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neurodevelopmental disorders

Richard E. Fryea,∗ and Daniel A. Rossignolb
aArkansas Children’s Hospital Research Institute, Department of Pediatrics, University of Arkansas for Medical
Sciences, Little Rock, AR, USA
bRossignol Medical Center, Irvine, CA, USA

Neurodevelopmental disorders such as autism spec-
trumdisorder (ASD), dyslexia, learning disabilities and
developmental delays affect a significant percentage of
children and are associated with long-term psychologi-
cal and physical disability. Despite decades of research
on these disorders, their etiologies are still poorly un-
derstood and treatments are limited in number and ef-
ficacy. The prevalence of the prototypic neurodevelop-
mental disorder, ASD, continues to rise at an alarming
rate. ASD research has primarily concentrated on and
continues to concentrate on genetic causes of ASD [1].
Although genetics are an important aspect of ASD re-
search, genetic studies have found that single gene and
chromosome defects account for only a minority of
ASD cases [2]. This is also true for other cognitive
disorders such as a wide variety of psychiatric disor-
ders. Although linkage studies have identified many
candidate regions of certain chromosomes which could
be associated with many psychiatric diseases, findings
have been inconsistent across studies. For example, re-
cent studies have identified genetic polymorphisms as-
sociated with susceptibility to psychiatric disease such
as schizophrenia, but most polymorphisms identified
are in the non-coding regions of the genome, making
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the understanding of how these genetic changes cause
psychiatric disease opaque [3,4].

Several recent studies have identified rare de novo
mutations in ASD children, thereby pointing to ac-
quired mutations and/or mutations secondary to errors
in the maintenance of DNA integrity rather that inher-
ited genetic syndromes [5,6]. A recent study of dizy-
gotic twins estimated that the environment contributes
a greater percent of the risk of developing autistic
disorder (55%) as compared to genetic factors (37%)
with the risk between genetic and environmental fac-
tors about equal for the wider ASD diagnosis [7]. This
suggests that complex interactions between the envi-
ronment and a susceptible genetic background during
critical developmental windows may underlie the eti-
ological mechanisms and disabilities associated with
ASD.

Recent studies have expanded the recognition of
the abnormalities associated with ASD, implicating
broader systemic issues involving immune and re-
dox dysregulation, oxidative stress and impaired en-
ergy generation systems [1,8–10]. Interestingly, these
physiological abnormalities do not only apply to ASD
but are shared by a wide variety of both psychi-
atric, neurodevelopmental and neurodegenerative dis-
orders. Mitochondrial dysfunction has been implicat-
ed in schizophrenia [11–14], bipolar disorder [11–
13], depression [12,13] and dementia [12,13]. In ad-
dition, mitochondrial dysfunction has been document-
ed in a wide variety of genetic syndromes associat-

1879-5390/12/$27.50  2012 – IOS Press and the authors. All rights reserved



178 R.E. Frye and D.A. Rossignol / Metabolic abnormalities and neurodevelopmental disorders

ed with neurodevelopmental problems, including Rett
syndrome [15–17], PTEN mutations [18], Phelan-
McDermid syndrome [19], 15q11-q13 duplication syn-
drome [20,21], Angelman syndrome [22], Septo-optic
dysplasia [23] and Down’s syndrome [24,25]. Oxida-
tive stress has been implicated in schizophrenia [26,27],
depression [28], bipolar disorder [29,30], Alzheimer’s
disease [31] and Parkinson’s disease [31]. Neuroin-
flammation has been implicated in Alzheimer’s dis-
ease [32], schizophrenia [33], bipolar disorder [34]
and depression [35]. Interestingly, a review of gene
expression abnormalities found in ASD, Rett syn-
drome and Down syndrome demonstrated a conver-
gence on immune genes rather than neurodevelopmen-
tal genes [36].

Thus, it is clear, at least in ASD, that physiologi-
cal abnormalities exist which can be linked to develop-
mental, cognitive and medical disability. For example,
childrenwith ASD and mitochondrial dysfunction have
more severe behavioral and cognitive disability than
children with ASD without mitochondrial dysfunc-
tion [37,38]. In addition, mitochondrial dysfunction
can lead to abnormal cognitive development through
several mechanisms. For example, neural synapses are
areas of high energy consumption [39] that are espe-
cially dependent on mitochondrial function [40] and
mitochondrial dysfunction can lead to reduced synaptic
function, and neurons that have high firing rates, such
as GABAergic interneurons, can be severely compro-
mised [41]. In addition, children with ASD and mi-
tochondrial disease appear to have a higher prevalence
of medical disorders such as gastrointestinal problems,
seizures and gross motor delays [9].

In order to highlight the significance of metabolic
disorders in contributing to neurodevelopmental prob-
lems, we have put together a special issue of the Journal
of Pediatric Biochemistry with leaders in the field of
metabolic abnormalities in neurodevelopmental disor-
ders. The articles in this issue will provide examples of
how this field is rapidly growing and expanding as well
as the complexities in diagnosing and understanding
metabolic abnormalities in neurodevelopmental disor-
ders.

The special issue starts with an article that provides
an overview of metabolic disorders associated with the
prototypic neurodevelopmental disorders, ASD. In an
article entitled “Metabolic Disorders and Abnormali-
ties Associated with Autism Spectrum Disorder” Frye
and Rossignol outline the many metabolic diseases and
metabolic abnormalities that have been linked to ASD.
The article discusses themost prevalencemetabolic dis-

orders, mitochondrial dysfunction and cerebral folate
abnormalities, both of which are discussed in more de-
tail in this issue, and then goes on to discuss less com-
mon metabolic disorders which have been associated
with ASD. Metabolic abnormalities that have been doc-
umented in ASD, specifically disorders of cholesterol
and tetrahydrobiopterin metabolism, are discussed de-
spite the fact that specific cases have not been officially
described. A general algorithm for working up patients
for these various metabolic disorders is outlined.

The next section of this special issue features sever-
al papers specifically pertaining to mitochondrial dis-
orders. Mitochondrial disease is a relatively new and
evolving field of medicine [42]. Although the clini-
cal and histological features of mitochondrial disorders
were recognized in the 1960s, it was not until 1988
that specific mitochondrial disease could be linked to a
causative genetic mutation. From that point on, specif-
ic mitochondrial diseases have been described by their
associated genetic alterations. However, patients with
neurodevelopmentaldisorders such ASD who manifest
mitochondrial disease or dysfunction do not commonly
demonstrate a specific genetic defect to explain their
metabolic abnormalities [9]. Thisfinding has presented
uncertainty and complexity to the study of mitochon-
drial metabolism in neurodevelopmental disorders.

In the article entitled “Mitochondrial Disorders:
Overview of Diagnostic Tools and New Diagnostic
Trends” Dr Fran D. Kendall provides an excellent syn-
opsis of the significance of mitochondrial function in
health and disease as well as basic genetics and pro-
vides a detailed discussion of diagnostic methods and
tools. Dr Kendall also outlines the limitations and fu-
ture trends in mitochondrial disease diagnosis. The
article “New Approaches to Diagnosing Mitochondri-
al Abnormalities: Taking the Next Step” by Dr Ro-
denburg’s group extends the discussion of advanced
and new methods for diagnosing mitochondrial disease.
With advances in molecular testing, whole mitochon-
drial genome sequencing and whole exome sequencing
with next-generation sequencing techniques have be-
come commonplace for individuals with mitochondrial
abnormalities in which known genetic mutations can-
not be found. However, these techniques can reveal a
larger number of novel changes in the genome of any
one individual that needs to be interpreted with care.
This article addresses the complexities of discovering
and verifying novel genome alterations in the context
of mitochondrial disorders.

As mentioned above, mitochondrial dysfunction has
been implicated in a wide variety of disease that ef-
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fect brain function, including neurological, neurode-
generative and psychiatric disease. The article “Mi-
tochondrial Respiratory Chain Defects in Autism and
other Neurodevelopmental Disorders” by Chauhan et
al. provides a very detailed analysis of the evidence
for mitochondrial dysfunction in autism spectrum dis-
orderwhile also addressing the evidence for similar mi-
tochondrial dysfunction in other neurodevelopmental
disorders such as Angelman, Down, Fragile X and Rett
syndromes as well as attention deficit hyperactivity dis-
order and schizophrenia. This paper demonstrates the
pervasiveness of mitochondrial dysfunction in disor-
ders that affect brain development and function. How-
ever, despite this evidence, mechanisms which cause
problems with brain development as a result of mito-
chondrial dysfunction are not clear. One of the conse-
quences of mitochondrial dysfunction, oxidative stress,
can have a profound effect on brain development. In
an article entitled “Oxidative stress and mitochondrial
dysfunction as key players in neurological disorders of
childhood” Dr El-Hatem provides an excellent account
of the mechanisms by which oxidative stress can dam-
age the developing brain as well as the evidence for ox-
idative stress in a wide variety of neurodevelopmental
disorders and potential treatments for normalizing ox-
idative stress. In the final paper related to mitochondri-
al abnormalities entitled “Treatments for mitochondri-
al dysfunction associated with autism spectrum disor-
ders”, Frye and Rossignol outline an approach for treat-
ing individuals with mitochondrial dysfunction with
special emphasis on autism spectrum disorders.

The last two articles in this special issue out-
line the complexity of the relationship between folate
metabolism and neurodevelopmental disorders. In an
article entitled “Synthetic Folic Acid Supplementation
During PregnancyMay Increase theRisk ofDeveloping
Autism”, Drs. DeSoto and Hitlan reanalyze the large
Centers for Disease Control Vaccine Safety Datalink
dataset to investigate the relationship between the use
of synthetic folate during pregnancy and the risk of
ASD to the offspring. Interestingly, the reanalysis of
this dataset links synthetic folate use during pregnancy
to an increased risk of ASD. The complexities of folate
metabolism are discussed and the link to ASD is dis-
cussed in light of epigenetic regulation of the genome.
In the last article in this special issue entitled “Folate
receptor alpha autoimmunity and cerebral folate de-
ficiency in autism spectrum disorders” Drs Rossignol
and Frye discuss the significance of the high prevalence
of the folate receptor alpha autoantibody in ASD with
an emphasis on treatment with folinic acid. This article

highlights the importance of the use of reduced folates
in the treatment of children with ASD and the folate
receptor alpha autoantibody, echoing some of the dis-
cussion in the previous paper on the complexities of
folate metabolism, especially when synthetic folic acid
is used as a folate resource.

Overall, we believe that this special issue will bring
to light some of the significant metabolic abnormali-
ties associated with neurodevelopmentaldisorders such
as ASD. Increasing awareness and treatment of these
underlying metabolic disorders is one step toward im-
proving the health and related disability associated with
neurodevelopmental disorders such as ASD.

References

[1] Rossignol DA, Frye RE. A review of research trends in physi-
ological abnormalities in autism spectrum disorders: Immune
dysregulation, inflammation, oxidative stress, mitochondrial
dysfunction and environmental toxicant exposures. Mol Psy-
chiatry 2012; 17: 389-401.

[2] Schaefer GB, Mendelsohn NJ. Genetics evaluation for the
etiologic diagnosis of autism spectrum disorders. Genet Med
2008; 10: 4-12.

[3] Harrison PJ, Weinberger DR. Schizophrenia genes, gene ex-
pression, and neuropathology: on the matter of their conver-
gence. Mol Psychiatry 2005; 10: 40-68.

[4] Kleinman JE, Law AJ, Lipska BK, et al. Genetic neuropathol-
ogy of schizophrenia: New approaches to an old question and
new uses for postmortem human brains. Biol Psychiatry 2011;
69: 140-145.

[5] Neale BM, Kou Y, Liu L, et al. Patterns and rates of exonic
de novo mutations in autism spectrum disorders. Nature 2012;
485: 242-245.

[6] Sanders SJ, Murtha MT, Gupta AR, et al. De novo mutations
revealed by whole-exome sequencing are strongly associated
with autism. Nature 2012; 485: 237-241.

[7] Hallmayer J, Cleveland S, Torres A, et al. Genetic heritabil-
ity and shared environmental factors among twin pairs with
autism. Arch Gen Psychiatry 2011; 68: 1095-1102.

[8] Frye RE, Rossignol DA. Mitochondrial dysfunction can con-
nect the diverse medical symptoms associated with autism
spectrum disorders. Pediatr Res 2011; 69: 41-47.

[9] Rossignol DA, Frye RE. Mitochondrial dysfunction in autism
spectrum disorders: A systematic review and meta-analysis.
Mol Psychiatry 2012; 17: 290-314.

[10] Rose S, Melnyk S, Pavliv O, et al. Evidence of oxidative dam-
age and inflammation associated with low glutathione redox
status in the autism brain. Transl Psychiatry 2012; 2: e134.

[11] Clay HB, Sillivan S, Konradi C. Mitochondrial dysfunction
and pathology in bipolar disorder and schizophrenia. Int J Dev
Neurosci 2011; 29: 311-324.

[12] Kato M, Nakamura M, Ichiba M, et al. Mitochondrial DNA
deletion mutations in patients with neuropsychiatric symp-
toms. Neurosci Res 2011; 69: 331-336.

[13] Scaglia F. The role of mitochondrial dysfunction in psychiatric
disease. Dev Disabil Res Rev 2010; 16: 136-143.

[14] Verge B, Alonso Y, Valero J, Miralles C, Vilella E, Martorell
L. Mitochondrial DNA (mtDNA) and schizophrenia. Eur Psy-
chiatry 2011; 26: 45-56.



180 R.E. Frye and D.A. Rossignol / Metabolic abnormalities and neurodevelopmental disorders

[15] Grosser E, Hirt U, Janc OA, et al. Oxidative burden and mi-
tochondrial dysfunction in a mouse model of Rett syndrome.
Neurobiol Dis 2012; 48: 102-114.

[16] Gibson JH, Slobedman B, K HN, et al. Downstream targets of
methyl CpG binding protein 2 and their abnormal expression
in the frontal cortex of the human Rett syndrome brain. BMC
Neurosci 2010; 11: 53.

[17] Condie J, Goldstein J, Wainwright MS. Acquired micro-
cephaly, regression of milestones, mitochondrial dysfunction,
and episodic rigidity in a 46,XY male with a de novo MECP2
gene mutation. J Child Neurol 2010; 25: 633-636.

[18] Napoli E, Ross-Inta C, Wong S, et al. Mitochondrial Dysfunc-
tion in Pten Haplo-Insufficient Mice with Social Deficits and
Repetitive Behavior: Interplay between Pten and p53. PLoS
One 2012; 7: e42504.

[19] Frye RE. Mitochondrial disease in 22q13 duplication syn-
drome. J Child Neurol 2012; 27: 942-949.

[20] Frye RE. 15q11.2-13 duplication, mitochondrial dysfunction,
and developmental disorders. J Child Neurol 2009; 24: 1316-
1320.

[21] Filipek PA, Juranek J, Smith M, et al. Mitochondrial dysfunc-
tion in autistic patients with 15q inverted duplication. Ann
Neurol 2003; 53: 801-804.

[22] Su H, Fan W, Coskun PE, et al. Mitochondrial dysfunction
in CA1 hippocampal neurons of the UBE3A deficient mouse
model for Angelman syndrome. Neurosci Lett 2011; 487:
129-133.

[23] Schuelke M, Krude H, Finckh B, et al. Septo-optic dysplasia
associated with a new mitochondrial cytochrome b mutation.
Ann Neurol 2002; 51: 388-392.

[24] Pagano G, Castello G. Oxidative stress and mitochondrial dys-
function in Down syndrome. Adv Exp Med Biol 2012; 724:
291-299.

[25] Pallardo FV, Lloret A, Lebel M, et al. Mitochondrial dysfunc-
tion in some oxidative stress-related genetic diseases: Ataxia-
Telangiectasia, Down Syndrome, Fanconi Anaemia and Wern-
er Syndrome. Biogerontology 2010; 11: 401-419.

[26] Prabakaran S, Swatton JE, Ryan MM, et al. Mitochondri-
al dysfunction in schizophrenia: Evidence for compromised
brain metabolism and oxidative stress. Mol Psychiatry 2004;
9: 684-97, 643.

[27] Tosic M, Ott J, Barral S, et al. Schizophrenia and oxidative
stress: glutamate cysteine ligase modifier as a susceptibility
gene. Am J Hum Genet 2006; 79: 586-592.

[28] Ozcan ME, Gulec M, Ozerol E, Polat R, Akyol O. Antioxidant
enzyme activities and oxidative stress in affective disorders.
Int Clin Psychopharmacol 2004; 19: 89-95.

[29] Andreazza AC, Kauer-Sant’anna M, Frey BN, et al. Oxidative
stress markers in bipolar disorder: a meta-analysis. J Affect
Disord 2008; 111: 135-144.

[30] Frey BN, Andreazza AC, Kunz M, et al. Increased oxidative
stress and DNA damage in bipolar disorder: A twin-case
report. ProgNeuropsychopharmacol Biol Psychiatry 2007; 31:
283-285.

[31] Emerit J, Edeas M, Bricaire F. Neurodegenerative diseases and
oxidative stress. Biomed Pharmacother 2004; 58: 39-46.

[32] Eikelenboom P, Bate C, Van Gool WA, et al. Neuroinflamma-
tion in Alzheimer’s disease and prion disease. Glia 2002; 40:
232-239.

[33] Doorduin J, de Vries EF, Willemsen AT, de Groot JC, Dierckx
RA, Klein HC. Neuroinflammation in schizophrenia-related
psychosis: A PET study. J Nucl Med 2009; 50: 1801-1807.

[34] Rao JS, Harry GJ, Rapoport SI, Kim HW. Increased excitotox-
icity and neuroinflammatory markers in postmortem frontal
cortex from bipolar disorder patients. Mol Psychiatry 2010;
15: 384-392.

[35] Dobos N, Korf J, Luiten PG, Eisel UL. Neuroinflammation
in Alzheimer’s disease and major depression. Biol Psychiatry
2010; 67: 503-504.

[36] Lintas C, Sacco R, Persico AM. Genome-wide expression
studies in autism spectrum disorder, Rett syndrome, and Down
syndrome. Neurobiol Dis 2012; 45: 57-68.

[37] Minshew NJ, GoldsteinG, Dombrowski SM, Panchalingam K,
Pettegrew JW. A preliminary 31P MRS study of autism: Ev-
idence for undersynthesis and increased degradation of brain
membranes. Biol Psychiatry 1993; 33: 762-773.

[38] Mostafa GA, El-Gamal HA, El-Wakkad ASE, El-Shorbagy
OE, Hamza MM. Polyunsaturated fatty acids, carnitine and
lactate as biological markers of brain energy in autistic chil-
dren. Int J Child Neuropsychiatry 2005; 2: 179-188.

[39] Ames A 3rd. CNS energy metabolism as related to function.
Brain Res Brain Res Rev 2000; 34: 42-68.

[40] Mattson MP, Liu D. Energetics and oxidative stress in synaptic
plasticity and neurodegenerative disorders. Neuromolecular
Med 2002; 2: 215-231.

[41] Anderson MP, Hooker BS, Herbert MR. Bridging from cells to
cognition in autism pathophysiology: Biological pathways to
defective brain function and plasticity. Am J Biochem Biotech
2008; 4: 167-176.

[42] Dimauro S. A history of mitochondrial diseases. J Inherit
Metab Dis 2011; 34: 261-276.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


