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Abstract Membranous lipid bilayers have been recon-
sidered as the site of action of local anesthetics (LAs).
Recent understanding of biomembranes indicates the exis-
tence of lipid raft microdomains enriched in cholesterol and
sphingolipids as potential platforms for channels and
receptors. Based on the hypothesis that LAs may interact
preferentially with lipid rafts over non-raft membranes, we
compared their effects on raft model membranes and car-
diolipin-containing biomimetic membranes. Liposomes
were prepared with phospholipids, sphingomyelin, cere-
broside, and cholesterol to have compositions corresponding
to lipid rafts and cardiomyocyte mitochondrial membranes.
After reacting LAs (50-200 pM) with the membrane prep-
arations, their interactivities were determined by measuring
fluorescence polarization with 1,6-diphenyl-1,3,5-hexatri-
ene. Although bupivacaine and lidocaine acted on different
raft-like liquid-ordered membranes to reduce polarization
values, their effects on biomimetic less ordered membranes
were much greater. LAs interacted with biomimetic mem-
branes with the potency being R(+)-bupivacaine > racemic
bupivacaine > S(—)-bupivacaine > ropivacaine > lidocaine
> prilocaine, which is consistent with the rank order of
pharmacotoxicological potency. However, raft model
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membranes showed neither structure-dependence nor ste-
reoselectivity. The relevance of membrane lipid rafts to LAs
is questionable at least in their effects on raft-like liquid-
ordered membranes.
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Although many publications have emphasized the interac-
tions of anesthetics with functional proteins, for example
ion channels and receptors, it is premature to exclude the
possibility of interactions with membrane lipids from the
mechanistic contribution to anesthesia [1]. General and
local anesthetics (LAs) modify the physicochemical prop-
erties of phospholipids bilayers. A more sophisticated
understanding is emerging about the structure of bio-
membranes. It has become clear that biomembranes are not
a simple bilayer structure with uniformly distributed lipids,
but rather include the microdomains known as lipid rafts
[2]. In lipid rafts, cholesterol and sphingolipids are packed
in a more highly ordered structure (liquid-ordered, Lo)
distinct from the rest of plasma membranes (liquid-disor-
dered, Ld). The lipid raft theory evoked a new perspective
for the mode of drug action on lipid membranes. Accu-
mulating evidence suggests that lipid rafts might be the
target of general anesthetics [3, 4]. However, the interac-
tions of LAs with lipid rafts are unclear.

Membrane lipid rafts play an important role as potential
platforms concentrating specific proteins and spatially
segregated molecules. Ion channels, f-adrenergic recep-
tors, and signaling proteins have been discovered to be
localized in lipid raft microdomains within the cardiovas-
cular system [5, 6]. LAs affect the activities of channels
and receptors by altering their lipid bilayer environments in
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addition to directly binding to such functional proteins. As
one of possible mechanisms underlying the pharmacotox-
icological effects on cardiomyocytes, it is of interest to
know whether LAs induce larger physicochemical changes
in channel-localizing and receptor-localizing lipid rafts
than in overall lipid bilayers. Lidocaine at 18.4 mM was
recently found to disrupt the raft structures in erythrocyte
membranes [7], suggesting the involvement of raft-related
signal transduction in the anesthetic mechanism [8].

The objective of this study was to verify the possibility
that LAs act on lipid raft microdomains. The raft property
is reproducible in unilamellar vesicles formed from a
defined molar mixture of phospholipid, cholesterol, and
sphingomyelin [9]. On the basis of the hypothesis that LAs
may interact preferentially with lipid rafts over non-raft
membranous structures, we compared their effects on
liposomal raft-like and biomimetic membranes.

Unilamellar vesicles (total lipids 0.14 mM) labeled with
1,6-diphenyl-1,3,5-hexatriene (DPH; Molecular Probes,
Eugene, OR, USA) were prepared as reported previously
[10]. The lipids used, that is, 1,2-dioleoyl-sn-glycero-3-
phosphocholine (DOPC), 1-palmitoyl-2-oleoyl-sn-glycero-
3-phosphocholine (POPC), 1-palmitoyl-2-oleoyl-sn-gly-
cero-3-phosphoethanolamine ~ (POPE),  sphingomyelin
(SM), cerebroside (CB), 1-palmitoyl-2-oleoyl-sn-glycero-
3-[phospho-L-serine] (POPS), 1-palmitoyl-2-oleoyl-sn-
glycero-3-phospho-(1'-myo-inositol) (POPI), cardiolipin
(CL), and cholesterol, were purchased from Avanti Polar
Lipids (Alabaster, AL, USA). Raft-1 [11], raft-2 [12] and
raft-3 [13] model membranes, and CL-containing biomi-
metic membranes as a model membrane for human car-
diomyocyte mitochondria [10] were prepared to have the
lipid compositions shown in Table 1. Bupivacaine (S(—),
R(+), and racemic), lidocaine, ropivacaine, and prilocaine
(50-200 pM for each) were reacted with the membrane
preparations suspended in 10 mM TES (N-tris(thydrox-
ylmethyl)methyl-2-aminoethanesulfonic acid) buffer of
pH 7.4 containing 125 mM NaCl and 25 mM KCI.

Bupivacaine and ropivacaine were supplied by Maruishi
Pharmaceutical (Osaka, Japan) and AstraZeneca (Soder-
tilje, Sweden), respectively. Lidocaine and prilocaine were
obtained from Sigma—Aldrich (St Louis, MO, USA). After
the reaction at 37°C for 30 min, membrane interactivities
were determined by measuring DPH fluorescence polari-
zation at 360 nm for excitation and at 430 nm for emission
[14]. Compared with controls, a decrease of polarization is
indicative of membrane disordering. Because the polari-
zation values of drug-untreated (intact) membranes vary
depending on their lipid compositions, the polarization
changes (%) relative to control polarization values were
used for comparing raft model membranes and biomimetic
membranes. Results are expressed as mean + SEM
(n = 6). Data were statistically analyzed by a one-way
analysis of variance (ANOVA), followed by a post hoc
Fisher’s protected least significant difference (PLSD) test.
P < 0.05 was considered significant.

A fluorescent probe, DPH, penetrates into membrane
lipid bilayers to align with lipid acyl chains. Because
DPH is subject to the rotational restriction imparted by
the lipid order, its rotation is reduced in highly structured
or ordered membranes to produce a higher degree of
fluorescence polarization. Disordered membranes allow
more rotation of DPH to exhibit lower polarization. Drug-
untreated membranes showed different DPH polarization
for raft-1, raft-2, and raft-3 model membranes and bio-
mimetic membranes (Table 1). The comparative polari-
zation values indicate that raft-like membranes are liquid-
ordered, whereas biomimetic membranes are less ordered.
The ordering state of raft-2 model membranes was close
to that of biomimetic membranes, which is attributed to
the larger molar ratio of unsaturated phosphatidylcholine
DOPC with the ability to reduce the order of membranes.
The sphingolipid-rich and cholesterol-rich compositions
make lipid rafts more rigid and less detergent-soluble than
non-raft membranes, which is relevant to the raft property
[5, 11].

Table 1 Membrane lipid compositions and DPH fluorescence polarization values of drug-untreated membranes

Membrane preparation Lipid composition (mol%)

Polarization value

DOPC POPC POPE POPS POPI SM CB CL Cholesterol
Raft-1 16.7 16.7 16.7 16.7 333 0.2702 £ 0.0004
Raft-2 33.3 33.3 33.3 0.2191 £ 0.0004
Raft-3 5 5 10 40 40 0.3083 £ 0.0004
Biomimetic 25 16 3 3 10 40 0.2047 £ 0.0006

Raft-1, raft-2, and raft-3 model membranes and biomimetic membranes were prepared according to the lipid composition in Refs. [10-13],

respectively

Molar percentages are rounded to one decimal place and polarization values are expressed as mean == SEM (n = 6)

DOPC 1,2-dioleoyl-sn-glycero-3-phosphocholine, POPC 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine, POPE 1-palmitoyl-2-oleoyl-sn-
glycero-3-phosphoethanolamine, POPS 1-palmitoyl-2-oleoyl-sn-glycero-3-[phospho-L-serine], POPI 1-palmitoyl-2-oleoyl-sn-glycero-3-phos-
pho-(1’-myo-inositol), SM sphingomyelin, CB cerebroside, CL cardiolipin, DPH 1,6-diphenyl-1,3,5-hexatriene
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Bupivacaine and lidocaine interacted with all membrane
preparations and reduced DPH polarization at 50-200 uM
(Fig. 1). LAs increase the rotational mobility of membrane
lipids. Their membrane interactions rearrange the inter-
molecular hydrogen-bonded network among phospholipid
molecules and also change the orientation of the P-N
dipole of phospholipid molecules, resulting in the disor-
dering of lipid bilayers [15]. However, the effects of
bupivacaine and lidocaine on raft-like membranes were
less than those on biomimetic membranes.

No raft model membranes showed significant differ-
ences between LAs (Fig. 2), even though all drugs were
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Fig. 1 Interactions of bupivacaine and lidocaine with raft-like
membranes and biomimetic membranes. Drugs of 50-200 uM for
each were reacted with raft-1, raft-2 and raft-3 model membranes and
CL-containing biomimetic membranes. Their membrane interactivi-
ties were compared on the basis of DPH polarization changes. Each
bar represents mean + SEM (n = 6). *P < 0.05 and **P < 0.01
versus biomimetic membranes
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Fig. 2 Comparative interactivities of LAs with raft-like membranes
and biomimetic membranes at the identical concentration of 200 pM.
LAs were reacted with raft-1, raft-2, and raft-3 model membranes and
CL-containing biomimetic membranes. Their membrane interactivi-
ties were compared on the basis of DPH polarization changes. Each
bar represents mean == SEM (n = 6). **P < 0.01 versus biomimetic
membranes

reacted at the pharmacotoxicologically active plasma
concentration [16]. In contrast, biomimetic membranes
produced different interactions with the potency being
R(+)-bupivacaine > racemic bupivacaine > S(—)-bupiva-
caine > ropivacaine > lidocaine > prilocaine, which is
consistent with the rank order of cardiac and anesthetic
action [17]. Such structure-dependence and stereoselec-
tivity are also found in LA-induced physicochemical
changes of cardiomyocyte model membranes prepared
with CL and cholesterol [10, 14, 18]. The DPH polarization
changes in biomimetic membranes were 2.71, 2.44, 2.19,
1.59, 1.22, and 1.10 times larger than those in raft-3 model
membranes for R(+)-bupivacaine, racemic bupivacaine,
S(—)-bupivacaine, ropivacaine, lidocaine, and prilocaine,
respectively.

All the tested raft-like membranes are more ordered than
biomimetic membranes, as shown by larger DPH polari-
zation values of drug-untreated membranes. Because it is
difficult for membrane-disordering agents to affect the
relatively ordered membranes, the membrane effects of
LAs would be smaller on such membranes. Biomimetic
membranes contain CL, but not raft model membranes.
Anionic CL contributes to enhancing the interactivity with
positively ionized molecules of LAs [10, 18]. Raft model
membranes devoid of CL are disadvantageous for the
intensive interaction with LAs. Cholesterol with several
chiral carbons is responsible for discriminating the mem-
brane effects between stereoisomeric LAs [14]. Although
raft model membranes contain cholesterol, similarly to
biomimetic membranes, they did not produce the dis-
criminable interactivities of bupivacaine enantiomers. The
more ordered structure and the absence of CL may be
associated with the non-stereoselective interactions with
raft model membranes. The ordered-liquid phase induced
by cholesterol and sphingolipid in lipid rafts is also more
resistant to the membrane perturbation by anesthetics [1].

All the tested LAs disordered biomimetic membranes
more than raft-2 model membranes at all the tested con-
centrations even though both membranes show the almost
comparable ordering state (Figs. 1, 2). Such different dis-
ordering is considered to be because of CL specifically
contained in biomimetic membranes. The interactions of
LAs with the phosphate moiety of CL are much stronger
than those with the other phospholipids contained in raft
model membranes [14, 15]. In this study, biomimetic
membranes were prepared with CL to resemble human
cardiomyocytes in mitochondrial membrane lipid compo-
sition. CL is preferentially localized in cardiomyocyte
mitochondrial membranes, especially in the inner mem-
branes, and it plays a crucial role in myocardial energy
metabolism and membrane dynamics. LAs can rapidly
diffuse intracellularly to mitochondria and can reduce or
even collapse their transmembrane potential [19]. The
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CL-dependent interactions of LAs with cardiomyocyte
mitochondrial membranes could very well contribute to
their cardiotoxic effects [10, 18].

In conclusion, the preferential interactions of LAs with
lipid rafts are questionable at least in their effects on liquid-
ordered membranes as a raft model. The membrane lipid
raft microdomains may not be relevant to the pharmaco-
toxicological features of LAs.

Acknowledgments The authors thank Maruishi Pharmaceutical Co.
and AstraZeneca for the supply of LAs. This study was supported by a
Grant-in-Aid for Scientific Research 20592381 (to H.T.) from the
Japan Society for the Promotion of Science.

References

1. Lynch C III. Meyer and Overton revisited. Anesth Analg.
2008;107:864-17.

2. Simons K, Toomre D. Lipid rafts and signal transduction. Nat
Rev Mol Cell Biol. 2000;1:31-9.

3. Parat M-O. Could endothelial caveolae be the target of general
anaesthetics? Br J Anaesth. 2006;96:547-50.

4. Morgan PG, Hubbard M, Eckenhoff RG, Sedensky MM. Halo-
thane partitions to lipid rafts in C. elegans. Anesthesiology.
2004;101:A105.

5. O’Connell KM, Martens JR, Tamkun MM. Localization of ion
channels to lipid raft domains within the cardiovascular system.
Trends Cardiovasc Med. 2004;14:37—-42.

6. Xiang Y, Rybin VO, Steinberg SF, Kobilka B. Caveolar locali-
zation dictates physiologic signaling of f,-adrenoceptors in
neonatal cardiac myocytes. J Biol Chem. 2002;277:34280-6.

7. Kamata K, Manno S, Ozaki M, Takakuwa Y. Functional evidence
for presence of lipid rafts in erythrocyte membranes: Gso in
rafts is essential for signal transduction. Am J Hematol. 2008;
83:371-5.

8. Kamata K, Manno S, Takakuwa Y, Ozaki M. Reversible effect of
lidocaine on raft formation. Int Congr Ser. 2005;1283:281-2.

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

. Dietrich C, Bagatolli LA, Volovyk ZN, Thompson NL, Levi M,

Jacobson K, Gratton E. Lipid rafts reconstituted in model mem-
branes. Biophys J. 2001;80:1417-28.

Tsuchiya H, Ueno T, Mizogami M, Takakura K. Local anes-
thetics structure-dependently interact with anionic phospholipid
membranes to modify the fluidity. Chem Biol Interact. 2010;
183:19-24.

Schroeder R, London E, Brown D. Interactions between saturated
acyl chains confer detergent resistance on lipids and glycosyl-
phosphatidylinositol (GPI)-anchored proteins: GPI-anchored
proteins in liposomes and cells show similar behavior. Proc Natl
Acad Sci USA. 1994;91:12130-4.

Gandhavadi M, Allende D, Vidal A, Simon SA, Mclntosh TJ.
Structure, composition, and peptide binding properties of deter-
gent soluble bilayers and detergent resistant rafts. Biophys J.
2002;82:1469-82.

Koumanov KS, Tessier C, Momchilova AB, Rainteau D, Wolf C,
Quinn PJ. Comparative lipid analysis and structure of detergent-
resistant membrane raft fractions isolated from human and
ruminant erythrocytes. Arch Biochem Biophys. 2005;434:150-8.
Tsuchiya H, Mizogami M. Membrane interactivity of charged
local anesthetic derivative and stereoselectivity in membrane
interaction of local anesthetic enantiomers. Local Reg Anesth.
2008;1:1-9.

Shibata A, Ikawa K, Terada H. Site of action of the local anes-
thetic tetracaine in a phosphatidylcholine bilayer with incorpo-
rated cardiolipin. Biophys J. 1995;69:470-7.

Groban L, Deal DD, Vernon JC, James RL, Butterworth J.
Cardiac resuscitation after incremental overdosage with lido-
caine, bupivacaine, levobupivacaine, and ropivacaine in anes-
thetized dogs. Anesth Analg. 2001;92:37-43.

Heavner JE. Cardiac toxicity of local anesthetics in the intact
isolated heart model: a review. Reg Anesth Pain Med.
2002;27:545-55.

Onyﬁksel H, Sethi V, Weinberg GL, Dudeja PK, Rubinstein I.
Bupivacaine, but not lidocaine, disrupts cardiolipin-containing
small biomimetic unilamellar liposomes. Chem Biol Interact.
2007;169:154-9.

. Grouselle M, Tueux O, Dabadie P, Georgescaud D, Mazat J-P.

Effect of local anaesthetics on mitochondrial membrane potential
in living cells. Biochem J. 1990;271:269-72.



	Do local anesthetics interact preferentially with membrane lipid rafts? Comparative interactivities with raft-like membranes
	Abstract
	Acknowledgments
	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


