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= Abstract =

Purpose: We intended to observe cell death and apoptotic changes in neurons in organotypic hippocampal slice cultures
following oxygen—glucose deprivation (OGD), using propidium iodide (PD uptake, FluorodJade (FJ) staining, TUNEL staining and
immunofluorescent staining for caspase-3.

Methods : The hippocampus of 7-dayold rats was cut into 350 um slices. The slices were cultured for 10 d (date in vitro,
DIV10) and and exposed to OGD for 60 min at DIV 10. They were then incubated for reperfusion under normoxic conditions
for an additional 48 h. Fuorescence of PI uptake was observed at predetermined intervals, and the cell death percentage
was recorded. At 24 h following OGD. the slices were Cryo-cut into 15 um thicknesses, and FluoroJade staining, TUNEL stain-
ing, and immunofluorescence staining for caspase3 were performed.

Results : 1) Pl uptake was restricted to the pyramidal cell layer and DG in the slices after OGD. 'The fluorescent intensities
of PI increased from 6 to 48 h during the reperfusion stage. The cell death percentage significantly increased time-depen-
dently in CAl and DG following OGD (ZX0.05). 2) At 24 h after OGD, many FJ positive cells were detected in CAl and DG
Some neurons had distinct nuclei and processes while others had fragmented nuclei and disrupted processes in CAl. TUNEL
and immunofluorescent staining for caspase-3 showed increased expression of TUNEL labeling and caspase3 in CAl and
DG at 24 h after OGD.

Conclusion : The numerous dead cells in the slice cultures after OGD tended to display apoptotic changes mediated by
the activation of caspase3. (Korean J Pediatr 2008:51:1112-1117)
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Apoptosis plays an important role in delayed neuronal

16-18)

Introduction death after hypoxic-ischemic injury to immature brains

Apoptotic death of cells is deeply related to activation of the

Organotypic hippocampal slice culture is a suitable in vitro caspase system, which is commonly observed in neuronal or
model for studying neural development, neural function and glial cell death following hypoxic-ischemia injurylg’zn.
1-8

the pathophysioloy of neurodegenerative diseases ' In hip- Thus, in this study, we aimed to maintain hippocampal

pocampal slice cultures of 7-day-old rat brains, oxygen—-glu-
cose deprivation (OGD) can cause injury similar to hypoxic—
ischemic injury of immature brains’ . As well, it has been
reported that, depending on the degree of OGD, necrosis or
apoptosis of neurons can be readily seen in hippocampal slice

9, 10)
cultures™ .
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slice cultures of 7-day-old rats brains for more than 10 days,
and to observe cell death and the apoptotic changes of neu-
rons in the hippocampal slice cultures following exposure to
OGD, using propidium iodide (PI) uptake, Fluoro-Jade (FJ)
staining, TUNEL [(TdT)-mediated biotin-16-dUTP nick-
end labelling] staining and immunofluorescent staining for

caspase 3.

Materials and Methods

1. Organotypic hippocampal slice culture

The experiments were performed in accordance to The
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Guide of Dankook University for the Care and Use of La-
boratory Animals. The brains of 7-day-old Sprague-Dawley
rats were aseptically removed from the skull under anes-
thesia by ether and transferred into a Petri dish placed over
ice. The hemispheres were separated from each other and
the hippocampus was dissected. The separated hippocampus
was cut vertically along its long axis into 350 um slices
using a Macllwain tissue chopper (Macllwain, Mickle La-
boratory, Cambridge, UK). The hippocampal slices were
transferred into cold (12-14C) buffer solution (modified
Krebs-Heseleit solution) and carefully separated from each
other. Modified Krebs-Heseleit solution contains NaCl (120
mM), KCl (2 mM), CaCl; (20 mM), NaHCOs3; (26 mM),
MgSO4 (10 mM), KHoPO,4 (1.18 mM), glucose (11 mM), su-
crose (200 mM) with a pH of 74.

Following the protocol designed by Stoppini et al? hip-
pocampal slices were cultured using the membrane-inter-
face technique, allowing the tissue to be maintained at the
liquid/air interface. In brief, hippocampal slices were placed
on a semi-porous membrane (Millicell, Bedford, MA, USA)
in plastic inserts of a 6-well plate. Each well contained 1 mL
of culture medium which was composed of 50% MEM
(minimal essential medium), 25% HBSS (Hank's balance salt
solution), 25% horse serum, 6.5 mg/mL glucose, 2 mM L-
glutamine, 100 U/mL penicillin and 100 ug/mL streptomycin
with pH 7.2. Three to four hippocampal slices were placed in
each insert and cultures were maintained for 10 days (date
in vitro, DIV 10). Cultures were then exposed to OGD. The

culture medium was changed every two days.
2. Oxygen-glucose deprivation (OGD)

Hippoampal slice cultures were exposed to OGD at DIV 10
using a modification of the submersion protocol of Frantseva

W For OGD, glucose was excluded from buffered solu-

et al.
tion. Bubbling this solution for at least 30 minutes with a gas
mixture containing 5% COs and 95% N» resulted in a deoxy-
genated, glucose free OGD solution. After a single wash of
the culture well with the OGD solution, 1 mL of OGD solu-
tion was placed below a semi-porous membrane. The culture
trays were then placed in an air-tight anoxic bag (Anaero-
GenTM, Oxoid Ltd, UK) and placed in an incubator at 37°C for
60 minutes. After exposure to OGD, the cultures were wash-
ed two times with horse-serum free culture medium. The
cultures were then transferred to trays with horse-serum
free oxygenated culture medium containing glucose and in-

cubated for reperfusion under normoxic conditions, for addi-

tional 48 hours.
3. Propidium iodide (PIl) uptake

For evaluation of cell death after exposure to OGD, two
hours prior to OGD exposure the cultures and wells were
washed two times with buffer solution. The slices were then
cultured in horse serum free culture media containing 0.5 ug/
mL of PI for two hours just prior to OGD exposure. Just
before OGD insults, the basal fluorescent intensity of PI (0
hours, pre-OGD) was observed with an inverted fluores-
cence microscope (Olympus, Tokyo, Japan) using a rhoda-
mine filter and recorded with a digital camera. After 60
minutes of exposure to OGD, slices were washed two times
with horse-serum free culture medium. Afterwards, while
cultured in horse-serum free culture medium containing PI,
intensities of PI uptake were observed and recorded at 6, 12,
24, 48 hours following exposure to OGD during reperfusion
under normoxic conditions. After 48 hours, the slices were
refrigerated and incubated at 4C for 24 hours to kill all cells
in the hippocampal slices, at which point the final PI uptake
intensity was again observed and recorded. Pixel intensties
of stored images were quantitatively measured at CAl
(cornu ammonis) and DG (dentate gyrus) using an image
analyser (image-J, NIH). The percent of cell death was
expressed as a percentage of final fluorescence (Fj,) minus
basal fluorescence (Fp) as shown in the equation, % cell
death=(F,~Fy)/(Fn—Fy) X100, where F; is the fluorescence of
slices measured at 6, 12, 24, and 48 hour during reperfusion

under normoxic conditions following oGD'Y.
4. TUNNEL staining and immunofluorescent staining

Hippocampal slice cultures were fixed for one hour in 4%
paraformaldehyde just before exposure to OGD and at 24
hours after exposure to OGD. Following immersion in suc-
rose and freezing at 70, the slices were cryocut into 15 yum
thick slices. Different sets of sections were stained by FJ
staining (Chemicon, Temecula, CA, USA), TUNEL staining
(TUNEL Apoptosis Detection Kit, DNA Fragmentation/
Fluorescence Staining, Upstate Co., USA), or immunofluo-
rescent staining with caspase-3 antibody (Sigma, St. Louis,
MO, USA) in accordance to the protocol provided by the
manufacturer. After staining, sections were observed with a
fluorescence microscope (Olympus, Tokyo, Japan) and a con-

focal laser microscope (Carl Zeiss, Thornwood, NY, USA).

5. Statistical anaylsis
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One-way ANOVA was used for determining statistical
significance (SPSS ver 11.0). P-value< 0.05 was considered

as statistically significant.

Results

1. Pl uptake following OGD

PI uptake could be seen as an indicator of OGD induced

(A)

(B) CA1 DG

N=13, P<0.05 N=13, P<0.05

& ) % & L n 120 24 )

hours after 0GD hours after 0GD

Fig. 1. Temporal analysis of neuronal death in P7 rat hippo-
campal slice culture. (A) The hippocampal slices were cultured
for 10 d (a). The slices were then exposed to OGD for 60 min
and cultured under reperfusion and normoxic conditions for an
additional 48 h. Neuronal death was examined by assessing the
PI uptake fluorescence at pre-OGD, 6 h, 12 h, 24 h, and 48 h
after OGD (b-f). The PI uptake fluorescence was restricted to
the pyramidal cell layer, and the DG and fluorescence intensities
of PI increased from 6 h to 48 h during reperfusion and nor-
moxia following OGD. (B) Percentage of cell death during re-
perfusion and normoxia following OGD increased time-depen-
dently in CAl and DG (P<0.05).

Pre-OGD

200 pm

neural death due to the fact that PI uptake was restricted to
the pyramidal cell layer and DG in hippocampal slices after
exposure to OGD. The fluorescent intensities of PI increas-
ed from 6 to 48 hours during reperfusion under normoxic
conditions following exposure to OGD (Fig. 1A). Percent cell
death significantly increased time-dependently in CAl and
DG during reperfusion under normoxic conditions following
exposure to OGD (Fig. 1B, P<0.05)

2. FJ staining, TUNEL staining and immunofluore-
scent staining for caspase-3

Fluoprescence of slices after FJ staining was not detected
at pre-OGD (Fig. 2A), but, at 24 hours after exposure to
OGD, many F] positve cells suggesting neurodegeneration
were detected in CAl (Fig. 2B) and DG (Fig. 2C). Findings
observed under confocal laser microscopy with high power
magnification (Fig. 2D) showed some neurons with distinct
nuclei and processes and other neurons with fragmented
nuclei, and disrupted processes in CAl.

The results for TUNEL and immunofluorescent staining
for caspase-3 showed increased expression of TUNEL
labelling and caspase-3 in CAl and DG at 24 hours follow-
ing exposure to OGD (Fig. 3A-H).

Discussion

Organotypic hippocampal slice culture is a commonly used
in vitro model for studying brain cell injury. There has been
much research done on neural development and function, and
the pathophysioloy of neurodegenerative diseases' ®.

In 1981, Ghlwiler et al.” described in detail the cultivation

of nervous tissue by means of the roller-tube technique. In

24 h after OGD

Fig. 2. Fluoro-Jade (F]) staining of P7 rat hippocampal slices at pre-OGD and 24 h after OGD.
Fluorescence after F] staining was not detected at pre-OGD (A), but many FJ positive cells
suggesting neurodegeneration were detected in CA1 (B) and DG (C) at 24 h after exposure to OGD
(Mag. %X200). Confocal microscopic analysis (Mag. xX800) revealed some neurons with distinct
nuclei and processes (arrow) and other neurons with fragmented nuclei, and disrupted process

(arrow head) in CA1 (D).
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Fig. 3. TUNEL staining and immunofluorescent staining for
caspase-3 in P7 rat hippocampal slices at pre-OGD and 24 h
after exposure to OGD. Exposure of hippocampal slices to OGD
increased the TUNEL labeling and the expression caspase-3 in
CAl and DG at 24 h after OGD.

1991 Stoppini et al? described a simpler method for orga-
notypic culture of nervous tissue different from the roller—
tube technique. Hippocampal slices were placed on a semi—
porous membrane and successfully cultured using the mem-
brane-interface technique. Hippocampal slices for culture are
usually prepared from rats aged 6-9 days old (P6-9) and

L 11, 22)
cultures can be maintained for several weeks .

However,
it has been made known that long term stable slice cultures
can be also prepared from younger rats as well as from adult
rats (P4-P30)* %17

The method of submerging brain slice cultures in deoxy-
genated glucose—free medium can induce neuronal injury

similar to that of hypoxia-ischemia'"*”

. Exposure of hippo-
campal slice cultures to OGD induces consistent hypoxic-
ischemic damage while preserving the selective regional
vulnerability of different hippocampal cell layersgfn’zg).
Within three to four hours after exposure of hipocampal slice
cultures to OGD for a predetermined period, the CAl area
was first to receive injury, afterwards the CA3 and dentate
gyrus (DG) also received injury™™*.

In this study, PI uptake after exposure to OGD was res-

tricted to the pyramidal cell layer and DG in hippocampal
slices, suggesting many neurons to be either dying or dead.
Damage to the cell membrane is necessary for PI uptake to

2 Thus, injured areas in the hippo-

occur during OGD
campus could be identified by increased PI fluorescence.
The intensities of PI fluorescence increased time-dependen-
tly during reperfusion under normoxic conditons following
OGD. Increased fluorescence due to PI uptake may be a
crude but effective estimate of neuronal cell death® ™™ *.
A reasonably linear relationship between fluorescence inten-

sity and cell death was observed”

. In general, PI uptake
might be an earlier and more sensitive marker than the LDH
efflux. LDH, which is another cell death marker requires cell
lysis while intracellular PI uptake requires only cell mem-

14, 23) .
. However, increased fluorescence of PI

brane damage
can not identify specific types of cells or show morphologic
characters of cell death because it stains only the cell nuclei—
spot.

FJ stain is a valid marker of neurodegeneration%. Fol-
lowing F]J staining of slices after OGD we observed many FJ
positive cells on the CAl and DG to be either dead or near
death. FJ dye can not gain access to cell when cell mem-
brane was intact”’. Both PI and F] stain are valid in de-
tecting neuronal death in brain slice cultures'® 1% 2% FJ
stain has the advantage, when compared with PI stain, that
FJ stain can be applied to non living fixed or unfixed tissue,
while PI only stains a dying or dead cell in a culture medi-
um. Also, FJ stain can be a useful marker of apoptotic cell
death following exposure to the neurotoxin because F] dye
selectively stains degenerated neurons, as well F] staining
can display morphologic changes of nuclei, soma and axons
of degenerated neurons'” '**In this study, FJ stain of cul-
tures revealed some neurons with distinct nuclei and pro-
cesses and other neurons with fragmented nuclei, and dis-
rupted process in CAl. These findings suggested that many
neurons injured by OGD might be undergoing apoptosis. As
well, many TUNEL positive cells and increased expression
of caspase-3 were observed on the CAl and DG of hippo-
campal slice cultures at 24 hour after exposed to OGD. Acti-
vation of the caspase system following hypoxic—ischemic
injury is a common findings in animal or human brains.
However, there are only a few in-vitro reports using slice
cultures that show similar results™ *" .

In this study, we maintained hippocampal slice culture of
7-day-old rat brains for more than 10 days. We observed

many dead cells and caspase-3 mediated neuronal apoptosis
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in hippocampal slice cultures following exposure to OGD
using PI uptake, F] staining, TUNEL staining and immuno-

fluorescent staining for caspase-3.

S H vt dH wigelA -2 ET ¥ (oxygen—glu-
cose deprivation, OGD)ell 9|k A Abg3} A7 AE Apd S
propidium iodide(PI) 43%], Fluoro-Jade(F]) ¥4, TUNEL %
A caspase-3 WO FAA W o2 PRSI 5

g & A% 743 Sprague-Dawley 31F 9] 3ivtE Macll-
wain chopper® 350 ym 749 AA o2 Al dinf 23
< 6-well plate®] insert W] ¥+ f&(sem-porous) = ]elA]
membrane-interface technique &% 10¥ 5¢F vj 31}, vl
¥ gﬁu]_ zérdoﬂ AR - e vFERS g0 Eof 7].3]_ el ZHA]./\,
A7kl 7)1 wjFAol A 48417 wlFE Tt A A T
SeHPI A P ATE Aol wet Y% dAnA
M AT WS (percent cell death)S 43kt 4k
urgr A7 24 AlgE $o sfiel dEE 15 ym FAE
< FJ 944, TUNEL 94, caspase-3 93 3A A
AE ALES ekt

10

fu©

i)

I
:1ru

2 ool K

e

>

oo F
i
okl

.
ol
-

filo
>,

HH 9 CA1Z DGell g4 =
AR OGD F AAFA-A 7 53 641 7FAlA] 4841 7H71A] PI
74l whet Frbekdnt AlE Al

F OGD ¥ APba-A#F Ajgto]
=71 tH(P<0.05). OGD ¥ 24A|3F
< ou)EteE B FJ] & A ok A ME So] CAL
I} DGOl #EE Ak 32lE confocal laser AV H oz 2

@ CALIA S A7 AEE 3 Q¥ J3e 93 5712 7Ha

)

A AE Ho "7‘*‘212&1, o0& A7 AEXEd g #4385 =7]
o] &4 & Ho] Fth TUNEL 943 caspase-3 94
OGD % 24717kl CA13% DACIA TUNEL ¥4 2dS S7HA
7]l caspase-3 WdE T7MAIHTH

d 2 gvl 2R el Ah-F G vbe o] o3t}
A AES HEE = AT AP A 52 FE A AE

References

1) Gshwiler BH. Organotypic monolayer cultures of nervous
tissue. J Neurosci Methods 1981;4:329-42.

2) Holopainen IE. Organotypic hippocampal slice cultures: a
model system to study basic cellular and molecular mecha-
nisms of neuronal cell death, neuroprotection, and synaptic
plasticity. Neurochem Res 2005;30:1521-8.

Gatherer M, Sundstrom LE. Mossy fibre innervation is not
required for the development of kainic acid toxicity in orga-
notypic hippocampal slice cultures. Neurosci Lett 1998;253:
119-22.

Xiang Z, Yuan M, Hassen GW, Gampel M, Bergold P].
Lactate induced excitotoxicity in hippocampal slice cultures.
Exp Neurol 2004 ;186:70-7.

Pringle AK, Iannotti F, Wilde GJ, Chad JE, Seeley PJ,
Sundstrom LE. Neuroprotection by both NMDA and non-
NMDA receptor antagonists in in vitro ischemia. Brain Res
1997;755:36-46.

Berger R, Jensen A, Paschen W. Metabolic disturbances in
hippocampal slices of fetal guinea pigs during and after
oxygen-glucose deprivation: is nitric oxide involved? Neu-
rosci Lett 1998;245:163-6.

Garnier Y, Middelanis ], Jensen A, Berger R. Neuroprotec-
tive effects of magnesium on metabolic disturbances in fetal
hippocampal slices after oxygen-glucose deprivation: medi-
ation by nitric oxide system. J Soc Gynecol Investig 2002;9:
86-92.

Fernandez-Loépez D, Martinez-Orgado J, Casanova I, Bonet
B, Leza JC, Lorenzo P, et al. Immature rat brain slices ex—
posed to oxygen-glucose deprivation as an in vitro model
of neonatal hypoxic-ischemic encephalopathy. ] Neurosci
Methods 2005;145:205-12.

Cho S, Liu D, Fairman D, Li P, Jenkins L, Wood A, et al.
Spatiotemporal evidence of apoptosis-mediated ischemic in-
jury in organotypic hippocampal slice cultures. Neurochem
Int 2004;45:117-27.

Noraberg ], Kristensen BW, Zimmer J. Markers for neu-
ronal degeneration in organotypic slice cultures. Brain Res
Brain Res Protoc 1999;3:278-90.

Frantseva MV, Carlen PL, El-Beheiry H. A submersion
method to induce hypoxic damage in organotypic hippo-
campal cultures. J Neurosci Methods 1999;89:25-31.

Bonde C, Noraberg ], Zimmer ]. Nuclear shrinkage and
other markers of neuronal cell death after oxygen-glucose
deprivation in rat hippocampal slice cultures. Neurosci Lett
2002;327:49-52.

Zimmer ], Kristensen BW, Jackobsen B, Noraberg J. Exci-
tatory amino acid and modulation of glutamate receptor ex-
pression in organotypic brain slice cultures. Amino Acids
2000;19:7-21.

Lushnikova IV, Voronin KY, Malyarevskyy PY, Skibo GG.
Morphological and functional changes in rat hippocampal
slice cultures after short-term oxygen-glucose deprivation.
J Cell Mol Med 2004;8:241-8.

15) Moro MA, De Alba J, Leza JC, Lorenzo P, Fernandez AP,
Bentura ML, et al. Neuronal expression of inducible nitric
oxide synthase after oxygen and glucose deprivation in rat
forebrain slices. Eur ] Neurosci 1998;10:445-56.

Beilharz EJ, Williams CE, Dragunow M, Sirimanne ES,
Gluckman PD. Mechanisms of delayed cell death following

w
z

4

fa

5

N

6

=

|
-

8

=z

9

=

10

=

11

—

12

=

13

=

14

fa

16

=

- 1116 -



17

18

19

20

21

22

N

<

=

)

—

=

Prevalence and trends in obesity among Korean children and adolescents, in 1997 and 2005

hypoxic-ischemic injury in the immature rat: evidence for
apoptosis during selective neuronal loss. Brain Res Mol
Brain Res 1995;29:1-14.

Sheldon RA, Hall JJ, Noble L], Ferriero DM. Delayed cell
death in neonatal mouse hippocampus from hypoxia—ische-
mia is neither apoptotic nor necrotic. Neurosci Lett 2001;
304:165-8.

Shin DH, Kim JW, Kwon BS, Jung MK, Jee YH, Chang
YP, et al. Protective effect of growth hormone on neuronal
apoptosis after hypoxia-ischemia in the neonatal rat brain.
Neurosci Lett 2004 ;354:64-8.

Wang X, Karlsson JO, Zhu C, Bahr BA, Hagberg H, Blom-
gren K. Caspase-3 activation after neonatal rat cerebral hy-
poxia-ischemia. Biol Neonate 2001;79:172-9.

Chen ], Nagayama T, Jin K, Stetler RA, Zhu RL, Graham
SH, et al. Induction of caspase-3-like protease may mediate
delayed neuronal death in the hippocampus after transient
cerebral ischemia. J Neurosci 1998;18:4914-28.

Malagelada C, Xifr6 X, Mifiano A, Sabria J, Rodriguez-Al-
varez J. Contribution of caspase-mediated apoptosis to the
cell death caused by oxygen-glucose deprivation in cortical
cell cultures. Neurobiol Dis 2005;20:27-37.

Stoppini L, Buchs PA, Muller D. A simple method for orga-
notypic cultures of nervous tissue. J Neurosci Methods

23

=

24

Z

25

N

26

=

27

—

28)

- 1117 -

1991;37:173-82.

Laake JH, Haug FM, Wieloch T, Ottersen OP. A simple in
vitro model of ischemia based on hippocampal slice cultures
and propidium iodide fluorescence. Brain Research Protocols
1999;4:173-84.

Eytipoglu 1Y, Savaskan NE, Brauer AU, Nitsch R, Heimrich
B. Identification of neuronal cell death in a model of dege-
neration in the hippocampus. Brain Res Brain Res Protoc
2003;11:1-8.

Kundrotiene J, Waner A, Liljequist S. Fluoro-Jade and
TUNEL staining as useful tools to identify ischemic brain
damage following moderate extradural compression of sen-
sorimotor cortex. Acta Neurobiol Exp 2004; 64: 153-62.
Eisch AJ, Schmued LC, Marshall JF. Characterizing cortical
neuron injury with Fluoro-Jade labeling after a neurotoxic
regimen of methamphetamine. Synapse 1998;30:329-33.
Brana C, Benham C, Sundstrom L. A method for charac-
terizing cell death in vitro by combining propidium iodide
staining with immunohistochemistry. Brain Res Brain Res
Protoc 2002;10:109-14.

Kim ], Mitsukawa K, Yamada MK, Nishiyama N, Matsuki
N, Ikegaya Y. Cytoskeleton disruption causes apoptotic de-
generation of dentate granule cells in hippocampal slice cul-
tures. Neuropharmacology 2002;42:1109-18.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


