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Abstract A major clinical problem within synthetic,

large-scaled scaffolds is the insufficient nutrient supply

resulting in inhomogeneous cell proliferation and differ-

entiation. The aim of this study was to analyse pH value,

oxygen consumption and migration of human osteoblasts

within a 3D tantalum scaffold, clinically used for larger

bone defects. After 24 h the oxygen concentration within

the scaffold decreased significantly and remained low

during incubation. Monitoring of the pH value inside the

tantalum scaffold showed a slightly acidification under

static culture conditions. However, cell migration within

the 3D scaffold was detected. Hence, in clinical application

it can be assumed that porous tantalum scaffolds can be

settled by osteoblasts under critical oxygen and nutrient

supply. In general, monitoring of cell migration, oxygen

consumption and acidification can be a suitable instrument

for creating advanced 3D bone scaffolds.

1 Introduction

Large bone defects can be the consequence of trauma,

tumours or infections. There are more than 1.5 million

bone-grafting procedures worldwide every year [1] which

have a market volume of approximately one billion US

dollars [2]. In current therapeutic strategies, bone defects

are filled up by bone auto- or allografts [3–5] but there are

disadvantages to these methods such as limited availability,

donor site morbidities, immunological reactions or risk of

infections [5–7]. Hence, research concentrates on new

alternatives, such as synthetic, porous three-dimensional

(3D) scaffolds, which can be adapted to the bone defects.

Therefore, cells are seeded on scaffolds which mimic an

artificial extracellular matrix (ECM). On these structures,

cells are able to migrate, proliferate and differentiate within

the scaffold [8]. With increasing volume of the scaffolds,

gradients in cellular proliferation and differentiation within

the three-dimensional culture have been reported [9–11].

These gradients mostly reflect an uneven nutrient and

oxygen supply within the 3D scaffold [11]. In particular,

oxygen is a critical substrate for eukaryotic cells. Varia-

tions in oxygen concentrations have far-reaching conse-

quences for cell behaviour in vivo as well as in vitro.

Hyperoxia is connected with cell toxicity [12]. In contrast,

hypoxia resulted in a limitation of many signalling path-

ways, which regulate survival, proliferation and differen-

tiation [10, 12]. Another consequence of hypoxia in vivo is

acidosis, caused by the anaerobic cell metabolism as well

as the reduced perfusion [13]. It is well known, that bone

cells react extremely sensitive to direct pH effects [14]. So,

the interaction of both, hypoxia and acidosis, leads to

osteoclast formation and inhibits mineral deposition by

osteoblasts [13, 14].

Nutrients, oxygen supply and also waste disposal will be

kept constant over a distance of 20–200 lm in living tissue

[10, 15]. In vitro, a sufficient supply of nutrients and

oxygen by diffusion processes is limited to a distance of

100–200 lm [10]. Furthermore, differences in environ-

mental conditions predominate between the periphery and

the core of tissue-engineered constructs. Thus, cells within

a 3D scaffold are dependent on the diffusion of nutrients,
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oxygen and also the removal of waste products which is the

major challenge in the development of large-scaled 3D

scaffolds [10].

There are several materials used for bone reconstruc-

tions in orthopaedic surgery. Porous tantalum metal

(Trabecular Metal
TM

, Zimmer, Freiburg, Germany) has

proved to be a convenient synthetic material [16]. The

tantalum scaffold is characterised by a high porosity, suf-

ficient strength, low stiffness and good biocompatibility, so

that it offers a lot of advantages compared to other implant

materials used [16–18]. Additionally, this biomaterial

generates bone ingrowth and mechanical attachment [19].

In animal experiments, bone ingrowth was shown up to a

depth of 2 mm [20].

Porous tantalum scaffolds are used for various applica-

tions in orthopaedic surgery [19], which include covering

of implant surfaces or refilling of bone defects. There are

some studies about the interactions of osteoblasts with this

material [19]. But so far, there is no data about the supply

of oxygen within a porous 3D tantalum scaffold. Addi-

tionally, there are no data about pH monitoring within 3D

scaffolds. Hence, in the present study, two porous tantalum

discs with 26 mm diameter, which were placed on top of

each other, were used. Thus, we obtained a 3D construct

with a height of 10 mm and four distinct planes (Fig. 1a).

For the in vitro investigations, we seeded human osteo-

blasts on these discs and analysed the migration of cells

within the 3D scaffold. In order to obtain more information

about the oxygen consumption and the acidification within

the tantalum scaffold, we measured the oxygen concen-

tration and the pH value in the core and the periphery using

optical microsensors. Furthermore, the migration capacity

of human osteoblasts into the core of the 3D tantalum

scaffold and their ability to synthesise collagen type 1

should be analysed.

2 Materials and methods

2.1 Isolation and cultivation of human primary

osteoblasts

Human femoral heads were obtained from patients under-

going primary total hip replacement. The bone samples

were collected after patient’s agreement and approval by

the Local Ethical Committee (registration number: A

2010-10).

Cancellous bone was carved from the inside of femoral

heads, washed three times with PBS (PAA, Cölbe, Ger-

many) and cut into small pieces. Afterwards, the cancel-

lous bone was treated with Dulbecco’s Modified Eagle

Medium (DMEM, Gibco� Invitrogen, Darmstadt, Ger-

many) containing collagenase A (0.125 U/ml; Roche,

Mannheim, Germany) and dispase (1.5 U/ml, Roche,

Mannheim, Germany) at a ratio of 1:2:1 at 37�C for 3 h.

The cell suspension was filtered through a cell strainer

(pore size: 70 lm; Nunc, Wiesbaden, Germany) and cen-

trifuged at 1189g for 10 min. The remaining cell pellet

was resuspended in complete medium containing 10%

FCS, 1% amphotericin B, 1% penicillin/streptomycin and

1% hepes-buffer (all: Gibco� Invitrogen, Darmstadt,

Germany).

Freshly isolated osteoblasts from 2 to 3 g wet weight

cancellous bone were plated in a 25 cm2 culture flask

with 8 ml complete medium and ascorbic acid (final

concentration: 50 lg/ml), b-glycerophosphate (final con-

centration: 10 mM) as well as dexamethasone (final

concentration: 100 mM) (all: Sigma, Seelze, Germany).

Cells were incubated in a humidified atmosphere of 5%

CO2 and 37�C. The cell culture medium was changed

every second day to remove non-adherent cells. Cell

proliferation was determined by microscopical control. As

cells reached 90% confluency, they were trypsinized and

splitted at a ratio 1:6.

2.2 Cell settlement on tantalum scaffold

Human osteoblasts were seeded on porous cylindrical

tantalum discs (Trabecular Metal
TM

, Zimmer, Freiburg,

Germany) which posed a diameter of 26 mm and a height

of 5 mm (Fig. 1b). Typically Trabecular Metal
TM

has a

porosity of 80% relative to solid tantalum and a pore size

of 550 lm in diameter, as previously described [21]. The

pore size is suitable for osteoconductivity [19]. To dis-

tinguish between different depths, the scaffold sample was

composed of two different discs which were placed in a

clamping ring (Fig. 1a). The lower part of the clamping

ring consisted of a small border, so that the lowest plane

(plane 4) had no contact to the bottom of the six-well

plate.
Fig. 1 Schematic design of the 3D tantalum scaffold with four

different planes (a), Trabecular Metal
TM

disc (b) and clamping ring (c)
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Before cell seeding, the tantalum discs were incubated

in complete medium to remove air bubbles within the

pores. A cell amount of 3 9 105 was seeded on the first and

the third plane by dropping 10 ll cell suspension pointwise

on the discs. After 45 min, complete medium was refilled

and the discs were incubated at 37�C and 5% CO2 for 72 h.

Afterwards, the discs were arranged on top of each other

into the clamping ring (Fig. 1c) and incubated for 8 days.

Medium was completely changed every second day.

2.3 Oxygen measurement

For the oxygen measurements, needle-type oxygen mic-

rosensors (Oxygen Micro-Optode, Type PSt1; Presens,

Regensburg, Germany), mounted on optic fibres with a

140 lm tip, were used. For protection of the fragile sen-

sors, they were fixed within a standard hollow needle of

0.4 mm diameter. Standard hollow needles with a diameter

of 1.02 mm were used to get more stability during mea-

surement (Fig. 1a). A two-point calibration was performed

before measurement using oxygen-free water (0% air sat-

uration) and water vapour-saturated air (100% air satura-

tion). Oxygen consumption was measured both in the

periphery and in the core of the 3D scaffold every 24 h

over a period of 30 min for 8 days.

2.4 pH monitoring

In order to monitor the pH values within the 3D cell cul-

ture, needle-type pH microsensors (pH microsensor; Pre-

sens, Regensburg, Germany), mounted on optic fibres with

a tip of less than 150 lm were used. These microsensors

provided a high spatial resolution and were optimised for

culture media. For protection of the fragile sensors, they

were fixed within a standard hollow needle of 0.4 mm

diameter. Standard hollow needles with a diameter of

1.02 mm were used to get more stability during measure-

ment (Fig. 1a). Before measurement a calibration with

buffer solutions of pH 4–7 (all: Roth, Karlsruhe, Germany)

was performed. The pH value was monitored both in the

periphery and in the core of the 3D scaffold every 24 h

over a period of 30 min for 8 days.

2.5 WST-1 assay

The mitochondrial activity of osteoblasts on the tantalum

scaffold was analysed by using a WST-1 assay (Roche,

Mannheim, Germany). The background of this assay is,

that cells with a high metabolism activity cleave the tet-

razolium salt WST-1 to formazan dependent on their

metabolic activity [22]. Therefore, the tantalum module

was disconnected and both discs were covered with assay

reagent (ratio between complete medium to WST-1

reagent of 10:1). Additionally, a medium control was

used. After an incubation time of 30 min under cell cul-

ture conditions, 200 ll aliquots of assay reagent were

transferred to a 96-well format. Absorbance was measured

at 450 nm (reference 630 nm) using an Opsys MR
TM

microplate reader (Dynex Technologies, Denkendorf,

Germany).

2.6 Pro-collagen type I quantification

Synthesis of pro-collagen type I (Metra
TM

CICP EIA Kit,

Quidel, Marburg, Germany) was determined by an

enzyme-linked immunosorbent assay (ELISA). For the

analysis, 500 ll medium were removed from the core and

the periphery of the 3D scaffold. The assay was performed

according to the manufacturer’s instructions. Absorbance

was measured at 405 nm using the Opsys MR
TM

microplate

reader (Dynex Technologies, Denkendorf, Germany).

2.7 LIVE/DEAD� assay

By means of the LIVE/DEAD� viability/cytotoxity kit

(Invitrogen, Darmstadt, Germany), cell viability was

determined. Hence, both discs were incubated in LIVE/

DEAD� assay reagent containing calcein AM and ethidium

homodimer. Calcein AM is the acetoxymethyl ester

derivative of the fluorescent dye calcein. Calcein AM is

membrane-permeant and thus is taken up by cells incu-

bated with PBS supplemented with calcein AM. Once

inside the cells, calcein AM is hydrolyzed by endogenous

esterases into the polyanionic non-membrane permeant

green fluorescent dye calcein. As a result, viable cells with

intact membranes produce an intense uniform green fluo-

rescence (ex/em 495/515 nm). Ethidium enters cells with

damaged membranes and produces a bright red fluores-

cence (ex/em 495/635 nm) indicating dead cells. After

30 min of incubation at room temperature with PBS con-

taining both dyes, images of the cells were taken using a

fluorescence microscope with a fourfold magnification

object lens (Nikon ECLIPSE TS100; Nikon GmbH, Düs-

seldorf, Germany).

2.8 Statistical analysis

Data are presented as mean values ± standard deviation.

Statistical significance between groups was calculated by

an ONEWAY ANOVA test (Post Hoc LSD) or Mann–

Whitney-U-test using SPSS 15.0 for Windows (SPSS Inc.,

Chicago, IL, USA). A value of P \ 0.05 was considered

significant. A minimum of three independent experimental

runs was performed for all analysis.
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3 Results

3.1 Human osteoblasts migration within the 3D

tantalum module

To investigate whether cells were able to migrate into the

tantalum discs, the primary osteoblasts were seeded on

planes 1 and 3. After one day under static culture condi-

tions, cells were observable on all four planes, whereby

only few cells were found on planes 2 and 4. Furthermore,

some dead cells (red) were observed on the third plane

(Fig. 2).

After 8 days of incubation, all four planes were occu-

pied by osteoblasts. Moreover, cells appeared larger and

formed filopodia for cell connections over the period of

time. Compared to day one, more dead cells were found on

plane 3 (Fig. 2).

3.2 Oxygen measurement within a porous tantalum

scaffold

To obtain data about the oxygen content within the 3D tan-

talum scaffold, measurement of the oxygen concentration

was done in the core of the cell-free as well as cell-settled

tantalum scaffold and in the surrounding medium. Directly

after assembling of the cell-free module the oxygen con-

centration in the core was approximately 16% and in the

surrounding medium 17.4%. During the first 24 h the oxygen

concentration increased to 18.8% for both measure points.

For the next 7 days, oxygen concentration was about 19.5%

with no differences between core and periphery (Fig. 3a).

In contrast, in the cell-seeded tantalum module, the level

of oxygen within the scaffold decreased significantly from

approximately 18.5% to below 3.0% during the first 24 h of

incubation. Over the period of the following 7 days oxygen

concentrations remained low (\0.6%) and were not

affected by the addition of fresh medium. The oxygen

concentration in the surrounding medium only decreased

from approximately 19.0 to 14.0% during the 8 day of

incubation period (Fig. 3b).

We also performed an oxygen measurement when cells

were seeded only on plane 3 (amount of 3,00,000 cells).

During incubation, a decreasing oxygen concentration from

18.8 to 7.2% within the tantalum module was observed. In

contrast, the oxygen concentration in the surrounding

medium varied between 18.3% on day one and 15.0% on

day seven (data not shown).

3.3 pH monitoring within the 3D tantalum scaffold

To get information whether osteoblast cells accumulated

metabolic waste products within the 3D scaffold, we

monitored the pH value during incubation in the core as

well as in the periphery of the scaffold. Immediately after

assembling of the two tantalum discs, we could demon-

strate a difference of the pH, i.e. we measured pH 7.1 in the

periphery and pH 6.9 in the core of the scaffold. After 24 h

the pH switched to 7.04 within the scaffold. For the next

7 days, there was an increasing, but non-significant acidi-

fication both in the periphery and in the core (Fig. 4).

3.4 Cell survival and pro-collagen type I expression

In order to measure the viability of cells seeded on the 3D

tantalum scaffold, the WST-1 assay was performed after

8 days of cultivation under hypoxic conditions. There was

no difference in the metabolism activity of cells between

both discs (Fig. 5).

Over the period of time, the synthesis of pro-collagen

type I clearly increased. Furthermore, there were only little

differences in pro-collagen type I concentrations in the core

of the scaffold compared to the periphery (Fig. 6).

Fig. 2 Migration capacity and viability of primary human osteoblasts on the different planes of the 3D tantalum scaffold on day one and after

8 days of cultivation under static culture conditions (n = 3; living cells = green, dead cells = red; original magnification: 940; bar 500 lm)
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4 Discussion

In orthopaedic surgery, the availability of bone substitutes

(e.g. auto- and allografts) for the treatment of large bone

defects is limited. Therefore, alternatives such as synthetic,

porous 3D scaffolds are becoming more relevant for the

therapy. However, the limitation of these scaffolds is the

non-uniform supply of nutrients and oxygen within the

construct [10, 11]. For large-scaled constructs, in particular

oxygen supply is the limiting factor because of its low

solubility coefficient and diffusion capacity in aqueous

solutions [10].

Porous tantalum, such as Trabecular Metal
TM

, was

introduced as a new material for orthopaedic reconstruc-

tion. Trabecular Metal
TM

has several advantages, e.g. its

geometry, which allows an excellent ingrowth of bone

cells. Other important aspects are good mechanical

Fig. 3 Oxygen concentration in a cell-free tantalum scaffold (a;

n = 1) and in a static 3D cell culture of human osteoblasts (b; n = 3).

Measurement was done in the periphery as well as in the core of the

tantalum scaffold. Data are demonstrated as mean values ± standard

deviation. Statistical analysis was done with ONEWAY ANOVA

(Post hoc LSD). Significance is based on the respective oxygen

concentration of the periphery (***P \ 0.001)

Fig. 4 Monitoring of the pH value in a static 3D culture of human

osteoblasts (n = 3). Measurement was done in the core and in the

periphery of the tantalum scaffold over a period of 8 days. Data are

demonstrated as mean values ± standard deviation. Statistical anal-

ysis was done with ONEWAY ANOVA (Post hoc LSD). Significance

is based on the respective pH value of the periphery

Fig. 5 Metabolic activity of human osteoblasts seeded on the 3D

tantalum scaffold after 8 days of cultivation (n = 4). Data are

presented as mean value ± standard deviation. Statistical analysis

was done with a Mann–Whitney-U-test

Fig. 6 Synthesis of pro-collagen type I of human osteoblasts seeded

on the 3D tantalum scaffold. Supernatants were collected after 2, 4

and 7 days of cultivation and analysed by ELISA (n = 5). Data are

presented as mean values ± standard deviation. Statistical analysis

was done with ONEWAY ANOVA (Post hoc LSD). Significance is

based on the pro-collagen type I concentration of the periphery on day

two (*P \ 0.05)
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properties (high strength and low stiffness) as well as a

superior biocompatibility [17, 18].

The objective of the present study was to analyse the

consumption of oxygen and the pH value within a 3D

tantalum scaffold which consisted of two porous tantalum

discs and a clamping ring. Human primary osteoblasts were

seeded on these discs and the migration potential of the

cells was analysed. Furthermore, the oxygen content within

the scaffold was measured and the synthesis rate of pro-

collagen type I was determined.

In accordance to Welldon et al. [19], it was demon-

strated that human osteoblasts were able to attach to the

surface of the tantalum discs. Furthermore, the cells

migrated a distance of 5 mm downwards through the pores

of the tantalum discs. After 8 days of incubation cells were

detected on all four planes over a total distance of 10 mm.

Since osteoblasts were able to survive in a large-scaled

tantalum scaffold for 8 days, longer incubation times on

cell survival will be examined in subsequent studies.

By means of the oxygen measurements, a central

hypoxia within the tantalum scaffold as well as oxygen

gradients between the core and the periphery of the con-

struct could be shown. In reference to Volkmer et al. [11]

the oxygen concentration in the core of a large-scaled

scaffold clearly decreased in the static cell culture, so that a

critical oxygen undersupply during the first 24 h was

found. However, even though the medium was changed

every second day, the oxygen concentration within the

scaffold did not increase. Nevertheless, it is important to

know that we measured the oxygen concentration every

day on the same time point, so medium exchange was done

after measurement. Therefore, we have no information

about oxygen concentrations in the cell culture directly

after exchange because we did not measure the oxygen

level again. According to Volkmer et al. [11], the prolif-

eration rate of cells is considerably higher in 3D cell cul-

ture systems than in 2D cultures because of the larger

scaffold surface area. Hence, our results indicate that the

low oxygen concentration in the core of the scaffold could

be a result of an increasing cell density, which leads to a

higher oxygen consumption within the scaffold. This could

be supported by our first results of oxygen measurement,

when human osteoblasts (3,00,000 cells) were seeded on

the third plane only. Here, we observed a slowly but a

noticeable decrease of the oxygen level during incubation.

We assume that osteoblasts can be supplied with oxygen in

a better way when there were no cells on the top of the

scaffold. Thus, the decrease of oxygen concentrations

within the scaffolds indicated an increase of cell number

which resulted in a higher oxygen consumption.

Data on optimal oxygen concentrations in patients bone

tissue is unknown, but the mean tissue levels of oxygen are

between 1 and 9% [23]. It was demonstrated, that the

oxygen concentration in static 3D cultures of chondrocytes

was around 5% [9] and drop below 1% using thicker

scaffolds [24]. In contrast to bone tissue, cartilage is

characterised by avascularity [25], therefore chondrocytes

are not supplied with blood as an oxygen carrier. Hence,

chondrocytes tolerate low oxygen levels. However, oxygen

toleration levels for osteoblasts are unknown and dead cells

were detected on plane 2 and especially on plane 3, which

was seeded with cells, there seems to be an undersupply of

oxygen for the osteoblasts in the static 3D cell culture.

Nevertheless, the inner structures of the tantalum module

were settled by a large number of cells, so that cell survival

could be supported within the scaffold.

Although hypoxia is able to cause a lethal environment

due to a limited cellular growth and respiration, this can

also increase the production of ECM components [10]. In

bone tissue, collagen type I is the primary component of

the ECM and plays an important role in osseous repair [26].

In the present study, it could be demonstrated that the

synthesis of pro-collagen type I increased within the scaf-

fold under hypoxic conditions. This observation was in

contrast to Utting et al. [13], who determined a decrease of

collagen type I expression in rat osteoblasts under hypoxic

conditions. However, Warren et al. [26] demonstrated an

up-regulation of collagen type I mRNA in response to

hypoxic culture conditions over a period of 48 h.

In addition, higher oxygen consumption by proliferating

cells in the core of the scaffold can lead to an increase in

matrix production which seems to reduce the diffusion of

oxygen within the 3D construct. It was reported that matrix

formation within the pores of scaffolds could hamper the

diffusion of nutrients and also of oxygen [10]. Conse-

quently, the supply with oxygen and nutrients as well as

waste removal is not guaranteed in the core of a static 3D

scaffold. Moreover, in a cell-free tantalum scaffold we

could not show any differences in oxygen concentrations

between core and periphery. Therefore, we conclude that

there are no diffusion problems within the tantalum disc.

This aspect also implies that cell settlement as well as

matrix formation could influence diffusion processes

within a scaffold negatively.

One important aspect of hypoxia is the local decrease of

tissue pH in vivo, which is caused by anaerobic metabolism

and a reduced perfusion [13]. Furthermore, hypoxia and a

decreased pH value could stimulate the formation of

osteoclasts and their resorptive activity in vivo [13]. Utting

et al. [13] showed that small pH reductions inhibited

mineralisation of organic matrix which was deposited by

osteoblasts. In our experiments we could show a slightly

increasing acidification during the incubation. The pH

difference between core and periphery was approximately

0.1. Frick et al. [27] reported, that in mouse osteoblast

cultures only mild changes in the pH value resulted in a
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decreased expression of collagen type I. In contrast,

Brandao-Burch et al. [28] demonstrated that collagen

synthesis on rat osteoblasts were not affected by pH in the

range of 7.4–6.9. Our results revealed an increase of pro-

collagen type I expression, thus collagen synthesis was also

unaffected by pH ranges. Furthermore, cell migration

within the core of the 3D tantalum scaffold was detected.

Hence, in clinical application it can be assumed that porous

tantalum scaffolds can be settled by osteoblasts under

critical oxygen and nutrient supply in case of large seg-

mental bone defects. Nevertheless, in terms of insufficient

tissue vascularisation a long-lasting hypoxia as well as

acidosis within a 3D scaffold could result in osteoclast

formation and ECM degradation. In general, monitoring of

osteoblast migration, oxygen consumption and acidificat-

ion seems to be helpful for creating advanced 3D bone

scaffolds in terms of sufficient ingrowth in synthetic bone

substitutes.
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Orthopäde. 1998;27:309–21.

26. Warren SM, Steinbrech DS, Mehrara BJ, Saadeh PB, Greenwald

JA, Spector JA, Bouletreau PJ, Longaker MT. Hypoxia regulates

osteoblast gene expression. J Surg Res. 2001;99:147–55.

27. Frick KK, Jiang L, Bushinsky DA. Acute metabolic acidosis

inhibits the induction of osteoblastic egr-1 and type 1 collagen.

Am J Physiol. 1997;272:C1450–6.

28. Brandao-Burch A, Utting JC, Orriss IR, Arnett TR. Acidosis

inhibits bone formation by osteoblasts in vitro by preventing

mineralization. Calcif Tissue Int. 2005;77:167–74.

J Mater Sci: Mater Med (2011) 22:2089–2095 2095

123


	Oxygen consumption, acidification and migration capacity of human primary osteoblasts within a three-dimensional tantalum scaffold
	Abstract
	Introduction
	Materials and methods
	Isolation and cultivation of human primary osteoblasts
	Cell settlement on tantalum scaffold
	Oxygen measurement
	pH monitoring
	WST-1 assay
	Pro-collagen type I quantification
	LIVE/DEADreg assay
	Statistical analysis

	Results
	Human osteoblasts migration within the 3D tantalum module
	Oxygen measurement within a porous tantalum scaffold
	pH monitoring within the 3D tantalum scaffold
	Cell survival and pro-collagen type I expression

	Discussion
	Acknowledgments
	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


