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Abstract Calcium silicate (CaSiOs3) bioceramics and
polyesters have complementary qualities as potential bone
substituted materials. In this study, sintered CaSiO; bi-
oceramics were prepared and coated with poly(lactic-co-
glycolic acid) (PLGA), and the influences of the PLGA
coating on the degradation, hydrophilicity, bioactivity, and
biocompatibility of CaSiO; ceramics were investigated.
The results showed that the degradation rate was reduced,
while hydrophilicity was decreased with the increase of the
polymer coating. In addition, the polymer coating resulted
in a decrease of the alkaline pH value during the degra-
dation of the ceramics, which indicated an increase of the
cell biocompatibility, confirmed by the attachment and
proliferation of rMSCs on the surface of the polymer-
coated ceramics. Furthermore, the apatite-forming ability
of the PLGA-coated CaSiO5; bioceramics was maintained.
This study suggested that the coating with PLGA might be
a useful method to improve the integrative properties of
CaSiOj; bioceramics for applications in bone regeneration
and bone tissue engineering.
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Introduction

Ideal biomaterials for tissue regeneration and tissue engi-
neering applications should be biodegradable, bioactive,
biocompatible, and mechanically strong [1]. Calcium sili-
cate (CaSiO;3) ceramic has been proved to be bioactive,
degradable, and hydrophilic [2-6]. The recent study
showed that the calcium silicate bioceramic possessed
excellent bone regeneration ability and biodegradability
[7-11]. However, the high-ionic dissolution of CaSiO; can
lead to high-local pH environment, especially for the por-
ous samples, which can result in an adverse cellular
response, and is not suitable for tissue engineering appli-
cations [12—14]. This limitation could be mitigated by
developing CaSiOs/polymer composites. Poly(lactic-co-
glycolic acid) (PLGA) is widely used in biomedical fields
as bone fixation materials, sutures, materials drug delivery,
and tissue engineering applications because of its tailor-
able degradation rates, biocompatibility, and formability
[15—-17]. However, there are some drawbacks for PLGA,
such as hydrophobic nature, lack of bioactivity, and the
release of acidic degradation by-products which can lead to
inflammatory response [18—20]. One approach to solve the
drawbacks of PLGA is to combine PLGA with bioactive
and alkaline inorganic bioceramics. In the previous studies,
a variety of biodegradable polymer/CaSiO; composite
materials had shown the potential applications for bone
tissue regeneration and tissue engineering [14, 20-23].
However, most of these composites were prepared by
mixing unsintered CaSiO5; powders with polymers and they
are mechanically not strong. In addition, the effects of
polymer on CaSiOs; ceramics degradation lack-specific
study, which are important for the design of new composite
biomaterials for bone regeneration and bone tissue regen-
eration applications.
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In order to fabricate the CaSiOj bioceramics with proper
biodegradation, bioactivity, and improved cytocompatibil-
ity, the sintered CaSiO; bioceramics were fabricated and
then coated with PLGA in different thickness, and the
influences of the PLGA coating on the degradation, in vitro
bioactivity, hydrophilicity, and in vitro biocompatibility of
CaSiOj; bioceramics were investigated.

Materials and methods

Preparation and characterization of PLGA-coated
CaSiO; bioceramics

Calcium silicate powders were synthesized by chemical
precipitation method [8]. In brief, mixing of an aqueous
solution of Na,SiO3 with Ca(NOj3), (mol ratio = 1:1) at
room temperature was carried out overnight. Then the
resulting calcium silicate precipitates was filtered and
washed with deionized water. After being drying at 80 °C
overnight and calcined at 800 °C for 2 h, the CaSiO;
powders were obtained. The obtained CaSiO; powders
were uniaxially pressed into disks with the dimension of
10 mm in diameter and 3 mm in thickness under a
pressure of 8 MPa. Subsequently, they were pressureless-
sintered in air at 1100 °C for 3 h at a heating rate of
2 °C/min. The samples were cooled to room temperature
in the furnace.

The PLGA (copolymer ratio of 75:25, viscosity of 1.66)
was obtained from Sichuan Dikang Sci. and Tech. Phar-
maceutical Co. Ltd. (Chengdu, China). Various amounts
(5,7.5,10, 12.5% w/v) of PLGA were dissolved in acetone
under stirring at room temperature. The sintered CaSiOj
bioceramics were dipped into the solution and then rotated
for 5 s to remove the excess solution to obtain a uniform
coating film on the surface of the ceramic disks. Then
PLGA-coated samples were dried at 60 °C for 1 day to
remove the solvent.

X-ray diffraction (XRD; Geigerflex, Rigaku, Japan) with
CuKua radiation was used to characterize the phase com-
position of the samples. The surface morphology and
fracture surfaces of the prepared composites were observed
by scanning electron microscopy (SEM; JSM-6700F,
JEOL, Japan).

In vitro bioactivity

The in vitro bioactivity of the prepared samples was
evaluated by examining the bone-like apatite formation
ability on the samples in simulated body fluid (SBF), which
was prepared as previously described by Kokubo [24] and
had similar ion concentrations to those in human blood
plasma. In brief, analytical reagent grade NaCl, NaHCO3,

KCl, K,HPO,4, MgCl,, CaCl,, and Na,SO,4 were dissolved
in distilled water and the solution was buffered to pH 7.4 at
37 °C with trishydroxymethyl aminomethane and hydro-
chloric acid.

The PLGA-coated CaSiO5 bioceramics were immersed
in 20 mL SBF for 7 days at 37 °C, and the SBF solutions
were replaced daily with fresh solution. After soaking, the
samples were removed from the SBF, gently rinsed with
deionized water, and dried at 60 °C for 1 day. SEM and
Electron dispersive spectrometer (EDS; INCA Energy,
Oxford Instruments, UK) were used to examine the for-
mation of bone-like apatite on the surface of the samples.

In vitro degradation

The degradability of the prepared samples was determined
by measuring the weight loss percentage of the samples
after soaking in 0.05 M Tris-HCl buffer solution. The Tris-
HCI buffer solution was prepared by dissolving analytical
reagent grade Tris(hydroxymethyl) aminomethane in dis-
tilled water and then was buffered to pH 7.4 at 37 °C with
hydrochloric acid. The samples were soaked in the Tris-
HCI buffer solution for different time periods at 37 °C with
the ratio of surface area (cm?) to solution volume (mL) of
0.1, The Tris-HCI buffer solutions were unchanged during
the whole period of degradation test. After various soaking
periods, the samples were removed from the Tris-HCl
buffer solution, gently rinsed with distilled water followed
by drying at 60 °C for 24 h before further characterization.
The weight loss percentage was calculated according to
following equation:

Weight loss(%) = (Mo — M,) /M) x 100%

where M, and M, are the masses at the immersion time of 0
and 1, respectively. The morphological change of samples
after the degradation was observed by SEM (JSM-6700F,
JEOL, Japan).

The pH values of the soaking solution were monitored
every 2 days during the degradation process using an
electrolyte type pH meter (PHS-2C, Jingke Leici Co.,
Shanghai, China). In this study, three samples from each
group were tested to obtain an average degradability and
pH values.

Hydrophilicity determination

The hydrophilicity of the disks was evaluated by automatic
contact angle meter (SL200B, Solon technology science
Co. Ltd, Shanghai, China). The water droplet was 0.5 pL
prevent gravitational distortion of the spherical profile.
Each determination was obtained by averaging the results
of five measurements.
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Cell culture and proliferation

Rabbit bone marrow stromal cells (rMSCs) were isolated
from tibias of adult New Zealand white rabbits by the process
as described previously [25, 26]. In brief, after the bone was
excised under sterile condition, the fresh bone marrow was
collected aseptically and suspended in cell culture dishes
containing 10 mL Dulbecco’s modified Eagle’s medium
(DMEM) with 10% fetal calf serum (FCS) plus antibiotics.
After 10 days of culture at 37 °C in a humidified atmosphere
of 95% air and 5% CO,, hematopoietic and other floating
cells were removed from the dishes by repeated washing with
phosphate-buffered saline (PBS). Culture media were
refreshed every 2 days. The cells were routinely subcultured
by trypsinization, for this investigation only cells between
the third and fifth passage were employed.

The rMSCs were seeded on ceramic disks placed in a
48-well culture plate at an initial density of 2.0 x 10 cells/
well and cultured in DMEM culture medium supplemented
with 10% FCS maintained at 37 °C in a humidified atmo-
sphere of 95% air and 5% CO,. After 24 h, the disks were
removed from the culture wells, rinsed with PBS, and
staining with Giemsa solution. The morphology of the
attached cells on the samples was observed using an optical
microscope (Leica S6D, Germany). After incubation for 1
and 7 days, MTT test was carried out to test cell viability. In
brief, 100 pL of 0.5 mg/mL 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyl tetrazolium bromide (MTT) solution was added
into each well. After additional incubation for 4 h, dimethyl
sulfoxide (DMSO) was added to stop the reaction between
MTT and cells. The optical density (OD) was measured at the
wavelength of 490 nm using an enzyme linked immuno-
sorbent assay plate reader (ELx 800, BIOTEK, USA).

Results
Characterization of the CS and PLGA/CS bioceramics

XRD patterns of the sintered CaSiOz bioceramics are
shown in Fig. 1a. It was obvious that only -CaSiOj; peaks

Fig. 1 The XRD patterns (a)
(a) and SEM micrograph (b) of
the sintered CaSiO5 bioceramics

existed. Figure 1b shows the surface morphology of the
pure CaSiO; bioceramics. It could be seen that the grain
size was about 1-3 um and the CS ceramic exhibited a
loose and rough surface with irregular pores.

Figure 2 shows the relationship between the polymer
coating concentration and the amount of PLGA on the
ceramic disks. The weight percentage of PLGA layers on
the samples increased with the increase of the PLGA
concentration. However, when the concentration increased
to 12.5% m/v, the deviation increased significantly, and the
coated polymer films became uneven because of the high-
viscosity of PLGA solution. Therefore, the samples coated
by 0, 5, and 10% m/v PLGA (denoted as CS, SPLGA/CS,
10PLGA/CS, respectively) were chosen for further inves-
tigation of the various properties of the composites.

The SEM micrographs (Fig. 3) of the cross sections of
the 5% and 10% PLGA/CS disks show that the PLGA
layers adhere to the calcium silicate ceramic closely. With
the increase of the coating concentration, the thickness of
PLGA films increased correspondingly. The average
thicknesses of the PLGA layers were about 9 pm on
SPLGA/CS and 18 pm on 10PLGA/CS, respectively.

2

PLGA content in disks (%)
w

5.0 7.5 10.0 12.5

The coating concentration of PLGA acetone solution (% m/v)

Fig. 2 The effect of coating concentration on the weight percentage
of PLGA layers on the prepared composite disks
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Fig. 3 The SEM microstructure
of the cross sections of the
PLGA/CS disks: SPLGA/CS
(a) and 10PLGA/CS (b)
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In vitro degradation

Figure 4a shows weight loss of the disks during degrada-
tion after soaking in Tris-HCI buffer solution. It can be
seen that the weight loss of all samples increased with the
increase of the soaking time. The pure CS showed higher
weight loss as compared to the PLGA/CS. As expected, the
degradation rate was effectively hindered by PLGA coat-
ing, and the degradation rate could be tailored through
regulation the thickness of the coated-PLGA films. With
the increase of the thickness of the PLGA films, the deg-
radation rate decreased apparently. After soaking in Tris-
HCI buffer solution for 5 weeks, the weight loss of CS
reached about 14.5%, while the weight loss of 10PLGA/CS
was only about 5.9%.

Figure 4b shows the pH value change of the solution
during degradation. At the initial stage of the degradation,
the pH value of the pure CaSiO; ceramic increased rapidly,
while the pH value of pure PLGA decreased rapidly.

Degradation time (days)

As expected, the PLGA film could effectively reduce the
change of pH, the pH value of 10PLGA/CS disk stabilized
in the range of 7.6-7.9 during the whole degradation
period.

As shown in Fig. 5, the surface of the pure CS ceramic
is loose and rough (Fig. 5a). After coating with PLGA film,
the surface became smooth (Fig. 5c, e). After degradation
in Tris-HCI buffer solution for 4 weeks, the PLGA layer of
the SPLGA/CS disk was almost degraded, exposing the
rough ceramic substrate with many pores (Fig. 5d). When
the thickness of the PLGA layer increased, the PLGA was
not completely degraded, and there were a lot of particles
on the surface of the 10PLGA/CS disk (Fig. 5f).

Hydrophilicity determination
Table 1 showed the surface water contact angles of the

pure CaSiOs;, SPLGA/CS, 10PLGA/CS, and pure PLGA
samples. It could be seen that the water contact angle of the
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Fig. 5 SEM images of the
surface of the ceramic and
composite disks before and
after degradation. a CS before
degradation, b CS after
degradation for 4 weeks,

¢ 5SPLGA/CS before
degradation, d SPLGA/CS after
degradation for 4 weeks,
elOPLGA/CS before
degradation, f I0PLGA/CS after
degradation for 4 weeks

Table 1 Water contact angles of the samples

Samples Water contact angles (Degree)
CaSiO; 0

SPLGA/CS 3732 £ 95

10PLGA/CS 7177 £ 2.3

PLGA 77.07 £ 3.5

X100 100pm WD 7.1mm

X100 100pm

samples was increased with the increase of the thickness of
PLGA films.

Characterization of disks after soaking in SBF

Figure 6 shows the SEM images of pure CaSiO; (a),
SPLGA/CS (b), and 10PLGA/CS (c) after soaking in SBF

Fig. 6 SEM images of the CS and PLGA/CS disks after soaking in SBF for 7 days: CS (a); SPLGA/CS (b); 10PLGA/CS (c¢)

@ Springer
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Fig. 7 EDS analysis of the surface of the SPLGA/CS after soaking
in SBF for 7 days

for 7 days. It was obvious that some deposits were formed
on the surface of the samples after soaking, and the
quantity of the deposited particles decreased with the
increase of the PLGA coating thickness. The high-magni-
fication images (inserts) showed that the deposits were
composed of crystals in typically worm-like morphology of
bone-like apatite on the surface of CS and SPLGA/CS
disks, while the precipitates on the surface of 10PLGA/CS
were in microsphere-like morphology. The EDS analysis
further confirmed that the Ca/P molar ratio of the newly
formed worm-like crystals was 1.63 (Fig. 7), which was
close to that of the hydroxyapatite.

Viability of rMSCs on the ceramics

Figure 8 illustrates the morphology of the rMSCs adhering
on the CS, SPLGA/CS, and 10PLGA/CS disks after incu-
bation for 24 h. It can be see that the rMSCs on the CS
disks do not show any sign of spreading but rather a round
morphology (Fig. 8a). The morphology of the rMSCs on
the SPLGA/CS is similar with those on the CS, but there
are a small amount of rMSCs spreading on the edge of the
SPLGA/CS disks (Fig. 8b). However, the rMSCs adhered
and spread well on the 10PLGA/CS disks after 24 h of
culture (Fig. 8c).

[cs
1.0 4 |EEZ3 5PLGAICS
10PLGA/CS *
0.8
o 0.6
>
-_— * *
S -
g o4- N s
[ I
0.2 - i 1
0.0 ’ .
3 7

Culture time (days)

Fig. 9 rMSCs viability on the CS, SPLGA/CS, and 10PLGA/CS
disks. *p < 0.05 (compared to the pure CS)

Figure 9 showed the results of the MTT assay of the
rMSC on the CS, SPLGA/CS, 10PLGA/CS disks after 3
and 7 days culture. It is clear to see that the OD values
increased apparently with the increase of the culture peri-
ods and the thickness of the PLGA coating films.

Discussion

The balance of the biodegradability and biocompatibility or
bioactivity of a bone grafting material is of central
importance for its application in bone repair. The CaSiO3
ceramics have good bioactivity and hydrophilicity, but the
high-degradation rate and resulted high pH value limit their
biological applications. Since the surface properties play an
important role in determining the properties of biomateri-
als, the biodegradability and biocompatibility of CaSiO5
ceramics can be improved via surface modification. This
study showed that the PLGA coating has significant
influence on the degradation and biocompatibility of Ca-
SiO; bioceramics. The pure CaSiO; ceramics are rough
and have many micropores which facilitate its dissolution.
When the CaSiO5; ceramics were coated with PLGA films,

Fig. 8 Optical microscopic images of rMSCs attaching on the samples after 24 h of culture: CS (a); SPLGA/CS (b); I0PLGA/CS (c). Original

magnifications were 50x (inserts were x200)
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the rough surface of the CaSiO; ceramics was covered,
which reduced the diffusion of the CaSiO; degradation
products. Therefore, the degradation rate of the CaSiOj
ceramics was effectively reduced by PLGA coating.

Furthermore, the degradation of pure CaSiO; ceramics
often results in an increase of the environmental pH
because of the release of alkaline ions during the dissolu-
tion of the ceramics [27], which may affect its biocom-
patibility. It is known that, the acidic degradation
compounds will be released during the degradation of
PLGA, which is assumed to be able to neutralize the
alkaline ion products of CaSiO; bioceramics and reduce
the pH of the environment. In addition, the PLGA film on
the surface of the ceramics will also reduce the release rate
of the alkaline ion products of CaSiOj, which can further
reduce the pH value. These results confirmed the assump-
tion and showed that the PLGA coating effectively reduced
the pH value during degradation and improved the bio-
compatibility of the CaSiOjz bioceramics by controlling the
amount of the coating materials.

It is known that the cell morphology and proliferation
can be influenced by the quality of material surfaces and
the cell-material interactions [28]. Previous researches
have suggested that degradation products and pH value of
the implant materials had multiple effects on cells metab-
olism and function [29]. The high pH value will affect the
cell growth and proliferation, thus the rMSCs on the pure
CS ceramic with a loose surface do not spread and pro-
liferate well. The cell culture experiments demonstrated
that the CaSiOj bioceramic coated with PLGA provided a
more biocompatible surface for IMSCs adhesion, spreading
and proliferation as compared to the pure CaSiO;. Since
the degradation rate and cell biocompatibility of the bio-
materials are critical for designing bone tissue engineering
materials, this result also suggests that the coating of
CaSiO;5 bioceramics with PLGA might be an effective way
to prepare biocompatible materials for bone tissue engi-
neering applications, and the cell biocompatibility can be
easily adjusted by controlling the composition, amount,
thickness, and molecular weight of the polymer materials.

It is reported that the silicate-based bioactive glasses and
ceramics can induce formation of bone-like apatite on the
surface of the materials in simulated body fluid and in vivo
when implanted in animal which reflect the potential of the
materials to bond with bone tissue [30-32]. The pure
CaSiO;5 bioceramics have this ability [3, 11]. So it is worth
to evaluate whether the PLGA coating will affect the
apatite inducing ability of CaSiO; bioceramic. These
results demonstrated that the PLGA-coated CaSiO;
bioceramics still have the ability to induce the formation of
the bone-like apatite, and this activity was dependent on
the thickness of the coating. In fact, when the PLGA-
coated ceramics were immersed in SBF, polymer coatings

@ Springer

started to degrade and certain parts of the CaSiO3 bioce-
ramic were exposed to the SBF solution, which provide the
nucleation sites for apatite formation. It is understandable
that the thinner coating will result in a more rapid exposure
of ceramics during the degradation of polymer coating.
Therefore, the ability of the coated ceramics to induce
apatite formation can be adjusted by controlling the
thickness of the polymer coating.

Conclusion

In this study, the sintered CaSiO; bioceramics were coated
with PLGA to modify the properties of the ceramics. The
results indicated that the polymer coating layer had sig-
nificant influences on the biodegradability, hydrophilicity,
bioactivity, and biocompatibility of the CaSiO5; bioceram-
ics. The degradation rate of the ceramics was reduced,
since the coating hindered the dissolution of the ceramics,
while the apatite-forming ability of the PLGA-coated
CaSiO5 bioceramics was maintained. In addition, the bio-
compatibility of the ceramics was increased by the polymer
coating because of the neutralization of the alkaline deg-
radation products of the CaSiO3 bioceramics by the acidic
degradation products of the PLGA. The 10% w/v PLGA-
coated CaSiO; bioceramic showed the best cell biocom-
patibility, which was confirmed by the rMSCs attachment
and proliferation. These results suggested that the coating
with PLGA on CaSiO5 bioceramics could be used to con-
trol the integrative properties of CaSiO3 bioceramics and
the PLGA-coated ceramics may be used for bone regen-
eration and bone tissue engineering.

Acknowledgement This study was supported by the Natural Sci-
ence Foundation of China (Grant no. 30730034, 30900299), Science
and Technology Commission of Shanghai Municipality (Grant no.
09JC1415500 09JC1409200), and Chinese Academy of Sciences for
Key Topics in Innovation Engineering (Grant no. KGCX2-YW-207).

References

1. Hench LL, Polak JM (2002) Science 295:1014

2. Kokubo T, Kushitani H, Sakka S, Kitsugi T, Yamamuro T (1990)
J Biomed Mater Res 24:721

3. De Aza PN, Guitian F, De Aza S (1994) Scripta Metall Mater
31:1001

4. Siriphannon P, Hayashi S, Yasumori A, Okada K (1999) J Mater
Res 14:529

5. Siriphannon P, Kameshima Y, Yasumori A, Okada K, Hayashi S
(2000) J Mater Res 52:30

6. Siriphannon P, Kameshima Y, Yasumori A, Okada K, Hayashi S
(2002) J Eur Ceram Soc 22:511

7. Lin KL, Chang J, Wang ZJ (2005) Inorg Mater 20:692

8. Lin KL, Ni SY, Zhai WY, Chang J, Qian WJ, Zeng Y (2005)
Ceram Intern 31:323

9. Ni SY, Chang J, Chou L (2006) J Biomed Mater Res A 76:196



J Mater Sci (2011) 46:4986-4993

4993

10.

11.

12.

13.
14.

15.
16.

17.
18.

19.
20.
21.

Ni SY, Chang J, Chou L, Zhai WY (2007) J Biomed Mater Res B
80:174

Xu SF, Lin KL, Wang Z, Chang J, Wang L, Lu JX, Ning CQ
(2008) Biomaterials 29:2588

El-Ghannam A, Ducheyne P, Shapiro IM (1997) Biomaterials
18:295

Silver 1A, Deas J, Erecinska M (2001) Biomaterials 22:175

Wu CT, Ramaswamy Y, Boughton P, Zreigat H (2008) Acta
Biomater 4:343

Middleton JC, Tipton AJ (2000) Biomaterials 21:2335

Huang YC, Connell M, Park Y, Mooney DJ, Rice KG (2003)
J Biomed Mater Res A 67A:1384

Yang ZJ, Best SM, Cameron RE (2009) Adv Mater 21:3900
Therin M, Christel P, Li SM, Garreau H, Vert M (1992) Bio-
materials 13:594

Bostman O, Pihlajamaki H (2000) Biomaterials 21:2615

Li H, Chang J (2004) J Mater Sci Mater Med 15:1089

Li H, Chang J (2004) Biomaterials 25:5473

22.
23.

27.
28.

29.
30.

31.

32.

Li X, Chang J (2005) J Mater Sci Mater Med 16:361
Wei J, Heo SJ, Kim DH, Kim SE, Hyun YT, Shin JW (2008) J R
Soc Interface 5:617

. Kokubo T, Takadama H (2006) Biomaterials 27:2907
25.
26.

Lecoeur L, Ouhayoun JP (1997) Biomaterials 18:989

Zhang ML, Zhai WY, Lin KL, Pan HB, Lu W, Chang J (2010)
J Biomed Mater Res B 93B:252

Li H, Chang J (2005) Polym Degrad Stabil 87:301

Amaral IR, Cordeiro AL, Sampaio P, Barbosa MA (2007)
J Biomat Sci-Polym E 18:469

Silver 1A, Deas J, Erecinska M (2001) Biomaterials 22:175
Pereira MM, Clark AE, Hench LL (1994) J Biomed Mater Res
28:693

Mami M, Lucas-Girot A, Oudadesse H, Dorbez-Sridi R, Mezahi
F, Dietrich E (2008) Appl Surf Sci 254:7386

Fujimura K, Bessho K, Okubo Y, Segami N, lizuka T (2003)
Clin. Oral Impl Res 14:659

@ Springer



	The influences of poly(lactic-co-glycolic acid) (PLGA) coating on the biodegradability, bioactivity, and biocompatibility of calcium silicate bioceramics
	Abstract
	Introduction
	Materials and methods
	Preparation and characterization of PLGA-coated CaSiO3 bioceramics
	In vitro bioactivity
	In vitro degradation
	Hydrophilicity determination
	Cell culture and proliferation

	Results
	Characterization of the CS and PLGA/CS bioceramics
	In vitro degradation
	Hydrophilicity determination
	Characterization of disks after soaking in SBF
	Viability of rMSCs on the ceramics

	Discussion
	Conclusion
	Acknowledgement
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


