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Nanographene oxide labeling with "Re
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Abstract Nanographene oxide (NGO) is currently being explored for various biomedical applications. However,

little information is known about its biological behaviors in vifro and in vivo. For further studying its

pharmacokinetics and related biological behaviors in living systems, an effective and convenient tracing method is
particularly demanded. In this work, NGO was labeled with radionuclide '®*Re (***Re-NGO). To obtain high labeling

yield and purity, a number of labeling conditions, including concentration of SnCl, and ascorbic acid, reaction time

and temperature, and pH were optimized, and stability of the '®Re-NGO in vitro and in vivo was evaluated. The
results showed that NGO could be effectively labeled with high yield. The purified "**Re-NGO showed high stability

in vitro and in vivo. A pretest of NGO biodistribution with single photon emission computed tomography showed that

the '*®Re-NGO was rapidly taken by organs such as lungs, liver, and spleen. The biodistribution of '®¥Re-NGO differs

significantly from the free radionuclide, indicating that the labeling procedure is highly suitable for investigating its

biological behavior in living systems.
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1 Introduction

Nanographene oxide (NGO), comprised of sp>-bonded
carbon atoms, is of highly regular and robust
structures with defined periodicity. Due to its unique
electronic, thermal, mechanical and optical properties,
of NGO may

transparent

potential  applications include

nanoelectronic  devices, conductors,
composite materials, and biomedine!" . In particular,
recent studies have shown that NGO can be a better
candidate for targeted drug/gene delivery, biosensing
and bioimaging*®. For studying pharmacology and
toxicology of this novel nanomaterial, it is essential to
know its biological behavior in vitro and in vivo.
However, due to the special characteristics of NGO,
limited techniques are available to trace NGO in living

systems. Therefore, the development of reliable

analytical methods is needed to overcome the
experimental difficulties of e.g. the detection and
quantitative measurement of NGO in biological
medium, cells and animals.

Techniques of radio-tracer technique, mass
spectrometry, fluorescence imaging, nuclear magnetic
resonance, and ultrasonic imaging, have been used to
determine the biological behavior of nanomaterials in

. 7]
in vivo'".

vitro and Radio-tracer technique is
especially good in terms of the high sensitivity and
accuracy, fast analysis and interference-free. Since
labeling the fullerenol with *™Tc by Li et al in 2002,
numerous studies have been reported on radio-labeling
of various carbon nanomaterials, including fullerene
derivatives’®, single walled carbon nanotubes
(SWCNT)®, and multi-walled carbon nanotubes
(MWCNT)!". To authors’ knowledge, however, no

reports are available so far on radio-labeling of NGO.
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In this study, we established an effective and
convenient method to trace NGO in vitro and in vivo,
The radionuclide '"®*Re!""! was used to label NGO. The
labeling conditions of SnCl, and ascorbic acid
concentrations, the reaction time and temperature, and
pH value of the solution, were optimized. Stability in
vitro and in vivo of the labelled "*Re-NGO was
determined by paper chromatograph. Based on the
radio-labeling technique, NGO biodistribution in mice
was investigated by single photon emission computed
tomography (SPECT). The results showed high
labeling yield, radiochemical purity and stability of the
'88Re-NGO. These suggest that '**Re-NGO is suitable
for studying cellular uptake of NGO in vitro and
biodistribution in vivo. We believe that the radio-
labeling procedure is of importance for investigating

its toxicology profiles and biomedical applications.
2 Materials and Methods

2.1 Reagents and animals

The '"®Re was obtained from an alumina-based '**W
/"*Re generator (Shanghai Ke-Xing Pharmaceutical
Co.), with the "W solution supplied by the Oak
Ridge National Laboratory (Oak Ridge, TN). The
NGO was
method!'?!. Characterized by atomic force microscopy
(AFM), it was of mainly single layered NGO (>70%),

about 1.0 nm in topographic height and 10-800 nm in

prepared by a modified Hummers

lateral width. No significant amounts of particles were
found on the substrate, indicating a good purity of the
NGO aqueous solution, which was stable for over a
month without agglomeration. Raman spectroscopy of
the samples showed that the ratio of ID/IG increased
significantly after treating them with H,SO, and
KMnO,, suggesting that much disorder had been
introduced onto the planar graphite. Details of the
NGO characterization can be found in our previous
paper'".

SLAC
Laboratory Animal Corp. Ltd., China, were checked

Kun Ming mice, from Shanghai
for absence of infection for one week prior to
experiment. They were housed in plastic cages, fed a
commercial diet, and given water ad [ibitum.
Permission of the local ethics committee was obtained,

and all animal experiments were performed according

to Chinese law and accepted international standards in
biomedical research.

2.2 Labeling of NGO with "**Re

The NGO was radiolabeled with '®Re based on
reduction of Re (VII) into Re (V) by stannous
chloride!".
mg'mL ") and stannous chloride (60 mg'mL " in 1 M
HCI) were added to a 100 uL. NGO aqueous solution
(1 mgmL™). After adjusting pH with NaOH/HCI,
radioactive Na'**Re0Q, solution (about 30 uCi) was

First, aliquots of ascorbic acid (40

added, and the total volume of reaction system was
maintained to approximately 0.5 mL. Then the mixture
was gently mixed and incubated in water bath.

After the reaction, the mixture (10 pL) was
used to determine the labeling yields by paper
chromatograph (PC) with Whatman NO.1 (1x13 cm?).
The "Re distribution on PC was measured with a
y-ray counter. The radioactivity of '%Re-NGO and
ReO; colloid (if any) were at the originals on the
chromatography paper developed by saline solution
(retardation faction, R=0), with R; value for free
ReO4 ions being at about 0.9—1. The labeling yield of
188Re-NGO was calculated as Labeling yield=[Y scoment
/Y segment(0-10)]X100%, where Yeoment 0 1S counts per
minute (cpm) of segment 0, and Y egments (0-10) 1S total
cpm of all segments.

To optimize the Ilabeling procedures, the
effects of labeling conditions were examined,
including final concentrations of ascorbic acid and
stannous chloride, the reaction time, incubation

temperature and the pH value.

2.3 Purification of '¥Re-NGO and examination of

its stability

The "**Re-NGO with high labeling yield was prepared
by utilizing the optimized labeling procedure. The
'88Re-NGO was washed by saline for three times to
remove free ascorbic acid and stannous chloride, and
was dispersed in Millipore water, RPMI-1640 or
RPMI-1640 culture medium (with 10% fetal bovine
serum, FBS) at room temperature. The radiochemical
purity of each suspension (10 pL portion) were
determined as described in §2.2, thus obtaining the
labeled '"**Re-NGO at various time intervals to

examine its stability in vitro.
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To assess the stability of "**Re-NGO in vivo,
20 Kun Ming mice (male 20+2 g, 6-8 w) were

'88Re-NGO suspension

intravenously injected with the
(200 pL) containing 1-mCi radioactivity, and were
anesthetized with pentobarbital sodium at 1, 3, 6, 12
and 24 h post injection. The collected anticoagulant
blood was used to measure its radioactivity with the y-
ray counter. The blood was centrifuged at 10* rpm for
5 min, the supernatant was discarded with the
remaining solid being washed with deionized water,
and the measured radioactivity was compared with
that of the blood.

2.4 Biodistribution of "**Re-NGO in mice

SPECT was used to assess the tissue biodistribution of
'®Re-NGO in mice dynamically. The animals were
anaesthetized by pentobarbital sodium, and the '%Re
-NGO of about 1 mCi was intravenously administrated
into mice via tail vein. Immediately after injection,
projection images were recorded by placing a mouse
directly on the HEGP collimator surface of a gamma
camera (Picker CX 250) at 5, 15, 30 and 60 min. Each
image took 5 min with energy window of 155 keV and
matrix of 64x64.

3  Results and Discussion

3.1 The NGO 188Re and its

optimization conditions

labeling with

The NGO labeling with '®Re was conducted by the

reduction Re (VII) into Re (V) using stannous chloride.

The optimized labeling conditions on the '**Re-NGO
yield and radiochemical purity were pH=4, 3 mg'mL "'
SnCl,-2H,0, 1.6 mg-mLﬁ1 ascorbic acid, incubation
time of 25 min, and reaction temperature of 80°C. The
results of experiments on the reaction parameters are

shown in Fig.1.

3.1.1 The SnCl, concentration (Fig. 1A)

The NGO labeling yield increased with the SnCl,
concentration, reaching about 92.5% at 3 mg'mL"'
SnCl,. Compared with MWCNTSs or Cg, derivatives
labeling with *™Tc, the NGO labeling with '**Re
requires more SnCl,, indicating that the '**Re and
#™T¢ have different labeling feasibility.

3.1.2 The reaction time and temperature (Figs. 1B
and 1C)

The curves of the reaction time and temperature

effects on labeling yield of the '**Re-NGO show that at

25 min and 80°C the reaction yield was over 90%,

without further increases at longer time and higher

temperature.

3.1.3 The pH value (Fig.1D)

The labeling yield of "**Re-NGO was almost the same
at pH=2-8, but high pH solution obviously decreased
the labeling yield. This may be related with the
stannous chloride hydrolyzing in alkaline labeling

system.

3.1.4 The ascorbic acid concentration
The effect of ascorbic acid on NGO labeling with
'88Re is complex. The labeling yield decreased from
99% to 73.5% when the ascorbic acid concentration
increased from 0 to 2.4 mg-mLf1 (Fig.1E). The
'88Re(V) could be bound to NGO by their chemical
coordination or the "®*Re(V) physical deposition, but
the extra ascorbic acid remarkably inhibits the labeling
yield.

Also, the added ascorbic acid can stabilize the
SnCl, in the solution. On reducing the Re (VII) into
Re (V) in NGO labeling with '"®Re, the SnCl, is easily
over-oxidized by Re (VII), forming the radioactive
colloids of Sn-Re(1V), which cannot be separated by
paper chromatograph or centrifugation, and this
interferes greatly with the tracing of '**Re-NGO
nanoparticles. However, the radioactive colloids can
be avoided from the ascorbic acid (Fig.1F). The
radioactive level was up to be 3.6+£0.7% of total
activity at 0.8 mg-mL " ascorbic acid in the labeling
system, being high enough for experimental study on
cell uptake and biodistribution.

3.2 Purification of the labeled "**Re-NGO

Prior to biodistribution, the '®Re-NGO was purified
by triple cycles of centrifugation and saline wash to
removal the free SnCl,, ascorbic acid, and NaReOy,,
and the PC analysis showed that the radiochemical
purity increased from 92.2 to 98.5% (Fig.2).
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Fig.1 Effects of the reaction conditions on labeling yield of the 188Re-NGO. (A) SnCl, concentration. (B) Incubation time. (C)
Incubation temperature. (D) pH value of the solution. (E) Ascorbic acid concentration. (F) Yield of colloid. The data in mean £SD
were averaged from three independent experiments (7=3).
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Fig.2 The radiochemical purity of "*Re-NGO determined by PC developed by saline, the distribution of radioactivity before (A) and
after (B) purification.
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3.3 Stability of the "**Re-NGO

In vitro stability of '®Re-NGO was checked by their
radiochemical purities at various elapsed times in the
PC analysis. The results showed that the '"**Re-NGO
was stable in pure water, RPMI-1640, and RPMI-1640
with 10% FBS cell and the
radiochemical purity was still over 90% after 48 h
(Fig.3A). The "™Re-NGO had excellent stability in
mice, too. Most 188Re-NGO was intact in blood at 24 h
(Fig.3B),
radioactivity counts

culture medium,

post injection indicating that the
'"¥Re-NGO
distribution in mice, rather than that of radionuclide

'88Re which might fall from the "**Re-NGO.

were from the

= A
8 —O— Water

-4 —V¥— FBS Free

100 —A— 10% FBS

& (D—

2 \

- N

° 1

z 4a [
5 V\
o

g D\
e 90 |

Q

=

[3}

L

3

& . . .

0 10 20 30 40 50

Incubation Time / h

100 |

80 | \

Radiochemical Purity / %

60 L 1 L ]
1 3 6 12 24
Exposure Time / h

Fig.3 (A) The radiochemical purity of '**Re-NGO in pure water,
RPMI-1640 and RPMI-1640 with 10% FBS cell culture
medium at the time points of 1, 3, 6, 24, and 48 h, (B) in vivo
stability of "**Re-NGO by determining the blood radiochemical
purity at different time points post-injection within 24 h.

3.4 SPECT imagings of "**Re-NGO in mice

To study the biological behavior of NGO in living
systems, a pretest of '“"Re-NGO biodistribution was
conducted by using SPECT. The NGO biodistribution

in Kun Ming mice were obtained after intravenous
injection. The outline of the mouse and the images of
other organs were undefined because of intensive
background signals of high energy pf-particles (2.1
MeV) originated from the '®*Re!"!.
distinguished feature in the projection images of
SPECT showed high lung uptake of "**Re-NGO(Fig. 4)
which is consistent with the biodistribution of major

The most

carbon nanomaterials, such as C60[8], SWCNT[16],
MWCNT“O], and ND!? ], indicating that the
'8Re-NGO is to suitable for investigating the NGO
biological behavior in living systems.

The NGO distribution with well
dispersion is different from the free NalggReO4, it can

water-

be quickly accumulate in lung after injection. And the
bright spots on the projection images in 5 min were of
almost the same level in 60 min due to its slow
clearance. Contrarily, the free '**Re can be rapidly
cleared from blood, and does not accumulate in any
examined organs after intravenous administration,
further evidencing that the '®*Re-NGO is stable in

vivo.

Tail

Fig.4 Projection images of Kun Ming mouse after intravenous
injection of '®*Re-NGO via tail vein at the time points of 5, 15,
30, and 60 min, the bright dots represent the mouse lung.

4 Conclusions

The NGO labeling with '**Re is convenient and
effective. The high labeling yield and purity of
'%Re-NGO are obtained by optimizing the SnCl, and
ascorbic acid concentration, reaction duration and
temperature, and pH. The "**Re-NGO is stable in vitro
and in vivo, and rapidly uptake in lungs, liver, and
spleen, indicating that the labeling procedure is useful
for studying the NGO biodistribution in living systems.
Further efforts are underway to study the NGO
adsorption, distribution, metabolism and excretion in
mice.



104

ZHANG Xiaoyong et al. / Nuclear Science and Techniques 22 (2011) 99-104

References

1

Becerril H A, Mao J, Liu Z F, ef al. ACS Nano, 2008, 2:
463-470.

Gilje S, Han S, Wang M S, et al. Nano Lett, 2007, 7:
3394-3398.

Stankovich S, Dikin D A, Dommett G H B, et al. Nature,
2006, 442: 282-286.

Liu Z, Robinson J T, Sun X M, ef al. ] Am Chem Soc,
2008, 130: 10876-10877.

Sun X M, Liu Z, Welsher K, ef al. Nano Res, 2008, 1: 203
-212.

He S J, Song B, Li D, et al. Adv Funct Mater, 2010, 20:
453-459.

Hong H, Gao T, Cai W B. Nano Today, 2009, 4:
252-261.

Li Q N, Xiu Y, Zhang X D, et al. Nucl Med Biol, 2002,
29: 707-710.

10

11

12

13

14

15

16

Wang H F, Wang J, Deng X Y, et al. J Nanosci
Nanotechnol, 2004, 4: 1019-1024.

Deng X Y, Yang S T, Nie H Y, et al. Nanotechnology,
2008, 19: 075101.

Zinn Kurt R., Buchsbaum D J, Chaudhuri T R, ef al. J
Nucl Med, 2000, 41: 887-895.

Hummers Jr W S, Offeman R E. ] Am Chem Soc, 1958,
80: 1339.

Zhang X Y, Yin J L, Peng C, et al. Carbon, 2011, 49:
986-995.

Zhang X Y, Yin J L, Kang C, et al. Toxicol Lett, 2010, 49:
237-243.

Seifert S, Pietzsch H J. Appl Radiat Isot, 2006, 64: 223—
227.

Yang S T, Guo W, Lin Y, et al. ] Phys Chem C, 2007, 111:
17761-17764.



	Nanographene oxide labeling with 188Re
	1 Introduction
	2 Materials and Methods
	2.1 Reagents and animals
	2.2 Labeling of NGO with 188Re
	2.3 Purification of 188Re-NGO and examination of its stability
	2.4 Biodistribution of 188Re-NGO in mice

	3 Results and Discussion
	3.1 The NGO labeling with 188Re and its optimization conditions
	3.1.1  The SnCl2 concentration (Fig. 1A)
	3.1.2  The reaction time and temperature (Figs. 1B and 1C)
	3.1.3  The pH value (Fig.1D)
	3.1.4  The ascorbic acid concentration

	3.2 Purification of the labeled 188Re-NGO
	3.3 Stability of the 188Re-NGO
	3.4 SPECT imagings of 188Re-NGO in mice

	4 Conclusions



<<
  /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 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1800
  /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 <>
    /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.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /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


