, according to the results of
this study, microspheres with biphasic release
pattern were prepared. These microspheres are
not suitable for rapid effects and can be used
as slow-release dosage forms. Also, CD
complexation affected microsphere properties
especially drug release kinetics which could
be a result of drug solubility improvement.
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