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99mTc tricarbonyl glycine monomers, trimers, and pentamers were synthesized and evaluated for their radi-
olabeling and in vivo distribution characteristics. We synthesized a 99mTc-tricarbonyl precursor with a low
oxidation state (I). 99mTc(CO)3(H2O)3

+ was then made to react with monomeric and oligomeric glycine for
the development of bifunctional chelating sequences for biomolecules. Labeling yields of 99mTc-tricarbo-
nyl glycine monomers and oligomers were checked by high-performance liquid chromatography. The
labeling yields of 99mTc-tricarbonyl glycine and glycine oligomers were more than 95%. We evaluated the
characteristics of 99mTc-tricarbonyl glycine oligomers by carrying out a lipophilicity test and an imaging
study. The octanol-water partition coefficient of 99mTc tricarbonyl glycine oligomers indicated hydrophilic
properties. Single-photon emission computed tomography imaging of 99mTc-tricarbonyl glycine oligomers
showed rapid renal excretion through the kidneys with a low uptake in the liver, especially of 99mTc tricar-
bonyl triglycine. Furthermore, we verified that the addition of triglycine to prototype biomolecules
(AGRGDS and RRPYIL) results in the improvement of radiolabeling yield. From these results, we con-
clude that triglycine has good characteristics for use as a bifunctional chelating sequence for a 99mTc-tricar-
bonyl-based biomolecular imaging probe.
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INTRODUCTION

Molecular imaging techniques can provide biological infor-
mation at the molecular level in living systems. Advances in
molecular imaging techniques have been brought about by
significant developments in instruments and specific imag-
ing probes. Various imaging modalities are all successfully
employed in the field of molecular imaging. Computerized
tomography (CT) and magnetic resonance imaging (MRI)
are still the main tools for providing structure-oriented
information, while nuclear and optical imaging with the
appropriate probes and reporters allow additional layers of
molecular information. Despite the rapid progress of a num-
ber of imaging modalities, nuclear imaging is apremier clin-
ical method and an advantageous approach for the in vivo
tracking of biomolecules.

Technetium-99m is an ideal radionuclide for diagnostic

organ imaging due to its optimum γ-energy (140 keV), short
half-life (6 hr), low cost, and wide availability.

After the introduction of a 99mTc-tricarbonyl precursor
with a low oxidation state (I) (Alberto et al., 1998), many
approaches have been attempted to label a 99mTc-tricarbo-
nyl precursor to a biomolecule, from glucose to an anti-
body (Schibli et al., 2000; Alberto et al., 1996; Chen et al.,
2008; Taylor et al., 2010).

An ideal imaging probe would have high affinity and
specificity for the target of interest. Peptides that target a
number of disease-related receptors, as well as biomarker
and the angiogenesis and apoptosis processes are in place.
Small peptides have favorable pharmacokinetic and tissue
distribution patterns as characterized by rapid clearance
from blood and non-target tissues.

Many attempts have been made for the labeling of small
peptides with 99mTc (Park et al., 2005; Reubi, 1995; Fis-
chman et al., 1993; McAfee and Neumann, 1996; Lee et al.,
2010).

The peptide labeling approach with 99mTc-tricarbonyl pre-
cursor can provide the highest possible specific activities
with a minimal influence on the biologic properties of the
peptide, including receptor affinity and metabolism (Egli
et al., 1999). A small peptide sequence can be added to the
key amino acid sequence as bifuctional chelating moiety   of
various molecular-targeting biomolecules for molecular imag-
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ing, such as RGD peptides, somatostatin, neurotensin, etc..
In this paper, we describe the evaluation of 99mTc-tricarbo-

nyl labeled glycine monomer and oligomers as a bifunction-
alpeptide moiety for nuclear imaging.

MATERINALS AND METHODS

Unless otherwise stated, all solvents, amino acids and
their derivatives, and chemicals were of reagent grade. CO
gas (99.5%) was obtained from the Daehan Gas Co. (Seoul,
Korea) and prefiltered with an oxygen trap. 99mTc was
obtained as pertechnatate by elution in an Unitech Tc-99m
generator with 0.9% sodium chloride (Samyoung Unitech.
Co. LTD., Korea). Gly(1), Gly-Gly-Gly(Gly(3)), Gly-Gly-
Gly-Gly-Gly (Gly(5)) were obtained from Sigma Chemical
Co. (St. Louis, USA).

Synthesis of 99mTc-tricarbonyl precursor. The
[99mTc(CO)3(H2O)3]

+(99mTc-tricarbonyl precursor) was pre-
pared by adding 1 ml of 99mTcO4

− from a commercial genera-
tor (370 MBq) to a 5 ml vial containing potassium borano-
carbonate (5.9 mg), sodium tetraboratedecahydrate (2.85
mg), sodium tartrate dihydrate (8.5 mg), and sodium car-
bonate (7.15 mg). The solution was heated for 30 min in
boiling water under N2. The labeling yield and stability of the
99mTc-tricarbonyl precursor were determined using reversed-
phase high-performance liquid chromatography (HPLC).
The 99mTc-tricarbonyl precursor was successfully prepared
with a high radio-yields (> 95%).

HPLC conditions. Instrumentation consisted of an Agi-
lent 1200 Series system (Agilent Technologies, Waldbronn,
Germany) comprising a vacuum de-gasser, a dual pump, a
temperature-controlled auto-sampler, a column oven com-
partment, a UV-Vis detector, and a radiometric detector.
HPLC was carried out on a Nucleosil C18 (5 micron, 3.0 ×
250 mm, Supelco Inc., PA, USA) maintained at ambient
temperature. The mobile phase consisted of methanol (sol-
vent B) and 0.05 M TEAP(solvent A). The HPLC gradient
was made up of an isocratic elution (100% A) for the first
0~5 min; a linear gradient of 75% A/25% B to 100% A/0%
B for 5~8 min; a linear gradient of 66% A/34% B to 75%
A/25% B for 8~11 min; a linear gradient of 0% A/100% B
to 66% A/34% B for 11~22 min; and an isocratic elution
(100% B) for 22~25 min. The flow rate was 0.6 ml/min and
a 10 µl aliquot was injected into the column.

Radiolabeling with 99mTc-tricarbonyl precursor. Label-
ing was performed by adding 1 ml of the prepared 99mTc-tri-
carbonyl precursor to the 50 µl of Gly(1), Gly(3), and
Gly(5) (10 mg/ml in saline), at room temperature. Next, the
reaction vial was heated at 75oC for 30 min. After cooling
to room temperature, labeling yields were checked by
radio-HPLC.

Lipophilicity of 99mTc-tricarbonyl Glys. The octanol-
water partition coefficient of the complexes was measured
in triplicate as shown below. Five-hundred µl of nitrogen-
purged 0.05 M phosphate-buffered saline (PBS) (pH 7.4)
was mixed together with 500 µl of n-octanol. After adding
10 µl of 99mTc-tricarbonyl glycine monomer, trimer, and
pentomer (or 99mTc-tricarbonyl precursor), the samples were
vortexed for 3 min, centrifuged at 3,000 g for 5 min using a
SORVALL FRESCO centrifuge (Asheville, NC, USA), and
allowed to separate the two phases. Each two-hundred µl
of the PBS and octanol phases were measured in a well-
type NaI(Tl) scintillation detector. The calculation was per-
formed according to the following equation.

Animal studies. Female ICR mice (7 weeks old) were
obtained from a specific pathogen-free colony at Orient,
Inc. (Seoul, Korea). After quarantine and adaptation for
three weeks, mice were used. The animals were housed in a
room maintained at 23 ± 2oC with 50 ± 5% relative humid-
ity, on a 12 h light/12 h dark cycle. The animals were fed a
standard animal diet and water ad libitum. All animal stud-
ies were approved by the Institutional animal Care and Use
Committee at Korea Atomic Energy Research Institute
(KAERI).

Micro-SPECT/CT imaging studies. The mouse was
scanned with an Inveon small-animal SPECT/CT system
(Siemens Medical Solutions, Knoxville, TN, USA)
equipped with a 1-pinhole mouse high sensitivity collima-
tor. The mouse was anesthetized with 2% isoflurane
(positioned prone in the cradle). The micro SPECT
image was acquired at 30 min after intravenous injection
of 37 MBq of 99mTc-tricarbonyl compounds. The CT
scans were used for the anatomical reference. For the CT
scans, the X-ray sources were used at 300 µA, and 60 kV
for 15 min (one shot per projection). The CT resolution
was 200 µm, and the number of acquired projections was
360.

Radiolabeling of Gly(3) added biomolecules with
99mTc-tricarbonyl precursor. For application of Gly(3) as
an ending sequence for oligopeptides, Gly(3) added pep-
tides were synthesized with their prototype peptides (AGT-
GDS, and GGGAGRGDS; RRPYIL and GGGRRPYIL).
Labeling was performed using the 99mTc-tricarbonyl Gly(3)
protocols prepared as described above.

RESULTS

Radiolabeling with 99mTc-tricarbonyl precursor. A
99mTc-tricarbonyl precursor was successfully prepared using

Log p = 
Octanol cpm( )
Water cpm( )

------------------------------------
⎝ ⎠
⎛ ⎞log
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a procedure described (Park et al., 2005). The yield was
higher than 98%. An additional purification step was not
required. The radiolabeling results of glycine and glycine
oligomers with a 99mTc-tricarbonyl precursor are summa-
rized in Table 1. The labeling yields of three 99mTc-tricarbo-
nyl complexes with Gly, Gly(3), and Gly(5) were greater
than 80%. Analysis by RP HPLC reveals a single peak at
10.3 min for 99mTc-tricarbonyl-Gly, while 99mTc-tricarbonyl

core elutes at 4 min. Typical chromatograms of a 99mTc-tri-
carbonyl precursor and 99mTc-tricarbonyl-Glys are shown in
Fig. 1. Glycine and glycine oligomers were simply labeled
with the 99mTc-tricarbonyl precursor with a high labeling
yield.

Lipophilicity of 99mTc-tricarbonyl glycinces. The octanol-
water partition coefficient of 99mTc-tricarbonyl glycine and
oligomersare summarized in Table 2. The values of their n-
octanol/buffer partition coefficients were in the range of
−0.5 to −1.6. This result indicates that these complexes are
hydrophilic.

Animal studies. The SPECT images of 99mTc-tricarbo-
nyl glycine and glycine oligomers in normal female ICR-
miceacquired at 30 min post injection are shown in Fig. 2.

Table 1. 99mTc labeling yields and retention time of 99mTc-
tricarbonyl glycine oligomers

Compound
Labeling

yield1
Retention time

(min)2

99mTc-tricarbonyl-Gly(1) > 98% 11.3
99mTc-tricarbonyl-Gly(3) > 90% 12.4
99mTc-tricarbonyl-Gly(5) > 80% 12.4

1: Reaction conditions of 99mTc-tricarbonyl complex: 5 mg/0.2 ml of
ligand solution was reacted with 1 ml 99mTc-tricarbonyl precursor,
and then reaction vial was heated at 75oC for 30 min.
2: HPLC conditions:
Mobile phase - gradient system based on 0.05 M TEAP buffer and
100% MeOH.
Column - NucleosilC-18 column (3.0 × 250 mm).
Flow rate -0.6 ml/min.

Fig. 1. The HPLC chromatogram of 99mTc-tricarbonyl Gly(1) (A), 99mTc-tricarbonyl Gly(3) (B), and 99mTc-tricarbonyl Gly(5) (C) on C-18 col-
umn. HPLC conditions: Mobile phase - gradient system based on 0.05 M TEAP buffer and 100% MeOH; Column -NucleosilC-18 column
(3.0 × 250 mm); Flow rate −0.6 ml/min.

Table 2. Lipophilicity of 99mTc-tricarbonyl glycine oligomers

Compound Lipophilicity1 (Kow log P)
99mTc-tricarbonyl-Gly(1) −0.48 ± 0.00
99mTc-tricarbonyl-Gly(3) −1.53 ± 0.02
99mTc-tricarbonyl-Gly(5) −1.50 ± 0.01

1: Octanol-water partition coefficient.
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The 99mTc-tricarbonyl glycinetrimer had fast blood clear-
ances and showed most activity in the bladder and some
activity in the kidneys. Both 99mTc-tricarbonyl glycine and
pentaglycine also showed fast blood clearance, but some
radioactivity was retained in the liver. From these imaging
studies, all three complexes of 99mTc-tricarbonyl glycines
were cleared rapidly from the body by the renal excretion,
particularly 99mTc tricarbonyl-triglycine.

Radiolabeling of Gly(3) added biomolecules with
99mTc-tricarbonyl precursor. The labeling yields of 99mTc-
tricarbonyl GGGRRPYIL was higher than 95%, whereas
that of 99mTc-tricarbonyl RRPYIL was less than 10% at
18 min. Also, 99mTc-tricarbonyl GGGAGRGDS showed a
higher labeling yield than 99mTc-tricarbonyl AGRGDS at
13 min. Typical chromatogram of 99mTc-tricarbonyl precur-
sor and 99mTc-tricarbonyl-Glys are shown in Fig. 1. Glycine

Fig. 2. The Reverse-Phase HPLC Profiles of 99mTc-tricarbonyl precursor (A), 99mTc-tricarbonyl AGRGDS (B), 99mTc-tricarbonyl GGGAGRGDS
(C), 99mTc-tricarbonyl RRPYIL (D), and 99mTc tricarbonyl GGGRRPYIL (E). HPLC conditions: Mobile phase - gradient system based on 0.05 M
TEAP buffer and 100% MeOH; Column -NucleosilC-18 column (3.0 × 250 mm); Flow rate −0.6 ml/min.
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and glycine oligomers were simply labeled with a 99mTc-tri-
carbonyl precursor with a high labeling yield.

DISCUSSION

The synthesis of peptide metalloconjugation has an
important role in providing radiolabelled probes for molec-
ular imaging and therapy (Egli et al., 1999; Psimadas et al.,
2012). Modification of native amino acid side chains with
bifunctionalchelators was commonly used. This non-site-
specific approach can lead to heterogeneously labeled prod-
ucts with a distribution of modified sites on the peptide,
including the molecular recognition site. In attempt to over-
come this undesirable conjugation, currently single amino
acid chelate (SAAC) systems for the incorporation of the
99mTc-tricarbonyl-based radiopharmaceuticals have been
successfully established into novel synthetic strategies (Maresca
et al., 2010). During the past decade, the field of techne-

tium coordination chemistry has seen a rising interest in the
99mTc-tricarbonyl core (Schibli et al., 1998; Schibli et al.,
2001). But the hydrophobicity of the metal complexes
resulted in poor pharmacokinetic profile. From the classic
renal functional radiopharmaceutical, 99mTc-mercaptoacety-
Gly(3) (MAG3), the strategy of conjugation of MAG3 to the
biomolecules has been used for biomolecules’ imaging such
as antibodies, affibodies, anti-sense DNA, and so on (Zhang
et al., 2000; Vanderheyden et al., 2006; Liu et al., 2006;
Wang et al., 2007).

In this study, the 99mTc-tricarbonyl labeled glycine mono-
mer and oligomers was evaluated and addition of Gly(3)
ending sequence to the biomolecules was investigated as a
feasibility study. The preparation of 99mTc-tricarbonyl-gly-
cine oligomers was well established. Gly(3) was showed
that could be radiolabeled with a 99mTc-tricarbonyl precur-
sorwith radiochemical analysis. Also 99mTc-tricarbonyl-Gly(3)
showed a good clearance property in vivo. Furthermore,
99mTc-tricarbonyl-Gly(3) revealed hydrophilic property in
the lipophilicity test that may contribute to a rapid excre-
tion from the body when released from a biomolecule.
From the nuclear image of 99mTc-tricarbonyl-Gly(3) in nor-
mal mice, this rapid excretion property was observed with
our prediction based on the lipophilicity test.

Since Gly(3) can be added to the peptide sequence of bio-
moleculesit can be used in the same manner as MAG3.
Gly(3) added biomolecule (GGGAGRGDS and GGGR-
RPYIL) showed enhanced radiolabeling yield in compari-
son with unmodified one (AGTGDS and RRPYIL) as from
12 to 95% in case of GGGRRPYIL.

In conclusion, a facile preparation of 99mTc-tricarbonyl
glycine oligomersand Gly(3) modification of biomolecule
was successfully established. The 99mTc-tricarbonyl Gly(3)
described here shows a rapid renal excretion without reten-
tion in other organs, furthermore the addition of Gly(3) to
peptides showed an improved radiolabeling yield. The small
animal nuclear imaging study could be useful to investigate
the biodistribution of the biomolecules in living animal.
Gly(3) modified peptides with the rapid whole-body clear-
ance pharmacokinetics warrant further studies on peptide-
based biomolecule imaging.

ACKNOWLEDGMENTS

This work was supported by the Korean government
(Korean Ministry of Education, Science and Technology)-
Granted funded by Korea Atomic Energy Research Institute
(Korea Atomic Energy Research Institute-2012-2012M2A2-
A6011335).

REFERENCES

Alberto, R., Schibli, R., Schubiger, P.A., Abram, U. and Kaden,
T.A. (1996). Reactions with the technetium and rhenium carbo-

Fig. 3. The SPECT/CT images of ICR mice administered with of
99mTc-tricarbonyl precursor (A), 99mTc-tricarbonyl Gly(1) (B), 99mTc-
tricarbonyl Gly(3) (C), and 99mTc-tricarbonyl Gly(5) (D). Imaging
instrument: Inveon SPECT/CT system (Siemens Medical Solu-
tions) equipped with 1MHS pinhole collimator. Images were
obtained at 30 minutes after 37 MBq of radiolabeled com-
pound injection intravenously. The condition of CT scan was set
as 300 microampere at 60 kilovolts for X-ray source.



240 B.-S. Jang et al.

nyl complexes (NEt4)2[MX3(CO)3]. Synthesis and structure of
[Tc(CN-Bu)3(CO)3](NO3) and (NEt4)[Tc2(M-SCH2CH2OH)3(CO)6].
Poly., 15, 1079-1089.

Alberto, R., Schibli, R., Egli, A., Schubiger, P.A., Abram, U. and
Kaden, T.A. (1998). A novel organometallic aqua complex of
technetium for the labeling of biomolecules: synthesis of
{99mTc(OH2)3(CO)3}

+ from [99mTcO4]
− in aqueous solution and

its reaction with a bifunctional ligand. J. Am. Chem. Soc., 120,
7987-7988.

Chen, W.J., Yen, C.L., Lo, S.T., Chen, K.T. and Lo, J.M. (2008).
Direct 99mTc labeling of Herceptin (trastuzumab) by 99m Tc(I) tri-
carbonyl ion. Appl. Radiat. Isot., 66, 340-345.

Egli, A., Alberto, R., Tannahill, L., Schibli, R., Abram, U., Schaf-
fland, A., Waibel, R., Tourwé, D., Jeannin, L., Iterbeke, K. and
Schubiger, P.A. (1999). Organometallic 99mTc-aquaion labels
peptide to an unprecedented high specific activity. J. Nucl.
Med., 40, 1913-1917.

Fischman, A.J., Babich, J.W. and Strauss, H.W. (1993). A ticket to
ride: peptide radiopharmaceuticals. J. Nucl. Med., 34, 2253-
2263.

Lee, S., Xie, J. and Chen, X. (2010). Peptides and peptide hor-
mones for molecular imaging and disease diagnosis. Chem.
Rev., 110, 3087-3111.

Liu, G., Dou, S., He, J., Yin, D., Gupta, S., Zhang, S., Wang, Y.,
Rusckowski, M. and Hnatowich, D.J. (2006). Radiolabeling of
MAG3-morpholino oligomers with 188Re at high labeling effi-
ciency and specific radioactivity for tumor pretargeting. Appl.
Radiat. Isot., 64, 971-978.

Maresca, K.P., Marquis, J.C., Hillier, S.M., Lu, G., Femia, F.J.,
Zimmerman, C.N., Eckelman, W.C., Joyal, J.L. and Babich,
J.W. (2010). Novel polar single amino acid chelates for techne-
tium-99m tricarbonyl-based radiopharmaceuticals with enhanced
renal clearance: application to octreotide. Bioconjugate Chem.,
21, 1032-1042.

McAfee, J.G. and Neumann, R.D. (1996). Radiolabeled peptides
and other ligands for receptors overexpressed in tumor cells for
imaging neoplasms. Nucl. Med. Biol., 23, 673-676.

Park, S.H, Jang, B.S. and Park, K.B. (2005). Synthesis and biolog-
ical characteristics of 99mTc(I) tricarbonyl cysteine, a potential
diagnostic for assessment of renal function. J. Labelled Compd.
Radiopharm., 48, 63-73.

Psimadas, D., Fani, M., Gourni, E., Loudos, G., Xanthopoulos, S.,
Zikos, C., Bouziotis, P. and Varvarigou, A.D. (2012). Synthesis

and comparative assessment of a labeled RGD peptide bearing
two different 99mTc-tricarbonyl chelators for potential use as tar-
geted radiopharmaceutical. Bioorg. Med. Chem., 20, 2549-
2557.

Reubi, J.C. (1995). Neuropeptide receptors in health and disease:
the molecular basis for in vivo imaging. J. Nucl. Med., 36,
1825-1835.

Schibli, R., Alberto, R., Abram, U., Egli, A., Schubiger, P.A. and
Kaden, T.A. (1998). Structural and 99Tc-NMR investigations of
complexes with fac-[Tc(CO)3]

+ moieties and macrocyclicthioet-
hers of various ring size: synthesis and X-ray structure of the
complexes fac-[Tc(9-ane-S3)(CO)3]Br, fac-[Tc2(tosylate)2(18-
ane-S6)(CO)6] and fac-[Tc2(20-ane-S6-OH)(CO)6][tosylate]2.
Inorg. Chem., 37, 3509-3516.

Schibli, R., Katti, K.V., Volkert, W.A. and Barnes, C.L. (2001).
Development of novel water-soluble, organometallic com-
pounds for potential use in nuclear medicine: systhesis, charac-
terization, and (1)H and (31)P NMR investigations of the
complexes fac-[ReBr3(CO)3L](L=bis(bis(hydroxymethyl)phos-
pino)ethane, bis(bis(hydroxymethyl)phosphine)bezene). Inorg.
Chem., 40, 2358-2362.

Schibli, R., La Bella, R., Alberto, R., Garcia-Garayoa, E., Ortner,
K., Abram, U. and Schubiger, P.A. (2000). Influence of the den-
ticity of ligand systems on the in vitro and in vivo behavior of
99mTc(I)-tricarbonyl complexes: a hint for the future functional-
ization of biomolecules. Bioconjugate Chem., 11, 345-351.

Taylor, A.T., Lipowska, M. and Marzilli, L.G. (2010).
99mTc(CO)3(NTA): a 99mTc renal tracer with pharmacokinetic
properties comparable to those of 131I-OIH in healthy volun-
teers. J. Nucl. Med., 51, 391-396.

Vanderheyden, J.L., Liu, G., He, J., Patel, B., Tait, J.F. and Hna-
towich, D.J. (2006). Evaluation of 99mTc-MAG3-annexin V:
influence of the chelate on in vitro and in vivo properties in
mice. Nucl. Med. Biol., 33, 135-144.

Wang, Y., Liu, X. and Hnatowich, D.J. (2007). An improved syn-
thesis of NHS-MAG3 for conjugation and radiolabeling of bio-
molecules with 99mTc at room temperature. Nat. Protoc., 2, 972-
978.

Zhang, Y.M., Liu, N., Zhu, Z.H., Rusckowski, M. and Hnatowich,
D.J. (2000). Influence of different chelators (HYNIC, MAG3

and DTPA) on tumor cell accumulation and mouse biodistribu-
tion of technetium-99m labeled to antisense DNA. Eur. J. Nucl.
Med., 27, 1700-1707.



<<
  /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 <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


