International Journal of Pharmaceutics 404 (2011) 231-237

Contents lists available at ScienceDirect , T
8 PHARMACEUTICS
o

P
(&)

International Journal of Pharmaceutics

journal homepage: www.elsevier.com/locate/ijpharm

Pharmaceutical Nanotechnology

Preparation of a chemically stable quercetin formulation
using nanosuspension technology

Lei Gao*, Guiyang Liu, Xiaoqging Wang, Fei Liu, Yuefang Xu, Jing Ma

Department of Pharmacy, The First Affiliated Hospital of General Hospital of PLA, No. 51 Fucheng Road, Beijing 100048, China

ARTICLE INFO ABSTRACT

Article history:

Received 13 March 2010

Received in revised form 27 October 2010
Accepted 10 November 2010

Available online 17 November 2010

In the present study the evaporative precipitation into aqueous solution (EPAS) process and the high
homogenization press (HPH) process were compared to evaluate their feasibility to form a chemically
stable quercetin nanosuspension. The particle size and Zeta potential of the EPAS nanosuspension were
similar to those of the HPH nanosuspension. Differences in results of differential scanning calorimetery
and X-ray measures were observed between the two processes. The crystalline-to-amorphous phase
transition was shown in the profile of EPAS dried powder. On the contrary the initial crystalline state of

g?; Vrvfggi drug was maintained throughout the HPH process. Dissolution test results indicated that the EPAS process
Stability showed a higher improvement in the drug solubility and dissolution rate than the HPH process. At last the

High performance liquid chromatography (HPLC) analysis proved the superiority of both nanosuspen-
sions over QCT solution formulation for the chemical and photo-stability. As a result, it can be concluded
that the EPAS and HPH techniques were feasible to prepare a chemically stable QCT nanosuspension with
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significantly enhanced dissolution rate.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Quercetin (QCT, 3,3',4’,5,7-pentahydroxyflavone, Fig. 1) is a kind
of natural flavonoids, which has been shown to have a variety
of biological activities and pharmacological actions, such as dilat-
ing coronary arteries, decreasing blood lipid, anti-inflammation,
anti-oxidation and anti-tumor activities (Hollman and Kata, 1999;
Lugli et al., 2009). However, QCT present a very low bioavailabil-
ity (less than 17% in rats and even 1% in human), which results
in that the biological effects of QCT as determined in in vitro
assays cannot be directly transferred to in vivo conditions (Chan
et al,, 2003; Khaled et al., 2003). Apart from the considerable
metabolism and high plasma protein binding in vivo (99.4%), its
poor solubility (ca. 10mg/L in water at ambient temperature)
leading to very limited and slow absorption is also an impor-
tant factor limiting the bioavailability (Bhattaram et al., 2002).
Due to the low solubility, solution formulation of QCT for intra-
venous application is more challenging when a high bioavailability
and a rapid onset of action are required. In addition, due to its
parent skeleton of flavonoids, QCT is chemo- and thermolabile
and rapidly degraded and discolored when exposed to alkaline
media, photo and warm temperature (Scalia and Mezzena, 2009;
Calabro et al., 2004). Therefore the QCT solution formulation con-
taining solubilizer or cosolvent (e.g. ethanol, Cremophor EL, etc)
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may experience degradation during the production and storage
progress.

Recently, the nanosuspension technology has been successfully
applied to tackle the formulation issue of the poorly soluble drugs.
Nanosuspension is a carrier-free colloid drug delivery system con-
taining only minimum stabilizers and pure drug particles with a
mean particle size in the nanometer range, typically between 10
and 1000 nm (Keck and Miiller, 2006; Gao et al., 2008). Outstand-
ing nanosuspension properties such as increased drug solubility,
high dispersity and homogenization, intravenously injectable, sim-
ple production process, universal adaptivity enable its applications
in the formulation of large amounts of poorly soluble compounds.
Furthermore, the formation of suspensions is one of effective
approaches for the stabilization of chemically labile molecules
insoluble in aqueous solution (Schwitzera et al., 2004; Pu et al.,
2009).

Generally, the nanosuspension techniques are classified as
bottom up processes and top down processes according to the dif-
ferences of the production principle (Keck and Miiller, 2006). In the
bottom up processes the poorly water-soluble drug s first dissolved
in an organic solvent and then precipitated through a non-solvent
addition in the present of stabilizers, as in supercritical fluid (SCF)
technology, evaporative precipitation into aqueous solution (EPAS),
spray-freezing into liquid process, and emulsion-solvent evapora-
tion (Li et al., 2007; Rabinow, 2004). These processes were simple
and cost effective without any high energy input. However the fol-
lowing prerequisites should be met: (i) the drug should be soluble
atleastin one solvent. (ii) The solvent is miscible with a non-solvent
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Fig. 1. Chemical structure of the quercetin (3,3',4',5,7-pentahydroxyflavone).

(Gao et al., 2008). The top down methods means the mechani-
cal comminution processes of larger drug particles, as in media
milling, microfluidization and high press homogenization (HPH)
(Van Eerdenbrugh et al., 2008). These methods require no harsh
solvents but involve high energy input and low power efficiency
(Patravale et al., 2004; Liversidge et al., 2003). In addition some
measures should be taken to minimize the degradation of heat sen-
sitive drugs resulted from the heat generated in the comminution
progress (Gao et al., 2008).

The aim of this study was to compare the EPAS process (bottom-
up) and the HPH process (top-down) for the preparation of QCT
nanosuspension. QCT nanosuspension was characterized in terms
of particle size, size distribution, thermal properties and X-ray
powder diffraction. The solubility and dissolution behavior of QCT
before and following EPAS and HPH process were also compared.
At last the chemico- and photo-stability of nanosuspension were
evaluated over the monitoring period.

2. Materials and methods
2.1. Materials

QCT (95.0%) was purchased from Zelang herbs Company (Nan-
jing, China). QCT standard (98.0%) was purchased from the Shanhai
Tongtian Co. Ltd. Pluronic F68 and lecithin was purchased from the
Sigma-Aldrich Chemical Co. (USA). Acetonitrile used was of HPLC
grade, and other materials were of analytical grade.

2.2. HPLC analysis

HPLC analysis of QCT was performed on an Agilent 1200 series
HPLC system (Agilent, USA) equipped with an autosampler system
and a variable wavelength UV detector. The detection wavelength
was set at 373 nm. Chromatographic separation was carried out
with a Eclipse XDB-Cyg column (150 mm x 4.6 mm, 5 um; Agilent,
USA) with mobile phase of acetonitrile/5% acetic acid solution
(27:73,v[v)at30°C.The flow rate was 1.0 mL/min. The QCT suspen-
sion samples were detected by HPLC following solution and dilution
in q.s. methanol.

The calibration curve was linear within the range of
0.1-200 pg/mL (y=360.44x —9.7499, r=0.9998). The detection
limit (signal to noise ratio of 3:1) and quantification limit (signal to
noise ratio of 10:1) were 0.02 pg/mL and 0.07 jug/mL, respectively.
Within-day precision was determined by injecting five standard
solutions of three different concentrations on the same day (n=5)
and between-day precision was determined by injecting the same
solutions for consecutive five days. The relative standard devia-
tion (RSD %) ranged between 0.49% and 1.48%. The accuracy of the
method was performed by the standard addition technique. Three
levels of solutions were made and injected, the recovery% ranged
from 98.72% to 101.50% and RSD% ranged between 0.36% and 1.32%.

2.3. Nanosizing processes

2.3.1. EPAS process

0.2 gof QCT was dissolved in 5 mL of ethanol (60 °C) as an organic
phase. The organic phase was added dropwise into 20 mL of solu-
tion containing Pluronic F68 (0.75%, w/v) and lecithin (0.25%, w/v)
at0°Cunder continuous stirring at 2000 rpm with a propeller mixer
(IKA, RW20, Germany). Then stirring at 300 rpm was maintained
for 2 h at room temperature under vacuum at —25 in. Hg in order to
decrease the ethanol content to a very low residual level, and then
the EPAS nanosuspension was obtained (Pignatello et al., 2006).

2.3.2. HPH process

Pluronic F68 (0.75%, w/v) and lecithin (0.25%, w/v) were com-
pletely dispersed in 20 mL water. Then the QCT powder (1%, w/v)
was dispersed into the solution and processed using a Fluko homog-
enizer (Shanghai, China) at 10000rpm for 1min, the resultant
suspension was then circulated for two cycles at 200bar pres-
sure and five cycles at 500bar, followed by another 20 cycles
at 1500 bar using a piston-gap high pressure homogenizer (ATS
HD100, Canada) to obtain the HPH nanosuspension. A circulating
cold water/ethanol bath system (SDC-6, Ningbo Sicentz Biotech-
nology Co., Ltd., China) was utilized during the HPH process.

2.4. Water removal

First the QCT nanoparticles were gathered from nanosuspension
by centrifugation using an ultracentrifuge (Biofuge stratos, Kendro
Laboratory Products, Osterode, Germany) at 4 °C and rotate speed
of 20,000 rpm for 30 min. Then the upper clear liquid was removed
and the remaining residue was dried in a heated vacuum desiccator
at 40°C and —25in. Hg (Ali et al., 2009).

2.5. Characterization of nanosuspension

2.5.1. Particle size, morphology and Zeta potential of QCT
nanosuspension

The particle size and Zeta potential of QCT nanosuspension were
measured with a Zetasizer (3000SH, Malvern Instruments Ltd., UK).
All measurements were made in triplicate and the mean values and
standard deviations were reported. The morphology of nanosus-
pensions was observed using TEM (JEM-1200EX, Japan). One drop
of nanosuspensions was placed on a copper grid and stained with
2% phosphotungstic acid solution for 2 min. The grid was allowed
to dry at room temperature and was examined with the electron
microscope. To investigate whether the particle size and morphol-
ogy changed before and after the water removal, the TEM and
particle size distribution tests were also performed for the dried
powder following re-dispersion in the QCT-saturated water.

2.5.2. Differential scanning calorimetery (DSC) analysis

Thermal properties of the powder samples were investigated
with a differential scanning calorimeter (CDR-4P, Shanghai, China).
Approximate 10 mg of sample was analyzed in an open aluminium
pan, and heated at scanning rate of 10°C/min between 0°C and
400°C. Magnesia was used as the standard reference material to
calibrate the temperature and energy scale of the DSC apparatus.
To evaluate the internal structure modifications of the drugs before
and after nanosizing process, thermal analysis was performed on
QCT, Pluronic F68, lecithin, their physical mixtures and the freeze-
dried suspension powder.

2.5.3. X-ray powder diffraction (XRPD) measurements

The crystalline state of the samples was estimated by an X-ray
diffractometer (D/max r-B, Rigaku, Japan). The experiments were
performed in symmetrical reflection mode with a Cu line as the
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Table 1

The comparison for characteristics of nanosuspension by EPAS process and HPH process, results were described as means +S.D. (n=3).

EPAS nanosuspension

HPH nanosuspension

Before water removal

After water removal

Before water removal After water removal

Particle size (nm) 251.6 + 24.6 282.6 +£50.3 19247 + 31.8 213.6 £ 293
Polydispersity index 0.23 + 0.08 0.29 + 0.02 0.21 £ 0.10 0.24 + 0.08
Zeta potential (mV) -2323+13 -21.12 £ 2.7 —22.57 £ 1.2 —22.48 + 4.6

source of radiation. Standard runs using a 40 kV voltage, a 40 mA
current and a scanning rate of 0.02° min~! over a 26 range of 5-40°
were used. The samples analyzed were the same as the DSC exper-
iments.

2.5.4. Drug solubility

To compare the solubility of the QCT before and following
nanosizing process, saturation solubility was determined using a
constant-temperature shaker (THX-82, Shanghai, China). Samples
containing equivalent QCT (20 mg) were dispersed into 20 mL phos-
phate buffered solution (PBS, pH 6.8), the temperature and shake
rate were set at 37°C and 100 min~—!, respectively. After 48 h 3 mL
of medium was withdrawn and placed in Ultrafree tube with a
cutoff of 10,000 Da (Ultrafree, MC Millipore, Bedford, USA) and cen-
trifuged at 20,000 x g for 30 min at 4°C (Biofuge stratos, Kendro
Laboratory Products, Osterode, Germany). The QCT content was
measured by using the HPLC mentioned in Section 2.2. The exper-
iments were made in triplicate.

2.5.5. Dissolution

Dissolution behavior of the QCT in vitro was estimated using
a dissolution apparatus (RC-3B, Tianjin, China) with the paddle
method. Samples containing equivalent of QCT (10 mg) were dis-

--
-

persed into 900 mL PBS (6.8) (containing 5% ethanol) after being
pre- homogenized in ca. 5mL dissolution medium. The temper-
ature and rate were set at 37°C and 100 min—!, respectively. At
predetermined intervals, 1mL of medium was withdrawn and
placed in Ultrafree tube with a cutoff of 10,000 Da (Ultrafree, MC
Millipore, Bedford, USA) and centrifuged at 20,000 x g for 30 min
at 4°C (Biofuge stratos, Kendro Laboratory Products, Osterode,
Germany). Equal blank medium was compensated immediately to
sustain the sink condition following each sampling. The QCT con-
tent was measured by using the HPLC mentioned in Section 2.2.
Each sample was analyzed in triplicate.

2.6. Chemical and photo-stability

For the chemical stability studies, all samples were kept in sili-
conized glass vials at 25°C (no light) for 1 month; to evaluate the
photo-stability of the QCT, all samples was exposed to a continu-
ous illuminance of 2500 Lx supplied by a fluorescent lamps for 10
days. At predetermined time intervals, approximate 10 pL aliquot
of samples was drawn out for further analysis. The drug content of
QCT was tested by using HPLC method mentioned in Section 2.2.
All samples were analyzed in triplicate.

Fig. 2. TEM photographs of EPAS nanosuspension and HPH nanosuspension before and after water removal: (A) EPAS nanosuspension before water removal (20,000 ); (B)
EPAS nanosuspension after water removal (20,000x ); (C) HPH nanosuspension before water removal (40,000x ); (D) HPH nanosuspension after water removal (40,000x ).



234 L. Gao et al. / International Journal of Pharmaceutics 404 (2011) 231-237

Heat flow(MW)

- o JL,_i\
-
N

0 100 200 300 400
Temperature’C

Fig. 3. Differential scanning calorimetry thermograms for: (1) QCT; (2) Pluronic F68;
(3) lecithin; (4) physical mixture of QCT, Pluronic F68 and lecithin; (5) EPAS dried
powder; (6) HPH dried powder.

3. Results

3.1. Particle size, morphology and Zeta potential of QCT
nanosuspension

The particle size and Zeta potential of EPAS nanosuspension and
HPH nanosuspension were shown in Table 1. The mean particle
size of EPAS suspension was 251.56 +£24.6nm with a polydis-
persity index of 0.234+0.08, and the mean particle size of HPH
suspensions was 192.47 +31.8 nm with a polydispersity index of
0.21+0.10. TEM photos (Fig. 2) showed that after nanosization,
both EPAS and HPH, the large crystals were transformed into
round or cubic nanoparticles. It could be found that the parti-
cle size and Zeta potential of the nanosuspensions exhibited no
essential changes before and after the water removal. Follow-
ing re-dispersion of the dried powders, the mean paricle size
of the EPAS and HPH nanosuspension were 282.6 +50.3 nm and
213.6 +29.3 nm, respectively.

3.2. DSC analysis

Fig. 3 exhibited the DSC thermograms of the QCT, Pluronic F68,
lecithin, physical mixture of QCT, Pluronic F68, lecithin, and QCT
lyophilized powder from EPAS suspension and HPH suspension.
The curve of the QCT showed two endothermic peaks: a broad
endotherm between 80°C and 120°C corresponds to the loss of
bounded water; the other was a sharp endothermic peak at 311°C
indicating the melting point. This result was consistent with oth-
ers reports (Zheng and Chow, 2009; Borghetti et al., 2009). The
Pluronic F68 showed a glass transition temperature at 79.6 °C fol-
lowed by a melting point peak at 242.3 °C. No endothermic peak
could be seen in the lecithin curve indicating the amorphous struc-
ture of the lecithin. In the thermogram of the physical mixture,
there were peaks resulting from simple superposition of the DSC
curves of the separate component in it. The powder dried from EPAS
suspension and HPH suspension displayed DSC curves with sub-
stantial differences. There was no endothermic peak in the DSC
curve of EPAS dried powder. However, the endothermic peaks of
drug and excipients could be seen in the curve of HPH dried pow-
der.
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Fig. 4. XRPD diffractograms for: (1) QCT; (2) Pluronic F68; (3) lecithin; (4) physical
mixture of QCT, Pluronic F68 and lecithin; (5) EPAS dried powder; (6) HPH dried
powder.

3.3. XRPD analysis

The XRPD patterns of the QCT, Pluronic F68, lecithin, the phys-
ical mixture and lyophilized powder were as shown in Fig. 4. The
XRPD of QCT exhibited intense peaks at 20 of 8.2°, 14.0°, 28.6° and
33.6°, indicative of its crystalline nature. Pluronic F68 presented
two intense peaks at 16.0° and 20.8°. A broad and diffuse pattern
was apparent with lecithin, suggesting that it was essentially amor-
phous. The XRPD pattern of the physical mixture was a composite
pattern of the individual compounds, indicating no formation of
new physical state. The profile for EPAS dried powder was very flat
with no intense peaks, indicating an essentially amorphous nature.
However, the profile of HPH dried powder presented the character-
istic peaks of QCT and Pluronic F68, indicative of the maintenance
of the initial crystalline state.

3.4. Solubility and dissolution studies

The solubility of bulk QCT was only 10.28 pg/mL as shown in
Fig. 5. The physical mixture showed a slightly increase in the sol-
ubility of QCT (16.42 g/mL). A highest solubility was achieved for
the EPAS dried powder, which was 422.4 wg/mL, much higher than
that of the HPH dried powder, which was 278.6 p.g/mL.

Fig. 6 showed the dissolution profiles of the four samples. Only
61.5% and 68.6% had dissolved at 24 h for the bulk QCT and the
physical mixture, respectively. The dissolution rate of EPAS dried
powder was so fast that 67.1% had dissolved at 10 min and 92.9%
had dissolved within 20 min. The HPH powder dissolved 39.5% at
10 min and 73.2% at 20 min, slower than the EPAS powder.



L. Gao et al. / International Journal of Pharmaceutics 404 (2011) 231-237

= 5001
g
2400
2
= 300 # #
2
2 200 [
g
2 100 |
g #
% 0 1 R 1 1
QCT Physical EPAS HPH
mixture dried powder dried powder

Fig. 5. Profiles of QCT solubility at 37 °C for bulk powder, physical mixture of QCT,
Pluronic F68 and lecithin, EPAS dried powder and HPH dried powder. (¥ versus bulk
QCT, p<0.05; *# versus EPAS dried powder, p<0.01).
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Fig. 6. Dissolution profiles for bulk QCT (-4-), physical mixture of QCT, Pluronic
F68 and lecithin (-M-) EPAS dried powder (-x-) and HPH dried powder (-a-) at
37°C and 100 rpm. (The inserted illustration A was the dissolution profile of the
nanosuspensions within the first 2 h).

3.5. Chemical and photo-stability

The effects of nanosuspension technology on improving the
chemical and photo-stability of QCT were investigated. Based on
the maximum solubility of QCT in water (10.5mg/L), a control
water solution containing about 0.8 mg/100 mL was tested in par-
allel. Fig. 7 showed the degradation of QCT in different formulations
over a 1 month period. Although stored at a temperate condition
(at 25°C/no light) a reduction of 28.3% in QCT content and obvious
discoloration was observed for the solution over 1 month period.
In contrast, both EPAS and HPH nanosuspension stored at the same
conditions showed no significant alteration in drug content and in
color over the monitoring period. Similar results were observed in
the photostability studies, which showed that a reduction of 19.9%
in drug content was found for the QCT solution but no significant
reduction found for both nanosuspensions (Fig. 8).

1201
2
([: 100
& 80 W day 0
1] Oday 7
en 60
= E day 14
é 40 & 1 month
g 20
o

0 .

EPAS HPH
nanosuspension

) solution
nanosuspension

Fig. 7. Degradation of QCT in different formulations stored at 25°C in the light-
shielding condition.
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Fig. 8. Degradation of QCT in different formulations exposed to a continuous illu-
minance (2500 Lx supplied by a fluorescent lamps) for 10 days.
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Fig. 9. Particle size distribution of EPAS nanosuspensionand HPH nanosuspension
before and after water removal. (A) EPAS nanosuspension before water removal; (B)
EPAS nanosuspension after water removal; (C) HPH nanosuspension before water
removal; (D) HPH nanosuspension after water removal.

4. Discussions

From Fig. 9 and Table 1 we could see that the EPAS and HPH pro-
cess both successfully leaded to the nanonization of the QCT with
narrow size distribution, the mean particle size of EPAS suspension
and HPH suspensions were 251.56 + 24.6 nm and 192.47 +31.8 nm
respectively. There was no statistical significant difference in Zeta
potential between the two suspensions. The reason for this is that
the Zeta potential of the nanosuspension was mainly dependent
of the composition of the stabilizers (Ain-Ai and Gupta, 2008). It
could be seen in Figs. 2 and 9 that particle size and morphology
for both nanosuspensions showed no changes essentially before
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and after water removal. In the progress of the nanosization, it was
the hydrophobic/hydrophilic interactions of surfactant molecules
and drug for firm anchoring on the newly generated particle sur-
face (Miiller and Jacobs, 2002). Therefore, most of the stabilizers
would keep anchoring on the surface of the particles and precipi-
tate together with the nanoparticles after high centrifugalization.
With the effects of the coverage layer of stabilizers the dried powder
could be finely re-dispersed in the water.

Both nanosuspensions show a good physical stability with a
moderate size increase during 1 month of monitoring (data not
shown), however, further investigation of physical stability was
not performed, because the long-term physical stability was not
the aim of the present studies, it would be investigated in detail in
the future research.

The alteration of the physical state of the substances before and
after the formation could be analyzed through DSC and XRPD stud-
ies. DSC was performed to investigate the interaction between the
drugs and the excipients during the fabrication process and eval-
uate the effect of the excipients on the inner structure of drugs.
XRPD could be used to analyze potential changes in the inner struc-
ture of drug crystals during the nanosizing process. Fig. 3 showed
that there were peaks resulting from simple superposition of the
DSC curves of the separate component in the thermogram of the
physical mixture. It was interesting that the powder dried from
EPAS suspension and HPH suspension displayed DSC curves with
substantial differences: no endothermic peak presented in the DSC
curve of EPAS dried powder; in the contrast, the endothermic peaks
of drug and excipients could be seen in the curve of HPH dried pow-
der. Similar results could be obtained in the XRPD profiles, which
alsoindicated an essentially amorphous nature for EPAS dried pow-
der and the maintenance of the initial crystalline state for the HPH
dried powder (Fig. 4). These differences indicated that the EPAS
process and HPH process had opposite effects on the physical state
of the drug.

The differences between EPAS dried powder and HPH dried
powder in physical state might result from the different production
principles. The HPH process mechanically breaks the microparticles
preferentially at weak points, i.e. imperfections. With the process
of the comminution the number of imperfections is getting less and
less and the crystals remaining are becoming more and more per-
fect. When the mechanical force is equal to the interaction forces
in the crystal, the particles will not further diminute, and the drug
retains the original crystalline structure (Keck and Miiller, 2006).
However, the EPAS process involves the reconstruction of drug
molecules liberated from the original crystals in the anti-solvent.
In this process the coexisted surfactant molecules might inhibit
the growth of drug crystals as their interaction prevents the pack-
ing of drug molecules in their preferable orientation and hence
amorphous phase forms (Hancock and Parks, 2000). In addition,
the rapid evaporation of the organic solvent in EPAS process with
the proximity of the aqueous stabilizer to the nascent drug particles
may result in fast nucleation leading to amorphous nanoparticles
(Sarkari et al., 2002). These findings about the crystalline state of
nanoparticles from EPAS and HPH process were in line with the
reports for some other compounds. It was found that the EPAS
process leaded to a crystalline-to-amorphous transition for hydro-
cortisone (Ali et al., 2009), carbamazepine (Sarkari et al., 2002) and
cyclosporine A (Chen et al., 2002). However, the crystalline nature
were maintained throughout the HPH process for nifedipine (Hecq
et al., 2005), ucb-35440-3 (Hecq et al., 2006) and oridonin (Gao
et al.,, 2007).

Fig. 5 showed that the two nano-sized powders exhibited
approximate 41-fold and 27-fold increase in the solubility respec-
tively compared to the bulk QCT. The reason for the sharp increase
is that the saturation solubility is a function of particle size when
the particle size is reduced to the nanometer range according to the

Ostwald-Freundlich equation (B6hm and Miiller, 1999):

& _ 2vo
Cx  2.303RTpy

where C; is the solubility, C, is the solubility of the solid consisting
of large particles, o is the interfacial tension, v is the molar volume
of the particle material, R is the gas constant, T is absolute temper-
ature, p is the density of the solid, and r is the radius of particles
material.

Considering the same formulation composition and similar par-
ticle size, the higher solubility of the EPAS dried powder compared
to the HPH dried powder could be ascribed to its amorphous state. It
was well known that the amorphous state characterized by higher
energy showed relative higher solubility compared with the crys-
talline state (Hancock et al., 2002).

Besides the increase in saturation solubility, enhancement of
the dissolution rate was also achieved for the nano-sized powder
as shown in Fig. 6. From the Noyes-Whitney equation (Hintz and
Johnson, 1989), we knew that the increased surface area and satura-
tion solubility resulting from the particle radius in nanometer range
led to the increased dissolution velocity. The difference in dissolu-
tion rate between the EPAS dried powder and HPH dried powder
was also contributed to the substantial difference in the physical
state. Similar results were reported by Sarkari et al. (2002), who
found that the less crystalline powder showed the higher dissolu-
tion rate.

Results of the stability studies proved that nanosuspension
could significantly improve the chemical- and photo-stability of
QCT compared with the solution stored in the same conditions
(Figs. 7 and 8). This finding could be explained by two effects.
First the molecules of the stabilizers covering on the surface of the
nanoparticles could shield the inner compound (Schwitzera et al.,
2004). Second, for the nanosuspension only the particle surface is
accessible to water and light, that means there will be the formation
of a degraded outer monolayer of molecules protecting the inner
part of the drug nanoparticles (similar to oxidized layer on top of
aluminium) (Miiller and Keck, 2004). In addition, due to the pro-
tection of the stabilizer layer, even in this outer layer only a few
molecules will be degraded. It could be concluded from these find-
ings that nanosuspension technology would be an effective route
to improve the stabilization of the chemical labile drugs.

log @)

5. Conclusion

Both EPAS and HPH process were shown to be a simple and
adequate operation to fabricate QCT nanosuspension. The two pro-
cesses exhibited opposite effects on the physical state throughout
the production, crystalline state of QCT was shown not to be altered
through HPH process, and a crystalline-to-amorphous phase tran-
sition occurred through EPAS process. The EPAS nanosuspension
showed higher improvement in drug solubility and dissolution rate
compared to the HPH suspension due to its higher inner energy
related to the amorphous phase. Remarkable improvement in
chemical and photo-stability of QCT molecules in nanosuspension
was observed compared with the solution. The increased chemical
stability could not only hold the activity but also reduce the toxicity
of QCT. The present studies demonstrated that both the EPAS and
HPH process could be utilized as a useful method for preparing a
chemically stable QCT nanosuspension.
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