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Abstract: One approach for the enhancement of oral drug bioavailability is the technique
of nanoparticle preparation. Risedronate sodium (Biopharmaceutical Classification System
Class III) was chosen as a model compound with high water solubility and low intestinal
permeability. Eighteen samples of risedronate sodium were prepared by the solvent
evaporation technique with sodium dodecyl sulfate, polysorbate, macrogol, sodium
carboxymethyl cellulose and sodium carboxymethyl dextran as nanoparticle stabilizers
applied in three concentrations. The prepared samples were characterized by dynamic light
scattering and scanning electron microscopy. Fourier transform mid-infrared spectroscopy
was used for verification of the composition of the samples. The particle size of sixteen
samples was less than 200 nm. Polysorbate, sodium carboxymethyl dextran and macrogol
were determined as the most favourable excipients; the particle size of the samples of
risedronate with these excipients ranged from 2.8 to 10.5 nm.
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1. Introduction

The bioavailability of drugs is influenced by their solubility and permeability. When per-oral
administered drugs display good water solubility, permeability is a critical issue [1,2]. In the
Biopharmaceutical Classification System (BCS) high water solubility is defined as: (a) 85%
dissolution of the dose within 30 min at all pH values from 1 to 7.5 and (b) dose/solubility <250 mL.
The difference between a high-solubility and a low-solubility compound can be one million-fold
(0.1 pg/mL—100 mg/mL). A drug substance is considered highly intestinal permeable if >90% of the
administered drug dose is absorbed in comparison with intravenous administration. The difference
between a high-permeability and a low-permeability compound can be 50-fold (0.001-0.05 min™!) [3].
The permeability of orally dosed drugs depends on several factors such as intestinal permeability,
solubility in gastrointestinal system, drug release from the dosage form, liability to efflux and metabolism.
Generally strategies/structural modifications to improve permeability are based on a few fundamental
concepts: reduction of ionizability, increase of lipophilicity, reduction of polarity or reduction of
hydrogen bond donors or acceptors. Formulation is other strategy for improving permeability and
bioavailability; for example, permeability enhancers, surfactants or pharmaceutical complexing agents
can be used in the oral dosage form [3]. The problem of poor permeability can be also solved by
preparation of nanoparticles. In general, nanoparticles for systemic applications should range from 10
to 100 nm in size and have minimum surface charge [4]. A lot of nano-based permeability enhancing
techniques is known, e.g., preparation of nano-emulsions using excipients with solubilizing or
permeation enhancing properties [5—7]. Nanosize allows effective systemic circulation and enables
many pharmacological agents to reach sites of action that are not available to larger particles [8—11].

Bisphosphonates (BPs) represent highly hydrophilic compounds with low oral bioavailability (in
most cases less than 3%) [12]. These pyrophosphate analogues are the most effective bone resorption
inhibitors [13]. BPs contain a P-C-P backbone with two covalently bound side chains by which BPs
differ from each other. The mechanism of action of BPs is induction of apoptosis in osteoclasts [14].
Risedronate (risedronate monosodium salt, systematic name: sodium 1-hydroxy-1-phosphono-2-
(pyridin-3-yl-ethyl)phosphonate, Figure 1), is a member of Class III of the BCS and belongs to the
third-generation BPs. It has a chemically unique component as compared with other BPs, which is
believed to reduce the likelihood of gastro-intestinal side effects. Risedronate is more potent in
blocking the dissolution of bone than other BPs [15,16]. It has good solubility in water, but its absolute
bioavailability after oral administration is less than 1% [17,18]. Due to these facts risedronate was
chosen as a model drug in this study.

BPs are used as per-oral or injection forms, nevertheless new formulations of BPs are developed
with a view to increase their oral bioavailability and reduce side effects. For example, the use of
ethylenediaminetetraacetic acid in BP formulations enhanced their absorption in intestine [19]. Other
approaches to the modification of BP properties are the preparation of co-crystals [20,21] or the
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preparation of chitosan-coated mucoadhesive liposomes or peptide prodrugs that can be recognized by
the intestine carrier system and subsequently transported. Also, an adduct of risedronate with titanium
dioxide particles was proposed as a controlled-release system [22].

Figure 1. Structure of sodium salt of risedronate.
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This contribution is a follow-up paper to our previous studies [20,21,23-25] and deals with
preparation of nanoparticles of risedronate monosodium salt by means of the solvent evaporation
method. A solution of excipient is mixed under continuous stirring with a solution of the drug
substance and then the second solvent is evaporated. An excellent review dealing with this technique
was published by Thorat et al. [26]. Nanoparticles are stabilized by various excipients selected based
on the Generally Recognized as Safe (GRAS) list [27], which means that they are not toxic to the
human body. The excipients were applied in various concentrations, because the optimal concentration
of surfactant is important for optimal particles wetting. If the concentration is too low, particles float
on the surface. If the concentration is too high, bubbles appear [28]. The particle size of all the
prepared samples was analysed by means of dynamic light scattering. The samples were also
characterized by means of scanning electron microscopy (SEM), and the composition was verified by
Fourier transform mid infrared (FT-MIR) spectroscopy.

2. Results and Discussion

Based on pilot screening [23-25], five different excipients and one mixture of excipients were used
in this investigation. The used excipients represent various classes of low-molecular or polymeric
pharmaceutical adjuvants (non-ionic or anionic surfactants, emulsifiers/viscosity modifiers/thickeners)
that can be utilized as solubility modifying compounds/nanoparticle stabilizers. They included sodium
dodecyl sulfate (SDS, Sample series 1), polysorbate 80 (PLS, Sample series 2), macrogol 6000 (PEG,
Sample series 3), sodium carboxymethyl cellulose (SCMC, Sample series 4), sodium carboxymethyl
dextran (SCMD, Sample series 5) and sodium dodecyl sulfate/macrogol 6000 (DSP, Sample series 6).
Three water solutions were prepared from each excipient with mass concentration of 1% (Samples a),
3% (Samples b) and 5% (Samples c¢). As risedronate sodium salt is soluble in water, this medium was
chosen as a solvent. Risedronate sodium was dissolved in water and added to the solution of excipient
under continuous stirring. Then an ultrasonic bath was used for destruction of possible agglomeration,
and finally the solvent was evaporated. Combination of all excipients with risedronate provided
eighteen samples, see Table 1.
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Table 1. Composition of samples, concentration (%) of individual excipients in water samples
relative to risedronate, particle size (nm) and polydispersity index (PDI) of risedronate samples
expressed as mean + SD (n = 5 independent measurements). (SDS = sodium dodecyl sulfate,
PLS = polysorbate 80, PEG = macrogol 6000, SCMC = sodium carboxymethyl cellulose,
SCMD = sodium carboxymethyl dextran, DSP = sodium dodecyl sulfate/macrogol 6000).

Sample Excipient/Concentration (%) Particle Size (nm) PDI
la SDS/1 95.6+11.2 0.263 +0.030
1b SDS/3 194.8 + 34.6 0.377 £ 0.056
1c SDS/5 754+34 0.285 +0.022
2a PLS/1 10.5+0.3 0.173 £0.048
2b PLS/3 10.1+0.3 0.086 + 0.043
2¢ PLS/5 9.9+0.1 0.139+0.017
3a PEG/1 9.1+1.9 0.532 +0.095
3b PEG/3 82+1.1 0.401 £ 0.066
3¢ PEG/5 7.7£2.5 0.315+0.028
4a SCMC/1 129+24 0.685+0.101
4b SCMC/3 2946.7 £ 367.6 0.560 + 0.048
4c SCMC/5 7287.6 £1352.5 0.651 £0.151
Sa SCMD/1 35=+1.1 0.473 £0.156
5b SCMD/3 28+04 0.287 £ 0.050
5¢ SCMD/5 3812 0.244 +0.135
6a DSP/1 110.1+7.4 0.578 £0.029
6b DSP/3 122.7+7.4 0.524 +0.037
6¢ DSP/5 4.00£0.8 0.310+0.033

The composition of the samples was verified by FT-MIR spectroscopy, see Figures 2—6. The
individual figures illustrate spectra of the starting materials and the product. Also differential spectra
(product-excipient) are illustrated to confirm the presence of risedronate and to verify possible
interactions between risedronate and the excipient in the sample. No interactions were found, i.e., all
the samples were simple mixtures, in which risedronate particles were embedded in the excipient.

Figure 2. MIR spectra of risedronate (RIS), sodium dodecyl sulfate (SDS) and risedronate
nanoparticles stabilized with 5% concentration of sodium dodecyl sulfate (Sample 1¢) and
differential spectrum.
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Figure 3. MIR spectra of risedronate (RIS), polysorbate 80 (PLS) and risedronate
nanoparticles stabilized with 5% concentration of polysorbate 80 (Sample 2¢) and

differential spectrum.
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Figure 4. MIR spectra of risedronate (RIS), macrogol 6000 (PEG) and risedronate
nanoparticles stabilized with 5% concentration of macrogol 6000 (Sample 3c¢) and

differential spectrum.
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Figure 5. MIR spectra of risedronate (RIS), sodium carboxymethyl cellulose (SCMC) and

risedronate nanoparticles stabilized with 5% concentration of sodium carboxymethyl

cellulose (Sample 4¢) and
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differential spectrum.
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Figure 6. MIR spectra of risedronate (RIS), sodium carboxymethyl dextran (SCMD) and
risedronate nanoparticles stabilized with 5% concentration of sodium carboxymethyl
dextran (Sample Sc¢) and differential spectrum.
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Figure 2 shows the MIR spectra of risedronate, sodium dodecyl sulfate and risedronate
nanoparticles stabilized with sodium dodecyl sulfate (Sample 1c¢) and the differential spectrum of
sodium dodecyl sulfate and Sample 1c. The spectrum of Sample 1¢ contains all typical absorption
bands of risedronate and sodium dodecyl sulfate in the region of 450-1700 cm ™! and 2800-3800 cm™ .
The intensity of the absorption bands of sodium dodecyl sulfate overlapped the spectrum of
risedronate. The differential spectrum does not vary significantly; there are no changes in these two
structures after preparation process.

The MIR spectra of risedronate, polysorbate 80, risedronate nanoparticles stabilized with
polysorbate 80 (Sample 2¢) and the differential spectrum of polysorbate 80 and Sample 2¢ are shown
in Figure 3. The MIR spectrum of Sample 2¢ is composed of absorption bands characterizing both
original substances in the region of 450-1750 cm™' and 2800-3800 cm™!. There are no significant
changes in the differential spectrum and the spectrum of risedronate.

The MIR spectra of risedronate, macrogol 6000 and their mixture (Sample 3c¢) and the differential
spectrum of macrogol 6000 and Sample 3¢ are presented in Figure 4. The spectrum of Sample 3¢
contains characteristic absorption bands of both substances as in previous figures.

Figures 5 and 6 illustrate spectra of risedronate and sodium carboxymethyl cellulose and risedronate
and sodium carboxymethyl dextran respectively, including their mixtures (Samples 4¢ and 5c), and the
differential spectra. There are no interactions between risedronate and excipient in Sample 4c¢ as
observed in the differential spectra in Figure 5. In case of Sample 5S¢ the spectrum of carboxymethyl
dextran overlapped that of risedronate, see Figure 6. All the MIR spectra (Figures 2—6) confirmed that
Samples 1¢—Sc contained both risedronate and the excipient and that there were no reactions between
these two components.

All prepared samples were measured by dynamic light scattering [29], i.e., particle size and values
of polydispersity index were determined. Moreover, samples were characterized by means of SEM, see
below. The particle size distribution is presented in Table 1. The investigated particles showed good
particle size stability throughout the light scattering measurements. Within the period of
measurements, no significant deviations from the mean values of particle size, which could be a result
of possible sample ageing, were observed. Also, a regular visual check of the samples proved no
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changes in the sample structure, which was confirmed by the reproducible data obtained by the light
scattering method.

Nanoparticles of size under 200 nm were prepared in the case of sixteen samples. Sodium
carboxymethyl cellulose provided micro-size (Samples 4b, 4¢). Sodium dodecyl sulfate in 3%
concentration (Sample 1b) provided the largest nanoparticles or, more precisely, submicroparticles
(ca. 195 nm) and in 1% and 5% concentrations (Samples 1a, 1¢) together with the combination of SDS
with PEG in 1% and 3% concentrations (Samples 6a, 6b) provided particle size about 100 nm. A
significant effect of the applied concentration of the excipient was observed for sodium dodecyl sulfate
and the combination of SDS with PEG. The smallest particles were found at 5% concentration of the
excipient (Samples 1c, 6¢). In the case of sodium carboxymethyl cellulose its poor solubility in water
plays an important role, and probably, therefore, the most significant effect of SCMC was observed at
1% concentration (Sample 4a). It is evident that carboxymethyl dextran sodium salt provided slightly
smaller nanoparticles (range 2.8-3.5 nm) in comparison with macrogol (7.7-9.1 nm) or with
polysorbate (9.9-10.5 nm). According to the results of SCMD, PEG and PLS application (see Table 1),
no influence of the concentration of the excipients on the particle size was observed.

The dispersity is a measure/degree of the homogeneity/heterogeneity of sizes of particles in a
mixture/system. The uniformity of dispersed systems is expressed as polydispersity index (PDI), see
Table 1. Low PDI values demonstrate narrow size distribution and uniformity of samples contrary to
PDI = 1 that indicates that samples have a very broad size distribution and may contain large particles
or aggregates and are not suitable for measurements [29,30]. In the prepared nanoparticles of
risedronate PDI values ranged from 0.086 + 0.043 to 0.578 £+ 0.029, when the samples stabilised by
sodium carboxymethyl cellulose (Samples 4a—c) were eliminated. From the results it is evident that the
mentioned excipient is not suitable as a nanoparticle stabilizing agent, either for high degree of
heterogeneity (Sample 4a) or for generation of micro-size (Samples 4b, 4c¢). The highest uniformity
can be seen for polysorbate, the lowest for sodium carboxymethyl cellulose. The rest of the used
excipients showed approximately similar effect on particle size homogeneity.

The dependence of the type and the concentration of the excipient on the particle size and the
polydispersity index of individual systems was discussed above. Figure 7 shows the relationship
between the polydispersity index values and the particle size of risedronate sodium in relation to the
applied excipients. It can be stated that for generation of nanoparticles it is favourable when prepared
particles are small, and polydispersity index values are sufficiently low (around 0.5 and less). Based on
the results the samples placed in the bottom left quadrant of the graph in Figure 7 meet these
requirements. Based on this expectation polysorbate 80 (Samples 2a—c) in all used concentrations
seems to be preferable excipient followed by sodium carboxymethyl dextran and macrogol 6000 at 3%
and 5% concentrations (Samples Sb, 5S¢ and 3b, 3c¢). It can be concluded that the applied method can
be used as an effective and affordable technique for preparation of nanoparticles. The selected
conditions are convenient for formation of nanoparticles, and the used excipients are principally
applicable as nanoparticle stabilizers.



Molecules 2014, 19 17855

Figure 7. Relationships between polydispersity index values and particle size of
risedronate sodium in relation to applied excipients. (SDS = sodium dodecyl sulfate,
PLS = polysorbate 80, PEG = macrogol 6000, SCMC = sodium carboxymethyl cellulose,
SCMD = sodium carboxymethyl dextran, DSP = sodium dodecyl sulfate/macrogol 6000;
fill colour of individual symbols depends on concentration of excipient: 1% = blue,
3% =red, 5% = green).
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Figures 8-11 represent SEM images showing surface structure and morphology of the selected
samples at 5% mass concentration of the excipient, in which the occurrence of risedronate
nanoparticles was confirmed by dynamic light scattering. The microscopy results confirmed previous
results. The occurrence of nanoparticles clusters is clearly visible on Figure 8 representing Sample 2c.
The clusters of risedronate nanoparticles are hidden under the excipient polysorbate 80, which is a
viscous excipient that creates coating.

Figure 8. SEM image of risedronate with polysorbate 80 (Sample 2¢) at magnification
500x (A) and 2000x (B).
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Figure 9. SEM image of risedronate with macrogol 6000 (Sample 3¢) at magnification
2400% (A) and 5000x% (B).

Figure 10. SEM image of risedronate with sodium carboxymethyl dextran (Sample 5c¢) at
magnification 2000x%.
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Figure 11. SEM image of risedronate with sodium dodecyl sulphate/macrogol 6000
(Sample 6¢) at magnification 800x (A) and 1600x (B).
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Figure 9A shows spherical particles of risedronate with different sizes anchored in macrogol 6000
matrix; the structure of risedronate with macrogol is shown in Figure 9B in detail. The risedronate
nanoparticles placed in polymer matrices are illustrated in Figures 10 and 11. In case of Figure 10
sodium carboxylmethyl dextran forms a layered structure containing spherical nanoparticles of
risedronate. In Figure 11 micelles of sodium dodecyl sulphate containing risedronate nanoparticles and
risedronate nanoparticles embedded in macrogel 6000 matrix are visible.

The particle size data listed in Table 1 indicate the following relationships of chemical structure and
particle size: obviously, the smallest size of particles was observed for hydrophilic non-ionic
surfactants—polysorbate 80 (which is sorbitan monooleate with 20 oxyethylene units) and macrogol
6000 (polyethylene glycol). Also, hydrophilic surfactant/viscosity modifier sodium carboxymethyl
dextran (which is branched polymeric a-D-glucopyranose substituted by carboxymethyl moieties that
are protonated by sodium ions) provides risedronate nanoparticles of the size of few nanometers. All
three excipients have ability to generate films and thus coat different small molecules in comparison
with sodium dodecyl sulfate, which is an anionic surfactant generating micelles. These results are
supported by the fact that stable nanoparticles relatively independent on the excipient concentration
were formed by the most effective polymeric “coated” excipients. It is important to note that
polysorbate 80, macrogol 6000 and sodium carboxymethyl dextran are soluble in water in contrast to
polymeric but poorly water soluble sodium carboxymethyl cellulose (nanoparticles generated only at
mass concentration of 1%) that proved to be, due to its aqueous solubility, the least convenient
stabilizer of nanoparticles.

Risedronate sodium is a small extremely hydrophilic molecule with a low pKa value that gives
smaller and more homogenous nanoparticles with polymeric non-ionic stabilizers or with polymeric
ionic excipients. Probably due to the character of risedronate this polymeric type of viscous excipients
coats and better stabilizes individual particles of risedronate in comparison with the anionic micellar
surfactant sodium dodecyl sulfate. This hypothesis is supported by the fact that the particle size of
risedronate nanoparticles obtained by combination with sodium dodecyl sulfate and macrogol (3% and
5%) was smaller than that of risedronate nanoparticles with dodecyl sulfate only, see Table 1.
Moreover polysorbate 80, macrogol 6000 and sodium carboxymethyl dextran were also found as
effective stabilizers for preparation of nanoparticles of steroid compounds, candesartan cilexetil or
atorvastatin calcium [23,24].

3. Experimental Section
3.1. Standardized General Procedure for Preparation of Nanoparticles

Risedronate sodium and all the excipients were purchased from Sigma-Aldrich (St. Louis, MO,
USA). All compounds were of analytical grade. H2O-HPLC-Milli-Q Grade was used as a solvent of
excipients. Each excipient (0.1 g, 0.3 g or 0.5 g) was dissolved in water (10 mL), and three solutions
with mass concentrations 1%, 3% and 5% were prepared. Risedronate sodium (0.1 g) was dissolved in
water Milli-Q (10 mL), i.e., 1% solutions were prepared. The solution of risedronate in water was
slowly dropped (2 mL/min) into the aqueous solutions of excipients that were stirred (600 rpm). Then
the system was stirred (600 rpm) for 15 min at 25 °C, after which the mixtures were transferred to an
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ultrasonic bath in the fume chamber, where they were mixed again for 20 min for homogenization of
the sample. Finally the solvent was evaporated.

3.2. Particle Size Measurement

The particle size was determined using a Brookhaven dynamic light scattering system BI 9000
(Brookhaven Instruments Corporation, Holtsville, NY, USA) equipped with a SM-200 goniometer and
an argon gas laser Lexel 95 (Cambridge Laser Laboratories, Fremont, CA, USA) operating at the
wavelength of 514.5 nm. Scattered intensity was registered at the scattering angle 90° and at the
temperature of 25 °C. All samples were dispersed by sonication and additionally filtered directly
before the measurement through syringe filters with 0.45 pum pore size to remove mechanical
impurities. Five independent recordings of the autocorrelation function were done for each investigated
excipient concentration. The particle size was calculated from the translational diffusion coefficient
using the Stokes-Einstein formula. The translational diffusion coefficient was obtained based on the
cumulant expansion of the autocorrelation function up to the second cumulant. The presented particle
sizes are reported as the mean values taken of the set of five independent measurements. The results
are summarized in Table 1.

3.3. FT-IR Analysis

Infrared spectra were recorded by ATR technique with diamond crystal on a Nicolet 6700 FT-IR
spectrometer (Thermo Scientific, West Palm Beach, FL, USA). Mid-FT-IR spectra were recorded in
the range from 4000 to 400 cm™! with resolution of 4 cm ™' and 32 scans. FT-IR spectra were set for
chosen samples with different combinations of excipients. The results are illustrated in Figures 2—6.

3.4. Scanning Electron Microscopy

The morphologies of the samples were examined using a scanning electron microscope (SEM). The
samples were attached to microscope glass and then sputtered with gold. The samples were imaged by
a scanning electron microscope Quanta FEG 450 (Fei, Hillsboro, OR, USA) with EDS analysis Apollo
X (Edax, Weinheim, Germany) using accelerating voltage 10.0 kV, working distance 8.0 mm and
probe current 100 pA. The results are illustrated in Figures 8—11.

4. Conclusions

Eighteen samples of risedronate sodium as a model compound with high solubility and low
permeability were prepared by solvent evaporation technique. The common excipients such as sodium
dodecyl sulfate, polysorbate 80, macrogol 6000, sodium carboxymethyl cellulose, sodium carboxymethyl
dextran and mixture 1:1 of sodium dodecyl sulfate and macrogol 6000 were used as nanoparticle
stabilizers. The excipients were applied in mass concentrations of 1%, 3% and 5% in relation to
risedronate. The prepared samples were characterized by dynamic light scattering and SEM. FT-MIR
spectroscopy was used for verification of sample compositions. Sodium carboxymethyl cellulose in
3% and 5% concentrations provided micro-size Samples (4b, 4c¢). The particle size of remaining
sixteen samples was less than 200 nm, and thirteen samples were under 100 nm. Polysorbate 80,
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sodium carboxymethyl dextran and macrogol 6000 were determined as the most favourable excipients,
particle size of the samples of risedronate with these excipients ranged from 2.8 to 10.5 nm. For these
effective nanoparticle stabilizers no influence of the concentration of the excipient on the particle size
of risedronate was observed. Based on the results it can be concluded that water soluble polymeric
“coated” excipients seem to be more suitable for preparation of risedronate sodium nanoparticles.

Acknowledgments

This study was supported by the Czech Science Foundation—GACR P304/11/2246, by the European
Regional Development Fund in the IT4Innovations Centre of Excellence (CZ.1.05/1.1.00/02.0070),
and also by the Slovak Research and Development Agency Grant No. APVV-0516-12 Small
Molecules in Biomedical Research.

Author Contributions

Eliska Vaculikova—preparation of nanoparticles, interpretation of IR and SEM data,
Daniela Placha—interpretation of IR and SEM data, Pavlina Peikertova—IR analysis,
Katerina Dedkova—SEM analysis, Martin Pisarcik, Ferdinand Devinsky—dynamic light scattering
experiments, Josef Jampilek—design of study, relationships between excipients, writing of the paper.

Conflicts of Interest
The authors declare no conflict of interest.
References

1. Lipinski, C.A. Drug-like properties and the causes of poor solubility and poor permeability.
J. Pharmacol. Toxicol. Methods 2000, 44, 239-245.

2. Lipinski, C.A.; Lombardo, F. Experimental and computational approaches to estimated solubility
and permeability in drug discovery and development settings. Adv. Drug Deliv. Rev. 2001, 46, 3-26.

3. Kerns, E.H.; Li, D. Drug-Like Properties: Concept, Structure Design and Methods; Elsevier:
San Diego, CA, USA, 2008.

4. Sivasankar, M.; Kumar, B.P. Role of nanoparticles in drug delivery system. Int. J. Res. Pharm.
Biol. Sci. 2010, 1, 41-66.

5. Shaikh, M.S.; Nikita, D. Permeability enhancement techniques for poorly permeable drugs: A
review. J. Appl. Pharm. Sci. 2012, 2, 34-39.

6. Onoue, S.; Yamada, S.; Chan, H.K. Nanodrugs: Pharmacokinetics and safety. Int. J. Nanomed.
2014, 9, 1025-1037.

7. Nehoff, H.; Parayath, N.N.; Domanovitch, L.; Taurin, S.; Greish, K. Nanomedicine for drug
targeting: Strategies beyond the enhanced permeability and retention effect. Int. J. Nanomed.
2014, 9, 2539-2555.

8. Delie, F.; Blanco-Prieto, M.J. Polymeric particulates to improve oral bioavailability of peptide
drugs. Molecules 2005, 10, 65-80.



Molecules 2014, 19 17860

10.

1.
12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Konan, Y.N.; Berton, M.; Gurny, R.; Allemand, E. Enhanced photodynamic activity of
meso-tetra(4-hydroxyphenyl)porphyrin by incorporation into sub-200 nm nanoparticles. Eur. J.
Pharm. Sci. 2003, 18, 241-249.

Bawa, R. Nanoparticle-based therapeutics in humans: A survey. Nanotechnol. Law Bus. 2008, 5,
135-155.

Bawa, R. Nanopharmaceuticals for drug delivery—A review. Drug Deliv. 2009, 3, 122—127.

Ezra, A.; Golomb, G. Administration routes and delivery systems of bisphosphonates for the
treatment of bone resorption. Adv. Drug Del. Rev. 2000, 42, 175-195.

Aft, R.; Perez, J.R.; Raje, N.; Hirsh, V.; Saad, F. Could targeting bone delay cancer progression?
Potential mechanisms of action of bisphosphonates. Crit. Rev. Oncol. Hematol. 2012, 82,
233-248.

Van Beek, E.R.; Lowik, C.W.; Ebetino, F.H.; Papapoulos, S.E. Binding and antiresorptive
properties of heterocycle-containing bisphosphonate analogs: Structure-activity relationships.
Bone 1998, 23, 437-442.

MedicineNet. Available online: http://www.medicinenet.com/risedronate/article.htm (accessed on
5 August 2014).

eMedTV-Health Information Brought to Life™. Available online: http://osteoporosis.emedtv.com/
(accessed on 5 August 2014).

Risedronate: Drug Bank Online—drugbank.ca. Available online: http://www.drugbank.ca/
drugs/DB00884 (accessed on 5 August 2014).

Mitchel, D.Y.; Barr, W.H.; Eusebio, R.A.; Stevens, K.A.; Duke, F.P.; Rusell, D.A.; Nesbitt, J.D.;
Powell, J.A.; Thompson, G.A. Risedronate pharmacokinetics intra- and inter-subject variability
upon single-dose intravenous and oral administration. Pharm. Res. 2001, 18, 166—170.

Dissette, V.; Bozzi, P.; Bignozzi, C.A.; Dalpiaz, A.; Ferraro, L.; Beggiato, S.; Leo, E.; Vighi, E.;
Pasti, L. Particulate adducts based on sodium risedronate and titanium dioxide for the bioavailability
enhancement of oral administered bisphosphonates. Eur. J. Pharm. Sci. 2010, 41, 328-336.
Oktabec, Z.; Kos, J.; Mandelova, Z.; Havelkova, L.; Pekarek, T.; Rezacova, A.; Placek, L.;
Tkadlecova, M.; Havlicek, J.; Dohnal, J.; et al. Preparation and properties of new co-crystals of
ibandronate with gluco- or galactopyranoside derivatives. Molecules 2010, 15, 8973—-8987.

Kos, J.; Pentakova, M.; Oktabec, Z.; Krejcik, L.; Harokova, P., Hruskova, J.; Pekarek, T.;
Dammer, O.; Havlicek, J.; Kral, V.; et al. Crystallization products of risedronate with carbohydrates
and their substituted derivatives. Molecules 2011, 16, 3740-3760.

Jung, I.W.; Han, HK. Effective mucoadhesive liposomal delivery system for risedronate:
Preparation and in vitro/in vivo characterization. Int. J. Nanomed. 2014, 9, 2299-2306.
Vaculikova, E.; Grunwaldova, V.; Kral, V.; Dohnal, J.; Jampilek, J. Primary investigation of the
preparation of nanoparticles by precipitation. Molecules 2012, 17, 11067-11078.

Vaculikova, E.; Grunwaldova, V.; Kral, V.; Dohnal, J.; Jampilek, J. Preparation of candesartan
and atorvastatin nanoparticles by solvent evaporation. Molecules 2012, 17, 13221-13234.
Vaculikova, E.; Placha, D.; Cech-Barabaszova, K.; Jampilek, J. Cimetidine nanoparticles study.
Adv. Sci. Eng. Med. 2014, 6, 477-481.



Molecules 2014, 19 17861

26.

27.

28.

29.

30.

Thorat, A.A.; Dalvi, S.V. Liquid antisolvent precipitation and stabilization of nanoparticles of
poorly water soluble drugs in aqueous suspensions: Recent developments and future perspective.
Chem. Eng. J. 2012, 181/182, 1-34.

U.S. Food and Drug Administration—-Generally Recognized as Safe (GRAS). Available online:
http://www.fda.gov/food/IngredientspackaginglLabeling/GRAS/ (accessed on 5 August 2014).
Merkus, H.G. Particle Size Measurements: Fundamentals, Practice, Quality; Springer
Science+Business Media B.V.: Dordrecht, The Netherlands, 2009.

Win, K.Y.; Feng, S.S. Effects of particle size and surface coating on cellular uptake of polymeric
nanoparticles for oral delivery of anticancer drugs. Biomaterials 2005, 26, 2713-2722.

Malvern Instruments Ltd: Dynamic Light Scattering Common Terms Defined. Available online:
http://www .biophysics.bioc.cam.ac.uk/wp-content/uploads/2011/02/DLS Terms_defined Malvern.pdf
(accessed on 5 August 2014).

Sample Availability: Samples of the compounds are available from the authors.

© 2014 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article

distributed under the terms and conditions of the Creative Commons Attribution license

(http://creativecommons.org/licenses/by/4.0/).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue true
  /ColorSettingsFile (Europe Prepress)
  /AlwaysEmbed [ true
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeFangsongStd-Regular
    /AdobeFanHeitiStd-Bold
    /AdobeGothicStd-Bold
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeKaitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobeSongStd-Light
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Aharoni-Bold
    /Algerian
    /Andalus
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Aparajita
    /Aparajita-Bold
    /Aparajita-BoldItalic
    /Aparajita-Italic
    /ArabicTypesetting
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BirchStd
    /BlackadderITC-Regular
    /BlackoakStd
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScriptMT
    /BrushScriptStd
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /Calibri-Light
    /Calibri-LightItalic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-Regular
    /CharlemagneStd-Bold
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CooperBlackStd
    /CooperBlackStd-Italic
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /DaunPenh
    /David
    /David-Bold
    /DFKaiShu-SB-Estd-BF
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /DokChampa
    /Dotum
    /DotumChe
    /Ebrima
    /Ebrima-Bold
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EuphemiaCAS
    /FangSong
    /FelixTitlingMT
    /FencesPlain
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Gabriola
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Gautami-Bold
    /Geneva
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GiddyupStd
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Gisha
    /Gisha-Bold
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black-SemiBold
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black-Se
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light-Li
    /Helvetica-Condensed-Light-Light
    /Helvetica-Condensed-Oblique
    /Helvetica-Condensed-Thin
    /Helvetica-Conth
    /HelveticaExt-Normal
    /HelveticaExtObl-Heavy
    /HelveticaExtObl-Light
    /HelveticaExtObl-Normal
    /HelveticaInserat-Roman-SemiB
    /HelveticaInserat-Roman-SemiBold
    /Helvetica-Light-Light-Italic
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /HelveticaNarrowBoldLefty
    /Helvetica-Narrow-BoldOblique
    /HelveticaNarrowLefty
    /Helvetica-Narrow-Oblique
    /HelveticaObl-Heavy
    /Helvetica-Oblique
    /HelveticaObl-Thin
    /Helvetica-Roman-SemiB
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HoboStd
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /IskoolaPota
    /IskoolaPota-Bold
    /JasmineUPC
    /JasmineUPCBold
    /JasmineUPCBoldItalic
    /JasmineUPCItalic
    /Jokerman-Regular
    /JuiceITC-Regular
    /KaiTi
    /Kalinga
    /Kalinga-Bold
    /Kartika
    /Kartika-Bold
    /KhmerUI
    /KhmerUI-Bold
    /KodchiangUPC
    /KodchiangUPCBold
    /KodchiangUPCBoldItalic
    /KodchiangUPCItalic
    /Kokila
    /Kokila-Bold
    /Kokila-BoldItalic
    /Kokila-Italic
    /KozGoPr6N-Bold
    /KozGoPr6N-ExtraLight
    /KozGoPr6N-Heavy
    /KozGoPr6N-Light
    /KozGoPr6N-Medium
    /KozGoPr6N-Regular
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPr6N-Bold
    /KozMinPr6N-ExtraLight
    /KozMinPr6N-Heavy
    /KozMinPr6N-Light
    /KozMinPr6N-Medium
    /KozMinPr6N-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /KristenITC-Regular
    /KunstlerScript
    /LaoUI
    /LaoUI-Bold
    /Latha
    /Latha-Bold
    /LatinWide
    /Leelawadee
    /Leelawadee-Bold
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMT-Bold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /LithosPro-Black
    /LithosPro-Regular
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /MalgunGothic
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal
    /Mangal-Bold
    /Marlett
    /MaturaMTScriptCapitals
    /Meiryo
    /Meiryo-Bold
    /Meiryo-BoldItalic
    /Meiryo-Italic
    /MeiryoUI
    /MeiryoUI-Bold
    /MeiryoUI-BoldItalic
    /MeiryoUI-Italic
    /MesquiteStd
    /MicrosoftHimalaya
    /MicrosoftJhengHeiBold
    /MicrosoftJhengHeiRegular
    /MicrosoftNewTaiLue
    /MicrosoftNewTaiLue-Bold
    /MicrosoftPhagsPa
    /MicrosoftPhagsPa-Bold
    /MicrosoftSansSerif
    /MicrosoftTaiLe
    /MicrosoftTaiLe-Bold
    /MicrosoftUighur
    /MicrosoftYaHei
    /MicrosoftYaHei-Bold
    /Microsoft-Yi-Baiti
    /MingLiU
    /MingLiU-ExtB
    /Ming-Lt-HKSCS-ExtB
    /Ming-Lt-HKSCS-UNI-H
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /Mistral
    /Modern-Regular
    /MongolianBaiti
    /MonotypeCorsiva
    /MoolBoran
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MVBoli
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Narkisim
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /Nyala-Regular
    /OCRAExtended
    /OCRAStd
    /OldEnglishTextMT
    /Onyx
    /OratorStd
    /OratorStd-Slanted
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PlantagenetCherokee
    /Playbill
    /PMingLiU
    /PMingLiU-ExtB
    /PoorRichard-Regular
    /PoplarStd
    /PrestigeEliteStd-Bd
    /Pristina-Regular
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rod
    /RosewoodStd-Regular
    /SakkalMajalla
    /SakkalMajallaBold
    /ScriptMTBold
    /SegoePrint
    /SegoePrint-Bold
    /SegoeScript
    /SegoeScript-Bold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SegoeUI-Light
    /SegoeUI-SemiBold
    /SegoeUISymbol
    /ShonarBangla
    /ShonarBangla-Bold
    /ShowcardGothic-Reg
    /Shruti
    /Shruti-Bold
    /SimHei
    /SimplifiedArabic
    /SimplifiedArabic-Bold
    /SimplifiedArabicFixed
    /SimSun
    /SimSun-ExtB
    /SnapITC-Regular
    /Stencil
    /StencilStd
    /Sylfaen
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TempusSansITC
    /Tiger
    /TigerExpert
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TraditionalArabic
    /TraditionalArabic-Bold
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga
    /Tunga-Bold
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Utsaah
    /Utsaah-Bold
    /Utsaah-BoldItalic
    /Utsaah-Italic
    /Vani
    /Vani-Bold
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vijaya
    /Vijaya-Bold
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Vrinda-Bold
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 841.680]
>> setpagedevice


