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Abstract Since previous experience of stressful situation
profoundly affects response to a subsequent novel stressor,
we examined changes in gene expression and protein levels
of catecholamine biosynthetic enzymes in cardiac ventri-
cles after exposure of chronic psychosocially isolated adult
Wistar male rats to short-term immobilization stress.
Chronic social isolation did not affect gene expression of
tyrosine hydroxylase (TH) in either right or left ventricle.
Subsequent immonilization of these animals produced an
elevation of TH mRNA level in right and left ventricles.
The levels of dopamine-f-hydroxylase (DBH) mRNA were
detectable only after immobilization both in right and left
ventricles of control and chronically isolated rats. Chronic
isolation stress increased phenylethanolamine N-methyl-
transferase (PNMT) mRNA levels in the right ventricle.
Immobilization led to an elevated PNMT mRNA level in
right and left ventricles of both control and chronically
stressed animals. Protein levels of TH, DBH, and PNMT in
right and left ventricles of socially isolated rats were
increased after subsequent immobilization. Taking into
consideration the role of cardiac catecholamines in physi-
ological and pathophysiological processes, it could be
hypothesized that increased catecholamine synthesis in the
ventricles after novel immobilization stress could point to
the susceptibility of the heart to subsequent stress.
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Introduction

The sympathetic nervous system is known to play an
important role in the regulation of cardiac function.
Enhanced peripheral sympathetic outflow has been found
in a variety of cardiovascular diseases such as heart failure
and hypertension [1]. On the other hand, catecholamines
play a crucial role in response to stress. Stress involves
neuroendocrine and behavioral responses elicited by dif-
ferent stimuli. When stress response is maintained because
threat has not been diminished or because mechanisms
underlying the endogenous stress response are dysregu-
lated, the response itself can become maladaptive [2]. The
question arises how the cardiovascular system responds to
stress. While a short-term acute stress causes time-limited
homeostatic changes of the cardiovascular system, long-
term chronic stress leads to permanent alterations in car-
diac gene expression resulting in persistent homeostatic
disorders that could be deleterious. The effects of chronic
stress are likely to be associated with alterations in gene
expression of catecholamine biosynthetic enzymes: tyro-
sine hydroxylase (TH) a rate-limiting enzyme of cate-
cholamine biosynthesis, dopamine-/-hydroxylase (DBH)
that converts dopamine to noradrenaline and phenyletha-
nolamine N-methyltransferase (PNMT) catalyzing conver-
sion of noradrenaline to adrenaline. These enzymes are
present in different types of tissues and their gene
expression, protein levels, and activity can be changed
by various stressors [3, 4]. Kvetnansky et al. [5] and
Micutkova et al. [6] found that single or repeated 7-day-
immobilization of adult rats produced an increase in PNMT
mRNA levels both in atria and ventricles. The response to
stress depends on prior experience with same or different
stressors. Earlier, Bhatnagar et al. [7] demonstrated that
cardiovascular response could be affected by prior stress
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exposure. These authors observed a greater tachycardia
upon acute formalin injection to Sprague-Dawley rats
previously exposed to repeated cold stress. Social isolation
is a psychological stress which has deleterious effects on
endocrine and immune systems [8]. In our earlier studies an
exaggerated response of gene expression of catecholamine
biosynthetic enzymes and increased enzymatic protein
levels in adrenal medulla of socially isolated rats exposed
to additional immobilization stress have been recorded [9].

Considering that catecholamines are known to be
involved in augmenting cardiac function, we have found it
of interest to investigate changes in gene expression of
catecholamine biosynthetic enzymes and the corresponding
enzymatic proteins in right and left cardiac ventricles of
chronic psychosocially stressed rats subsequently exposed
to a novel immobilization stress.

Materials and methods
Animals

11-week-old Wistar male adult rats maintained under
standard laboratory conditions with water and food
ad libitum in the groups of four individuals per cage were
used. Care was taken to minimize the pain and discomfort
of the animals according to the recommendations of the
Ethical Committee of the “Vinca” Institute, Belgrade,
based on the Guide for Care and Use of Laboratory Ani-
mals of the National Institutes of Health (Bethesda, MD,
USA). In these experiments, 32 rats were used. One group
of animals was subjected to social isolation with a single
animal per cage for 12 weeks. After that, naive group-
housed controls and the rats that suffered chronic isolation
were exposed to short-term immobilization stress for 2 h
[10]. Upon 12 weeks of individual housing or 3 h after the
termination of immobilization, the animals were decapi-
tated, right and left cardiac ventricles rapidly dissected,
frozen in liquid nitrogen, and stored at —70°C until
analyzed.

Real-time RT-PCR

Total RNAs were isolated using TRIZOL reagent (Invit-
rogen, CA, USA). Reverse transcription was performed
employing Ready-To-Go You-Prime First-Strand Bead
(AP, Biotech) and pd (N)¢ primer according to manufac-
turer’s protocol. Real-time RT-PCR assay was done as
previously described [9]. PCR reactions were performed in
the ABI Prism 7000 Sequence Detection System at 50°C
for 2 min, 95°C for 10 min, followed by 40 cycles at 95°C
for 15 s and 60°C for 1 min. A reference, endogenous
control, was included in each analysis to correct the
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differences in the inter-assay amplification efficiency and
all transcripts were normalized to cyclophyline A (ID: Rn
00690933) expression.

Western blot analysis

Cardiac ventricles were homogenized in 0.05 M sodium
phosphate buffer (pH 6.65). 15 pg of protein extract from
ventricle was separated by 10% SDS-polyacrylamide gel
electrophoresis and then transferred to a supported nitro-
cellulose membrane (HybondTM C Extra, Amersham
Bioscience, Buckinghamshire, UK). The membrane was
blocked in 5% non-fat dry milk in Tris-buffered saline-
Tween (TBST). All the following washes and antibody
incubations were also carried out in TBST at room tem-
perature on a shaker. For measuring TH, DBH, and PNMT
protein levels, a monoclonal primary antibody against
mouse TH (from mouse—mouse hybrid cells, clone 2/40/15,
dilution 1:5000), anti-DBH (N-terminal antibody, human,
dilution 1:1000, Sigma, St. Louis, USA), and polyclonal
anti-PNMT primary antibody, rabbit (dilution 1:1000,
Protos Biotech Corporation, New York, USA), respec-
tively, were used. Western blot analysis was performed as
previously described [9].

Statistical analyses

The results are reported as means = SEM. Significance of
the differences in gene expression levels of the examined
catecholamine biosynthetic enzymes in rats’ right and left
cardiac ventricles subjected to chronic social isolation and
immobilization were estimated by a two-way ANOVA test.
The Tukey post-hoc test was used to evaluate the differ-
ences between the groups. Statistical significance was
accepted at P < 0.05.

Results

The two-way ANOVA test showed a significant effect of
ventricle position (left or right) F(1.6) = 276.8, P < 0.001
and social isolation and immobilization F(1.6) = 49.7,
P < 0.01 on TH mRNA levels and a significant effect of
ventricle position F(1.17) = 8.8, P < 0.05, and social
isolation and immobilization F(1.7) = 4.5, P < 0.05 on
PNMT mRNA levels. Subsequent immobilization of
chronic socially isolated rats produced 2.1-fold elevation
(P < 0.01, Tukey test) of TH mRNA level in left ventri-
cles, whereas mRNA level of this enzyme was elevated
1.3-fold (P < 0.05) in right ventricles (Fig. l1a). Post-hoc
analysis revealed that 2-h immobilization led to an elevated
PNMT mRNA level in right ventricles (1.3-fold, P < 0.05,
Tukey test), as well as in left ventricles (2.7-fold, P < 0.01,
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Fig. 1 Effects of immobilization stress on a TH and b PNMT mRNA
levels in right (RV) and left (LV) heart ventricles of control and
chronic social isolated adult male rats. The values are means £ SEM
of five to seven rats. Statistical significance: # P < 0.05 chronic social
isolated versus control rat (Tukey-test); © P < 0.05; ¥ P <0.012h
immobilization versus control rat (Tukey-test); * P < 0.05;
** P < 0.01 2 h immobilization versus chronic social isolated rat
(Tukey-test). The final result was expressed as fold change relative to
the calibrator and normalized to cyclophyline A

Tukey test) of both controls and rats that suffered chronic
social isolation (Fig. 1b). The levels of DBH mRNA were
detectable only after immobilization in both right and left
ventricles of control and chronically isolated rats. How-
ever, DBH protein was also detectable before immobili-
zation (Fig. 2b).

As seen from Fig. 2, protein levels of TH, DBH, and
PNMT in right and left ventricles of chronic socially iso-
lated rats were increased after short-term immobilization
stress (P < 0.05, Tukey test), whereas the levels of these
proteins were unchanged in control animals exposed to
immobilization.

Discussion
In this study, we investigated changes in gene expression

and protein levels of the three catecholamine synthesizing
enzymes in right and left ventricles of chronic
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Fig. 2 Effects of immobilization stress on TH, DBH, and PNMT
protein levels in right (RV) and left (LV) heart ventricles of control
and chronic social isolated adult male rats. Distribution of TH, DBH,
and PNMT proteins in the right and left heart ventricles of control I,
chronic social isolation II, control 4+ immobilization III, and chronic
social isolation + immobilization IV rats measured by western blot
analysis for TH (a), DBH (b), and PNMT (c). The values are
means = SEM of five to seven rats. * P < 0.05 2 h immobilization
versu chronic social isolated rat (Tukey-test). The final result was
expressed in arbitrary units normalized in relation to f-actin

psychosocially stressed rats exposed subsequently to a
novel stressor, immobilization. The application of the
quantitative RT-PCR assay with TagMan probes enabled
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us to detect the TH mRNA in rats’ cardiac ventricles. What
would be the significance of TH mRNA expression and
catecholamine synthesis in cardiac tissues? Since previous
data [11] show that only PNMT mRNA was detected in
cardiac tissues, it was hypothesized that cardiomyocytes
may uptake noradrenaline and convert it by PNMT to
adrenaline, which may affect heart function. However, the
detection of TH gene expression in cardiac ventricles
suggests synthesis of noradrenaline directly in the heart.
These data show that TH mRNA and protein levels in
ventricles of chronically stressed rats remain unchanged
compared with controls, but after exposure to subsequent
short-term immobilization stress, they were significantly
elevated. Acute immobilization did not influence TH
mRNA and protein levels either in right or in left ventricles
of naive controls. We suggest that during psychosocial
chronic stress, cardiac noradrenaline might only be
released from sympathetic nerves, while after additional
immobilization stress, synthesis of noradrenaline restarts in
cardiomyocytes. The data from the available literature
showed that TH mRNA was detected in intrinsic cardiac
adrenergic cells of fetal rat hearts before sympathetic
innervation and these cells may provide an alternate
adrenergic supply [12, 13]. To our knowledge, our study is
the first report on TH mRNA presence in the ventricles of
adult rats. Recently, we have found that chronic psycho-
social stress produced increases in TH and DBH mRNAs in
stellate ganglia which innervate the heart [14].

High catecholamine levels in the myocardial interstit-
ium may cause a progressive damage of the myocardium.
Mann et al. [15] found that noradrenaline in high concen-
trations, believed to exist in the myocardium in heart
failure, exerts a direct toxic effect on cardiac myocytes
grown in cell culture. These findings could be related to
recent data of Nef et al. [16] that demonstrated a significant
contribution of oxidative stress to pathomechanism of
Tako-Tsubo cardiomyopathy, possibly triggered by cate-
cholamine excess. Also, it is worth mentioning that
noradrenaline treatment resulted in left ventricular hyper-
trophy [17]. Recently, Lai et al. [18] revealed cytotoxic and
apoptotic effects of a high noradrenaline dose on cardiac
fibroblasts in cell culture and both non-selective and
selective adrenergic receptor antagonists were not capable
of inhibiting the latter effect of this catecholamine. Col-
lectively, these data suggest that the observed increases in
TH mRNA and protein expression in cardiac ventricles
could have an impact on different pathophysiological
processes.

Normal catecholaminergic transmission results from an
equilibrium among catecholamine synthesis, release, and
reuptake. Parrish et al. [19] have observed increased TH
gene expression, noradrenaline synthesis, and uptake in
stellate ganglia of rats with myocardial infarction, but
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noradrenaline synthetic rate exceeded its uptake. Based on
these data, we can hypothesize that the equilibrium among
catecholamine synthesis, release, and reuptake was dis-
rupted in ventricles of chronic socially isolated rats sub-
sequently subjected to immobilization stress. Perhaps
exposure of these animals to a short-term novel stress leads
to a decreased catecholamine uptake and enhanced rate of
their biosynthesis. This hypothesis is supported by the
study of Li et al. [20] on noradrenaline transporter (NET), a
protein synthesized in neuronal cells situated distant from
the heart and transported into cardiac nerve endings via
axonal transport. These authors demonstrated a signifi-
cantly greater NET expression level in right ganglion than
in the left one, rendering the greater capacity of nor-
adrenaline uptake in right ventricle, a fact which may
contribute to the maintenance of right ventricular function
under pathologic state.

Interestingly, DBH mRNA level was recorded in right
and left ventricles only after short-term immobilization
(2 h) of both control and chronically stressed rats, whereas
DBH protein levels were detected even in chronic stress
situation. Our data demonstrated that DBH mRNA levels
are not correlated with the enzymatic protein levels. One
explanation for this finding could be attributed to DBH
itself. DBH is the only catecholamine biosynthetic enzyme
that has membrane-bound forms, suggesting that its turn-
over, i.e., half-life may be longer comparing to other
enzymes of this group [21]. It could be hypothesized that
once DBH was translated during chronic stress, further
gene expression of DBH might be unnecessary until
exposure of animals to a subsequent stress. Chronic isola-
tion stress increased PNMT mRNA levels in the right
ventricles, whereas the increase in this variable in the left
ventricles was statistically insignificant in relation to naive
control. Immobilization stress produced a significant ele-
vation of PNMT mRNA levels in left and right ventricles
of both naive control and chronic socially isolated rats.
Immobilization stress is one of the most intensive stimuli.
Taking into account the fact that chronic psychosocial
isolation produced an enhancement of PNMT mRNA level
in cardiac ventricles, the question arises whether further
increase after subsequent stressor might have a patho-
physiological impact? It has been observed that myocardial
ischemia evokes an excessive noradrenaline and adrenaline
accumulation in the myocardial interstitial space and on the
other hand, ischemia may promote adrenaline synthesis and
release by a high noradrenaline accumulation via cardiac
PNMT activity [22]. It is also possible that cardiac release
of adrenaline in the failing human heart is accompanied by
a parallel increase in noradrenaline release from the cardiac
sympathetic nerves, thus contributing to catecholamine
myocardial toxicity and the development of ventricular
arrhythmia as previously suggested by Kaye et al. [23].
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Acute immobilization applied in this study did not affect
TH, DBH, and PNMT protein levels either in right or left
ventricles of control animals. In spite of highly elevated
level of mRNAs in the ventricles after immobilization
stress, enzymatic protein levels were not significantly
changed. This could be explained by the fact that the
process of catecholamine enzymes translation requires a
prolonged stress stimulation and longer period of time
[24, 25]. Wong et al. [26] reported that PNMT protein and
enzymatic activity changes require additional time of
approximately 18-20 h to reach maximum stimulated
levels. In this study, we measured protein levels of cate-
cholamine synthesizing enzymes 3 h after the end of
immobilization and therefore, it is possible that a longer
time was required to detect any protein changes. However,
this period of stress significantly elevated TH, DBH, and
PNMT protein levels in chronically stressed rats. These
data suggest the possibility of increased catecholamine
synthesis in the cardiac ventricles of chronically stressed
animals after novel immobilization stress and together with
the proposed role of elevated cardiac catecholamines in
pathophysiological processes, pointing the susceptibility of
the heart to subsequent stress.

Acknowledgment This study was supported by the Ministry of
Science and Technological Development of the Republic of Serbia,
under the Contract No. 143044B.

References

1. J.A. Blumenthal, M. Babyak, J. Wei, C. O’Connor, R. Waugh,
E. Eisenstein, D. Mark, A. Sherwood, P.S. Woodley, R.J. Irwin,
G. Reed, Am. J. Cardiol. 89, 164-168 (2002)

2. S.A. Sands, R. Strong, J. Corbitt, D.A. Morilak, Brain Res. Mol.
Brain Res. 75, 1-7 (2000)

3. R. Kvetnansky, M. Rusnak, S. Dronjak, O. Krizanova, E.L.
Sabban, Neurochem. Res. 28, 625-630 (2003)

4. R. Kvetnansky, L. Kubovcakova, A. Tilinger, L. Micutkova,
O. Krizanova, E.L. Sabban, Cell. Mol. Neurobiol. 26, 735-754
(2006)

5. R. Kvetnansky, L. Micutkova, L. Kubovcakova, E.L. Sabban,
M. Palkovits, O. Krizanova, Ann. N. Y. Acad. Sci. 1018, 405—
417 (2004)

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.
22.

23.

24.

25.

26.

. L. Micutkova, K. Krepsova, E. Sabban, O. Krizanova, R.
Kvetnanasky, Ann. N. Y. Acad. Sci. 1018, 424-429 (2004)

. S. Bhatnagar, M.F. Dallman, R.E. Roderick, A.I. Basbaum,
B.K. Taylor, Brain Res. 797, 313-320 (1998)

. A.lL Esquifino, M.P. Alvarez, P. Cano, F. Chacon, C.F. Reyes
Toso, D.P. Cardinali, Endocrine 25, 41-48 (2004)

. L. Gavrilovic, N. Spasojevic, N. Tanic, S. Dronjak, Neuroendo-

crinol. Lett. 29, 1015-1020 (2008)

R. Kvetnansky, L. Mikulaj, Endocrinology 8, 1868-1874 (1970)

M.H. Huang, J.J. Bahl, Y. Wu, F. Hu, D.F. Larson, W.R. Roeske,

G.A. Ewy, Am. J. Physiol. Heart Circ. Physiol. 288, H497-H503

(2005)

H. Yang, Y. Zhang, Z. Liu, P. Chen, K. Ma, C. Zhou, Biochem.

Biophys. Res. Commun. 368, 887-892 (2008)

R. Kvetnansky, E.L. Sabban, M. Palkovits, Physiol. Rev. 89,

535-606 (2009)

L. Gavrilovic, N. Spasojevic, S. Dronjak, Auton. Neurosci. 150,

144-146 (2009)

D.L. Mann, R.L. Kent, B. Parsons, G. Cooper, Circulation 85,

790-804 (1992)

M.H. Nef, H. Mollmann, C. Troidl, S. Kostin, T. Bottger, S. Voss,

P. Hilpert, N. Krause, M. Weber, A. Rolf, T. Dill, J. Schaper,

C.W. Hamm, A. Elsisser, J. Mol. Cell. Cardiol. 44, 395-404

(2008)

F. Leon-Velarde, M.C. Bourin, R. Germack, K. Mohammadi, B.

Krozatier, J.P. Richalet, Am. J. Physiol. Regul. Integr. Comp.

Physiol. 280, 274-281 (2001)

K.B. Lai, J.E. Sanderson, C.M. Yu, Int. J. Cardiol. 136, 33-39

(2009)

D.C. Parrish, K. Gitman, D.M. Van Winkle, W.R. Woodward,

M. Bader, B.A. Habecker, Am. J. Physiol. 294, H99—H106 (2008)

H. Li, S.K. Ma, X.P. Hu, G.Y. Zhang, J. Fei, Cell Res. 11,

317-320 (2001)

T.H. Joh, O. Hwang, Ann. N. Y. Acad. Sci. 493, 342-350 (1987)

Y. Kuroko, T. Yamazaki, N. Tokunaga, T. Akiyama, H. Kitagawa,

K. Ishino, S. Sano, H. Mori, Cardiovasc. Res. 74, 438-444 (2007)

D.M. Kaye, H. Cox, G. Lambert, G.L. Jennings, A. Turner, M.D.

Esler, Am. J. Physiol. 269, H182-H188 (1995)

R. Kvetnansky, E.L. Sabban, in Tyrosine Hydroxylase, ed. by

M. Naoi, S.H. Parvez (VSP, Utrecht, 1993), pp. 253-281

B. Nankova, R. Kvetnansky, A. McMahon, E. Viskupic,

B. Hiermagalur, G. Frankle, K. Fukuhara, 1.J. Kopin, E.L.

Sabban, Proc. Natl Acd. Sci. USA 91, 5937-5941 (1994)

D.L. Wong, S. Her, T.C. Tai, R.A. Bell, M. Rusnak, R. Farkas, in

Catecholamine Research: From Molecular Insights to Clinical

Medicine, ed. by T. Nabeshima, R. McCarty, D.S. Goldstein

(Kluwer Academic/Plenum Publishers, New York, 2002),

pp. 129-135

Mo,

2.« Humana Press



	Subsequent stress increases gene expression of catecholamine synthetic enzymes in cardiac ventricles of chronic-stressed  rats
	Abstract
	Introduction
	Materials and methods
	Animals
	Real-time RT-PCR
	Western blot analysis
	Statistical analyses

	Results
	Discussion
	Acknowledgment
	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


