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Abstract
Purpose: To analyze brain metabolic response to acute cocaine in male and female Wistar rats
with or without a history of cannabinoid exposure during periadolescence.
Procedures: The synthetic cannabinoid agonist CP 55,940 (CP) or its vehicle (VH), were
administered to male and female rats during periadolescence. When these animals reached
adulthood, saline and cocaine-induced changes in 2-deoxy-2-[18F]fluoro-D-glucose (FDG)
uptake were studied by positron emission tomography.
Results: The baseline (post-saline) metabolism in the septal nuclei was higher in CP-females
than in VH-females, although septal metabolism was lower in CP-females after cocaine,
reaching similar values to those of VH-females at baseline. Cocaine did not affect metabolism in
VH-females. Periadolescent cannabinoid treatment did not influence baseline metabolism in
males although cocaine reduced the FDG uptake in the dorsal striatum of males that received
the VH but not CP.
Conclusions: These results suggest that cannabinoids during periadolescence modify baseline
and cocaine-evoked brain metabolism in a sex-dependent manner. In the case of CP-females,
the involvement of septal metabolic alterations in their susceptibility to the rewarding effects of
cocaine should be further investigated.
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Introduction

There is significant evidence that during adolescence,
marihuana is the most widely consumed illicit drug [1].

It has been hypothesized that its consumption at this stage of
life might predispose individuals for later cocaine abuse
[2, 3]. Although the number of animal studies that support
this association is limited, we recently showed that chronic

Significance: In the present report, we present combined PET/MR imaging
evidence suggesting that periadolescent cannabinoid treatment to rats
modifies the metabolic response to cocaine in adulthood in a sex-dependent
manner. We also show for the first time in the rat that cocaine is associated
with decreased metabolism in the dorsal striatum. This work extends
previous findings by showing how the brain metabolic changes induced by
cocaine are modulated by a chronic cannabinoid treatment.
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cannabinoid treatment during periadolescence enhances the
acquisition of cocaine self-administration behavior in adult
female but not male Wistar rats [4]. In order to understand
and further characterize this effect, it would be useful to
determine how cocaine acts on the brain in animals exposed
to cannabinoids.

Among the metabolic changes induced in the rat brain by
acute cocaine administration is the enhanced local glucose
metabolism in dorsal striatum, globus pallidus, substantia nigra
pars reticulata, subthalamic nucleus, and cerebellar vermis, as
well as a reduction in its metabolism in the habenulla [5]. There
are also studies showing that acute cocaine administration
decreases global brain metabolism in humans, with specific
decreases in neocortical areas, the basal ganglia, and regions of
the hippocampal formation, thalamus, and midbrain [6].
Indeed, a long-lasting decrease in cortical metabolism (still
evident even after 3–4 months of a drug-free period) has also
been observed in cocaine abusers [7].

Positron emission tomography (PET) constitutes an
invaluable tool to investigate changes in brain function as a
result of pharmacological manipulations. The non-invasive
nature of the technique and its applicability to humans
makes it an excellent tool to study neuropsychopharmaco-
logical issues in animals [8]. Here, we have used combined
PET/Magnetic Resonance (MR) imaging to examine the
brain metabolic response to acute cocaine administration in
adult male and female rats that had been chronically treated
with a cannabinoid agonist during periadolescence. The
results obtained could provide further insights into the neural
alterations that mediate the enhanced cocaine self-admin-
istration behavior in rats with a history of early cannabinoid
exposure [4].

Materials and Methods
Animals, Drug Administration, and Experimental
Protocol
We used male and female Wistar albino rats bred in our laboratory
from rats purchased from Harlan Interfauna Ibérica S.A. (Barce-
lona, Spain) that were mated approximately 2 weeks after their
arrival (one male × one female). All animals were maintained at a
constant temperature (20ºC) and on a reverse 12-h/12-h dark/light
cycle (lights on at 2000 hours), with free access to food and water.
On the day of birth (postnatal day—P0), the litters were gender-
balanced and culled to 10±2 pups per dam. Rats were weaned P22
and housed in groups of 3–4 animals of the same sex per cage.
Every attempt was made to minimize pain and discomfort of the
experimental animals. The rats used in this study were maintained
in facilities that complied with European Union Laboratory Animal
Care Rules (86/609/EEC Directive) and the Guide for the Care and
Use of Laboratory Animals (National Institutes of Health). All the
procedures performed were carried out in accordance with the same
guidelines and were approved by the Ethics Board of the
Universidad Nacional de Educación a Distancia.

CP 55,940 (CP, Tocris; 0.4 mg/kg) or its corresponding vehicle
(VH, ethanol:cremophor:saline [1:1:18]; cremophor: Fluka Bio-
ChemiKa) were administered once daily via the intraperitoneal

(i.p.) route, from P28 to P38 (11 injections), at a volume of 2 mL/kg.
Accordingly, four groups of animals were established: VH-male
(n=7), VH-female (n=9), CP-male (n=8) and CP-female (n=9).
The dose and duration of the CP treatment were chosen on the basis
of previous studies on the long-term effects of chronic periadoles-
cent CP treatment [4, 9, 10]. Animals were housed individually
when they reached P75 in order to leave sufficient time between
individual housing and the metabolic studies to avoid any non-
specific effects of isolation stress on the metabolic measurements.
An intravenous catheter was implanted when the rats reached
approximately P93. Surgical procedures were performed under
ketamine (40 mg/kg intraperitoneal) and diazepam (10 mg/kgi.p.)
anesthesia. The catheter consisted of a polyvinylchloride tubing
(0.064 i.d.) that was implanted into the right jugular vein at
approximately the level of the atrium, and that passed subcuta-
neously to exit the midscapular region. Catheters were flushed daily
with 0.5 mL of an antibiotic solution (Gentamicin 40 mg/mL)
dissolved in heparinized saline in order to prevent infection and to
maintain patency. All experimental procedures were carried out
between 1000 hours and 1700 hours.

FDG-PET
PET imaging was carried out in two separate sessions: the first
session following saline administration (P100) and the second
session following cocaine administration (P102). On P100, the
animals received an acute intravenous (i.v.) injection of saline
(1 mL/kg of 0.9% NaCl: "baseline metabolism") and on day P102,
the same animal received an acute i.v. injection of cocaine (1 mg/kg)
through the jugular catheter.

2-deoxy-2-[18F]fluoro-D-glucose (FDG: 1.99±0.24 mCi) was
injected through the catheter 10 min after the saline or cocaine.
FDG uptake occurred over 35 min and at the end of the uptake
period, the animals were anesthetized with isoflurane (5% for
induction and 1–1.5% for maintenance in 100% O2). Subsequently,
the rats were imaged for 60 min in a dedicated small-animal PET
scanner (rPET, SUINSA Medical Systems, Madrid) [11].

Tomographic images were reconstructed with a 3D filtered back
projection (3D-FBP) algorithm [12] using a twelfth-order Butter-
worth filter at 35% Nyquist frequency cutoff. The transaxial and
axial resolutions of the PET scanner were 1.65 mm and 1.9-mm full
width at half-maximum (FWHM), respectively. The voxel size of
the reconstructed images was isometric (0.81 mm3), the energy
window was 400–700 keV, and decay, alignment, normalization,
and deadtime corrections were all applied.

All images were spatially registered using rigid transforma-
tions with an automatic algorithm that optimized normalized
mutual information [13], thereby enabling voxel-to-voxel com-
parisons. Since the sizes of the male and female rat brains were
slightly different, images were registered separately. Spatially
registered images were averaged in each group and two
templates were generated (male and female). All PET data were
smoothed with a 2-mm FWHM isotropic Gaussian kernel using
the Statistical Parametric Mapping software package (SPM5,
version 1782, Wellcome Department of Cognitive Neurology,
London, UK). To ensure that only voxels mapping brain tissue
were included in the analysis, two brain masks (male and
female) were manually segmented on the templates and applied
to their corresponding PET studies to remove extracerebral
voxels. Image intensity was normalized to the same overall brain
average value (100%).
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Magnetic Resonance Study
One male and one female adult Wistar albino rats (approximately
P100) was anesthetized with sevofluorane (1%) and monitored. After
global shimming, a rapid acquisition with relaxation enhancement
(RARE) sequence was acquired (TR, 4,062 ms; TE, 33 ms; flip angle,
90º; RARE factor, 8; FOV, 3.7×3.7 cm; slice thickness, 0.8 mm;
matrix, 256×256; number of slices, 37; number of accumulations,
five; scan time, 11 min) in a Bruker Biospec 70/20 USR scanner (7 T)
using a rat head surface array coil centered on the brain. Non-uniform
intensity caused by the surface coil was corrected with an automatic
algorithm (n3: [14]) applying the following parameters: distance
8 mm, 250 iterations, FWHM 0.15 mm, stop criteria 0.0001. A brain
mask created by region-growing automatic segmentation was used to
avoid including the background noise in the correction.

PET templates for males and females were mapped semi-
automatically to their corresponding MR images and the rigid
transformations obtained were applied to statistical parametric
maps. As the anatomical resolution of PET is low, the fusion
between MR images and statistical parametric maps was used to aid
the anatomical localization of statistically significant differences.

Data Analysis
Male and female rats were analyzed separately by means of a
mixed ANOVA (carried out with SPM5, which follows a voxel-
based approach to data analysis), with periadolescent exposure (CP,
VH) as the between-subjects factor and adult administration (saline,
cocaine) as the within-subjects factor. The design matrix also
modeled subjects and interactions between both factors. A thresh-
old of pG0.001 (uncorrected) was used to determine the significant
activation for each voxel. To reduce type I error, a 10-voxel
clustering (spatial-extent) threshold was also applied and hence,
significant regions smaller than ten contiguous activated voxels
were not admitted.

Results
In male rats, the SPM analysis showed no differences in
baseline (saline-associated) metabolism following periado-
lescent treatment. However, after an acute cocaine challenge,
a significant lower metabolism was observed in the dorsal
striatum of VH-males, while no changes were detected in
male rats that had received CP in periadolescence (Table 1;
Fig. 1, Panel 1; Fig. 2).

In female rats, those pre-treated with CP exhibited a
higher baseline metabolism than VH-treated controls, mainly
in regions comprising septal nuclei. Interestingly, these differ-
ences disappeared after acute cocaine challenge, as a result of
the decreased septal metabolism observed in CP-females

(Table 1; Fig. 1, Panel 2; Fig. 2). Control females showed no
alteration in FDG uptake after cocaine administration.

Discussion
In this study, we have used PET/MR imaging combined
with a SPM analysis to explore the metabolic responses in
the brain to acute cocaine administration in male and female
rats with a history of chronic periadolescent exposure to a
cannabinoid agonist.

When imaged as adults, the baseline metabolism in the
septal nuclei of CP-females is higher than in VH-females.
This difference disappears after cocaine administration, due
to a reduced metabolic response to cocaine in CP-exposed
female rats. Interestingly, adult VH-females show no
metabolic response to cocaine administration. There are no
baseline differences in the dorsal striatum between male rats
exposed to CP or VH, but VH-males also experience a
metabolic decrease after receiving cocaine. CP-exposed
males do not exhibit this decrease in FDG uptake.

Septal Nuclei

The higher baseline metabolism in the septal nuclei of CP-
females is of special interest due to the fact that septal
lesions have been shown to increase the sensitivity to
cocaine place-preference conditioning in rats [15]. Accord-
ingly, it could be argued that the higher baseline metabolism
in the septal nuclei of CP-females could promote hypo-
sensitivity to the acute rewarding effects of cocaine. This
hyposensitivity of CP-females may in turn be related to their
higher rates of cocaine self-administration during acquisition
[4]. However, other functional implications of this altered
septal metabolism, such as changes in emotional behavior,
should also be considered. As regards this, chronic canna-
binoid exposure during adolescence induces a depressive
phenotype in adult female rats [16]. Accordingly, septal
nuclei metabolism alterations have been observed in PET
imaging studies in rats subjected to chronic mild stress, an
animal model of depression [17].

Dorsal Striatum

No difference is observed in dorsal striatal baseline
metabolism in males and cocaine only decreases metabolism
in VH-males, as CP-males do not seem to be affected by the
challenge. Although CP- and VH-males do not differ in their

Table 1. Rat brain regions showing statistically significant differences (pG0.001 uncorrected, k=10)

Variables Regions Z score (max.) Cluster sizea

Males VH (saline)9VH (cocaine) Dorsal striatum (right+left) 4.41 75
VH (cocaine)GCP (cocaine) Dorsal striatum (right+left) 4.68 101

Females CP (saline)9CP (cocaine) Septal nuclei 4.79 79
CP (saline)9VH (saline) Septal nuclei 3.82 23

aNumber of significant voxels in the region associated to the cluster
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cocaine self-administration behavior [4], the cocaine-
induced decrease in striatal metabolism in VH-males and
the lack of effect of cocaine in CP-males could have some
impact on other behavioral indexes (such as cocaine-induced
locomotor activity).

To our knowledge, this is the first work that reports that
acute cocaine is associated with lower brain metabolism in
the dorsal striatum of the rat. Indeed, the decrease in FDG
metabolism observed in the dorsal striatum of VH-males
after acute cocaine administration resembles its effect on
brain metabolism in mice [18], monkeys [19] and human
beings [6], although it is in opposite direction to the results
previously obtained in one study performed in rats where
cocaine was shown to increase glucose metabolism in the
dorsal striatum [5]. In another rat study, i.v. cocaine did not
alter local glucose utilization in this structure [18]. The
reason for these discrepancies remains unclear, although
several explanations can be suggested: in the first study [5],
cocaine was injected by the i.p. route at a dose of 30 mg/kg,
implying different cocaine bioavailability and pharmacoki-
netics from those observed after i.v. injection. In the second
study [18], the same dose of cocaine and the same route of
administration as the ones reported here were used, the

divergences may then be related to the different strains of
rats used (Spague Dawley vs. Wistar) or the inherent
differences between the autoradiography and PET tech-
niques. In this sense, while absolute brain metabolism was
previously measured using post-mortem autoradiography of

Fig. 1. Panel 1: Representative coronal images of VH-males showing hypoactivation (blue) in the dorsal striatum after cocaine
administration when compared to the effects of saline administration (a), and hyperactivation (orange) in CP-males of dorsal
striatum post-cocaine metabolism when compared with the post-cocaine metabolism of VH-males (b). Brighter and darker
colors indicate larger and smaller significant differences, respectively. Panel 2: Representative coronal images of CP-females
showing hypoactivation (blue) in the septal nuclei after cocaine administration when compared to the effects of saline
administration (a), and hyperactivation (orange) in CP-females of septal baseline metabolism (saline) when compared with the
baseline metabolism of VH-females (b). Brighter and darker colors indicate larger and smaller statistically significant differences,
respectively.

Fig. 2. Interaction plots showing relative metabolism for the
dorsal striatum of males (a) and the septal nuclei for females
(b). Interactive effects between chronic periadolescent can-
nabinoid/vehicle exposure and adult cocaine or saline
administration are shown. Values are expressed as mean±
SEM and referred to total brain metabolism (100%).
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2-deoxy-D-glucose [18], we used FDG-PET scanning of the
live animal under isoflurane anesthesia. Moreover, in this
earlier study [18] a set of calibrated standards was used to
normalize tissue activity, whereas our data were normalized
against total brain metabolism. These differences may
explain the divergent results obtained in the present work
and those previously published [5, 18].

The underlying neural mechanisms mediating the effects
described in this work still remain unclear; however, long-
term alterations in the dopamine transporter or receptors do
not seem to be involved [20]. Other factors such as changes
in cocaine pharmacokinetics deriving from the cannabinoid
treatment could also explain our results. Additionally, the
sex-dependent nature of the effects reported here could be
attributed to long-term changes in hormone levels, such as
estradiol or corticosterone, both of which are affected by
cannabinoids [21–23]. However, when we examined this
possibility, we found no alterations in corticosterone or
estradiol in animals exposed to CP [10].

In conclusion, this is the first report to show using FDG-
PET that acute cocaine administration has different effects
on brain metabolism in function of prior periadolescent
cannabinoid exposure. Additionally, this long-term effect of
cannabinoids depends on the sex of the animals. Further
studies must now evaluate the functional implications of the
altered septal and striatal metabolism reported here in
cocaine's stimulant and rewarding actions.

Acknowledgements. The authors thank Alberto Marcos, Rosa Ferrado, and
Luis Troca for their technical assistance and Dr. Mark Sefton for editorial
assistance. The authors declare that they are entirely responsible for the
scientific content of this paper. This work was supported by grants from the
Ministerio de Educación y Ciencia (Grants nº SAF2004-08148 and
SAF2007-064890); Ministerio de Sanidad y Consumo (Grants RD06/
00170029 of Instituto de Salud Carlos III, PNSD 2004–2007 and 2008–
2010); Dirección General de Investigación de la Comunidad de Madrid
(Grant S-SAL/0261/2006, I+D CANNAB-CM Consortium); and UNED
(Plan de Promoción de la Investigación) to EA, and grants from the
“Ministerio de Ciencia y Tecnología” (TEC2004-07052-C02-01/TCM),
“Ministerio de Sanidad y Consumo” (CIBER CB06/01/0079, PNSD
2007–2010, FIS CP08/00017), “Ministerio de Industria” (CENIT program)
and “Fundación de Investigación Médica Mutua Madrileña” (2007–2010
and 2008–2011) to MD.

Conflict of Interest. The authors declare that they have no conflict of interest.

References
1. Gruber AJ, Pope HG Jr (2002) Marijuana use among adolescents.

Pediatr Clin North Am 49:389–413
2. Kandel DB (2003) Does marijuana use cause the use of other drugs?

Jama 289:482–483
3. Kandel DB, Yamaguchi K, Klein LC (2006) Testing the Gateway

Hypothesis. Addiction 101:470–472, discussion 474–476

4. Higuera-Matas A, Soto-Montenegro ML, del Olmo N et al (2008)
Augmented acquisition of cocaine self-administration and altered brain
glucose metabolism in adult female but not male rats exposed to a
cannabinoid agonist during adolescence. Neuropsychopharmacology
33:806–813

5. London ED, Wilkerson G, Goldberg SR, Risner ME (1986) Effects of
L-cocaine on local cerebral glucose utilization in the rat. Neurosci Lett
68:73–78

6. London ED, Cascella NG, Wong DF et al (1990) Cocaine-induced
reduction of glucose utilization in human brain. A study using positron
emission tomography and [fluorine 18]-fluorodeoxyglucose. Arch Gen
Psychiatry 47:567–574

7. Volkow ND, Hitzemann R, Wang GJ et al (1992) Long-term frontal
brain metabolic changes in cocaine abusers. Synapse 11:184–190

8. Dalley JW, Fryer TD, Aigbirhio FI et al (2009) Modelling human drug
abuse and addiction with dedicated small animal positron emission
tomography. Neuropharmacology 56(Suppl 1):9–17

9. Biscaia M, Marin S, Fernandez B et al (2003) Chronic treatment with
CP 55,940 during the peri-adolescent period differentially affects the
behavioural responses of male and female rats in adulthood. Psycho-
pharmacology (Berl) 170:301–308

10. Higuera-Matas A, Botreau F, Miguens M et al (2009) Chronic
periadolescent cannabinoid treatment enhances adult hippocampal
PSA-NCAM expression in male Wistar rats but only has marginal
effects on anxiety, learning and memory. Pharmacol Biochem Behav
93:482–490

11. Vaquero JJ, Lage E, Rincón L, et al. (2005) rPET detectors design and
data processing. IEEE NSS/MIC Conference Record 2885–2889

12. Abella M, Vaquero JJ, Soto-Montenegro ML, Lage E, Desco M (2009)
Sinogram bow-tie filtering in FBP PET reconstruction. Med Phys
36:1663–1671

13. Pascau J, Gispert JD, Michaelides M et al (2009) Automated method for
small-animal PET image registration with intrinsic validation. Mol
Imaging Biol 11:107–113

14. Sled JG, Zijdenbos AP, Evans AC (1998) A nonparametric method for
automatic correction of intensity nonuniformity in MRI data. IEEE
Trans Med Imaging 17:87–97

15. Gong W, Neill DB, Justice JB Jr (1995) Increased sensitivity to cocaine
place-preference conditioning by septal lesions in rats. Brain Res
683:221–227

16. Rubino T, Vigano D, Realini N et al (2008) Chronic delta(9)-
tetrahydrocannabinol during adolescence provokes sex-dependent
changes in the emotional profile in adult rats: behavioral and
biochemical correlates. Neuropsychopharmacology 33:2760–2771

17. Hu H, Su L, Xu YQ, Zhang H, Wang LW (2010) Behavioral and [F-18]
fluorodeoxyglucose micro positron emission tomography imaging study
in a rat chronic mild stress model of depression. Neuroscience 169
(1):171–81

18. Zocchi A, Conti G, Orzi F (2001) Differential effects of cocaine on
local cerebral glucose utilization in the mouse and in the rat. Neurosci
Lett 306:177–180

19. Lyons D, Friedman DP, Nader MA, Porrino LJ (1996) Cocaine alters
cerebral metabolism within the ventral striatum and limbic cortex of
monkeys. J Neurosci 16:1230–1238

20. Higuera-Matas A, Botreau F, Miguens M, et al. (2008) Alterations in
the rat adult dopaminergic system following pubertal cannabinoid
treatment: implications for vulnerability to cocaine addiction. NIDA
International Forum. San Juan, Puerto Rico. (Abstract)

21. Patel V, Borysenko M, Kumar MS (1985) Effect of delta 9-THC on
brain and plasma catecholamine levels as measured by HPLC. Brain
Res Bull 14:85–90

22. Reich R, Laufer N, Lewysohn O et al (1982) In vitro effects of
cannabinoids on follicular function in the rat. Biol Reprod 27:223–231

23. Rosenkrantz H, Esber HJ (1980) Cannabinoid-induced hormone
changes in monkeys and rats. J Toxicol Environ Health 6:297–313

A. Higuera-Matas, et al.: Cannabinoids, Cocaine, and Changes in PET Signal 415


	Chronic Cannabinoid Administration to Periadolescent Rats Modulates the Metabolic Response to Acute Cocaine in the Adult Brain
	Abstract
	Introduction
	Materials and Methods
	Animals, Drug Administration, and Experimental Protocol
	FDG-PET
	Magnetic Resonance Study
	Data Analysis

	Results
	Discussion
	Septal Nuclei
	Dorsal Striatum

	Acknowledgements
	Section113
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


