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Summary

The aim of the present study was to examine the role of
nutritional status, the metabolic hormone ghrelin and their
interrelationships in the control of chicken hormones involved in
the regulation of reproduction. For this purpose, we identified the
effect of food deprivation, administration of ghrelin 1-18 and
their combination on plasma levels of testosterone (T), estradiol
(E), arginine-vasotocin (AVT) and growth hormone (GH) as well
as the release of these hormones by isolated and cultured
ovarian fragments. It was observed that food deprivation reduces
plasma T and E and increases plasma AVT and GH levels. Food
restriction also reduced the amount of E produced by isolated
ovaries, but it did not affect the ovarian secretion of T and AVT.
No ovarian GH secretion was detected. Ghrelin administered to
ad libitum fed chickens did not affect plasma T and E levels, but
it did increase plasma GH and AVT concentrations. Moreover, it
partially prevented the effect of food deprivation on plasma
E and AVT levels, but not on T or GH levels. Ghrelin
administration to control birds promoted ovarian T, but not E or
AVT release and reduced T and no other hormonal outputs in
birds subjected to food restriction. Our results (1) confirmed the
ovarian origin of the main plasma T and E and the extra-ovarian
origin of the main blood AVT and GH; (2) showed that food
deprivation-induced suppression of reproduction may be caused
by suppression of T and E and the promotion of AVT and
GH release; (3) suggest the involvement of ghrelin in control
chicken E, AVT and GH output; and (4) indicates that ghrelin can
either mimic or modify the effect of the intake of low calories on
chicken plasma and ovarian hormones, i.e. it can mediate the

effect of metabolic state on hormones involved in the control of
reproduction.
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Introduction

Reproduction is an energy-demanding process;
therefore, it should be synchronized with optimal
nutritional conditions. It has been postulated that the
hypothetical mediator of the nutritional effect on
reproduction (1) should be affected by nutrition and (2)
controls reproduction, and (3) its changes should mimic
and modify the effect of nutrition on reproduction. On the
basis of these criteria, it is proposed that the nutritional
status affects mammalian reproductive processes via the
metabolic hormones, leptin, ghrelin and obestatin (Tena-
Sempere 2008, Navarro and Kaiser 2013, Roa and Tena-
Sempere 2014, Sirotkin 2014). In birds, malnutrition
inhibits ovarian folliculogenesis, ovulation/egg laying
and ovarian hormones release (Hocking 2004, Sirotkin

and Grossmann 2015) most likely via the induction of
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ovarian follicular cells apoptosis (Paczoska-Eliasiewicz et
al. 2003). Malnutrition is associated with changes in
plasma and brain ghrelin as well as its receptors (Kaiya et
al. 2007, 2013, Sirotkin et al. 2013). Ghrelin im.
administration in chicken is able to reduce plasma
progesterone (P) levels (Sirotkin et al. 2015), which
directly alters proliferation, apoptosis, steroidogenesis
and protein kinases in cultured ovarian cells (Sirotkin et
al. 2006, Sirotkin and Grossmann, 2007, 2008), and
prevents the food restriction-induced decrease in ovarian
testosterone (T), estradiol (E) and arginine-vasotocin
(AVT) release (Sirotkin et al. 2015). Such data have
demonstrated the importance of ghrelin in integrating
nutrition and reproduction and its potential applicability
for the
Nevertheless, the mediatory role of ghrelin in the

improvement of farm avian reproduction.

metabolic control of ovarian functions has only been
previously demonstrated in one study (Sirotkin et al.
2015). Moreover, in the described study, ghrelin and food
restriction effects only on hormonal release by ovarian
tissue in vitro, but not on plasma hormones under in vivo
conditions, were examined.

The general aim of the present study was to
examine the role of the nutritional status, metabolic
hormone ghrelin and their interrelationships in the control
of chicken steroid and peptide hormones involved in the
regulation of reproduction. For this purpose, we used
both in-vivo and in-vitro approaches to identify the effect
of food deprivation, administration of ghrelin 1-18 and
their combination on plasma level of hormones (T, E,
AVT and growth hormone, GH) whose are known
autocrine/paracrine and endocrine regulators of both
mammalian and avian ovarian functions (Sirotkin 2005,
2014, Luna et al. 2014, Hrabia 2015) as well as the
release of these hormones by isolated and cultured
ovarian fragments.

Materials and Methods

Animal experiments, tissue collection and culture

Young (approximately 8 months of age) White
(LSL), 1.1-1.2 kg with
an egg-laying rate of more than 95 %, were housed in

Leghorn  hens weight
individual cages under standard conditions at the
Experimental Station of the Institute of Animal Science
on a photoperiod 12L:12D (illumination 8.00-20.00).
The conditions of their care, manipulations and use
corresponded the instructions of the EC no. 178/2002

and related EC documents, and the protocols were

After
a two-month adaptation period to the conditions of the

approved by the local ethics commission.
experimental farms, the hens were divided into four
experimental groups: (1) the control group was fed ad
libitum, no hormone treatment; (2) the group fed ad
libitum and treated with i.m. injection of human
recombinant research grade ghrelin 1-18 (Peptides
International Inc., Louisville, Kentucky, USA) (this
truncated ghrelin analogue ghrelin 1-18 mimicked the
effect of full-length ghrelin 1-28 on chicken ovarian
cells (Sirotkin and Grossmann 2008); (3) the group
subjected to food deprivation, no hormone treatment;
and (4) the group subjected to food deprivation and
treated with i.m. injection of human recombinant
ghrelin 1-18. The animals of the food-deprivation
groups had no access to food during the entire
experiment for 72 h, whereas all of the animals had
permanent access to drinking water. Hormonal
treatments combined with food deprivation began
together with food restriction. Ghrelin was dissolved in
sterile 0.7 % NaCl immediately prior to the start of the
experiments and injected i.m. at doses 30 pg/animal in
I ml of 0.7% NaCl. This consecutive injection was
done for 3 days, every 10-12 h, in the daytime (at 8.00
and 18.00). This dose, injection and sampling time
(details are below) were comparable to the amount of
hormones in the chicken organism and those treated
with previously reported experiments (Kaiya et al.
2007, Sirotkin et al. 2013, Sirotkin and Grossmann
2015). Next, 1.5 h after the last injection (between 9.00
and 11.00 killed by

decapitation. Their blood was collected in heparinized

a.m.), the animals were

tubes, and the plasma was separated by 10 min
centrifugation at 500 g and frozen at -70°C until
radioimmunoassay (RIA) or enzyme immunoassay
(EIA). The largest (F1) follicles were isolated from the
ovary. The stage of folliculogenesis was determined by
recording the time of the last oviposition and by the size
and position of the next ovarian follicle. Fragments of
the follicular wall (5 mm in diameter, weight 24+8 mg)
were isolated as previously described (Sirotkin and
Grossmann 2003, 2006). After washing three times in
sterile culture medium (DMEM/F-12 1:1
supplemented with 10 % bovine fetal serum and 1 %

mixture

antibiotic-antimycotic solution (all from Sigma, St.
Louis, USA), these fragments were cultured without
treatment for 2 days in 2 ml culture medium in Falcon
24-well plates (Becton Dickinson, Lincoln Park, USA)
at 38.5°C under 5% CO, in humidified air. This



2017

Ghrelin, Feeding and Hormones in Chicken 87

protocol yields the maximal accumulation of ovarian
hormones in the culture medium, which is the most
reliable characteristic of ovarian secretory activity
(Sirotkin and Grossmann 2003).

Immunoassay

Concentrations of testosterone (T), estradiol (E),
arginine-vasotocin (AVT) and growth hormone (GH)
were determined in 25 pl aliquots of plasma or incubation
medium by EIA and RIA, whose were previously
validated for use in culture medium (Sirotkin et al. 2006,
Sirotkin and Grossmann 2007). These hormones were
considered as the indices of ovarian secretory activity,
stress, response to hormonal stimuli and the key
regulators of both mammalian (Sirotkin 2014) and
chicken (Sirotkin and Grossmann 2006, 2007, 2008, Luna
2014, Sirotkin 2014, Hrabia 2015) ovarian
functions.

et al

T was assayed according to Miinster (1989)
using antisera against steroids (produced in the Institute
of Animal Science, Neustadt, Germany). The sensitivity
of the assay was 10 pg/ml. The cross-reactivity of the
T antiserum was <96 % to dihydrotestosterone, <3 % to
androstenedione, <0.01 % to P, and E,, <0.02% to
cortisol and <0.001 % to corticosterone. The inter- and
intraassay coefficients of variation were 12.3 % and
6.8 %, respectively.

E concentrations were evaluated according to
Miinster (1989) using antisera against steroids (produced
by the Institute of Animal Science, Neustadt, Germany)
with an assay sensitivity of 5 pg/ml. The cross-reactivity
of the E, antiserum was <2 % to estrone, <0.3 % to
estriol, <0.004 % to T and <0.0001 % to P, and cortisol.
The inter- and intraassay coefficients of variation did not
exceed 16.6 % and 11.7 %, respectively.

AVT was determined using RIA according to
Gray and Simon (1983). The anti-AVT antiserum was
kindly provided by Dr. D.A. Gray (Max-Plank Institute
for Physiological and Clinical Research, Bad Nauheim,
Germany), which cross-reacted <1.0 % with mesotocin
and angiotensin II. The sensitivity of the RIA was
0.3 pg/ml. The inter- and intraassay coefficients of
variation did not exceed 8.8 % and 7.2 %, respectively.

GH was measured using the EIA based on the
EIA used for porcine GH (Serpek ef al. 1993) and
adapted for determination of chicken GH (Zheng et al.
2007). Chicken GH for (AFP-90200),
iodination (AFP 7678B) and antiserum against chicken
GH (AFP-551-11-1-86, dilution 1:720,000) were kindly

standards

provided by Dr. A.P.F. Parlow (National Hormones and
Pituitary Program, Bethesda, USA). This antiserum has
0.7 % cross-reactivity with chicken prolactin and
<0.001 % cross-reactivity with P, T, E; and AVT. The
sensitivity of the assay was 0.2 ng/ml. The inter- and
intraassay coefficients of variation did not exceed 12.9 %
or 10.8 %, respectively.

Statistics

The data shown are the mean of the values
obtained in three separate experiments performed on
separate days using independent animals (8 animals per
group) and their ovaries. In each in vitro experiment, each
experimental group consisted of six culture wells with
ovarian fragments. Assays of the hormone levels in the
incubation media were performed in duplicate. The
values of the blank control were subtracted from the
value determined using RIA/EIA in the cell-conditioned
medium to exclude any non-specific background (less
than 15 % of the total values). The rates of substance
secretion were calculated per mg tissue/day. Significant
differences between the experiments were evaluated
using two-ways ANOVA. When effects of the treatments
were revealed, data obtained from the experimental and
control groups were compared using the Wilcoxon-
Mann-Whitney multiple range test with Sigma Plot 11.0
statistical software (Systat Software, GmbH., Erkrath,
Germany). Differences to control

compared were

considered significant if P<0.05.

Results

In chicken blood plasma T, E, AVT and GH
were detected (Fig. 1). The culture medium conditioned
by cultured ovarian fragments contained normal amounts
of T, E and AVT, but not of measurable GH (Fig. 2).
These parameters were affected by food restriction,
administration of ghrelin and the combination of the
above factors.

Food deprivation significantly reduced the
concentrations of both T (Fig. 1A), E (Fig. 1B) and
increased the level of both AVT (Fig. IC) and GH
(Fig. 1D) in plasma. Ghrelin administered to ad libitum
fed chickens did not affect plasma T (Fig. 1A) or E
(Fig. 1B) levels, but it did increase plasma AVT (Fig. 1C)
and GH (Fig. 1D) concentrations. Moreover, ghrelin
administration could partially prevent the effect of food
restriction on plasma E (Fig. 1B) and AVT (Fig. 1C), but
noton T (Fig. 1A) or GH (Fig. 1D) levels.
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Analysis of hormones produced by ovarian
tissue in vitro demonstrated that food deprivation reduced
the amount of E produced by the ovary (Fig. 2B), but it
did not affect the ovarian secretion of T (Fig. lA) or AVT
(Fig. 2C). Ghrelin administration to control birds
promoted ovarian T (Fig. 2A), but not E (Fig. 2B) or
AVT (Fig. 2C) release. Furthermore, ghrelin reduced T
(Fig. 2A), but not E (Fig. 2B) or AVT (Fig. 2C) output by
the ovaries of birds subjected to food deprivation.
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Discussion

Our observations showed the availability of
steroid hormones, AVT and GH in chicken blood plasma
and the release of steroid hormones and AVT by cultured
chicken ovarian tissue, but our assay failed to detect
measurable GH production by chicken ovarian cells
reported by other investigators (Luna ef al. 2014, Hrabia
2015) which can be explained by low GH production by
chicken ovarian cells in our experiments.
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Fig. 1. Effect of food restriction and administration of ghrelin 1-18 (/n vivo) on the levels of testosterone (A), estradiol (B), arginine-
vasotocin (C) and growth hormone (D) in chicken blood plasma. Data are the mean + S.E.M. Differences between the groups
at P<0.05 were considered significant: a) effect of hormones administration (differences between control and hormone-treated
chicken); b) effect of food restriction (differences between corresponding groups of chickens subjected and not subjected to food

restriction).
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Fig. 2. Effect of food restriction and administration of ghrelin /n vivo on the release of testosterone (A), estradiol (B) and arginine-
vasotocin (C) by isolated chicken ovarian fragments. Legends are similar to those presented in Fig. 1.

A comparison of the hormones that are available
in general circulation and those that are produced by
isolated ovarian tissues and its changes under the effect of
extra-ovarian factors demonstrates that some hormones
found in blood (E, T, AVT) are mainly ovarian, but other
factors in origin.
Furthermore, differences in the mechanisms controlling

(GH) are mainly extra-ovarian

the release of these hormones were observed. For
example, food deprivation reduced E in both plasma and
ovarian fragment-conditioned medium. This finding
suggests that the negative metabolic state directly affects
ovarian E output. In contrast, the effect of food restriction
on plasma T and AVT, but not on their release by isolated
ovarian tissue, suggest that the metabolic state controls

T and AVT release via upstream extra-ovarian regulatory
mechanisms (probably via hypothalamo-hypophysial

system involved in metabolic control of gonadal
functions, Roa and Tena-Sempere 2014). One such extra-
ovarian regulator could be ghrelin. Ghrelin could
influence chicken ovarian steroid hormones in our
previous (Sirotkin et al 2006, 2015, Sirotkin and
Grossmann 2007, 2008) and present studies. In some
previous (Sirotkin et al. 2006, Sirotkin and Grossmann
2008), but not in our present experiments, ghrelin
promoted chicken ovarian AVT output, which can be
explained by variations in initial state of AVT producing
cells between the experiments. Furthermore, our present

observations of ghrelin-induced increase in plasma GH
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confirmed previous findings (Baudet and Harvey 2003)
that ghrelin is a physiological GH secretagogue not only
in the mammalian, but also in the avian pituitary. The
observed ghrelin-induced changes could be due to
influence of ghrelin on hormonal regulators of
reproduction at the level of the ovary (steroids), the
upstream hypothalamo-hypophysial system (GH) or on
the differentiation of CNS and ovarian tissue. The site
and fine mechanisms of ghrelin influence on organisms
require further studies, but the present observations
suggest the action of ghrelin at both CNS and gonadal
level. In our experiments, the pronounced effect of
ghrelin on testosterone release by ovarian tissue (Fig. 2A)
was not associated with the corresponding changes in
plasma testosterone (Fig. 1A). It suggests that the direct
action of ghrelin on the ovary could be masked by
additional factors in CNS or general circulation affecting
steroid transport, binging or degradation.

Our observations confirmed previous reports that
food deprivation reduces ovarian steroid hormones
(Paczoska-Eliasiewicz et al 2003,
Grossmann 2015) and promotes GH (Buyse et al. 2000,

2002) levels in chicken plasma. The food deprivation-

Sirotkin and

induced increase in blood AVT levels observed in our
experiments and the fasting-induced reduction in ovarian
AVT release observed in our previous (Sirotkin and
Grossmann 2015) but not our present studies indicated
that the metabolic state can affect blood and maybe
ovarian AVT. Variations in initial state of ovarian AVT
producing cells between the experiments could influence
ovarian AVT response not only to ghrelin (details are
above) but also to food restriction. The steroid hormones
GH and AVT are known regulators of both mammalian
and avian reproductive processes including ovarian
steroidogenesis (Sirotkin 2005, 2014, Luna et al. 2014,
Hrabia 2015). Thus, it is possible that food deprivation

References

can affect reproductive processes via changes in the
release of these peptide and steroid hormones. In
addition, the metabolic state can affect these hormonal
regulators of reproduction via ghrelin. Food consumption
affects the production of chicken ghrelin, ghrelin
acylation and ghrelin receptor (Kaiya et al. 2007, 2013,
Sirotkin ef al. 2013, Sintubin et al. 2014). Furthermore,
this is the first evidence that ghrelin can mimic the effect
of food deprivation on plasma GH and AVT, and that
ghrelin can modify the effect of food deprivation on
chicken plasma hormones. Taken together, combined
with the data on the importance of ghrelin in the control
of basic ovarian functions (details are above), these
evidence suggest that ghrelin can be the key hormone
mediating the effect of the metabolic state on downstream
hormonal regulators of avian ovarian functions.

Conflict of Interest
There is no conflict of interest.

Acknowledgements

The authors express their deep gratitude to G. Neuhaus
for the skillful technical help in the arrangement of the
experiments and AVT RIA, I Stelter for EIA of the
steroid hormones, K. Tothova and Z. Kuklova for
assistance in the statistical processing of the data, as well
D. A. Gray (Max-Plank
Physiological and Clinical Research, Bad Nauheim,

as to Dr. Institute  for
Germany) for the kind gift of antiserum against AVT. We
thank Dr. A.P.F.Parlow (National Hormones and
Pituitary Program, Bethesda, MD, USA) for kindly
providing reagents for the chicken GH assay. This work
was financially supported by the German and Slovak
Ministries of Agriculture and by the Deanship of
Scientific Research at King Saud University Research
group No. RG#164.

BAUDET ML, HARVEY S: Ghrelin-induced GH secretion in domestic fowl in vivo and in vitro. J Endocrinol 179:

97-105, 2003.

BUYSE J, DECUYPERE E, DARRAS VM, VLEURICK LM, KUHN ER, VELDHUIS JD: Food deprivation and
feeding of broiler chickens is associated with rapid and interdependent changes in the somatotrophic and

thyrotrophic axes. Br Poult Sci 41: 107-116, 2000.

BUYSE J, JANSSENS K, VAN DER GREYTEN S, VAN AS P, DUCUYPERE E, DARRAS VM: Pre-and postprandial
changes in plasma hormone and metabolite levels and hepatic deiodinase activities in meal-fed broiler

chickens. Br J Nutr 88: 641-653, 2002.

GRAY DA, SIMON E: Mammalian and avian antidiuretic hormone: studies related to possible species variation in

osmoregulatory systems. J Comp Physiol 151: 241-246, 1983.



2017 Ghrelin, Feeding and Hormones in Chicken 91

HOCKING PM. Roles of body weight and feed intake in ovarian follicular dynamics in broiler breeders at the onset of
lay and after a forced molt. Poult Sci 83: 2044-2050, 2004.

HRABIA A: Growth hormone production and role in the reproductive system of female chicken. Gen Comp Endocrinol
220: 112-118, 2015.

KAIYA H, SAITO ES, TACHIBANA T, FURUSE M, KANGAWA K: Changes in ghrelin levels of plasma and
proventriculus and ghrelin mRNA of proventriculus in fasted and refed layer chicks. Domest Anim Endocrinol
32: 247-259, 2007.

KAIYA H, KANGAWA K, MIYAZATO M: Update on ghrelin biology in birds. Gen Comp Endocrinol 190: 170-175,
2013.

LUNA M, MARTINEZ-MORENO CG, AHUMADA-SOLORZANO MS, HARVEY S, GARRANZA M,
ARSMBURO C: Extrapituitary growth hormone in the chicken reproductive system. Gen Comp Endocrinol
203: 60-68, 2014.

MUNSTER E: Entwicklung von enzymimmunologischen Messverfahren auf Mikrotitrationsplatten zur Bestimmung
von Testosteron und Progesteron im Blutplasma. In: Thesis. Institut for Animal Production and Breeding of the
University of Hohemheim. 1989, pp 154.

PACZOSKA-ELIASIEWICZ HE, GERTLER A, PROSZKOWIEC M, PROUDMAN J, HRABIA A, SECHMAN A,
MIKA M, JACEK T, CASSY S, RAVER N, RZASA J: Attenuation by leptin of the effects of fasting on
ovarian function in hens (Gallus domesticus). Reproduction 126: 739-751, 2003.

PACZOSKA-ELIASIEWICZ HE, PROSZKOWIEC-WEGLARZ M, PROUDMN J, JACEK T, MIKA M, SECHMAN
A, RZASA J, GERTLER A: Exogenous leptin advances puberty in domestic hen. Domest Anim Endocrinol 31:
211-226, 2006.

PRAKASH BS, MEYER HH, SCALLENBERER E, VAN DE WIEL DF: Development of a sensitive
enzymeimmunoassay (EIA) for progesterone determination in unextracted bovine plasma using the second
antibody technique. J Steroid Biochem 28: 623-627, 1987.

ROA J, TENA-SEMPERE M: Connecting metabolism and reproduction: Roles of central energy sensors and key
molecular mediators. Mol Cell Endocrinol 397: 4-14, 2014.

SERPEK B, ELSAESSER F, MEYER HH: Development of an enzyme immunoassay for the determination of porcine
growth hormone in plasma. Analytica Chimica Acta 275: 183-187, 1993.

SINTUBIN P, GREENE E, COLLIN A, BORDAS A, ZERJAL T, TESSERAUD S, BUYSE J, DRIDI S: Expression
profile of hypothalamic neuropeptides in chicken lines selected for high or low residual feed intake.
Neuropeptides 48: 213-220, 2014.

SIROTKIN AV, GRISSMANN R: Role of tyrosine kinase- and MAP kinase-dependent intracellular mechanisms in
control of ovarian functions in the Domestic fowl (Gallus domesticus) and in mediating effects of IGF-II.
J Reprod Dev 49: 99-106, 2003.

SIROTKIN AV: Control of reproductive processes by growth hormone: extra- and intracellular mechanisms. Vet J 170:
307-317, 2005.

SIROTKIN AV, GROSSMANN R, MARIA-PEON MT, ROA J, TENA-SEMPERE M, KLEIN S: Novel expression
and functional role of ghrelin in chicken ovary. Mol Cell Endocrinol 257-258: 15-25, 2006.

SIROTKIN AV, GROSSMANN R: The role of protein kinase A and cyclin-dependent (CDC2) kinase in the control of
basal and IGF-II-induced proliferation and secretory activity of chicken ovarian cells. Anim Reprod Sci 92:
169-181, 2006.

SIROTKIN AV, GROSSMANN R: Leptin directly controls proliferation, apoptosis and secretory activity of cultured
chicken ovarian cells. Comp Biochem Physiol A Mol Integr Physiol 148: 422-429, 2007a.

SIROTKIN AV, GROSSMANN R: The role of ghrelin and some intracellular mechanisms in controlling the secretory
activity of chicken ovarian cells. Comp Biochem Physiol A Mol Integr Physiol 147: 239-246, 2007b.

SIROTKIN AV, GROSSMANN R: Effects of ghrelin and its analogues on chicken ovarian granulosa cells. Domest
Anim Endocrinol 34: 125-134, 2008.

SIROTKIN AV, PAVLOVA S, TENA-SEMPERE M, GROSSMANN R, JIMENEZ MR, RODRIGUEZ JM,
VALENZUELA F: Food restriction, ghrelin, its antagonist and obestatin control expression of ghrelin and its
receptor in chicken hypothalamus and ovary. Comp Biochem Physiol A Mol Integr Physiol 164: 141-153,2013.



92 Sirotkin et al. Vol. 66

SIROTKIN AV: Regulators of Ovarian Functions. Nova Science Publishers Inc., New York, 2014, pp 194.

SIROTKIN AV, GROSSMANN R: Interrelationship between feeding level and the metabolic hormones leptin, ghrelin
and obestatin in control of chicken egg laying and release of ovarian hormones. Comp Biochem Physiol A Mol
Integr Physiol 184: 1-5, 2015.

ZHENG JX, LIU ZZ, YANG N: Deficiency of growth hormone receptor does not affect male reproduction in dwarf
chickens. Poultry Sci 86: 112-117, 2007.





<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /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 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /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 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /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 ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /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.)

  >>

  /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 [612.000 792.000]

>> setpagedevice



