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Summary

With the aim to develop a new controlled release dosage form of administration for cyclosporin A (CyA), several formulations
of CyA-loaded microspheres and nanospheres based on poly(pL-lactide-co-glycolide) (PLGA) were designed. Microspheres and
nanospheres, prepared by the solvent evaporation process, were characterized with respect to morphology, size distribution, drug
content, internal structure and in vitro drug release. The micro- and nanospheres designed displayed various sizes (from 0.2 to 30
wm), spherical shape and smooth surface. The loading capacity was high for all formulations although it was influenced by the
microsphere size. Results obtained by reversed-phase high-performance liquid chromatography, gel-permeation chromatography,
differential scanning calorimetry, X-ray powder diffraction and Fourier transform infrared spectroscopy revealed that the peptide
forms a molecular dispersion in the co-polymer matrix and no chemical interaction between co-polymer and drug occurs. Release
profiles of CyA from the microspheres developed displayed a biphasic shape. The duration and intensity of each phase were
affected by the microsphere size and the molecular weight of PLGA. Consequently, using PLGA it is possible to design micro- and
nanospheres which allow the controlled release of CyA over a prolonged period of time. This may represent an interesting
approach to provide therapeutic levels of the drug for extended periods of time.

Introduction In addition, clinical investigations suggest that

CyA is efficacious in the treatment of autoim-
mune diseases such as insulin-dependent diabetes
mellitus and rheumatoid arthritis (Mauric, 1982;

Cyclosporin A (CyA), a highly lipophilic cyclic
peptide, is the immunosuppressant of choice for

the prevention of allograft rejection after trans-
plantation of bone marrow, kidney, liver, heart,
lung, pancreas and skin (Matzke and Luke, 1988).
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Borel and Gunn, 1985). However, in spite of the
great therapeutic interest of this drug, several
drawbacks have been reported for the currently
available dosage forms of CyA (Sandimmun® in-
travenous and oral solution). At present, these
forms are administered orally and intravenously,
athough none are considered satisfactory. CyA
absorption following oral administration is slow
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and highly variable (Kahan et al., 1983). This is a
very important limitation since clinical experience
has shown that the therapeutic index for this drug
is low (Wood and Lemaire, 1985). On the other
hand, to provide a loading dose before organ
transplantation and during the first week of ther-
apy, an oleous solution of this drug is adminis-
tered daily, as a slow intravenous infusion (over
approx. 2—6 h). This intravenous formulation con-
tains polyoxyethylated castor oil (Cremophor
EL®), which has been reported to be nephrotoxic
(Luke et al.,, 1987) and to cause anaphilactoid
reactions (Cavanak and Sucker, 1986). However,
due to the difficulty of dissolving CyA in an
aqueous medium no commercial alternatives to
Cremophor EL® have been found.

To overcome these problems and, in an at-
tempt to increase the therapeutic efficacy of CyA,
alternative dosage forms have been suggested,
including liposomes for intravenous administra-
tion (Venkataram et al., 1990) and lipophilic car-
riers for oral and intravenous administration
(Yanagawa et al., 1989; Venkataram et al., 1990).
Nevertheless, these dosage forms have not yet
been widely applied for clinical use as they de-
liver CyA for short periods of time and have a
limited in vitro and in vivo stability (Yanagawa et
al., 1989). On the other hand, ethylene-vinyl ac-
etate copolymer microspheres were also de-
scribed for the controlled release of CyA
(D’Souza, 1988). However, the main disadvantage
of this system is related to the non-biodegradabil-
ity of the polymer and, consequently, the neces-
sity to remove it once the release process has
concluded (about 1 week). In addition, these
beads, due to their large size (up to 780 wm),
cannot readily be administered by injection (Tice
et al., 1989) and require a surgical implantation.
Consequently, the development of a long-term
controlled release parenteral system, which deliv-
ers CyA for an extended period following a single
administration, is of considerable therapeutic and
commercial interest.

Among injectable systems designed to provide
controlled drug release, biodegradable micro-
spheres based on polymers of lactic and glycolic
acids and its co-polymers (PLGA) are the most
acceptable. Long experience with these polymers

has shown that these materials are inert and
biocompatible in the physiological environment
and degrade to toxicologically acceptable prod-
ucts (Wise et al., 1979; Visscher et al., 1987).
Furthermore, at present, several formulations of
injectable microspheres based on these polymers
are being investigated in clinical trials and some
of them are already on the market (Tice et al.,
1989).

Even though a great deal of attention has
recently been focused on microsphere prepara-
tion for peptide delivery, very little work concern-
ing the physico-chemical characterization of the
formulations designed has been carried out. In
fact, generally the stability of the encapsulated
macromolecule and its physical state in the poly-
meric matrix have scarcely been investigated.

On the other hand, in spite of the high poten-
tial of nanospheres, very little work has been
published dealing with the preparation of PLGA
nanospheres (Julienne et al., 1992). These col-
loidal carriers may represent a promising form
for both oral and parenteral administration of
CyA. In fact, the modification of the tissue distri-
bution and pharmacokinetic parameters of a drug
following intravenous injection of drug-loaded
nanospheres can be exploited in terms of better
drug specificity and, consequently, a reduction in
the side-effects and toxicity of the drug. In addi-
tion, PLGA microspheres smaller than 5 wm have
been shown to be a viable system for the targeted
delivery of vaccines to the immune system when
orally administered (Eldridge et al., 1990). The
latter authors suggested that these microspheres
were taken up by the Peyer’s patches of the
gut-associated lymphoid tissue and transported to
the mesenteric lymph nodes. In this way, Jani et
al. (1989, 1990) have shown that microspheres
larger than 1 um are taken up by the Peyer’s
patches less efficiently than smaller particles.
Thus, according to the previously reported re-
sults, PLGA nanospheres may represent a new
interesting oral dosage form for the targeted de-
livery of CyA.

In this study, in an attempt to develop a con-
trolled-delivery system for CyA, microspheres and
nanospheres of PLGA containing CyA were pre-
pared by a solvent evaporation method. The in-



fluence of the polymer type and processing condi-
tions on the physical and physico-chemical prop-
erties of these systems was carefully examined.
Finally, the relationship between these character-
istics and the drug release profiles was also inves-
tigated.

Materials and Methods

Materials

PLGA with a pr-lactide : glycolide molar ratio
of 1:1 was supplied by Boehringer Ingelheim
(Germany). Two samples designated as Re-
somer® RG503 and RG506 were chosen. Inher-
ent viscosities in chloroform were, respectively,
0.44 and 0.80 dl/g. Polyvinyl alcohol (PVA) of
average molecular weight 10000-30000 was pur-
chased from Sigma (France). CyA was obtained
from Sandoz (Switzerland). Other materials were
reagent grade.

Preparation of PLGA microspheres and nano-
spheres

Empty and CyA-loaded PLGA microspheres
and nanospheres were prepared by a solvent
evaporation method previously described (Julien-
ne et al.,, 1992). Briefly, 1.080 g of PLGA and
0.108 g of CyA were dissolved in 15 ml of methy-
lene chloride. This solution (organic phase) was
then emulsified in 135 ml of an aqueous PVA
solution (0.5%) using a stirring motor with a
stainless-steel propeller (Ika RW20 DZM, Janke
& Kunke, Ika-werk, Germany) for 30 min or a
high speed homogenizer (Polytron, Kinematica
GmbH, Switzerland) for 1 min, as indicated in
Table 1. Finally, the solvent was evaporated at
20°C under reduced pressure. The resulting sus-
pensions were washed with distilled water using a
filtration system (microspheres) or a tangential
ultrafiltration system (Minitan®, Millipore,
U.S.A.) (nanospheres) and freeze-dried.

Determination of surface morphology and micro-
sphere size

The shape and surface characteristics of the
formulations were examined by scanning electron
microscopy (SEM) (Cambridge Instruments, 250
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TABLE 1

Encapsulation efficiency and mean size of CyA-loaded micro-
spheres prepared according to the processing conditions

Formu- PLGAiv.? Emulsi- EE.¢ Mean size
lation  (dl/g) fication (%) (um)

speed

(rpm)
1 0.44 1,000® 79.0+02° 285 +17.2°2
2 0.80 1,000° 791403 303 +18.1
3 0.44 3,000 ¢ 74.0+0.4 0.960+ 0.164
4 0.80 3,000 739403 1.009+ 0.172
5 0.44 10,000 € 59.6+0.2 0.2854+ 0,052
6 0.80 10,000 ¢ 59.8+0.2 0.298+ 0.071

2 Co-polymer inherent viscosity in chloroform.
Y Stirring for 30 min.

¢ Homogenization for 1 min.

9 Encapsulation efficiency.

¢ Standard deviation (6 determinations).

MK, AMRI1000A, US.A) at 20 kV. Samples
were coated with gold to a thickness of 200-500
A prior to SEM examination.

The mean diameter and the particle size distri-
bution of the microspheres and nanospheres were
measured by phase-contrast light microscopy
(Olimpus BHS, Japan), according to a reference
scale, and by photon correlation spectroscopy
(PCS) (Zetasizer 111, Malvern Instruments, U.K.),
respectively.

Evaluation of the encapsulation efficiency

The amount of CyA encapsulated was deter-
mined by reversed-phase high-performance liquid
chromatography (RP-HPLC), using a procedure
previously reported (Sawchuk and Cartier, 1981)
and conveniently modified. A specific amount of
CyA-loaded microspheres was dissolved in ace-
tonitrile and diluted adequately prior to injection
in the HPLC system (Spectra-Physics, U.S.A.).
The HPLC system consisted of a P1500 pump,
and a UV-1000 ultraviolet detector. Separation
was achieved by using a reversed-phase column
(Spherisorb ODS-2, Tracer, Teknokroma, Spain)
thermostated at 75°C and a flow rate of the
mobile phase of 1.0 ml/min. The mobile phase
consisted of acetonitrile /water (65 :35).
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Physico-chemical characterization of CyA-loaded
micro- and nanospheres

Differential scanning calorimetry (DSC)

Thermograms were obtained in the tempera-
ture range from 35 to 200°C using a Perkin-Elmer
DSC-4 (Perkin-Elmer, U.S.A.). Samples in sealed
aluminium pans were heated at 10°C/min in a
nitrogen atmosphere.

X-ray powder diffraction

X-ray powder diffractograms were recorded
using a Philips PW1710 system (Philips, U.S.A.)
with Cu-K,, radiation (40 kV, 30 mA). The scan
speed was 1°/min.

Fourier transform infrared spectroscopy (FT-IR)

FT-IR spectra of the formulations were ob-
tained with a Cygnus 100 spectrometer (Mattson,
U.S.A)). Potassium bromide pellets containing the
samples were prepared prior to FT-IR analysis.

In vitro CyA release studies

A variable amount of micro- and nanospheres
containing 0.48 mg of CyA were suspended in 400
ml of phosphate buffer pH 7.4 at 37°C, in order
to keep the system under sink conditions during
the release studies. The system was maintained
under magnetic stirring and, at successive time
intervals, aliquots (5 ml) of micro- and nanosphere
suspensions were collected and centrifuged
(Centrikon, Kontron, U.S.A.) for 1 h at 150000 x
g. CyA released was measured by the analytical
method described above (RP-HPLC). Simultane-
ously, the morphology of microspheres and
nanospheres collected at different times during
the release study was determined by phase-con-
trast light microscopy and PCS, as mentioned
above, and polymer molecular weight was deter-
mined by gel-permeation chromatography (GPC).

In vitro polymer degradation

The molecular weight of CyA and polymers,
before and after microsphere preparation and
also during in vitro release studies, was deter-
mined by GPC, using polystyrene standards
(Supelco, U.S.A.) as reference samples. A GPC
system (Spectra-Physics, U.S.A.) was used with a
refractive index detector. The samples were
freeze-dried, redissolved in chloroform, filtered
and eluted with chloroform through a GPC colum

(Phenogel linear, Phenomenex, U.S.A.) ther-
mostated at 35°C and a flow rate of 1.0 ml/min.

Results and Discussion

In the present work, in order to overcome
several problems associated with the use of the
currently available dosage forms of CyA, we chose
to explore the possibility of developing bio-
degradable microspheres and nanospheres.

PLGA microspheres and nanospheres contain-
ing CyA were prepared by a solvent evaporation
method using different formulation conditions (as
specified in Table 1). As shown in Fig. 1, micro-
spheres were spherical in shape and had smooth
surfaces. No drug crystals were observed on the
surface of any of the formulations developed.
Photographs also illustrated the influence of the
emulsification speed on the microsphere size. As
indicated in Table 1, when the emulsification
speed was increased, the microspheres became
smaller and the size distribution narrower. Thus,
microspheres of controlled size (from 0.2 up to 30
wm) may be prepared by modifying the emulsifi-
cation procedure and the agitation speed. For
high emulsification rates, energetic conditions are
appropriate for the maximum separation of the
organic phase, producing very small droplets and,
thus, allowing the formation of nanospheres (0.2
pm). On the other hand, the co-polymer molecu-
lar weight, which is directly related to the viscos-
ity of the inner phase, was found to affect micro-
sphere size. Consequently, high co-polymer
molecular weight led to a greater particle size,
due to larger drops formed during emulsification.
This fact could be explained by the higher energy
level that is necessary to disperse high viscosity
solutions.

Table 1 also shows that, for all the formula-
tions developed, the encapsulation efficiency (de-
fined as the percentage of CyA encapsulated in
respect to the total amount of CyA used to pre-
pare the microspheres) was very high and was
independent of the polymer molecular weight.
Since CyA is a very poorly water soluble drug, it
was preferentially partitioned in the organic phase
of the emulsion and, consequently, very small
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Fig. 1. Scanning electron micrographs of PLGA microspheres and nanospheres containing CyA: (A) formulation 1; (B) formu-
lation 3.
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amounts of drug are lost in the aqueous phase. In
addition, the data reported in Table 1 show that
the amount of CyA encapsulated increased simul-
taneously with the increase in microsphere size.
In fact, higher loading (80%) was achieved for
microspheres of larger size. This suggests that the
larger surface area of the nanospheres resuits in
greater drug loss during the microencapsulation
process and washing steps. On the other hand,
the yield of the process (defined as the ratio of
the weight of microspheres to the initial weight of
polymer and drug employed) was, in all cases,
higher than 96% and was independent of the
polymer molecular weight.

A second step in the development of these
new CyA formulations was the characterization
of the solid dispersion state of the peptide into
the polymer matrix. Since CyA is completely solu-
ble in the PLGA solution (organic phase) and
slightly soluble in the aqueous phase, it could
precipitate within the microspheres during poly-
mer precipitation in either a crystalline or amor-
phous form, or it could be present in a molecu-
larly dispersed state within the PLGA matrix.
DSC and X-ray analysis were performed in order
to characterize the physical state of the polymer
and drug in the microspheres. The X-ray powder
diffraction scans of the formulations based on
PLGA RG503 are shown in Fig. 3. The X-ray
diffraction peaks characteristic of CyA were only
detected in the pattern obtained for the physical
blend, whereas they were not visible in the
diffraction scans corresponding to CyA-loaded
microspheres and nanospheres. These results in-
dicate that the drug is not present in its crys-
talline state in the formulations developed, sug-
gesting that CyA is dispersed either molecularly
or in an amorphous form in the polymer network.
The same results (not shown) were obtained with
PLGA RG506. This situation was previously ob-
served for another hydrophobic drug, such as
hydrocortisone (Benoit et al., 1986; Cavalier et
al., 1986). On the other hand, Fig. 2 displays DSC
thermograms obtained for PLGA RG503, CyA-
PLGA physical mixture, and blank and loaded
microspheres prepared according to the condi-
tions specified in Table 1. PLGA showed an
endotherm at 48°C corresponding to its glass

PLGA RG503

CYA-PLGA physical mixture

Blank_formulation 1

Blank formulation 3

Blank formulation §

Formulation 1

Endothermic

Formulation 3

Formulation 5

s 45 55 65 75 85 95 105
Temperature (°C)

Fig. 2. DSC thermograms of PLGA, CyA-PLGA physical
mixture, blank micro- and nanospheres and CyA-loaded mi-
cro- and nanospheres (formulations 1, 3 and 5).

transition temperature (7,). No modification of
the T, of PLGA was observed for blank (non-
loaded) microspheres, however, a significant de-
crease in the PLGA’s T, was observed for CsA-
loaded microspheres and nanospheres. The same
results (not shown) were obtained with the co-
polymer with a higher inherent viscosity (PLGA
RG506). Consequently, these data suggest that
the peptide forms a molecular dispersion in the
co-polymer matrix.

Once we concluded that a drug-polymer
molecular dispersion existed, it was important to
determine whether or not this physical dispersion
can promote a chemical interaction between drug
and polymer. To investigate this possibility, mi-
crosphere formulations developed were analyzed

PLGA RGS503

’J\NW,MMWWCM
CyA-PLGA
hysical mixture

Formulation 1
Formulation 3

Formulation 5

T T T T 1

T
| S— T T T T % = EN =

26 (degrees)
Fig. 3. X-ray powder diffractograms of PLGA, CyA, CyA-
PLGA physical mixture and CyA-loaded micro- and
nanospheres (formulations 1, 3 and 5).
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by FT-IR. Fig. 4 displays the infrared spectra
over the range 400-3100 cm~! for CyA, PLGA
RGS503 and the formulations based on this co-
polymer (formulations 1, 3 and 5). The CyA IR
spectrum shows an intense amide carbonyl band

A
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CyA
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at 1631 cm ™! (a). On the other hand, the polymer
FT-IR spectrum shows the carbonyl band and the
alkyl group band at 1758 and ~ 2900 cm™!, re-
spectively (b). FT-IR spectra corresponding to
CyA-loaded micro- and nanospheres displayed
the typical bands of both ingredients (drug and
polymer) without any spectral shifts in either
band. The same results (not shown) were ob-
tained with PLGA RG506. This indicates the
absence of chemical interaction between the
components of the microspheres.

The importance of the above information is
revealed in the fact that the internal structure of
these systems has a significant influence on the
release patterns of the drug (Benoit et al., 1986;
Maulding, 1987; Izumikawa et al., 1991). In fact,
when the drug is dispersed in the polymer matrix
at a molecular level, the release rate should be
strictly controlled by the erosion rate of the ma-
trix. In addition, since the usefulness of FT-IR
spectroscopy in the detection of conformational
changes in peptides has been demonstrated
(Chen, 1992), the results obtained using this tech-
nique also suggest that the physico-chemical in-
tegrity of CyA is mantained in the encapsulated
form. To confirm these results, the formulations
developed were also analyzed by RP-HPLC and
size exclusion chromatography, two analytical
methods which are often used to monitor peptide

ELUTION TIME

5 10 152025 min.

CyA

b

MICROENCAPSULATED

\JL

Fig. 5. Chromatograms of CyA and microencapsulated CyA (formulation 1) obtained by RP-HPLC (A) and GPC (B).
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micro- and nanospheres as a function of time.

stability (Benedek and Swadesh, 1991; Randall et
al., 1991; Chen, 1992). The chromatograms ob-
tained via both techniques (Fig. SA and B) also
support the integrity of CyA in the microspheres.
The GPC chromatograms presented in Fig. 5B
also show the peak corresponding to the polymer,
the principle of this technique being based on a
size-exclusion process. In both series of chro-
matograms it can be seen that the peak corre-
sponding to CyA was unchanged after the mi-
croencapsulation process, suggesting the absence
of physical or chemical modification in the
molecule of CyA. The same results (not shown)
were obtained for formulations 2-6. This is of
great importance, since the frequent conforma-
tional fragility of peptides and proteins renders
them susceptible to denaturation during the en-
capsulation process (Sanders, 1991). However,
due to the multiplicity of protein degradation
pathways, no single test method can be guaran-
teed to be stability indicating (Chen, 1992). Only
the combined information from various methods
can provide confirmation that the physico-chem-
ical integrity of a peptide is retained after the
microencapsulation process.

When formulations were tested for release in
vitro, it was found that CyA was released in a
biphasic manner, characterized by an initial and
variable rapid release period followed by a con-
tinuous and slower release thereafter (Fig. 6).

The initial release, usually referred to as an ini-
tial burst, was found to be greatly affected by the
microsphere size. Thus, a modest initial burst
(between 10 and 15%) in the first 5 days followed
by a slower release was observed from 30 um
microspheres (formulations 1 and 2). In contrast,
a considerable release of drug of 25-35% within
the first day followed by an extremely slow re-
lease was observed from all nanosphere formula-
tions (0.2-1 wm). The initial burst was greater for
nanospheres of smaller size. This first phase cor-
responds to the release of the peptide located on
or near the surface of the delivery system and
therefore available for immediate release. Thus,
as expected, small microspheres displayed more
rapid initial release of drug than larger ones due
to their greater surface area per unit mass and,
consequently, the number of CyA molecules close
to the surface being higher.

To investigate the mechanism of peptide re-
lease after the initial burst, we determined the in
vitro degradation profiles of the polymers form-
ing the wmicrospheres by GPC. The chro-
matograms obtained (Fig. 7) showed a progres-
sive near-linear decrease of the number-average
polymer molecular weight over an experimental
duration of 1 month. This near-linear decrease
and the almost constant release of the drug from
all the formulations suggested that drug release
in the second phase occurs by homogeneous

50 -

Formuiation 1
Formulation 2
Formulation 3
Formulation 4
Formulation 5
Formulation 6
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40
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Fig. 7. Evolution of co-polymer number-average molecular
weight of CyA-loaded PLGA micro- and nanospheres during
in vitro release studies.
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Fig. 8. Photomicrographs of PLGA microspheres containing CyA as observed by phase-contrast light microscopy: (A) before in
vitro degradation and (B) after 14 days in vitro degradation (formulation 1).

degradation of the PLGA matrix. Thus, bulk hy-
drolysis of the polyester leads to erosion of the
co-polymer matrix, followed by release of the
molecularly dispersed peptide. As the process of
erosion is time dependent (as observed during
GPC studies), a gradual but continuous release
occurs which is governed by various factors. These
factors include co-polymer molecular weight and
particle size.

The release rate from these systems is depen-
dent on the co-polymer molecular weight, the
release rate being faster from microspheres pre-
pared with a lower co-polymer molecular weight
(RGS503), as noted from the slopes of the dissolu-
tion plots for the second phase. Similar results
have been obtained for hydrophilic peptides in-
cluded in PLGA microspheres (Sanders et al.,
1984).

Significant differences between the micro-
spheres and nanospheres can also be seen in this
phase of the release profiles. The extremely slow
release from 1 wm microspheres and nanospheres
may be due to their dense matrix structure. In-
deed, the slower degradation rate of the
nanospheres with respect to microspheres (as
demonstrated in Fig. 7) may be explained by a
more dense matrix, resulting in very little release
of CyA.

Microspheres prepared with PLGA RG503
immediately after preparation and after a 14 day
incubation period are shown in Fig. 8. Sustained
erosion of the microspheres, that may be related

to the polymer degradation and subsequent pep-
tide release, was observed. Similar results were
obtained with PLGA RG506.

The results presented here are very encourag-
ing, since they show the possibility of designing
CyA-loaded microspheres with pre-programmed
durations of action, by selecting the desired poly-
mer properties and formulation parameters. Con-
sequently, optimal long-term controlled-release
systems for CyA delivery should be possible to
achieve. On the other hand, CyA-loaded PLGA
nanospheres offer several other potential uses.
First, these systems may be administered intra-
venously, thereby allowing one to modulate the
distribution pattern of CyA and, probably, to
reduce the toxicity of this peptide. Second, after
oral administration these systems provide a means
of targeted delivery of CyA to the immune sys-
tem. Consequently, this new approach of using
biodegradable micro- and nanospheres as CyA
carriers is a promising step toward the develop-
ment of a clinically useful new dosage form of
this drug.

Conclusions

This work has demonstrated the feasibility of
efficiently encapsulating CyA into PLGA micro-
and nanospheres of controlled size by using a
solvent evaporation method. The drug carrier
consists of a biodegradable, biocompatible co-
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polymer in which the drug is dispersed at a
molecular level and no drug interaction with the
polymer exists. The characteristic shape of the
drug release profiles and degradation studies by
GPC suggest that drug release from these systems
is controlled, essentially, by matrix erosion, fol-
lowing an initial diffusive release from the sur-
face. Thus, different release profiles (i.e., near-
constant or biphasic) and release rates can be
achieved by modifying the particle size and by
selecting the appropriate co-polymer molecular
weight. Consequently, using PLGA it is possible
to design a biodegradable controlled-release sys-
tem which, after a single dose, can maintain the
drug at the desired concentrations, achieving the
ideal mode of CyA delivery: an initial burst (‘in-
duction therapy’ phase), followed by a prolonged
continuous release, to attain a ‘maintenance ther-
apy’ phase.

Current in vivo experiments should allow us to
determine which specific release profile can opti-
mize the immunosuppression, in terms of dura-
tion and intensity, in order to provide adequate
long-term immunosuppressive therapy while
avoiding potential toxicity.
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