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a b s t r a c t

The aim of this study was to investigate the effects of micronization and amorphorization of cefdinir on
solubility and dissolution rate. The amorphous samples were prepared by spray-drying (SD) and super-
critical anti-solvent (SAS) process, respectively and their amorphous natures were confirmed by DSC,
PXRD and FT-IR. Thermal gravimetric analysis was performed by TGA. SEM was used to investigate the
morphology of particles and the processed particle had a spherical shape, while the unprocessed crys-
talline particle had a needle-like shape. The mean particle size and specific surface area were measured
by dynamic light scattering (DLS) and BET, respectively. The DLS result showed that the SAS-processed
particle was the smallest, followed by SD and the unprocessed cefdinir. The BET result was the same
nhydrous
icronization

upercritical anti-solvent (SAS)

as DLS result in that the SAS-processed particle had the largest surface area. Therefore, the processed
cefdinir, especially the SAS-processed particle, appeared to have enhanced apparent solubility, improved
intrinsic dissolution rate and better drug release when compared with SD-processed and unprocessed
crystalline cefdinir due not only to its amorphous nature, but also its reduced particle size. Conclusions
were that the solubility and dissolution rate of crystalline cefdinir could be improved by physically mod-
ifying the particles using SD and SAS-process. Furthermore, SAS-process was a powerful methodology

ity an
for improving the solubil

. Introduction

About 32% of the drugs on the market and more than 40% of
ecent candidates for new drugs are considered “poorly water sol-
ble”. For orally administered poorly water soluble compounds, in
articular, the dissolution in gastro intestinal fluid is a critical fac-
or for the bio-absorption process. Many processes, such as; salt
ormation (Engel et al., 2000; Han and Choi, 2007), solid disper-
ion (Chiou and Reigelman, 1971; Ford and Elliott, 1985; Kim et al.,
006), inclusion complex (Peeters et al., 2002; Al-Marzouqi et al.,
006; Jun et al., 2007) and microemulsion (Park et al., 2007) have
een developed and well studied to improve the dissolution rate
f poorly water soluble drugs. In addition, techniques improving
hysical modifications, such as micronization (Perrut et al., 2005;
im et al., 2007), and generation of amorphous states (Hancock
nd Zografi, 1997; Kim et al., 2008b) techniques have been devel-
ped.
Micronization is a well known procedure used in the
harmaceutical industry to reduce the particle size of active
harmaceutical ingredients (API). This size reduction leads to an

ncrease in specific surface area and consequently faster dissolution

∗ Corresponding author. Tel.: +82 42 821 5922; fax: +82 42 823 3078.
E-mail address: sjhwang@cnu.ac.kr (S.-J. Hwang).

378-5173/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
oi:10.1016/j.ijpharm.2010.06.032
d dissolution rate of cefdinir.
© 2010 Elsevier B.V. All rights reserved.

for API particles. Thus, if the dissolution rate was the limiting factor
for bioavailability, increased bioavailability would be expected.

According to Linpinski et al. (1997), solubility of solid solute can
be predicted by the crystal packing energy, which accounts for the
energy necessary to disrupt the crystal packing and to bring iso-
lated molecules in gas phases, i.e. its enthalpy of sublimation. A
crystalline solid has relatively higher crystal packing energy than
an amorphous solid, which means the amorphous solid has low
packing energy and no long-range order of molecular packing.
Therefore, an amorphous solid often has higher solubility than a
crystalline solid, resulting in enhanced dissolution and bioavail-
ability (Hancock and Parks, 2000; Dhumal et al., 2008; Kim et al.,
2008a,b).

Cefdinir (8-[2-(2-amino-1,3-thiazol-4-yl)-1-hydroxy-2-
nitroso-ethenyl]amino-4-ethenyl-7-oxo-2-thia-6-azabicyclo
[4.2.0]oct-4-ene-5-carboxylic acid; Fig. 1) is a semi-synthetic
third-generation broad-spectrum oral cephalosporin active
against both Gram positive and negative bacteria (Budavari, 1996).
Even though, it is used widely to treat acute chronic bronchitis,
rhinosinusitis and pharyngitis, it has only 21–25% of oral bioavail-

ability (Perry and Lesley, 2004), which is probably due to low
aqueous solubility.

The objective of the present work was to study the effects of
amorphorization and micronization on cefdinir. The amorphous
form of cefdinir can be easily made by dissolving cefdinir into

dx.doi.org/10.1016/j.ijpharm.2010.06.032
http://www.sciencedirect.com/science/journal/03785173
http://www.elsevier.com/locate/ijpharm
mailto:sjhwang@cnu.ac.kr
dx.doi.org/10.1016/j.ijpharm.2010.06.032
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Fig. 1. Structure of cefdinir.

ethanol and evaporating the solvent to obtain the powder. To
ompare the size effect, amorphous cefdinir was prepared by spray-
rying (SD) and supercritical anti-solvent (SAS) process. Their
hamaceutical properties were evaluated by DSC, TGA, PXRD, FT-

R, BET, SEM, solubility, intrinsic dissolution and tablet dissolution
tudies.

. Material and methods

.1. Materials

Cefdinir was obtained from Shinpoong Pharm Co., Ltd. (South
orea). Carbon dioxide (CO2) with high purity of 99.9% was sup-
lied from Hanmi Gas Co., Ltd. (South Korea). All organic solvents
ere high performance liquid chromatography (HPLC) grade. d-
annitol and magnesium stearate were purchased from Samchun

hemical Co., Ltd. (South Korea) and PVP K30 was kindly obtained
rom BASF Co., Ltd. (Germany). All other chemicals were reagent
rade.

.2. Supercritical anti-solvent (SAS) process

The SAS-process was performed using the experimental equip-
ent as previously described (Kim et al., 2008b). Cefdinir was

issolved in methanol. Then, the supercritical carbon dioxide (SC-
O2) was pumped into the top of the particle precipitation vessel
approximately 1.9 l) through the outer capillary of the two-flow
pray nozzle (drug solution was sprayed into the vessel via the cen-
ral capillary tube and a secondary co-axical pathway surrounding
he central capillary tube for passage of the SC-CO2) at a constant
ate using a Suflux pump (Model No.KMB01HK1F, Ilshin Autoclave
o. Ltd., Korea) until the desired pressure was obtained. The exper-

ment was performed under the following conditions: temperature
f particle precipitation vessel, 45 ◦C; pressure, 12 MPa; drug solu-
ion concentration, 20 mg/ml; feed rate, 2 ml/min; CO2 flow rate,
5 g/min. The drug solution was introduced into the particle precip-

tation vessel by a HPLC liquid pump (Model 307, Gilson Inc., USA)
hrough the two-flow spray nozzle. Meanwhile, the SC-CO2 contin-
ed to flow through the vessel to maintain the steady pressure. The
esidual solvent (SC-CO2 and methanol) was drained out of the par-
icle precipitation vessel by the backpressure regulator (model 26-
723-24-194, Tescom, UK). After spraying the drug solution into the
article precipitation vessel was completed, additional SC-CO2 was
ontinuously pumped into the vessel at the same rate for another
20 min to remove residual methanol content dissolved in the
C-CO2. The precipitation vessel was slowly depressurized to atmo-
pheric pressure. The precipitated particles were collected from the
all and bottom (retained by a 0.1 �m metal sieve and paper filter)

f the particle precipitation vessel and then stored in a refrigerator.
.3. Spray-drying (SD) process

Cefdinir was dissolved in methanol to obtain clear solutions.
pray-drying was performed using a laboratory scale spray dryer
armaceutics 396 (2010) 239–245

(SD 1000, Eyela, Japan) under the following set of conditions: drug
solution concentration, 20 mg/ml; inlet temperature, 90 ◦C; outlet
temperature, 45–50 ◦C; feed rate, 2 ml/min; atomization air pres-
sure, 110 kPa; drying air flow rate, 0.70 m3/min.

2.4. Scanning electron microscopy (SEM)

The morphology of particles was examined by scanning electron
microscopy (SEM; JSM-7000F, Jeol Ltd., Japan).

2.5. Particle size analysis

The mean particle size of samples was determined by dynamic
light scattering (DLS) using electrophoretic light scattering spec-
trophotometer (ELS-8000, Otsuka Eletronics, Japan). The samples
were dispersed in mineral oil and sonicated for 10 min at 120 W
(Branson 8210, Branson Ul-trasonics Co., USA). Information about
the particle size was obtained by using the cumulant method to
analyze the DLS data.

2.6. BET

The specific surface area of samples was determined by
N2 adsorption using the Surface Area Analyzer. ASAP 2010
(Micromeritics Instrument Corporation, USA).

2.7. Differencial scanning calorimetry (DSC)

DSC measurements were carried out by DSC S-650 (Scinco Co.
Ltd., Korea). The samples of 3–4 mg were accurately weighed and
sealed in aluminum pans. The measurements were performed over
the range of 25–250 ◦C at a heating rate of 10 ◦C/min. An empty
pan was used for the reference and indium was used to calibrate
baseline, temperature, and enthalpy at a heating rate of 10 ◦C/min.
A N2 flow rate of 40 ml/min was used to purge each DSC run.

2.8. Thermal gravimetric analysis (TGA)

TGA was performed via a thermogravimetrical analyzer
SDTQ600 (TA Instruments, USA) over a temperature range of
10–300 ◦C at a heating rate of 5 ◦C/min under a N2 flow (50 ml/min)
Approximately 5 mg of sample was placed in open aluminum pans
and the weight loss was monitored.

2.9. Powder X-ray diffraction (PXRD)

PXRD patterns were recorded on a Rigaku Powder X-ray diffrac-
tion system (Model D/MAX-2200 Ultima/PC, Japan) with Ni-filtered
Cu-K� radiation. The samples were test over the most informative
range from 5◦ to 70◦ of 2�. The step scan mode was performed with
a step size of 0.02◦ at a rate of 2◦/min.

2.10. Fourier transform infrared (FT-IR) spectroscopy

FT-IR spectra were obtained on a FT-IR spectrometer (Thermo
Fisher, Nicolet 380 FT-IR, USA) using an attenuated total reflectance
(ATR) method. The scanning range was 650–4000 cm−1 and the
resolution was 4 cm−1. The number of reference scans was 64.

2.11. Solubility studies
Saturation solubility of cefdinir was determined in distilled
water at 25 ± 0.5 ◦C. The samples were placed in a shaking water
bath (60 rpm) for 24 h previously determined to be adequate time
for equilibration. Suitable aliquots were withdrawn in certain time
intervals and filtered using a 0.2 �m nylon syringe filter. The filtrate
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agreement with TGA results that the processed particles were anhy-
drous. The broad exotherm ranging from 160 to 220 ◦C indicating
drug degradation was observed. Since the onset temperature of
the degradation was shifted to lower temperature with broadened
J. Park et al. / International Journa

as diluted with mobile phase, and the concentration of cefdinir
as determined by HPLC. In addition, for kinetic solubility studies,

xcess solid (approximately 1 g of cefdinir) was placed in 200 ml
ater in a water-jacketed vessel linked to a temperature controlled
ater bath held at 25 ± 0.5 ◦C. Solutions were agitated constantly

y overhead stirrers at 200 rpm. Suitable aliquots were withdrawn
n certain time intervals and filtered using a 0.2 �m nylon syringe
lter. The filtrate was diluted with mobile phase, and the concentra-
ion of cefdinir was determined by HPLC. Chromatographic analysis
as performed on a Waters HPLC system consisting of a pump

Model 510, Waters, USA) and UV detector (Model 486 Tunable
bsorbance Detector, Waters, USA). The C18 reverse phase column

XTerra® 5 �m, 4.6 mm × 150 mm) was used at room temperature.
itrate (33 mM)–phosphate buffer solution (pH 2.0)–methanol-
ioxane (36:4:1, v/v/v) was used as mobile phase. The injection
olume was 10 �l, and the flow rate was 2.0 ml/min and the signal
as monitored at 254 nm.

.12. Intrinsic dissolution rate (IDR) study

IDR studies were performed by the stationary disc (0.5 cm2 sur-
ace area, Distek Inc., USA) method using the USP XXVIII paddle

ethod using UDT-804 (Logan Instruments Corp. USA). Discs were
repared compressing 100 mg of cefdinir powder in a PerkinElmer
ydraulic press for 1 min under 1000 psi. Analysis of the com-
ressed discs by DSC, FT-IR and PXRD confirmed that the crystal
orm of the original powder was retained following the compres-
ion procedure. IDR studies, under sink conditions, were performed
n 900 ml of distilled water at 25 ± 0.5 ◦C and 50 rpm. Suitable
liquots were withdrawn in certain time intervals and filtered using
0.2 �m nylon syringe filter. At each sampling time, an equal

olume of the test medium was replaced. Filtered samples were
nalyzed for drug concentration by HPLC. Experiment was per-
ormed in triplicated.

.13. Preparation of tablet

Tablet was prepared by mixing D-mannitol, PVP K30, cefdinir
nd magnesium stearate (weight ratio of 10:30:3:2) using Erweka
R400 (Germany). Homogeneous mixture was directly compressed
ontaining equivalent dose of 60 mg of cefdinir by round punches
nd dies with a 9 mm diameter. The hardness was controlled at
± 1 kP.

.14. Dissolution study

Dissolution studies were performed according to the USP XXVIII
addle method using UDT-804 (Logan Instruments Corp. USA). The
tirring speed was 50 rpm, and the temperature was maintained
t 37 ± 0.5 ◦C. Each test was carried out in 900 ml of pH 6.8 phos-
hate buffer. Prepared tablets, containing the equivalent of 60 mg
f cefdinir, were placed in the dissolution medium. Then, suitable
liquot sample was withdrawn in certain time intervals and filtered
sing a 0.2 �m nylon syringe filter. At each sampling time, an equal
olume of the test medium was replaced. Filtered samples were
ppropriately diluted with mobile phase and analyzed for drug
oncentration by HPLC. Experiment was performed in triplicated.

. Results and discussion

In this study, amorphous cefdinir particles were obtained from

wo different processes, SD and SAS-process, respectively. TGA,
SC, PXRD, FT-IR, BET, particle size analysis, pharmaceutically

mportant solid-state properties including solubility, intrinsic dis-
olution rate and tablet dissolution were studied to characterize
he particles obtained by SD- and SAS-process.
Fig. 2. TGA curves of (a) unprocessed crystalline cefdinir, (b) SD-processed amor-
phous cefdinir and (c) SAS-processed. amorphous cefdinir.

The TGA curves of unprocessed and all processed cefdinir par-
ticles are shown in Fig. 2. The theoretical stoichiometric value
of the monohydrate should be 4.35%. The onset temperature and
weight loss for unprocessed particles was around 100 ◦C and about
4.33%, respectively, due to the water loss. The total weight loss
corresponding to water loss of about 4.33% is in agreement with sto-
ichiometric value of monohydrate. However, this weight loss was
not seen for all processed particles which meant that they existed
in anhydrous form. In addition, degradation started at 195 ◦C for
unprocessed particles, while degradation for all processed particles
started around 165 ◦C, which meant that the processed particles
were more unstable. From these TGA results, it can be concluded
that unprocessed cefdinir were transformed to anhydrous form by
SD- and SAS-processes.

Fig. 3 shows the DSC curves of unprocessed and all processed
particles. The DSC curves of unprocessed cefdinir, two endotherms
at 48.33 and 138.98 ◦C and exotherm at 195.6 ◦C were observed;
these results were in good agreement with the reported DSC curve
of cefdinir monohydrate (Mahendru et al., 2006). The endotherm
at 138.98 ◦C indicated the loss of water and the sharp exotherm at
195.6 ◦C represented the degradation of the drug as it was shown
in TGA results. However, no endotherms were observed in the
DSC curves for SD- and SAS-processed particle, which had good
Fig. 3. DSC traces of (a) unprocessed crystalline cefdinir, (b) SD-processed amor-
phous cefdinir and (c) SAS-processed amorphous cefdinir.
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Fig. 6. SEM image of unprocessed crystalline cefdinir particles (×1000).
ig. 4. PXRD patterns of (a) unprocessed crystalline cefdinir, (b) SD-processed amor-
hous cefdinir and (c) SAS-processed amorphous cefdinir.

eak and endotherms were disappeared, it can be assumed that
rystallinity changed to amorphous, which is unstable high energy
orm (Hancock and Zografi, 1997). These results showed good cor-
elation with TGA results. The PXRD patterns of unprocessed and
rocessed particles are shown in Fig. 4.

The PXRD pattern of unprocessed cefdinir showed characteristic
eaks at 5.85◦, 7.75◦, 11.7◦, 16.1◦, 21.15◦, 22.25◦, 24.4◦, 26.2◦ and
8.8◦ of 2� (Aleem et al., 2008). On the other hand, all processed par-
icles were characterized by the complete absence of any diffraction
eak corresponding to crystalline form of cefdinir. Fig. 5 showed FT-

R spectra of unprocessed and processed cefdinir. The significant
ifferences in the observed vibrational transitions and the bands

n the spectrum of the crystalline form were clearer and sharper
han the bands of the amorphous forms. In addition, in IR-spectra,
t is already known that significant differences between hydrate
nd anhydrate form were observed around 2800–3800 cm−1 (Di
artino et al., 2001). Due to the O–H stretching vibration of water
olecules (Cabri et al., 2006), the unprocessed cefdinir, which is

n monohydrate form, had characteristic peaks observed at 1133.7,

188.6, 1666.1, 1781.1, 3296.4, 3596.7 cm−1, but not in processed
articles. According to TGA, DSC, PXRD and FT-IR results, they
howed good correlation with each other.

ig. 5. FT-IR spectra of (a) unprocessed crystalline cefdinir, (b) SD-processed amor-
hous cefdinir and (c) SAS-processed amorphous cefdinir.
Fig. 7. SEM image of SD-processed amorphous cefdinir particles (×1000).

The SEM images of unprocessed and processed cefdinir are pre-
sented in Figs. 6–8. While unprocessed cefdinir particles (Fig. 6)
have needle-like crystals, drastic change in the morphology and
shape of particles were observed for both processed particles. SD-
and SAS-processed particles were observed as spherical agglomer-
ated micro- and nano-particles, respectively. The particle size and

specific surface area of unprocessed and all processed particles are
summarized in Table 1. The SD- and SAS-processed particles had
mean particle size of 2.32 ± 1.76 and 0.15 ± 0.07 �m, respectively.

Fig. 8. SEM image of SAS-processed amorphous cefdinir particles (×60,000).



J. Park et al. / International Journal of Pharmaceutics 396 (2010) 239–245 243

Table 1
Mean particle size and BET of unprocessed and processed cefdinir.

Unprocessed cefdinir SD-processed SAS-processed

Mean particle size (�m) Needle-like shape with irregular length 2.32 ± 1.76 0.15 ± 0.07
BET surface area (m2/g) 7.34 ± 0.01 35.01 ± 0.63 55.79 ± 0.06
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ity of crystalline form, respectively (Khankari and Grant, 1995).

T
I

ig. 9. Kinetic solubility curves of unprocessed cefdinir, SD- and SAS-processed
owder.

The kinetic solubility of all unprocessed and processed cefdinir
articles are shown in Fig. 9. In the case of unprocessed cefdinir
article, the equilibrium solubility (approximately 502.1 �g/ml)
as reached rapidly. In contrast, the maximum supersaturated

efdinir concentrations for all processed particles, almost simi-
ar about 3.8 mg/ml, were not reached immediately, since all the
articles were floating on the surface of the water for the sev-
ral hours until they were all wetted. This is because a micronized
article tends to adsorb air and becomes difficult to disperse into
n aqueous medium (Bhattachar et al., 2002; Perrut et al., 2005).
owever, as soon as the particles were wetted, they dissolved into

he water and the concentration of all processed sample reached a
igher level, compared to unprocessed particles. It is suggested that
hese solubility behaviors of all processed particles might be due to
heir amorphous nature, having higher Gibbs free energy, with the
ack of long-range molecular order resulting in rapid dissolution

ith a higher maximum supersaturated concentration (Hancock
nd Zografi, 1997; Chawla and Bansal, 2007). In addition, it can be
ssumed that, since the SAS-processed particle has smaller particle
ize, it reached the maximum concentration faster than the SD-
rocessed particles. However, the supersaturated concentration of

efdinir decreased gradually to 1.2 mg/ml after 48 h due to solvent-
ediated conversion from the amorphous to crystalline form.
Intrinsic dissolution patterns of all unprocessed and processed

efdinir particles are shown in Fig. 10. Good linearities between

able 2
ntrinsic dissolution rates and solubilities of unprocessed, SD- and SAS-processed cefdinir

Intrinsic dissolution rate (�g/min/cm2)

Unprocessed 19.1
Initial-phase Second-phase

SD-processed 180.2 106.2
SAS-processed 190.2 116.2

a Observed value.
b Estimated solubility.
c Observed maximum supersaturated concentration.
Fig. 10. Intrinsic dissolution profiles of unprocessed, SD- and SAS-processed sam-
ples.

time and released amount per unit area were found for unprocessed
cefdinir particles. However, decreases in the slope were observed
after 30 min for all processed particles. This phenomenon might
also be due to solvent-mediated conversion form the amorphous
to crystalline form.

Under sink conditions, the intrinsic dissolution rate J of a solid
is given by:

J = kCs (1)

where the mass transfer coefficient is, k = D/h, where D is the diffu-
sivity of the solid and h is the thickness of the diffusion layer, which
depends on the geometry of the system and of stirring conditions.
Since hydrodynamic conditions were controlled to have identical
numerical value, the intrinsic dissolution rate constant of unpro-
cessed cefdinir and all processed particles must be equal and the
Eq. (1) leads to

JA
JC

= CA

CC
(2)

where JA and CA are the mass flux and solubility for amorphous
form, respectively, and JC and CC are the mass flux and solubil-
As shown in Fig. 10, unprocessed, SD- and SAS-processed cefdinir
were compared. While good linearity was observed between all
points for unprocessed cefdinir (the correlation coefficient was
0.9986), a decrease in the slope was observed after around 30 min

in water at 37 ◦C.

Solubility (�g/ml)

502.1a

Estimated solubility Peak concentration
4737.1b 3790.c

5000.0b 3797.3c
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Fig. 11. Drug release profiles of compressed tablet.

or both SD- and SAS-processed cefdinir, which were in amorphous
orms. The IDR of SD- and SAS-processed cefdinir at 30 min were
alculated and were increased 9.42 and 9.94-fold, respectively,
s compared to intrinsic dissolution rate of unprocessed cefdinir
Table 2). The saturated concentrations of SD- and SAS-processed
morphous samples could be estimated from these values. How-
ver, the estimated solubility for amorphous samples was slightly
ifferent to the observed maximum concentration. Since all of
he particles did not make contact with the water immediately,
he primarily dissolved particles probably converted to crystalline
orm before reaching the maximum concentration. Therefore, the
bserved peak concentrations of SD- and SAS-processed particle
ere 7.54 and 7.56-fold. As a result of intrinsic dissolution, drug

elease for the amorphous form (SD and SAS) was always higher
han that for the crystalline form (unprocessed), indicating faster
rug release.

Fig. 11 shows the dissolution profiles of tabletted samples
n a pH 6.8 enzyme free simulated gastric fluid. According to
he Noyes–Whitney relationship, the dissolution rate is directly
roportional to the particle surface area and the BET results of
AS, SD and unprocessed cefdinir were 55.79 ± 0.06, 35.01 ± 0.63
nd 7.34 ± 0.01, respectively. Therefore, enhancement of the in
issolution rate should be clearly observed for SAS- and SD-
rocessed tablet, when compared to the unprocessed cefdinir
ablet. Approximately 40% and 30% of the cefdinir was released
rom SAS-processed and SD-processed tablets after 30 min, respec-
ively, while 25% of unprocessed cefdinir was released in the
ame time period. Complete drug dissolution was reached after
nly 180 min for the SAS-processed tablet. In particular, the SAS-
rocessed tablet exhibited faster dissolution than SD-processed
ablet. This could be explained by the reduced particle size of SAS-
rocessed particles.

. Conclusions

In this study, amorphous cefdinir was successfully prepared
o have different particle sizes by SD- and SAS-process and their
hysicochemical properties were evaluated. Through the physico-
hemical assessment, amorphous cefdinir was in anhydrous form

nd had a higher apparent solubility compared with unprocessed
rystalline cefdinir due to their amorphous nature. In addition,
ntrinsic dissolution rate showed good correlation with the sol-
bility. By reducing the size of the particles, thereby increasing
armaceutics 396 (2010) 239–245

the specific surface area, the kinetic solubility and dissolution of
the SAS-processed sample were faster than the SD-processed sam-
ple.

This study demonstrated the usefulness of the micronized
amorphous system as a method of enhancing the solubility and
dissolution rate of cefdinir. Furthermore, the SAS-process is an effi-
cient tool for improving the dissolute by combining the benefits of
an amorphous form and maximizing surface area.
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