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Abstract This study examined whether aging influences

the effect of gentle mechanical cutaneous stimulation

(touch) on somato-cardiac sympathetic reflexes in anes-

thetized rats. A single electrical stimulus (15 V, 0.5 ms)

applied to the tibial nerve induced somato-cardiac sym-

pathetic A- and C-reflexes, which originated from the

myelinated A- and unmyelinated C-fibers of the tibial

nerve, respectively. When touch was applied to the inner

thigh ipsilateral to the electrical stimulation, the C-reflex

was selectively inhibited in adult rats (4–12 months), and

this response was abolished by the opioid receptor antag-

onist, naloxone. Such an inhibitory effect of touch

was impaired in aged rats (26–30 months). In contrast,

depression of both A- and C-reflexes during a phenyleph-

rine-induced rise in blood pressure was well maintained in

the aged group. This study indicates that activation of the

opioidergic system by gentle mechanical cutaneous stim-

ulation attenuates with aging.

Keywords Somato-sympathetic reflex � Touch � Skin �
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Introduction

In our daily life, we may experience that pain is relieved by

placing hands on the skin near where we feel pain. Studies

have demonstrated that tactile stimulation induces analge-

sia [1, 2]. However, the mechanisms by which gentle

cutaneous stimulation induces analgesia have not been

established. Recently, we examined the mechanism of

innocuous gentle mechanical cutaneous stimulation for

analgesia by recording A- and C-reflexes in the cardiac

sympathetic nerve that were induced by electrical stimu-

lation of myelinated A- and unmyelinated C-fibers,

respectively, in a hindlimb somatic nerve of anesthetized

adult rats [3]. In this study, gentle mechanical cutaneous

stimulation was found to selectively inhibit the C-reflex,

and such inhibition was the most effective when the cuta-

neous stimulation was applied to the inner thigh ipsilateral

to the electrical stimulation. In addition, the inhibitory

effect was significantly reduced by i.v. naloxone adminis-

tration, indicating that endogenous opioids are involved in

the effect [3]. Similar selective inhibition of the somato-

cardiac sympathetic C-reflex was also observed by intra-

thecal (i.t.) morphine administration [4, 5]. Many of the

C-primary afferents are nociceptive afferents and convey

delayed pain. Therefore, gentle mechanical cutaneous

stimulation is thought to inhibit nociceptive transmission

conveyed by C-primary afferents in the spinal segmental

level and produce pain relief.

There are various endogenous analgesic mechanisms in

the body. Of those mechanisms, it is reported that the

function of diffuse noxious inhibitory control induced by

noxious stimulation is attenuated with aging in both rats [6]

and humans (for review, see [7]). However, it is not known

how aging affects the noxious inhibitory mechanism

induced by innocuous stimulation at the spinal segment

level. Thus, this study aimed to investigate the influence of

aging on the inhibition of somato-cardiac sympathetic

reflexes during gentle mechanical cutaneous stimulation.

For comparison, the influence of aging on inhibition of

both the A- and C-reflexes induced by excitation of arterial

baroreceptors [8] was also examined.
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Methods

In this study, adult (4–12 months; n = 8) and aged

(26–30 months; n = 8) Wistar female rats (160–320 g)

bred at the Tokyo Metropolitan Institute of Gerontology

were used. Experimental protocols were approved by the

Animal Care and Use Committee of our institute. The rats

were anesthetized using urethane. An initial dose of ure-

thane (0.9–1.1 g/kg i.p.) was based on a previous study [9],

and experimental methods were as described previously

[3]. Arterial blood pressure and heart rate were continu-

ously measured using a catheter placed in the carotid

artery. Drugs were given through a catheter inserted in the

jugular vein. Additional doses of urethane were adminis-

tered as necessary (10–20% of the initial dose) in order to

maintain the anesthetic level as evidenced by a stable

arterial blood pressure and heart rate, and, when rats were

not immobilized, the absence of body movement including

withdrawal and corneal reflexes. After the completion of

preparation, gallamine triethiodide (20 mg/kg i.v.) was

administered to immobilize the rat.

In order to maintain physiological conditions during the

experiment, the rat was artificially ventilated via a catheter

inserted into the trachea. The ventilation was monitored

(Microcap, Oridion Medical, Jerusalem, Israel) and adjus-

ted to maintain the end-tidal CO2 level at approximately

3%. In addition, rectal temperature was measured, and core

body temperature was controlled at approximately 37.5�C

using a heat pad and lamp (ATB-1100, Nihon Kohden,

Tokyo).

Mass discharges were recorded in the right inferior

cardiac sympathetic nerve, and the somato-cardiac sym-

pathetic reflex was evoked by applying a single electrical

shock (15 V, 0.5 ms) to the tibial nerve. The tibial nerve

was electrically stimulated every 3 s, and evoked reflex

discharges were averaged 50 times (Unique Acquisition

software, Unique Medical, Tokyo) and stored on a com-

puter. The averaged reflex discharges were quantified by

measuring the area under the curve off-line using the

computer software.

Following fur-trimming, the inner thigh skin was con-

tinuously touched for 10 min using a soft elastomer brush

(SOMARESON I, gifted by Toyoresin, Shizuoka) ipsilat-

eral to the electrically stimulated tibial nerve. This brush

had approximately 400 microcones on the surface of the

flat disc (11 mm in diameter), and the tip of the microcone

was flattened. A robot was used for stable weight appli-

cation of touch (6, 12 or 24 g). For each rat, one or multiple

kinds of weight were tested. It was confirmed using a

digital video microscope (DS-500, Science-eye, Saitama,

Japan) that these weights did not bend the microcones.

To examine whether endogenous opioids contribute to

the effect of touch, the opioid receptor antagonist, naloxone

hydrochloride (Sigma, USA), was administered (2 mg/kg

i.v.). This dose of naloxone has been reported to be suffi-

cient to reverse the influence of a high dose of morphine on

somato-cardiac sympathetic reflexes [5, 10].

At the end of the experiment, one of two doses of the a1

receptor agonist, phenylephrine, was administered intra-

venously to both age groups, and the pressor response was

induced for examining the effect of baroreceptor stimula-

tion on somato-cardiac sympathetic reflexes. For three of

four rats in each group, phenylephrine was given as an

initial bolus injection (0.4 ml at 50 lg/ml) and then as a

continuous infusion (1.0 ml at 10 lg/ml, approximately

0.1 ml/10 s). For the remaining rats, 0.4 and 1.0 ml

(250 lg/ml) of phenylephrine were given as a bolus

injection and a continuous infusion, respectively. Arterial

blood pressure and reflex discharges were averaged for

2.5 min immediately before and immediately after phen-

ylephrine administration and compared.

Statistical analyses were performed using a commer-

cialized statistics package (GraphPad Prism4, USA). The

effect of mechanical cutaneous stimulation on somato-

cardiac sympathetic reflexes was tested using the one-way

repeated measures ANOVA followed by the Dunnett’s

multiple comparison test. The influence of baroreceptor

stimulation on blood pressure and reflex discharges was

tested using the paired t test. Data were expressed as

mean ± SEM unless otherwise stated. The statistical sig-

nificance level was set at p \ 0.05.

Results

In 8 adult rats, the effect of touch with 12 g of weight,

which was the same weight used in our previous study

[3], was examined after stable recording of A- and

C-reflexes were confirmed (latency 32.2 ± 1.2 and

186.9 ± 11.9 ms, respectively). The C-reflex was selec-

tively inhibited by touch with 12 g, but the A-reflex was

unchanged (Fig. 1A). Additionally, the effects of half of

the weight, 6 g, and twice the weight, 24 g, were also

examined. The effect of touch with 6 g on both reflexes

was similar to 12 g; however, there was no effect of touch

using 24 g. Thus, the effects of 6 or 12 g weights on

A- (Fig. 1Ba) and C- (Fig. 1Bb) reflexes were treated as

mean of mean values. An inhibition of C-reflex started to

occur during 5–10 min of the touch period and continued

until 5–10 min after touch was terminated. Such an effect

became maximal at 0–5 min after touch termination and

reached 88.2 ± 3.3% of the pre-touch level (Fig. 1Bb).

The A-reflex tended to be slightly inhibited, but not sta-

tistically significantly.

Following naloxone administration, basal levels of

A- and C-reflexes did not change. However, the inhibitory
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effect of touch on C-reflex discharge disappeared

(Fig. 1Cb).

In 8 aged rats, somato-cardiac sympathetic A- and

C-reflexes were stably recorded (Fig. 2A). The latencies of

A- and C-reflexes were 29.3 ± 2.4 and 170.0 ± 4.7 ms,

respectively, and there were no differences from those in

adult rats. The applications of 6 g (n = 5), 12 g (n = 6)

and 24 g (n = 5) of touch were attempted, but those

weights had little influence on A- or C-reflexes (Fig. 2A)

except in one rat in which the C-reflex was obviously

inhibited [at 0–5 min after touch; decreased to 42% (6 g),

81% (12 g) and 80% (24 g) of the pre-touch level]. By

summarizing the responses of touch to 6 or 12 g of weight

as in the adult rat group, it was found that there was no

significant change in A- or C-reflexes in the aged group

(Fig. 2Ba, b).

After stable recordings of blood pressure and both

reflexes were confirmed, phenylephrine was administered

intravenously (4 rats in each group). There was no

difference in basal blood pressure between the adult and

aged rat groups (73.8 ± 8.3 and 70.8 ± 3.7 mmHg,

respectively). In response to phenylephrine administration,

blood pressure sharply increased, and a similar degree of

pressor response between both the adult and aged groups

was observed (adult D58 ± 13.3 mmHg, aged D56 ±

16.6 mmHg) (Fig. 3a). By phenylephrine administration,

somato-cardiac sympathetic A- and C-reflexes were both

inhibited (adult decreased to 60.6 ± 13.4 and 66.8 ± 7.9%

of the pre-touch level, respectively; aged 53.5 ± 15.2 and

56.3 ± 13.4%, respectively), and there was no difference in

response between the groups (Fig. 3b).

Fig. 1 The effect of touch on the somato-cardiac sympathetic reflex

in adult rats. Representative records of A- and C-reflexes (averaged

50 times) before and during touch (12 g) are shown (A). At the point

of the triangle (filled triangle) located under the time axis, a single

electrical shock was applied to the tibial nerve. The graphs show the

effect of touch (6–12 g) on A- (a) and C- (b) reflexes without (B) and

with (C) i.v. naloxone administration (8 adult rats). The horizontal
line in the graph indicates a period of 10-min touch. Data are

expressed as changes with respect to pre-touch level (100%). Each
symbol and vertical bar expresses mean ± SEM. *p \ 0.05,

**p \ 0.01; significantly different from pre-touch value as deter-

mined by the one-way repeated measures ANOVA followed by

Dunnett’s multiple comparison test

Fig. 2 The effect of touch on the somato-cardiac sympathetic reflex

in aged rats. Representative records of A- and C-reflexes (averaged 50

times) before and during touch (6 g) are shown (A). At the point of

the triangle (filled triangle) located under the time axis, a single

electrical shock was applied to the tibial nerve. The graphs (B) show

the effect of touch (6–12 g) on A- (a) and C- (b) reflex discharges

(8 aged rats). See Fig. 1 for further details

Fig. 3 The effect of i.v. phenylephrine administration on blood

pressure (a) and reflex discharges (b). The graphs show changes in

blood pressure (DBP) (mmHg) and reflex discharges (%) recorded for

2.5 min after i.v. phenylephrine administration with respect to pre-

administration value. Open and shaded columns indicate the results of

adult and aged rats, respectively (4 rats in each group). Each column
and vertical bar expresses mean ± SEM. *p \ 0.05; significantly

different from pre-administration value as determined by the paired

t test
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Discussion

This study demonstrated that touch applied to the inner

thigh ipsilateral to the electrically stimulated tibial nerve

selectively inhibited the somato-cardiac sympathetic

C-reflex in adult female rats, and endogenous opioids are

involved in such an inhibition. These results were consis-

tent with our previous study in adult male rats [3], whereas

there are partial contradictions that (1) the extent of the

effect of touch on the C-reflex was smaller and (2) nal-

oxone administration completely blocked the effect of

touch in the present study. A possible reason for the first

point is that the release of endogenous opioids in female

rats is less than in male [11]. Thus, it seems that the extent

of C-reflex inhibition by touch in female adult rats (the

present study) was smaller than in male adult rats [3]. With

respect to the second point, as naloxone administration

significantly but not completely blocked the effect of touch

in our previous study [3], there may also be a gender dif-

ference in the release of naloxone-resistant inhibitory

mediators.

In addition, the present study employed aged rats to

investigate the influence of aging on the effect of touch

observed in adult rats. So far, there have been no reports on

reflex discharges evoked by somatosensory stimulation

recorded in the cardiac sympathetic nerves in aged animals.

The present study is the first to demonstrate that cardiac

sympathetic A- and C-reflexes are evoked by electrical

stimulation applied to somatic afferents in aged rats as in

adult ones. This result is consistent with a report by Suzuki

et al. [9] that showed the response of cardiac sympathetic

nerve activity to noxious pinch stimulus in 24–27- and

32–36-month-old rats was not different from in 4–7-month-

old rats. Further, we examined the effect of touch on the

evoked somato-cardiac sympathetic reflexes in aged rats

and found that reflex discharges were not inhibited by

touch in most of the rats. Hence, it was clarified that the

C-reflex inhibitory effect of touch was attenuated with age.

Age-related changes in the number and functions of

cutaneous afferents as well as opioid release and its

receptors may be involved in the attenuation of C-reflex

inhibition by touch. Reinke and Dinse [12] reported that

the mechanical threshold of cutaneous sensory receptor

units (rapidly and slowly adapting; RA and SA) in the

plantar nerve using von Frey hair in 24–27-month-old rats

was similar to that in 3- and 6-month-old rats; however, the

ratio of the myelinated nerve fibers of the SA unit to RA

unit decreased in the 24–27-month-old animals. In addition

to such myelinated fibers, low-threshold mechanoreceptive

C fibers in hairy skin of rats [13] were also activated during

the touch period [3]. The proportion of mechanoreceptive

C fibers relative to mechanoinsensitive C fibers was

decreased in older humans (41–67 vs. 21–36 years old)

[14]. Since it was thought that the low frequency activity of

SA and low threshold C fiber mechanoreceptor units,

which continued during the touch period, contributed to an

inhibitory effect on reflex discharge [3], a reduction in the

ratio of these units may be related to the attenuation of the

touch effect.

In terms of the influence of aging on the opioid system,

Crisp et al. [15] reported that greater doses of l- and

d-opioid receptor agonists (i.t.) were necessary in aged rats

(25–26 months old) for comparable delay in the latency of

the tail-flicking response to heat stimulation as compared to

young (5–6-month-old) and mature (15–16-month-old)

rats. Additionally, using autoradiography, Hoskins et al.

[16] showed that the Bmax value of l-opioid receptor

agonist (i.t.) was not different among different rat age

groups (young 5–6 months old, mature 15–16 months old,

aged 25–26 months old), whereas the Kd value was greater

in aged rats (25–26 months old) than in younger rats (5–6

and 15–16 months old). The results suggest that there is a

decrease in the affinity of the agonist for the spinal

l-opioid receptor. As a subtype of opioid receptor, j-opi-

oid receptor is also known to contribute to analgesia. The

j-opioid receptor agonists have been reported to be more

effective for inhibiting the tail-withdrawal response to hot

water immersion in aged rats (21 months old) than in

young rats (3 months old) [17]. Therefore, the present

study results seem to show an association with age-related

changes in l- and d-opioid receptors, but not the j-opioid

receptor.

Accompanying the pressor response to i.v. phenyleph-

rine administration, somato-sympathetic A- and C-reflexes

were both inhibited as reported previously [8, 18]. This

inhibitory effect was abolished by transection of the aortic

and carotid sinus nerves, indicating that this response was

induced by excitation of arterial baroreceptors [8]. We

showed that the same magnitude of pressor response was

induced by the same doses of i.v. phenylephrine adminis-

tration, and the A- and C-reflexes were depressed to the

same extent in both adult and aged groups. The age-related

decrease in adrenergic responsiveness of cardiovascular

function is known. However, there seems to be a gender

difference in such a change, as it has been reported that the

phenylephrine-induced pressor response was attenuated in

aged male rats [19] but not in female ones [20]. Kurosawa

et al. [19] examined the effect of phenylephrine-induced

(i.v.) changes in blood pressure and adrenal nerve activity

in 4- and 26-month-old rats, and showed that there was no

difference in the extent of inhibition of adrenal nerve

activity between these groups when the same degree of

blood pressure increase was induced. Taken together, it can

be summarized that inhibitory effects of baroreceptor

excitation on sympathetic reflexes (the present study) and

tonic activity [19] are not influenced by aging.
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The present study found that only the mechanism for

selective C-reflex inhibition by touch was attenuated by

aging, but not the overall inhibitory mechanisms for the

reflex. Hence, our results suggest that an endogenous

analgesic mechanism caused by gentle cutaneous stimula-

tion in daily life attenuates during aging, which may be one

of the causative factors of persistent pain in elderly people.

Conflict of interest The authors declare that they have no conflict

of interest.
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20. Buñag RD, Davidow LW (1996) Aging impairs heart rate reflexes

earlier in female than in male Sprague-Dawley rats. Neurobiol

Aging 17:87–93

J Physiol Sci (2011) 61:287–291 291

123


	Age-related change in the effect of gentle mechanical cutaneous stimulation on the somato-cardiac sympathetic C-reflex
	Abstract
	Introduction
	Methods
	Results
	Discussion
	Conflict 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


