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Abstract This article highlights some landmarks in the
history of levodopa, beginning with its isolation in
1910-13 from seedlings of Vicia faba to the demonstration,
in 1961, of its “miraculous” effect in patients with Par-
kinson’s disease (PD). Midway between these two time
points, in 1938, L-dopa decarboxylase was discovered, the
enzyme that produces dopamine (DA) from levodopa. In
1957, DA was shown to occur in the brain, and in 1959 it
was found to be enriched in the basal ganglia. At that time
the striatal localization of DA, together with studies done
in 1957-58 in naive and reserpine-treated animals regard-
ing DA in the brain and the central effects of levodopa,
suggested its possible involvement in “extrapyramidal
control” and “reserpine parkinsonism”. Following these
discoveries, a study of (postmortem) brains of patients with
basal ganglia disorders, including PD, was started, dem-
onstrating, in 1960, a severe striatal DA deficit specifically
in PD, thus furnishing a rational basis for the concept of
“DA replacement therapy” with levodopa. Accordingly, in
1961, the first highly successful clinical trial with i.v.
levodopa was carried out. In 1963, the DA deficit in the PD
substantia nigra was found, indicative of a nigrostriatal DA
pathway in the human brain, subsequently established in
animal studies in 1964-65. In 1967, the chronic, high dose
oral levodopa regimen was introduced in treatment of PD.
Besides the above highlights in the history of levodopa, the
article also cites critical opinions of world authorities in
brain research of the time, harmful to the cause of DA,
levodopa and PD. Today, the concept of DA replacement
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with levodopa is uncontested, with levodopa being the
“gold standard” of modern drug treatment of PD.
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Levodopa (L-dopa) is the naturally occurring L-isomer of the
amino acid D, L-dihydroxyphenylalanine. It was first iso-
lated from the bean of Vicia faba in 1910-11 by Torquato
Torquati [1]. In 1913, the chemical structure of the isolated
substance was established by Markus Guggenheim [2].
A turning point in the early history of levodopa was the
discovery, in 1938 by Peter Holtz [3], of the enzyme L-dopa
decarboxylase which, through decarboxylation, converted
the biologically inert levodopa to the biologically active
catecholamine dopamine (DA). This discovery also gave
both levodopa and DA their first (rather modest) biochem-
ical role in the body as metabolic intermediates in the
biosynthetic chain of the - at that time more prominent and
biologically highly active—catecholamines noradrenaline
and adrenaline [4, 5]. Generally speaking, however, both
levodopa and DA played, for a long period of time, only a
marginal role in biological research. (For a more detailed
levodopa history of the early period, see [6]).

The biological importance of levodopa and DA dra-
matically changed with the publication, in August 1957 by
Kathleen Montagu [7] soon followed by Weil-Malherbe
and Bone [8] from the same laboratory, about the occur-
rence of DA in the mammalian, including human, brain.

A month or so later, Holtz reported, for the first time, on
the central excitatory effect of levodopa (in rodents), and
suggested DA as the active levodopa metabolite in the
brain [9]. This report was followed by (a) the observation,
made in November 1957 by Carlsson [10], showing that in
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laboratory animals levodopa antagonized the “tranquiliz-
ing” action of reserpine (whose side-effects were known to
include, in humans, a parkinson-like syndrome); and (b)
Pletscher demonstrating, in December 1957, that levodopa
in fact increased the brain levels of “catecholamines”
assayed as a whole [11]. In actual fact, in early 1958,
shortly after Pletscher’s publication, two at that time
prominent research groups—Weil-Malhorbe and Bone and
Carlsson and his colleagues—independently showed that in
the brains of reserpine-treated animals depleted of all three
catecholamines, levodopa preferentially restored the levels
of DA, with only a slight effect on noradrenaline and
adrenaline [12, 13].

The above observations, made in a very short span of
time, set the stage for the step from studies in animals to
work in the human (postmortem) brain and, eventually, the
patient. Thus, when in early 1959, both Bertler and Ro-
sengren [14] and Sano and collaborators [15] showed that,
in the dog and human respectively, the bulk of brain DA
was localized in the caudate nucleus and putamen, sug-
gesting DA’s possible involvement in parkinsonism pro-
duced by reserpine [14], and, more generally, in the control
of striatal (extrapyramidal) motor functions [14, 15],
Hornykiewicz went directly to the brains of patients with
basal ganglia disorders, including Parkinson’s disease
(PD), to see whether there actually was an abnormality of
striatal DA or not. The results of this study [16], published
in 1960, were clear: brains of patients with PD had a
profound loss of DA in the caudate nucleus and the puta-
men. This biochemical abnormality was specific for PD, as
other basal ganglia disorders, including Huntington’s dis-
ease (analyzed in addition to PD brains) did not have sig-
nificantly changed striatal DA levels. This discovery
radically changed our research approach to, and under-
standing of, the pathophysiology and pharmacotherapy of
PD; it has since stood the test of time, becoming common
textbook knowledge.

Following this discovery, the final step “from brain
homogenate to treatment” was taken by Hornykiewicz,
who initiated a clinical trial with (i.v.) levodopa, with the
aim of restoring function by replacing the missing DA in
the live patient. The dramatic acute therapeutic, especially
anti-akinesia, levodopa effect observed in this study [17]
was published, together with the neurologist Birkmayer in
1961, only one year after the demonstration of the striatal
DA deficit. A placebo effect of levodopa (always a possi-
bility in clinical trials) was excluded in a consecutive study
[18] demonstrating ineffectiveness of compounds chemi-
cally related to levodopa (such as p-dopa, DA, 3-O-methyl-
dopa and others), applied to the patients in the same
manner as levodopa. Six years after this first clinical
levodopa trial, the use of levodopa in clinical routine as a
drug superior in efficacy to any other known antiparkinson
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drug became definitely established in 1967, when Cotzias
[19] introduced the chronic, high dose oral levodopa reg-
imen, which is basically still practiced today.

At the time these fundamental observations were made,
nothing was known about the cellular elements in the
striatum (intrinsic neurons, glia cells, afferent terminals,
blood vessels?) in which the DA—so severely reduced in
PD and functionally so successfully replaced by levo-
dopa—was localized. The answer to this question, emi-
nently important for the understanding of the DA/PD
pathophysiology, came soon from a study, published in
1963, about the behavior of DA in the substantia nigra, a
brain region known to regularly degenerate in PD. In this
study, Hornykiewicz observed severe loss of nigral DA,
similar in magnitude to the striatal DA loss and suggested
that “the celi loss in the substantia nigra could well be the
cause of the DA deficit in the striatum” [20]. This obser-
vation triggered intense experimental studies by other
research groups regarding the nigral DA in laboratory
animals, resulting in the demonstration of a nigrostriatal
DA pathway [21-23].

Considering the pathophysiological and clinical-thera-
peutic significance of the discovery of the DA deficit in the
PD striatum, so dramatically underscored by the “mirac-
ulous” levodopa effect in the patient, one would have
expected unanimous support and unreserved applause from
all quarters of the basic and clinical neuroscience com-
munity. This was indeed the case with the vast majority of
clinical neurologists, but not at all the rule among the basic
brain scientists. Among those strongly critical of DA and
levodopa were the best minds of the contemporary neuro-
science; they included top experts on the anatomy,
pathology and pathophysiology of the basal ganglia, as
well as notable DA researchers, paradoxically some of the
latter being previously instrumental in important brain DA
discoveries. The examples given in Table 1 convey an idea
of what it took in those pioneer years of DA research to
remain a DA/levodopa/PD “believer”.

Considering the weight carried by the statements of such
world authorities in brain research of that time, in retro-
spect the possibility appears real that, if it were not for the
“levodopa miracle” in the patient, the brain DA/PD story
may have been laid quietly to rest right then and there.

The critical, caustic views quoted in Table 1, and many
similar voices, were eventually silenced by the over-
whelming clinical evidence in favor of the levodopa-DA
connection, as well as the wealth of experimental evidence
coming from top laboratories specifically focusing on these
questions. To quote a few such studies, in 1970 Robert
Moore established beyond doubt the existence of the
nigrostriatal DA tract (in the cat) by rigorous morphological
criteria [35]. In 1973, Ken Lloyd demonstrated that patients
receiving levodopa had, indeed, higher DA levels in their
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Table 1 Some critical statements from brain research authorities of the time about brain dopamine, levodopa, substantia nigra and parkinsonism

A. On the wrong track toward the substantia nigra, parkinsonism, and nigrostriatal dopamine pathway:

Denny-Brown (1962): “We have presented reasons against the common assumption that lesions of the substantia nigra are responsible for
parkinsonism” [24]

Mettler (1964): “The attribution of such a complex clinical syndrome [Parkinson’s disease] to a rather small and homogeneous structure
[substantia nigra] has not appeared logical” [25]

Carpenter (1966): “Numerous recent studies based upon excellent selective lesions of the substantia nigra failed to demonstrate nigrostriatal
fibres. This casts considerable doubt upon [their] existence” [26]

Hassler (1967): “The interpretation of your [Hornykiewicz’s] observations does not agree with many known facts about the direction of the
nigrostriatal connection... all your observations can be equally well, if not better, explained by the striatonigral direction [of the dopamine

fibres]” [27]

B. Stabs in the back of dopamine, levodopa and parkinsonism, coming from unexpected quarters:

Seiden and Carlsson (1964): “Dopamine... in the high concentrations observed [in brain after L-dopa] may be able to function as

noradrenaline” [28]

Hanson (1965): “Dopamine [formed in brain from L-dopa] may possibly take over some of the transmitter functions of noradrenaline” [29]

Carlsson (1965): “...not possible to draw any conclusions about the relative importance of dopamine and noradrenaline for the central effects

[incl. parkinsonism?] of reserpine” [30]

Bertler and Rosengren (1966): “The effect of L-dopa is too complex to permit a conclusion about disturbances of the striatal dopaminergic

system in Parkinson’s disease” [31]

Vogt (1973): “[because L-dopa causes] ‘flooding’ of the brain with DA ... it is possible that even the therapeutic effects in parkinsonism
result from actions of DA at sites ...from which DA is normally absent... To relate these [L-dopa] effects to the normal function of

dopaminergic neurons may be erroneous” [32]

Jasper (1970): “[L-dopa is] the right therapy for the wrong reason” [33] (The same statement also made by Ward [34])

striata than untreated patients [36]; and in 1974, Donald
Calne showed that the direct DA receptor agonist bromo-
criptine had levodopa-like antiparkinson activity in the

. Holtz P, Balzer H, Westermann E, Wezler E (1957) Beeinflus-

sung der Evipannarkose durch Reserpin, Iproniazid und biogene
Amine. Arch Exp Path Pharmak 131:333-348

10. Carlsson A, Lindqvist M, Magnusson T (1957) 3, 4-Dihydroxy-
patient [37], removing all possible doubts about levodopa phenylalanine and 5-hydroxytryptamine as reserpine antagonists.
being a true DA replacing drug in PD. Today, levodopa is Nature 127:471
the “gold standard” in the drug treatment of PD, with the 11. Plt?tscher A (1957) Wirckung von Isopropyl-I§on1kot1nsaurehydr-

. . azid auf den Stoffwechsel von Catecholaminen und 5-Hydro-
DA/levodopa/PD story being generally recognized as one of xytryptamin im Gehirn. Schweiz Med Wochenschr 87:1532—
the greatest success stories of modern neuroscience. 1534

12. Carlsson A, Lindqvist M, Magnusson T, Waldeck B (1958) On
Conflicts of interest None. the presence of 3-hydroxytyramine in brain. Science 127:471

13. Weil-Malherbe H, Bone AD (1958) Effect of reserpine on the

intracellular distribution of catecholamines in the brain. Nature
181:1474-1475
References 14. Bertler A, Rosengren E (1959) Occurrence and distribution of
dopamine in brain and other tissues. Experientia 15:10-11
1. Torquati T (1913) Sulla presenza di una sostanza azotata nei 15. Sano L, Gamo T, Kakimoto Y, Taniguchi K, Takesada M,
germogli del semi di “vicia faba”. Arch Farmacol sper Nishinuma K (1959) Distribution of catechol compounds in the
15:213-223 human brain. Biochim Biophys Acta 32:586-587
2. Guggenheirn M (1913) Dioxyphenylalanin, eine neue Aminoséure 16. Ehringer H, Hornykiewicz O (1960) Verteilung von Noradrenalin
ausVicia faba. Hoppe-Seyler’s Z Physiol Chem 88:276-284 und Dopamin (3-Hydroxytyramin) im Gehirn des Menschen und
3. Holtz P (1939) Dopadecarboxylase. Naturwissenschaften 27: ihr Verhalten bei Erkrankungen des extrapyramidalen Systems.
724-725 Klin Wschr 38:1236-1239
4. Blaschko H (1939) The specific action of L-dopa decarboxylase. 17. Birkmayer W, Hornykiewicz O (1961) Der L-Dioxyphenylalanin
J Physiol 96:50P-51P (DOPA)-Effekt bei der Parkinson-Akinese. Wien Klin Wschr
5. Holtz P, Heise R, Liidke K (1938) Fermentativer Abbau von 73:787-788
I-Dioxyphenylalanin durch die Niere. Arch Exp Path Pharmak 18. Birkmayer W, Hornykiewicz O (1962) Der L-Dioxyphenylalanin-
191:87-118 Effekt beim Parkinson-Syndrom des Menschen: zur Pathogenese
6. Hornykiewicz O (2002) L-DOPA: from a biologically inactive und Behandlung der Parkinson-Akinese. Arch Psychiat Nervenkr
amino acid to a successful therapeutic agent. Amino Acids 203:560-574
23:65-70 19. Cotzias CC, Van Woert MH, Schiffer IM (1967) Aromatic amino
7. Montagu KA (1957) Catechol compounds in rat tissues and in acids and modification of parkinsonism. N Engl J Med
brains of different animals. Nature 180:244-245 276:374-379
8. Weil-Malherbe H, Bone AD (1957) Intracellular distribution of 20. Hornykiewicz O (1963) Die topische Lokalisation und das Ver-

catecholamines in the brain. Nature 180:1050-1051

halten von Noradrenalin and Dopamin in der Substantia nigra des

@ Springer



S252

J Neurol (2010) 257 (Suppl 2):S249-S252

21.

22.

23.

24.

25.

26.

27.

28.

29.

normalen und Parkinsonkranken Menschen. Wien Klin
Wochenschr 75:309-312

Dahlstrom A, Fuxe K (1964) Evidence far the existence of
monoamine-containing neurons in the central nervous system. 1.
Demonstration of monoamines in the cell bodies of brain stem
neurons. Acta Physiol Scand 62(Suppl 232):1-55

Poirier LJ, Sourkes TL (1964) Influance de locus niger sur la
concentration des catecholamines du striatum. J Physiol (Paris)
56:426-427

Sourkes TL, Poirier LJ (1965) Influence of the substantia nigra on
the concentration of 5-hydroxytryptarnine and dopamine of the
striatum. Nature 207:202-203

Denny-Brown D (1962) The basal ganglia and their relation to
disorders of movement. Oxford University Press, Oxford
Mettler FA (1964) Substantia nigra and parkinsonism. Arch
Neurol 11:529-542

Carpenter M (1966) Discussion in: Costa E, Cote LJ, Yahr MD
(eds) Biochemistry and Pharmacology of the Basal Ganglia.
Hewlett, Raven Press, p. 191

Hassler R (1967) Private communication to O. Hornykiewicz.
Letter dated February 9, 1967

Seiden LS, Carlsson A (1964) Brain and heart catecholamine
levels after L-dopa administration in reserpine treated mice:
correlation with a conditioned avoidance response. Psychophar-
macologia (Berl) 5:178-181

Hanson LCF (1965) The disruption of conditioned avoidance
response following selective depletion of brain catecholamines.
Psychopharmacologia (Berl) 8:100-110

@ Springer

30.

31.

32.

33.

34.

35.

36.

37.

Carlsson A (1965) Drugs which block the storage of
5-hydroxytryptamine and related amines. In: Eichler O, Farah A
(eds) 5-Hydroxytryptamine and related indole alkylamines.
Handbook of Experimental Pharmacology, vol 19 Springer,
Heidelberg, p 529-592

Bertler A, Rosengren E (1966) Possible role of brain dopamine.
Pharmacol Rev 18:769-773

Vogt M (1973) Functional aspects of the role of catecholamines
in the central nervous system. Br Med Bull 29:168-172

Jasper HH (1970) Neurophysiological mechanisms in parkin-
sonism. In: Barbeau A, McDowell FH (eds) L-dopa and Parkin-
sonism. FA Davies, Philadelphia, pp 406411

Ward AA (1970) Physiological implications in the dyskinesias.
In: Barbeau A, McDowell FH (eds) L-dopa and Parkinsonism. FA
Davies, Philadelphia, pp 151-159

Moore RY (1970) The nigrostriatal pathway demonstrated by
anterograde degeneration. In: Barbeau A, McDowell FH (eds)
L-dopa and Parkinsonism. FA Davies, Philadelphia, pp 143-149
Lloyd K, Davidson L, Hornykiewicz O (1973) Metabolism of
levodopa in the human brain. Adv Neurol 3:173-188

Calne DB, Teychenne PF, Claveria LE, Eastman R, Greenacre
JK, Petric A (1974) Bromocriprine in parkinsonism. Br Med J
4:442-444



	A brief history of levodopa
	Abstract
	Conflicts of interest
	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
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /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 149
  /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 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 149
  /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 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 599
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


