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Effect of sodium deoxycholate and sodium cholate on DPPC vesicles:
A fluorescence anisotropy study with diphenylhexatriene
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Abstract. Effects of two bile salts, namely sodium deoxycholate (NaDC) and sodium cholate (NaC), on
DPPC small unilamellar vesicles have been investigated using the steady-state fluorescence anisotropy
(rss) of diphenylhexatriene (DPH) as a tool. It was found that the variation of r is sensitive enough to
monitor different stages of interaction of bile salts with DPPC vesicles. NaDC induced significant
changes in the membrane well below its CMC (6 mM). Even at 4 mM, which is still lower than the CMC,
the phospholipids were completely solubilised by the NaDC micelles. The effect of NaC on DPPC vesi-
cles, however, was much less significant, especially in the sub-micellar concentration regime. Being
more hydrophilic NaC does not interact with the membrane efficiently. Complete solubilisation of phos-
pholipids took place only when the concentration of NaC was above its CMC (16 mM). The experiments
also showed that the bile salt-induced changes of vesicle structure were strongly dependent on the con-

centration of the bile salt and not on the molar ratio of lipid and bile salt.
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1. Introduction

Mixed lipid/detergent systems play an important
role in the investigation of membrane properties and
functions."” Studies of mixtures of micelle-forming
bile salts and bilayer-forming phosphatidylcholines
are of general interest not only for the understanding
of the self-assembly of supramolecular aggregates,’
but also for the design of new drug-delivery sys-
tems.™ Progress in the development of highly effe-
ctive drugs requires the optimisation of existing
formulations and the creation of new delivery sys-
tems; hence the interest in bile salt/phospholipid
mixed micellar systems. These aggregates aid in the
solubilisation of poorly soluble drugs as well as in
the inclusion of larger drugs. On addition of appro-
priate sublytic concentrations of bile salt to lipid
bilayer, an expansion of the vesicles takes place and
momentary defects are induced in liposomal mem-
branes leading to enhanced permeability for mole-
cules up to a size of 70,000 Daltons. This method is
known as ‘detergent-induced liposome loading’
(DILL).® Although their biocompatibility and bio-
degradability make them safe and efficacious vehi-
cles for medical applications, there still remain
several problems to be overcome, one of such pro-
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blems being the stability of lipid vesicles in blood
and in the gastrointestinal tract.” The stability of
liposomes in the gastrointestinal tract is largely
affected by the bile salts; hence a proper understand-
ing of the action of bile salts on liposomes is indis-
pensable.

The interaction efficiency of bile salts with pho-
spholipid vesicles depends on a number of factors
such as chemical nature and concentration of the
bile salt, molecular structure of the lipids, size,
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shape and state of the vesicles, buffer, pH, and tem-
perature.®” Hence, it is desirable to have a clear un-
derstanding of the interaction between bile salts and
phospholipid vesicles under different experimental
conditions and with different kinds of vesicles.

The objective of the present work was to investi-
gate the effect of two bile salts dihydroxy sodium
deoxycholate (NaDC) and trihydroxy sodium cho-
late (NaC) (scheme 1) on dipalmitoylphosphatidyl-
choline (DPPC) small unilamellar vesicles (SUVs),
employing the fluorescence anisotropy of 1,6-di-
phenylhexatriene (DPH) as a tool.

2. Experimental
2.1 Materials

Dipalmitoylphosphatidylcholine (DPPC) was pur-
chased from the Sigma Chemical Company (USA)
and was used as such. Sodium deoxycholate (NaDC)
and sodium cholate (NaC) were obtained from SRL
India Ltd. and were recrystallized from hot ethanol.
1,6-diphenylhexatriene (DPH) was purchased from
the Sigma Chemical Company (USA) and was used
as received. Water, distilled twice from alkaline
permanganate solution, was used for the experiments.

2.2 DPPC vesicle preparation

For the present work small unilamellar vesicles in
the size range 30-50 nm were used. The vesicles
were prepared by ethanol injection method,' where
an cthanolic solution of the lipid was injected rap-
idly with the help of a fine needle into water main-
tained at 50°C (optimised condition). The volume of
ethanol injected is always less than 1% v/v in order
to avoid any damage to the liposome by ethanol.

2.3 Labelling of vesicles

Labelling of the vesicles was achieved by adding a
measured amount of DPH to the lipid solution be-
fore preparation of the liposome, in a molar ratio
yielding the desired final lipid/probe ratio, such that
DPH is directly incorporated into the membrane dur-
ing its formation. For all the experiments, a control
solution containing the same concentration of lipid
in absence of probe was used as blank. The partition
coefficient value (K,) of DPH in DPPC SUVs is cal-
culated using the equation
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F = F,LI{(55-6/K,) + L},

where F' is the fluorescence intensity at 428 nm at
lipid concentration L, Fy is the maximum fluores-
cence resulting from total probe incorporation into
membrane.'' The K, value is found to be 2 x 10° in
the liquid crystalline phase (50°C). From this value
the lipid to probe ratio is calculated to be 600 by
using [DPH] =5 x 10'M and [DPPC]=3 x 10*M
and this ratio was maintained for further work.

2.4  Incorporation of bile salts

Stock solutions of NaDC and NaC were prepared in
water. Fresh solutions of bile salt were prepared
every time to avoid the problem of aging. The ex-
perimental solutions were prepared by adding the
desired volume of bile salt stock to the preformed
DPPC vesicles and the solution was equilibrated for
at least two hours before experiments.

2.5 Fluorescence measurements

Fluorescence measurements were carried out with
Jobin-Yvon fluorolog II spectrofluorimeter. Excita-
tion and emission spectra were recorded with 5/5 nm
slit widths. For temperature dependence experiments
the temperature was controlled by circulating water
through a jacketted cuvette holder from a refriger-
ated bath (Insref Ultra Cryostat, India). Temperature
was also checked inside the cuvette before and after
the experiments; the variation was negligible. The
steady-state fluorescence anisotropy (rs) values
were obtained using the expression

Vs = (IH — GIL)/(]H +2G]L),

where /11 and [, are fluorescence intensities when
the emission polarizer is parallel and perpendicular,
respectively, to the direction of polarization of the
excitation beam, and G is the factor that corrects for
unequal transmission by the diffraction gratings of
the instrument for vertically and horizontally polar-
ized light.

3. Results and discussion

DPH is one of the most popular fluorescence aniso-
tropy probes for bilayer membranes.'” '* It is a rod-
like molecule, whose absorption and emission
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dipoles are collinear and lie along the principal
molecular axis, which is perpendicular to the mem-
brane plane. The probe is located deep within the
hydrophobic core region of the phospholipid bi-
layer."* Thus any modification in the movement of
the chains or packing is sensitively reflected in the
fluorescence anisotropy of DPH. Both fluorescence
intensity and fluorescence anisotropy of DPH are
found to show very good response to the phase tran-
sition in phospholipid vesicles. The anisotropy
shows a sudden drop at 42°C, the phase transition
temperature of DPPC. Hence, it was chosen to moni-
tor the effect of bile salt on phospholipid vesicles.
The critical micelle concentrations (CMC) of the
two bile salts NaDC and NaC in water (25°C) were
determined by using the fluorescent dye method
employing DPH fluorescence intensity and aniso-
tropy as tools.">'® The CMCs thus found are 6 mM
for NaDC and 16 mM for NaC.

3.1 Effect of low concentrations of NaDC and NaC
on DPPC SUVs

Figures la and b show the variation of fluorescence
anisotropy of DPH with temperature in DPPC SUVs
on addition of various concentrations of NaDC and
NaC, respectively. The concentration of bile salt was
varied between 0-1 and 1 mM, keeping the DPPC
concentration constant at 0-3 mM. Plots for a few in-
termediate concentrations have been removed from
the figure for clarity.

There is no appreciable change in the anisotropy
profiles of DPH observed in DPPC SUVs in pre-
sence of NaC in this concentration range, which
clearly indicates that NaC, when present at low con-
centration, does not have significant effect on the
phase behaviour of DPPC SUVs. However, unlike
NaC, the effect of NaDC on DPPC SUVs is remark-
able even at these low concentration ranges. Varia-
tion of fluorescence anisotropy shows behaviour
similar to that in pure DPPC SUVs up to 0-55 mM
of NaDC, i.c. the anisotropy is high at lower tem-
perature and shows a drop at the phase transition
and then levels off on further increase in tempera-
ture. However, there is an almost linear decrease in
phase-transition temperature in the concentration
range of 0-1mM to 0-55mM of NaDC; below
0-1 mM of NaDC the phase-transition temperature
remains practically the same as that of pure DPPC
SUVs (42°C). The transition temperature decreases
from 42°C in pure DPPC to 35°C by 0-55 mM of
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NaDC (figure 2). This indicates that up to 0-55 mM
of NaDC, incorporation of deoxycholate into the
DPPC bilayer causes a disturbance in the interac-
tions among the chains resulting in a decrease in the
temperature of the gel to liquid crystal transition.
Thus, in the above concentration range (0-1-
0-55 mM), NaDC has a fluidising effect on DPPC
SUVs; the bilayer structure of bile salt incorporated
vesicles is still intact showing distinct phase behav-
iour.

In the concentration window 0-6 to 1.0 mM of
NaDC, the anisotropy shows variation similar to that
of a pure DPPC bilayer below the phase transition
temperature, but above this temperature it increases
with increasing temperature, which is similar to that
in pure NaDC micelles.'® It is known in the literature
that the partition coefficient of NaDC depends on
the physical state of the lipid membrane.'” Thus, in
the present case it can be argued that as the tempera-
ture approaches the phase transition temperature
more fluid regions in the bilayers are likely to arise,
which in turn increases the permeability of the
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Figure 1. Response of DPH fluorescence anisotropy to
the changes induced by (a) NaDC and (b) NaC (0-1 mM)
in 0-3 mM of DPPC SUVs (Ao = 360 nm, A, = 428 nm).
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membrane towards NaDC so as to facilitate the for-
mation of mixed micelles. Therefore, in the above
concentration range of NaDC (0-6-1 mM) there is
coexistence of bile salt incorporated bilayers (at low
temperature, i.e. below the phase transition tempera-
ture) and lipid-rich mixed micelles (at high tempera-
ture).

3.2 Effect of high concentrations of NaDC on
DPPC SUVs

Figure 3 shows the fluorescence anisotropy profiles
of DPH with temperature in DPPC SUVs in the
presence of NaDC in the concentration range of
1-0 mM < [NaDC] < 6:0 mM. As the concentration
of NaDC increases from 1-0 to 3-0 mM, the micellar
character becomes prominent; however there still
exists the signature of bilayer phase transition at
lower temperature. By 4.0 mM of NaDC the phase
transition is completely abolished and the anisotropy
profiles exactly resemble those of pure NaDC mi-
celles. This indicates that above 4-0 mM of NaDC,
which is still lower than its CMC in water (6 mM),
the bilayer signature is completely lost and there is
existence of micelles suggesting the solubilisation of
phospholipids. There are literature reports on
decrease in critical micelle concentration of bile salt
on addition of phosphatidylcholine.'®"

The solubilisation of lipid vesicles by detergents
such as Triton-X is known to proceed through four
stages: Stage I: mixed vesicle formation, stage II:
coexistence of mixed vesicles and mixed bilayer
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Figure 2. Variation of the main phase transition tem-
perature of DPPC SUVs with NaDC concentration.
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sheets, stage III: transformation of mixed bilayers to
lipid-rich micelles and stage IV: solubilisation of
lipid in the detergent micelles.” From our experi-
mental data, a similar model shows the solubilisation
of DPPC SUVs by NaDC. Thus, under experimental
conditions, 0-3 mM of DPPC SUVs, the different
stages can be depicted as follows: (i) at [NaDC] <
0-6 mM, NaDC partitions into the bilayer and alters
the chain order resulting in linear decrease in the
phase transition temperature with NaDC concentra-
tion; (ii) at 0-6 mM < [NaDC] < 4.0 mM, there is
coexistence of mixed vesicles and micelles, below
the phase transition the bilayer signature is observed
and near the phase transition temperature the perme-
ability of the bilayer for NaDC increases, thus more
of NaDC get associated with the bilayer, converting
them to mixed micelles; (iii) at [NaDC] > 4-0 mM,
complete solubilisation of DPPC lipids in NaDC
micelles takes place and there is no signature of bi-
layer observed.

This can be presented in a flow diagram as below:

DPPC SUVs (0.3 mM)

STAGE 1 l + NaDC (< 0.6 mM)

Formation of NaDC incorporated vesicles

+ . < <4.
STAGE I NaDC (0.6 mM < [NaDC] < 4.0 mM)

A 4
Coexistence of
NaDC incorporated DPPC vesicles
(Below the phase transition temperature)
&
Mixed micelles of DPPC and NaDC
(Above the phase transition temperature)

STAGE III + NaDC (24.0 mM)

v

DPPC incorporated NaDC micelles
and loss of bilayer signature
independent of the temperature

| [NaDC] > 6 mM

Formation of pure NaDC micelles in
absence of DPPC :

3.3 Effect of high concentrations of NaC on DPPC
SUVs

Figure 4 shows temperature-dependent anisotropy
profiles of DPH in DPPC SUVs indicating the effect
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of NaC on DPPC SUVs in the higher concentration
range. NaC concentration is varied from 4-20 mM.
The bilayer behaviour is retained even up to a con-
centration of 14 mM of NaC. However, the phase
transition temperature diminishes with increase in
NaC concentration; it drops from 42°C in pure
DPPC to 32°C in presence of 14 mM of NaC. Above
16 mM of NaC the anisotropy profile shows similar
trend as that of pure NaC micelles in the higher
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Figure 3. 3D plots showing variation of steady-state
fluorescence anisotropy of DPH in DPPC SUVs as a
function of temperature. [DPPC]=0-3 mM, [NaDC]=
1-0-6-0 mM (A¢x = 360 nm, A, = 428 nm). The variation
of fluorescence anisotropy in pure NaDC micelles is also
given for comparison.
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Figure 4. Temperature-dependent steady-state fluores-
cence anisotropy profiles of DPH in DPPC SUVs in pres-
ence of NaC at higher concentration range. [DPPC]| =
0-3 mM. [NaC] = 4-0-20 mM (Ax = 360 nm, A, = 428 nm).
The temperature dependence of anisotropy in pure NaC
micelles is also given for comparison.
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temperature regime. In case of NaC, the complete
solubilisation of phospholipid vesicles takes place
only when the concentration of NaC is above its
CMC.

The efficiency of a bile salt towards membrane
perturbation is found to be dependent on its nature.
For efficient perturbance to occur at a concentration
prior to the critical micelle concentration of the bile
salt, it is expected that the affinity of the bile salt for
the membrane should be high as compared to the
affinity of the bile salt for itself, which is clearly the
case for the lipophilic deoxycholate. NaC being
more hydrophilic does not interact with the mem-
brane efficiently and hence its solubilising capacity
towards phospholipid vesicles is less.

3.4  Experiments with different concentrations of
DPPC SUVs

It was found that the first appearance of mixed
micelles occurs at 0-6 mM of NaDC for 0-3 mM of
DPPC SUVs, which comes out to be a ratio of 1 : 2
of lipid to NaDC. In order to examine whether this
ratio of lipid to NaDC is important for mixed
micelle formation, experiments were carried out
with different concentrations of DPPC SUVs and
NaDC maintaining their ratio at 1 : 2.

Figure 5 shows the temperature-dependent fluo-
rescence anisotropy profiles of DPH at different
concentrations of DPPC SUVs and NaDC mixed in
a fixed ratio of 1 : 2. It is clear from the figure that
although the ratio of DPPC to NaDC is kept con-

[ 0.3 mM DPPC
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[ 0.1 mM : 0.2 mM
0.2 mM : 0.4 mM
> [ 10.3mM:0.6 mM
S EE0.4mM:0.8mM
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Figure 5. Temperature-dependent steady-state fluores-
cence anisotropy profiles of DPH in mixture of DPPC
SUVs and NaDC at a ratio of 1 : 2. [DPPC] = 0-1-0-5 mM
and [NaDC] = 0-2-1-0 mM (L, = 360 nm, A, = 428 nm).
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stant, the anisotropy profiles differ from each other.
This indicates that the formation of mixed micelles
of phospholipid vesicles and bile salts is strongly
dependent on the absolute concentrations of lipid
and bile salt and not just on their molar ratio. This is
in agreement with earlier literature reports that the
effect of surfactant on bilayer depends on the “effec-
tive” molar ratio of detergent/phospholipid in the
bilayer and not on the “total” molar ratio'’.

4. Conclusions

The present study provides an insight into the
mechanism of interaction of bile salts with small
unilamellar vesicles. Based on the experimental
findings it is possible to propose the concentration
ranges involved with different stages of changes in
the solubilisation of DPPC SUVs by NaDC. The ex-
periments showed that the concentration of a bile
salt needed to bring about a certain change in the
vesicle is strongly dependent on the absolute con-
centrations of both phospholipid and a bile salt and
not on their molar ratio. As compared to NaDC, the
effect of NaC on DPPC SUVs is found to be subtle.
NaC when added at a concentration above its CMC
(16 mM) is found to solubilise the vesicles.

References

1. Blume A and Garidel P 1999 The handbook of ther-
mal analysis and calorimetry, Vol. 4, From macro-
molecules to man (ed.) R B Kemp (Amsterdam:
Elsevier) ch. 4, p. 109

Usharani Subuddhi and Ashok K Mishra

2. Marsh D 1996 Handbook of nonmedical application
of liposomes (eds) D Lasic and Y Barenholz (Boca
Raton, FL: CRC Press) vol. 2, ch. 1, p. 1

3. Lichtenberg D 1993 Biomembranes — physical aspects
(ed.) M Shinitzky (Weinheim: VCH) p. 63

4. Carey M C, Small D M and Bliss C M 1983 Annu.
Rev. Physiol. 45 651

5. Elorza M A, Elorza B and Chantres J R 1997 Int. J.
Pharma. 158 173

6. Schubert R, Wolburg H, Schmidt K H and Roth H J

1991 Chem. Phys. Lip. 58 121

Coleman R 1987 Biochem. Soc. Trans. 15 S68

Hildebrand A, Neubert R, Garidel P and Blume A

2002 Langmuir 18 2836

9. Hildebrand A, Beyer K, Neubert R, Garidel P and

Blume A 2003 Colloids Surf. B32 335

10. New R R C 1990 Liposomes, a practical approach
(New York: Oxford University Press)

11. Santos N C, Pricto M and Castanho M A R B 2003
Biochim. Biophys. Acta 1612 123

12. Shinitzky M and Barenholz Y 1978 Biochem. Bio-
phys. Acta 515 367

13. Glatz P 1978 Anal. Biochem. 87 187

14. Kaiser R D and London E 1998 Biochemistry 37
8180

15. Chattopadhyay A and London E 1984 Anal. Biochem.
139 408

16. Subuddhi U 2006 Fluorescent molecular probes for
phospholipid vesicles and bile salt micelles, Ph D
thesis, Indian Institute of Technology — Madras,
Chennai

17. Chantres J R, Elorza B, Elorza M A and Rodado P
1996 Int. J. Pharm. 138 139

18. Carey M C and Small D M 1972 Arch. Int. Med. 130
506

19. Small D M 1971 The bile acids — Chemistry, physio-
logy and metabolism (eds) P P Nair and D Kritchev-
sky (New York: Plenum) vol. 1, pp 247-354

20. Lasch J 1995 Biochim. Biophys. Acta 1241 269

%~




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /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 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


