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Abstract: Perineuronal nets (PNs) are a specialized form of extracellular matrix, surrounding different types of neu-
rons and mainly consist of chondroitin sulfate proteoglycans connected to hyaluronan, stabilized by link protein and
cross-linked via tenascin-R. Due to their polyanionic character, caused by the highly charged chondroitin sulfate glyco-
saminoglycan and hyaluronan components, PNs might be involved in local ion homeostasis. They are able to scav-
enge and bind redox-active ions and thus reduce the local oxidative potential. We investigated whether net-
enwrapped neurons are less vulnerable against iron-induced oxidative processes. Oxidative stress is a key factor in
the development and progression of neurodegenerative diseases like Alzheimer’s and Parkinson’s disease. Iron is
believed to contribute to oxidative stress in Alzheimer brains by catalyzing the generation of free radicals. For examin-
ing potential neuroprotective effects of PNs, mice were microinjected with 0.2ul of a 20mM solution of FeClz into the
barrel field while the control group received an equal volume of 0.9% NaCl. Brains were analyzed after time intervals
of 24h and 72h. Neuronal degeneration was visualized using Fluoro-Jade B staining. The presence of PNs was as-
sessed by Wisteria floribunda agglutinin histochemistry or aggrecan immunocytochemistry. The analysis showed a
significant lower degeneration rate of net-ensheathed neurons in comparison to neurons without PNs. The results

suggest a neuroprotective mechanism associated with the presence of PNs against iron-induced cell death.
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Introduction

The extracellular matrix of the central nervous
system provides a highly organized complex of
macromolecules that surround glia cells and
neurons. A specific form of extracellular matrix
is the perineuronal net (PN). PNs are basically
composed of large aggregating chondroitin sul-
fate proteoglycans (CSPGs), mainly aggrecan,
connected to hyaluronan, stabilized by link pro-
tein and cross-linked via tenascin-R. The lattice-
like PN ensheathes cell bodies, proximal den-
drites and the axon initial segment of several
types of neurons in the mammalian brain [1-4].

PNs mature during postnatal development si-
multaneously with the synaptogenesis and mye-
logenesis. Their role is still not completely un-
derstood, but their specific characteristics allow
suggestions about their functions [5, 6]. Based

on their inhibitory potential to cell adhesion and
the repellent properties of their molecular com-
ponents against approaching axons and den-
drites, PNs might contribute to synaptic stabili-
zation and thus influence neuroplastic potential
[1, 7, 8]. Further tasks could be due to their
polyanionic character. The glycosaminoglycan
side chains of the CSPGs as well as the hyalu-
ronic acid of the PNs lead to highly negatively
charged structures in the direct microenviron-
ment of neurons that might be involved in local
ion homeostasis. PNs might also potentially be
able to scavenge and bind redox-active iron,
and thus reduce the local oxidative potential in
the neuronal microenvironment. This may pro-
vide some neuroprotection to net-associated
neurons against oxidative stress [9-14].

In previous studies we could demonstrate that
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in Alzheimer’s disease (AD) cortical and subcor-
tical areas with high abundance of PN-
enwrapped neurons are less severely affected
by neuronal degeneration, and PN-ensheathed
neurons are virtually spared from AD related
pathologies [15, 16]. These results on a neuro-
protective capacity of PN-components are ex-
tended by demonstrating that net-wearing neu-
rons rarely contain lipofuscin deposits, a major
product of advanced iron induced oxidative
processes [12]. Furthermore, it could be shown
that PNs have a higher capacity to bind iron
than any other tissue component in the brain
[17]. Iron is believed to contribute to oxidative
damage in AD brains by catalyzing the genera-
tion of free radicals. Several studies indicate an
increased amount of iron in the brain of AD pa-
tients, suggesting an abnormality in iron me-
tabolism. This increase in iron may contribute to
enhanced oxidative stress in the disease,
thereby facilitating neurodegenerative proc-
esses [18-22]. It might be suggested that PN,
due to their increased iron-binding capacity, can
locally reduce oxidative stress and, thus, dimin-
ish its deleterious effects on net-associated
neurons.

Here we tested the concept that PN-ensheathed
neurons are more resistant against iron-induced
oxidative stress in vivo induced by injecting iron
directly into the mouse brain.

Materials and methods
Animals

Male and female mice (C57BL/6) were bred
and housed at the Medizinisch- Experimentelles
Zentrum of the Medical Faculty of the University
of Leipzig. Animals had free access to food and
water and were maintained on an artificial
12 h:12 h light-dark cycle under conditions of
constant temperature (22 °C) and humidity. All
experimental procedures on animals were car-
ried out in accordance with the European Coun-
cil Directive of 24 November 1986 (86/609/
EEC) and had been approved by the local au-
thorities.

In vivo injection
18 mice at 7-8 weeks of age were deeply an-
aesthetized by intraperitoneal (IP) injection with

a cocktail of ketamine (100 mg/kg, ratiopharm,
Ulm, Germany) and xylazine (5 mg/kg, Rompun,
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Bayer, Germany). Animals were fixed to a
stereotaxic apparatus (Stoelting, Wood Dale,
lllinois) and a rostrocaudal incision of 1cm
length was made using a scalpel. For the injec-
tion, Bregma line was exposed clearly and a
hole with a diameter of 1mm was drilled. Com-
pounds were injected into the barrel field (-
1.7mm from Bregma, 3mm from the midline,
2mm deep from dura) using a 33 gauge needle
(33/51/3, Hamilton) attached to a Hamilton
syringe (Type 75-RN). Coordinates were deter-
mined according to mouse brain atlas of Paxi-
nos and Franklin [23]. Groups of 18 mice each
received injections of 0.2ul 20mM FeCI3 or
0.9% NaCl (Braun, Germany) for control. Seque-
lae of injections were analyzed 24h or 72h post
injection.

Tissue preparation

Animals were perfused transcardially under
deep COz-anesthesia with 0.9% NaCl and 4%
paraformaldehyd (PFA) in phosphate-buffered
saline (PBS). Brains were removed immediately
and placed for 24h in 4% PFA for postfixation
followed by cryoprotection in 30% sucrose with
0.01% sodium azide in PBS for 48h. 30um-
coronal sections were cut on a freezing micro-
tome and further processed for immunohisto-
chemical and histochemical staining as de-
scribed below.

Combining Fluoro-Jade B with immunofluores-
cent labeling

To identify degenerating neurons and to clearly
allocate degeneration of neurons ensheathed
by PN or of neurons without PN, sections were
processed with Fluoro-Jade B in combination
with antibodies to aggrecan core protein
(HAG7D4, mouse-anti-human aggrecan, 1:10,
AbD Serotec, Dusseldorf, Germany) combined
with biotinylated NeuN (mouse-anti-NeuN clone
A60, ab77315, 1:100, Abcam, Cambridge, UK)
or biotinylated Wisteria floribunda agglutinin
(WFA, 1:100, Sigma, Taufkirchen, Germany )
combined with NeuN (mouse-anti-NeuN clone
A60 MAB 377, 1:100, Millipore, Darmstadt,
Germany). Briefly, sections were washed in PBS,
preincubated in a blocking solution (2% bovine
serum albumin, 0.3% casein, 0.5% donkey nor-
mal serum) for 1h followed by a 48h incubation
with the primary antibodies at 4°C. After wash-
ing, sections were incubated in 0,03% potas-
sium permanganate for 4 min under permanent
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-Jade B (Chemicon, Temecula,
CA, USA) in 0.1% acetic acid
for 30 min. Slides were
washed with distilled water,
placed onto a slide warmer
until fully dry, immersed in
xylene for 2-3 min and cover-
slipped using DePeX (Serva,
Heidelberg, Germany).

Quantification of degeneration

Slides were examined with a
Zeiss  Fluorescence Micro-
scope (Axiovert 200M, Zeiss,
Jena, Germany) and the pro-
gramme Zeiss Axiovision 4.7
according to Morawski et al.
2004 [12]. For quantification
of cell death, the tissue area
covered by degenerated cells,
which after Fluoro-Jade B
staining can clearly be deline-
ated from unaffected tissue
(Figure 1), was encircled for
each animal on serial sections
cut throughout the lesion site
at an interval of 120um. The
largest cross-sectional area
taken from the animal with the
largest lesion size was defined
as reference area and copied
to all sections. Within this
area, counting of Fluoro-Jade
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Figure 1. Detection of neuronal degeneration by Fluoro-Jade B. The point
of injection is assigned with white arrows. Application of 0.9% NaCl
(@a=24h, c=72h) induces a small lesion around the injection site in mouse
brain. In contrast, injection of 20mM FeCls results in a widespread lesion
both after 24h (d) and 72h (d) which can be clearly delineated by Fluoro-
Jade B staining. To compare the range of degeneration, the widest stained
radii after NaCl and FeCls injection were measured. Fluoro-Jade B demon-
strates significant wider radii for iron-injected sections after 24h and 72h
(e). Statistical analyzis performed by paired t-test. Scale bar 1000um.

shaking, washed in distilled water for 2 min and
incubated with Cy3-conjugated donkey-anti-
mouse IgG (Dianova, Hamburg, Germany;
1:300) and Cyb-conjugated streptavidin
(Dianova, Hamburg, Germany; 1:150) for 3h.
Sections were washed, mounted on gelatine
coated slides and incubated with 0.001% Fluoro
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B positive neurons, counter-
stained by NeuN, was per-
formed blinded to the experi-
mental status of the animal
within three rectangles of a
size of 1.8mm2, randomly
placed to the reference area.
The contralateral site of injec-
tion was used as internal con-
trol (Figure 2). The evaluation
of Fluoro-Jade B positive neu-
rons was realized clearly
above background. Statistical
analyzes were performed by
paired t-test and Wilcoxon-Range-Test.

Results
Application of FeCls leads to a widespread de-

generation of brain tissue around the injection
site (Figure la/c). To analyze the effects of

Am J Neurodegener Dis 2012;1(1):122-129



In vivo protection of perineuronal nets

FeClz-application and assess the potential influ-
ences of postoperative survival time on degen-
erating neurons, we analyzed the cross sec-
tional area covered by Fluoro-Jade B-positive
neurons. While there was only a marginal effect
of NaCl injections, application of FeCls induced
a profound degeneration with a maximum ra-
dius covered by degenerating neurons three
times bigger than after control injections (Figure
le). Effects obtained 24h or 72h post injections
were only marginally different.

To assess potentially different effects of FeCls-
induced cell death for neurons with and without
PN, lectin histochemistry of Wisteria Floribunda
Agglutinin (WFA), binding to N-
acetylgalactosamines as the main chondroitin
sulfate proteoglycan components of PN (Figure
3a-d) [24] was used in combination with NeuN
and Fluoro- Jade B staining. Cell counting was
performed within the area covered by apoptotic
cell death, defined as reference area as de-
scribed above. Corresponding brain regions of
the contralateral site were used as internal
controls.

Results clearly demonstrate that both 24h and
72h post injection, neurons ensheathed by PNs
are significantly less frequently affected by
apoptotic cell death than neurons without PN
(Figure 3e-f).

To exclude any sampling bias of PN ensheathed
neurons by potential effects of FeClz on chon-
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Figure 2. lllustration of evalua-
tion method. For examination
of potential protective effects
by perineuronal nets the larg-
est cross-sectional area was
defined as reference area and
copied to the hemisphere of
injection as well as its contra-
lateral side. Within this area,
counting of Fluoro-Jade B posi-
tive neurons was performed
within three rectangles of a
size of 1.8mm2, randomly
placed to the reference area.
Scale bar 1000um.

droitin sulfate side chains, results were repli-
cated in second series of experiments, combin-
ing Fluoro-Jade B staining with immunocyto-
chemistry for aggrecan (HAG), the main pro-
teoglycan component of PNs. Consistent with
results obtained after WFA-labeling, quantitative
analyzis revealed a significant lower rate of de-
generation for PN-wearing neurons after micro-
injection of iron (Figure 4a-f).

Discussion

Iron is the most abundant transitional metal in
the brain and plays an important role in main-
taining normal brain function [25]. Iron over-
load, however, has been detected in various
neurodegenerative disorders such as Parkin-
son’s and Alzheimer’s disease where it might
be a driving force of oxidative stress. In the pre-
sent study we used an in vivo model of iron-
induced cell death to assess potential differ-
ences in neuronal vulnerability between neu-
rons ensheathed by a PN versus neurons with-
out PN.

Although the injection of FeCls into mouse brain
leads to a widespread degeneration of brain
tissue, we could demonstrate that PN-
associated neurons are affected to a much
lesser extent than neurons without a PN. These
differential effects were clearly present inde-
pendent as to whether PNs were detected by
WFA binding to N-acetylgalactosamine of the
chondroitin sulfate proteoglycans or immunocy-
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Figure 3. Quantification of differences
by using WFA. Assessing differential
effects on neuronal degeneration for
neurons with and without PN. Degener-
ating neurons were identified by label-
ing of Fluoro-Jade B (a) with NeuN (b).
Neurons with and without PN were iden-
tified by the presence or absence of
WFA labeling (c). Quantification on the
overlay of all three signals (d) revealed
a significant less frequent degeneration
for neurons with PN compared to neu-
rons without PN both 24h (e) and 72h
(f) after FeCls injection. Statistical ana-
lyzis by Wilcoxon Range test, Scale bar
20um.

to-chemistry of the core protein ag-
grecan. This clearly indicates some
neuroprotective effects associated
with PNs.

e 100 One of the main components of the
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Figure 4. Quantification of differences
by using HAG. Detecting differential
effects on neuronal degeneration for
neurons with and without PN with tri-
ple staining of degenerating net-
associated neurons with immunocyto-
chemical labeling of Fluoro-Jade B (a),
NeuN (b) and HAG (c). Overlay image
(d) was used for counting procedures.
Net-associated neurons are signifi-
cantly less severely affected by degen-
eration after FeCls injection. This effect
could be seen after 24h (e) as well as
72h (f).Statistical analyzis by Wilcoxon
Range test, Scale bar 20um.

by binding extracellular iron,
thereby reducing local oxidative
stress in the direct environment
of net-associated neurons pre-
venting PN-wearing neurons
e from degeneration [17, 29].
I PN associated These findings are in agree-
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used for a neuroprotective strategy remains to
be determined.

Acknowledgement

The authors wish to thank Mrs Hildegard
Gruschka and Dr. Ulrich Gaertner for their tech-
nical support. This work was granted by the
European Union and the Free State of Saxony
(Project: Neuron 48-038), the German Research
Foundation GRK 1097 "INTERNEURO”, the EU-
Project “Neuropro” (Grant Agreement No.
223077), COST Action BM1001 “Brain Extracel-
lular Matrix in Health and Disease”, German
Research Foundation MO 2249/2-1 within the
PP 1608, and the Alzheimer Forschungsinitia-
tive e.V. (AFI #11861) to M. Morawski.

Please address correspondence to: Dr. Thomas Ar-
endt, University of Leipzig, Department for Molecular
and Cellular Mechanisms of Neurodegeneration, Paul
Flechsig Institute for Brain Research, Jahnallee 59,
04109 Leipzig, Germany. Tel: 0049 3419725721;
Fax: 00493419725729; E-mail: aret@medizin.uni-
leipzig.de

References

[1] Morawski M, Bruckner G, Arendt T and Mat-
thews RT. Aggrecan: Beyond cartilage and into
the brain. Int J Biochem Cell Biol 2012; [Epub
ahead of print].

[2] Bruckner G, Morawski M and Arendt T. Aggre-
can-based extracellular matrix is an integral
part of the human basal ganglia circuit. Neuro-
science 2008; 151: 489-504.

[3] Bruckner G, Hartig W, Seeger J, RUbsamen R,
Reimer K and Brauer K. Cortical perineuronal
nets in the gray shorttailed opossum
(Monodelphis domestica): a distribution pattern
contrasting with that shown in placental mam-
mals. Anat Embryol (Berl) 1998; 197: 249-262.

[4] Celio MR and Blumcke I. Perineuronal nets-—a
specialized form of extracellular matrix in the
adult nervous system. Brain Res Brain Res Rev
1994; 19: 128-145.

[5] Zimmermann DR and Dours-Zimmermann MT.
Extracellular matrix of the central nervous sys-
tem: from neglect to challenge. Histochem Cell
Biol 2008; 130: 635-653.

[6] Bruckner G, Grosche J, Schmidt S, Hartig W,
Margolis RU, Delpech B, Seidenbecher Cl, Cza-
niera R and Schachner M. Postnatal develop-
ment of perineuronal nets in wild-type mice and
in a mutant deficient in tenascin-R. J Comp
Neurol 2000; 428: 616-629.

[71 Rhodes KE and Fawcett JW. Chondroitin sul-
phate proteoglycans: preventing plasticity or
protecting the CNS? J Anat 2004; 204: 33-48.

128

(10]

(11]

(12]

[13]

(14]

(15]

(16]

(17]

(18]

(19]

Pizzorusso T, Medini P, Berardi N, Chierzi S,
Fawcett JW and Maffei L. Reactivation of ocular
dominance plasticity in the adult visual cortex.
Science 2002; 298: 1248-1251.

Briickner G, Hartig W, Kacza J, Seeger J, Welt K
and Brauer K. Extracellular matrix organization
in various regions of rat brain grey matter. J
Neurocytol 1996; 25: 333-346.

Brickner G, Bringmann A, Koppe G, Hartig W
and Brauer K. In vivo and in vitro labelling of
perineuronal nets in rat brain. Brain Res 1996;
720: 84-92.

Hartig W, Singer A, Grosche J, Brauer K, Ot-
tersen OP and Briickner G. Perineuronal nets in
the rat medial nucleus of the trapezoid body
surround neurons immunoreactive for various
amino acids, calcium-binding proteins and the
potassium channel subunit Kv3.1b. Brain Res
2001; 899: 123-133.

Morawski M, Brickner MK, Riederer P, Bruck-
ner G and Arendt T. Perineuronal nets poten-
tially protect against oxidative stress. Exp Neu-
rol 2004; 188: 309-315.

Briickner G, Brauer K, Hartig W, Wolff JR, Rick-
mann MJ, Derouiche A, Delpech B, Girard N,
Oertel WH and Reichenbach A. Perineuronal
nets provide a polyanionic, glia-associated form
of microenvironment around certain neurons in
many parts of the rat brain. Glia 1993; 8: 183-
200.

Reinert T, Morawski M, Arendt T and Butz T.
Quantitative microanalysis of perineuronal nets
in brain tissue. Nucl Instrum Methods Phys
Res, Sect B 2003; 210: 395-400.

Bruckner G, Hausen D, Hartig W, Drlicek M,
Arendt T and Brauer K. Cortical areas abundant
in extracellular matrix chondroitin sulphate
proteoglycans are less affected by cytoskeletal
changes in Alzheimer's disease. Neuroscience
1999; 92: 791-805.

Morawski M, Bruckner G, Jager C, Seeger G,
Matthews RT and Arendt T. Involvement of Per-
ineuronal and Perisynaptic Extracellular Matrix
in Alzheimer's Disease Neuropathology. Brain
Pathol 2012; doi: 10.1111/j.1750-
3639.2011.00557 .x.

Morawski M, Reinert T, Brickner G, Wagner FE,
Arendt T and Troger W. The Binding of Iron to
Perineuronal Nets: A Combined Nuclear Micros-
copy and Mdossbauer Study. Hyperfine Interact
2004; 159: 285-291.

Smith MA, Harris PL, Sayre LM and Perry G. Iron
accumulation in Alzheimer disease is a source
of redox-generated free radicals. Proc Natl Acad
Sci US A 1997; 94: 9866-9868.

Duce JA, Tsatsanis A, Cater MA, James SA,
Robb E, Wikhe K, Leong SL, Perez K, Johanssen
T, Greenough MA, Cho HH, Galatis D, Moir RD,
Masters CL, McLean C, Tanzi RE, Cappai R,
Barnham KJ, Ciccotosto GD, Rogers JT and
Bush Al. Iron-export ferroxidase activity of beta-
amyloid precursor protein is inhibited by zinc in

Am J Neurodegener Dis 2012;1(1):122-129



[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

129

In vivo protection of perineuronal nets

Alzheimer's disease. Cell 2010; 142: 857-867.
Smith MA, Nunomura A, Zhu X, Takeda A and
Perry G. Metabolic, metallic, and mitotic
sources of oxidative stress in Alzheimer dis-
ease. Antioxid Redox Signal 2000; 2: 413-420.
Honda K, Casadesus G, Petersen RB, Perry G
and Smith MA. Oxidative stress and redox-
active iron in Alzheimer's disease. Ann N'Y Acad
Sci 2004; 1012: 179-182.

Lei P, Ayton S, Finkelstein DI, Spoerri L, Cic-
cotosto GD, Wright DK, Wong BX, Adlard PA,
Cherny RA, Lam LQ, Roberts BR, Volitakis I,
Egan GF, McLean CA, Cappai R, Duce JA and
Bush Al. Tau deficiency induces parkinsonism
with dementia by impairing APP-mediated iron
export. Nat Med 2012; 18: 291-295.

Paxinos G and KBJ F. The mouse brain in
stereotaxic coordinates. San Diego: Academic
Press, 2001.

Giamanco KA, Morawski M and Matthews RT.
Perineuronal net formation and structure in
aggrecan knockout mice. Neuroscience 2010;
170: 1314-1327.

Moos T. Brain iron homeostasis. Dan Med Bull
2002; 49: 279-301.

Okamoto M, Mori S and Endo H. A protective
action of chondroitin sulfate proteoglycans
against neuronal cell death induced by gluta-
mate. Brain Res 1994; 637: 57-67.

Okamoto M, Mori S, Ichimura M and Endo H.
Chondroitin sulfate proteoglycans protect cul-
tured rat's cortical and hippocampal neurons
from delayed cell death induced by excitatory
amino acids. Neurosci Lett 1994; 172: 51-54.

(28]

[29]

(30]

(31]

[32]

Hrabetova S, Masri D, Tao L, Xiao F and Nichol-
son C. Calcium diffusion enhanced after cleav-
age of negatively charged components of brain
extracellular matrix by chondroitinase ABC. J
Physiol 2009; 587: 4029-4049.

Fiedler A, Reinert T, Morawski M, Bruckner G,
Arendt T and Butz T. Intracellular iron concen-
tration of neurons with and without perineu-
ronal nets. Nucl Instrum Methods Phys Res,
Sect B 2007; 260: 153-158.

Morawski M, Brickner G, Jager C, Seeger G and
Arendt T. Neurons associated with aggrecan-
based perineuronal nets are protected against
tau pathology in subcortical regions in Alz-
heimer's disease. Neuroscience 2010; 169:
1347-1363.

Morawski M, Pavlica S, Seeger G, Grosche J,
Kouznetsova E, Schliebs R, Brickner G and
Arendt T. Perineuronal nets are largely unaf-
fected in Alzheimer model Tg2576 mice. Neuro-
biol Aging 2010; 31: 1254-1256.

Miyata S, Nishimura Y and Nakashima T. Per-
ineuronal nets protect against amyloid beta-
protein neurotoxicity in cultured cortical neu-
rons. Brain Res 2007; 1150: 200-206.

Am J Neurodegener Dis 2012;1(1):122-129




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /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 300
  /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 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice


