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Aim. To investigate the plasma concentrations of insulin-like growth factor (IGF, somatomedin C),
triiodothyronine, thyroxine and insulin in cows during prepartum and postpartum periods. Methods. Enzyme-
linked immunosorbent assay, clinical and statistical methods. Results. It was demonstrated that the plasma
concentration of IGF, triiodothyronine, thyroxine, and insulin is lower in postpartum cows compared to the
interlactation ones. Strong positive correlation dependence (» = 0.7) between the levels of thyroxine and
somatomedin C was found on the 24" day after calving. The plasma concentration of all the investigated
hormones increased in cows on the 10-14" day of postpartum period and remained stable until days 30-40.
Strong correlation dependence between the levels of somatomedin C and insulin (» = 0.7) was found on the 10-
14" day of the postpartum period. Conclusions. It was determined that somatomedin C is one of the energetic

balance regulators in dairy cows.

Keywords: cows, hormones, insulin-like growth factor, somatomedin C, triiodothyronine, thyroxine, insulin.

DOI: 10.15407/agrisp3.03.017

INTRODUCTION

Regardless of considerable impact of the endo-
crine system on the metabolism of ruminants, there
are scarce publications, dedicated to the investigation
of hormones. The main attention of authors is paid to
the investigation of the sex hormone concentrations
for different pathologies and physiological states. The
insulin-like growth factor (IGF, somatomedin C) be-
longs to insufficiently studied hormones, while it is
the most important endocrine mediator of the somato-
tropic hormone activity, for which it is also called so-
matomedin [1-3]. It is somatomedin C that provides
for practically all the physiological effects of somato-
tropic hormone in peripheral tissues. In addition, it
conditions the reverse connection of tissues to hy-
pothalamus and hypophysis. This hormone was first
described in 1957 [4], but since then it was actively
studied only in humane medicine. The mentioned tis-
sue hormone is synthesized by liver hepatocytes in
response to the sensation of specific receptors. Practi-
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cally all the activity of somatotropic hormone in tis-
sues is ensured by IGF. Somatomedin C is produced
in the liver and penetrates into bloodstream, and
therefrom, due to the mediation of proteins-carriers —
tissues and organs [5]. However, the investigation of
IGF concentration in the plasma of cows is scarce.
There are interesting data [6], indicating the connec-
tion between the IGF concentration and hormones,
responsible for the energetic supply of the organism.

Further study of the nature of high dairy productiv-
ity of cows requires the attention to the investigation
of hormonal regulation mechanisms for metabolism
in conditions of different physiological states of ani-
mals. The endocrine system of cows has the highest
strain during the transition period from interlactation
to lactation.

The aim of this work was to investigate the plasma
concentrations of IGF, triiodothyronine, thyroxine and
insulin in cows during prepartum and postpartum.
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MATERIALS AND METHODS

The objects of the study were black-and-white
Ukrainian dairy breed, 2-5" lactation, with the pro-
ductivity of 5,100-5,700 kg of milk during the previ-
ous lactation. Animals were divided into four groups
(n = 5) for subsequent general clinical investigations
and blood sampling during critical physiological pe-
riods: 7-10" day prior to calving, 2—4-, 10-14- and
30—-40™" days after calving.

Blood sampling was conducted in the second de-
cade of March. The blood samples were obtained
from the jugular vein into sterile tubes with heparin
prior to morning feeding. After obtaining plasma, the
blood was centrifuged at 3,000 rpm. The obtained
plasma was frozen at —20 °C prior to the analyses.
The plasma concentration of somatomedin C, triio-
dothyronine, thyroxine, and insulin was defined by
the enzyme-linked immunosorbent assay using the
test sets of DRG (Germany) and Orgentec company
(Germany).

The samples were obtained with the consideration of
“General Ethical Principles for Experiments on Ani-
mals” (Ukraine, 2001) and pursuant to the provisions
of the European Convention for the Protection of Ver-
tebrate Animals used for Experimental and Other Sci-
entific Purposes (Strasbourg, 1985).

The data obtained were processed in Excel program,
defining the mean arithmetic value (M), the statistical
error of the mean arithmetic value (m), the probability
of the difference between mean arithmetic values of
two variational series (p <) and the correlation degree
between the indices (7).

RESULTS AND DISCUSSION

The results demonstrated that the concentration of
IGF in blood plasma of postpartum cows decreased
compared to the interlactation ones (Fig. 1). For in-
stance, compared to the 7-10" day of prepartum pe-
riod, the IGF concentration on the 24" day of lacta-
tion decreased by 29.3 % (p < 0.05). The secretion of
somatotropin-releasing of the hormone and somato-
tropin increases with the low level of somatomedin
C in blood, and decreases, when the latter is high [7,
8]. At the same time IGF regulates the secretion of
somatostatin. A high level of IGF triggers the increase
in the somatostatin secretion, and a low level — the
decrease of the latter. However, its activity may be
inhibited by insufficient consumption of the feed, in-
sensitivity of the growth hormone, the absence of any
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response of the receptors or the activity of the signal-
ing pathway, which is below the required minimum.
In addition, it was established that if there is short-
age of IGF in blood, it may be produced in the very
muscles [9].

Itshould benoted thatafter calvingthe concentration
of triiodothyronine, thyroxine, and insulin decreases
as well (by 54.2, 35.2 and 52.9 %, respectively; p <
<0.01-0.001; Fig. 2—4). A low level of thyroid hor-
mone allows decreasing the activity of using the
energetic compounds in tissues and increasing their
availability for the mammary gland. This is one of
the mechanisms of energy re-distribution for the
sake of milk formation [10, 11]. In addition, there
is solid evidence [12—15] to the fact that a consid-
erable amount of triiodothyronine and thyroxine is
released with colostrum to stimulate the metabolism
in calves.

The main reason of low concentration of insulin
is considered to be a high level of non-esterified
fatty acids [16, 17]. In addition, the decrease in
the content of insulin in blood plasma of cows at
the beginning of the lactation period is related to
glucose deficiency, which quickly transforms into
lactose in the mammary gland [18]. A considerable
number of researchers [19-22] pay attention to the
relation between the level of insulin synthesis and
negative energetic balance, especially after calving.
The matter lies in the registration of physiological
insulin-resistance in ruminants in the postpartum
period [20, 21, 23]. Therefore, the highest level of
insulin (Fig. 4) was registered in cows during the
prepartum period, which may be explained by the
need of intensive accumulation of nutrient com-
pounds in the depot.

It is noteworthy that on the 2"-4" day after calv-
ing, the strong positive correlation dependence was
found between the level of thyroxine and IGF (» =
0.7), and the average positive one — between the
concentration of triiodothyronine and IGF (» = 0.4).
The authors of works [6, 24] related the metabolism
intensity to the activity of the thyroid gland via the
mediator — IGF.

As seen from the presented results (Fig. 1-4), on
the 10-14" day after calving, the concentration of the
investigated indices in the blood plasma of cows in-
creased. Namely, the IGF concentration increased by
64.2 % compared to the 2"-4" day after calving (p <
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< 0.01; Fig. 1), the concentration of triiodothyroni-
ne — 2.1-fold (p < 0.001; Fig. 2), and that of thy-
roxine — by 53.1 % (p < 0.01; Fig. 3). During this
period of studies the concentration of insulin was
found to be 37.3 % lower (p < 0.05) compared to
the cows in the interlactation period (Fig. 4). At the
same time the somatomedin C concentration was the
highest for the whole experiment. It should be noted
that on the 10—14™ day after calving, the correlation
dependence between the level of somatomedin C and
thyroid hormone was weak (r = 0.2—0.3), whereas it
was stronger regarding the level of insulin (» = 0.7).
This fact may provide the conclusion about the close
correlation between the energetic supply of the or-
ganism and the somatomedin C level. There are data
[25] proving that the IGF level in blood depends on
the impact of not only somatotropin hormone, but
also sex steroid, thyroid hormones, glucocorticoids,
and insulin on the liver. Insulin, androgens, estrogens
increase the IGF secretion by the liver, while gluco-
corticoids decrease it. This is one of the reasons of
the synergy of the impact of insulin, somatotropin,
sex and thyroid hormones in terms of the processes
of growth and development of the organism and the
differentiation of tissues and one of the reasons of
remarkable inhibiting impact of glucocorticoids on
the growth processes [26, 27].

The data in the Fig. 1-4 allow for the conclusion
that on the 30-40" day after calving, compared to
days 10-14, the concentration of hormones changed
insignificantly, except for thyroxine. For instance, the
level of thyroxine (p < 0.01) increased by 38.3 % reli-
ably (Fig. 3), reaching the highest index for the whole
study period.

CONCLUSIONS

The plasma concentration of IGF, triiodothyro-
nine, thyroxine, and insulin decreased in postpar-
tum cows. Strong positive correlation (» = 0.7)
dependence between the levels of thyroxine and
somatomedin C was found on the 2"-4" day after
calving. The plasma concentration of all the inves-
tigated hormones increased in cows on the 10—14"
day of postpartum period and remained stable un-
til days 30-40. Strong correlation dependence be-
tween the levels of somatomedin C and insulin (r =
=0.7) was found on the 10-14™ day of the postpar-
tum period. Thus, these facts allow for the conclu-
sion that somatomedin C is one of the energetic ba-
lance regulators in dairy cows.
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Fig. 1. The concentration of insulin-like growth factor in

blood plasma of cows, nmol/l
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Fig. 2. The concentration of triiodothyronine in blood plas-
ma of cows, nmol/l
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Fig. 3. The concentration of thyroxine in blood plasma of

cows, nmol/l
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Fig. 4. The concentration of insulin in blood plasma of cows,
pmol/l
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Merta. 3’scyBaTu KOHIICHTPAIIIO 1HCYNTiHOMOMIOHOTO (hak-
topa pocty (I®P, comaTtomenuH), TpUHOATUPOHIHY, THPOK-
CHHY Ta IHCYJIHY B IJIa3Mi KPOBI KOPIB Y JIO- Ta MiC/ISIOTEIb-
Huii nepioan. Meroan. IMyHopepMeHTHUI aHai3, KITHIYHI
Ta craructuuHi Mmetoau. Pesysbraru. [TokaszaHo, 110 B rutazmi
KpOBI KOPIiB IICIISl OTEJIEHHS MOPIBHSHO 13 CYXOCTIHHMMH
3HIKY€ThCs KoHeHTpauist IOP, TpuitonTnponiny, THpoKcH-
Hy Ta iHcyminy. [Ipu nbomy Ha 2—4-Ty 100y MiCIIA OTEICHHS
MDK PiBHEM THPOKCHHY Ta COMarOMEIMHY 3HAIJICHO CHIIb-
Hy mo3uTtmBHY (r = 0,7) KopemsmidHy 3anexHicTh. Ha
10—14-ty noOy micns MOJOTiB KOHIIEHTPAIliS BCiX TOCIiA-
JKYBaHMX TOPMOHIB Y IUIa3Mi KpOBi KOpiB 3pocTana i Oyna
crabuipHOIO npotsirom 30-40 1i6. Ha 10-14-ty oGy micst
OTEJICHHSI BUSIBIICHO CHJIbHY KOPEISIIHHY 3aJeXKHICTh MIXK
piBHEM comaromenuHy Ta iHCcydiHy (# = 0,7). BucHOBKH.
BcraHoBneHO, 110 COMaTOMEIUH € OIHUM 3 PEryjsiTopiB
CHEepreTUYHOro 0allaHCy Y MOJIOYHUX KOPIB.

KurouoBi ci10Ba: KOpoBH, TOPMOHH, HCYITIHOMOAIOHMI (hakTop
pocty, comaromenut C, TpHHONTHPOHIH, THPOKCHH, 1HCYJIIH.

Konnenrpanus nHcyJIHMHONOA00HOT0 haKkTOpa pocTa,
TPHHOATHPOHMHA, THPOKCHHA M HHCYJIHHA
B IJIa3Me KPOBH KOPOB MPH Pa3JIMYHBIX
(pu3n0I0rHIeCKUX COCTOSTHUSX
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Leab. BbIsICHUTH KOHIIEHTPAIMIO HHCYIHMHONOOOHOTO (hak-
TOopa pocTa (CoOMaToOMeaNHa), TPUHOATHPOHNHA, THPOKCHHA
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W WHCYJIMHA B TIIa3Me€ KPOBU KOPOB B JIO- M ITOCIIEPOIOBOH
nepuon. Metoabl. VIMMyHOGEpMEHTHBI aHATN3, KIUHH-
YeCKHe M cTarhucTudeckue metoisl. Pesyawrarthl. [Ipose-
JACHHBIC HCCJICAOBAaHHA IIOKa3ajik, 4YTO B ILIa3ME KPOBU
KOPOB MOCJIE OTeNa, [0 CPABHEHHIO C CyXOCTOMHBIMH, CHU-
JKaeTCsl KOHIICHTPAIHsI HHCYJIMHOIIOJO0HOTO (pakTopa pocTa,
TPUHOATUPOHUHA, THUPOKCMHA W WHCYyIMHA. [Ipu 3ToM,
Ha 2—4 CcyT mocie oTela MEXIy YPOBHEM THPOKCHHA H
coMaToMeanHa OBbIIIO YCTaHOBJICHO CHIIBHYIO MOJIOXKHTEIb-
Hyo (r = 0,7) KOpperaunoHHYIO 3aBUCHMOCTh. Ha 10—
14 cyTr mocnme pomOB KOHIEHTpANIUs BCEX HCCIEAYEMBIX
TOPMOHOB B IIa3M€ KPOBH KOPOB BHIpOCIa M ObuIa CTa-
6mmpHON 10 30—40 cyt. Ha 10—14 cyt mocne orena GbII0
YCTaHOBIICHO CHIJIBHYIO KOPPEJISIIIMOHHYIO 3aBHCUMOCTH MEX-
JIy YpOBHEM comarome/iuHa U uueyauHa (r = 0,7). BeiBoasl.
Takum 00pa3oM, MOXKHO KOHCTAaTHpOBaTh, YTO COMaTOMe-
JMH SIBIISIETCS OJHUM M3 PErYJSTOPOB 3HEPreTHYECKOTO
GanaHca B MOJIOYHBIX KOPOB.

KaroueBble c10Ba: KOPOBBI, TOPMOHBI, WHCYIMHONOA00-
HbII (akTop pocta, comaromenut C, TpUHONTHUPOHHH, TH-
POKCHH, UHCYJIMH.

REFERENCES

1. Partridge L, Alic N, Bjedov I, Piper MD. Ageing in
Drosophila: the role of the insulin/Igf and TOR signalling
network. Exp Gerontol. 2011;46(5):376-81.

2. Kim JW. Modulation of the somatotropic axis in
periparturient dairy cows. Asian-Australas J Anim Sci.
2014;27(1):147-54.

3. Thornton KJ, Kamange-Sollo E, White ME, Dayton WR.
Role of G protein-coupled receptors (GPCR), matrix
metalloproteinases 2 and 9 (MMP2 and MMP9), heparin-
binding epidermal growth factor-like growth factor
(hbEGF), epidermal growth factor receptor (EGFR),
erbB2, and insulin-like growth factor 1 receptor (IGF-
1R) in trenbolone acetate-stimulated bovine satellite cell
proliferation. J Anim Sci. 2015;93(9):4291-301.

4. Salmon WD Jr, Daughaday WH. A hormonally controlled
serum factor which stimulates sulfate incorporation by
cartilage in vitro. J Lab Clin Med. 1957; 49(6):825-36.

5. Frysak Z, Schovanek J, lacobone M, Karasek D. Frysaka
Z., Schovaneka J., lacoboneb M., Karaseka D. Insulin-
like Growth Factors in a clinical setting: Review of
IGF-1. Biomed Pap Med Fac Univ Palacky Olomouc
Czech Repub. 2015;159(3):347-51.

6. Nikolic JA, Samanc H, Kovacevic M, Bugarski D,
Masnikosa R. Nikolic-Judith A., Samanch H., Kovacevich
M. Serum concentrations of insulin-like growth factors
and thyroid hormones in healthy and ketotic dairy cows
during the puerperium. Acta Veterinaria (Beograd).
2001;51(2-3):73-88.

7. Gkioka E, Msaouel P, Philippou A, Vlaghogiannis NI,
Vogkou CT, Margiolis A, Koutsilieris M. The role of
insulin-like growth factor-1 signaling pathways in uterine
leiomyoma. J. In Vivo. 2015;29(6):637-49.

8. Vigneri PG, Tirro E, Pennisi MS, Massimino M, Stel-

AGRICULTURAL SCIENCE AND PRACTICE Vol. 3 No.3 2016



PLASMA CONCENTRATIONS OF INSULIN-LIKE GROWTH FACTOR, TRIIODOTHYRONINE, THYROXINE

la S, Romano C, Manzella L. The insulin/IGF system in
colorectal cancer development and resistance to therapy.
Front Oncol. 2015;5:230.

9. Miura Y, Kato H, Noguchi T. Effect of dietary proteins
on insulin-like growth factor-1 (IGF-1) messenger ri-
bonucleic acid content in rat liver. Br J Nutr. 1992;
67(2):257-65.

10. Stoji¢ V, Gvozdi¢ D, Kirovski D, Nikolic JA, Huszenicza
GY, Samanc H, Ivanov 1. Serum thyroxine and
triiodothyronine concentrations prior to and after
delivery in primiparous Holstein cows. Acta Veterinaria
(Beograd). 2001;51(1):3-8.

11. Pezzi C, Accorsi PA, Vigo D, Govoni N, Gaiani R.
S'-deiodinase activity and circulating thyronines in
lactating cows. J Dairy Sci. 2003;86(1):152-8.

12. Slebodzinski AB, Twardon J. Thyroid hormones (TH) and
5’-monodeiodinase (5°-MD) activity in goat’s milk from
the early, mid- and late lactation period. Acta Vet Hung.
2004;52(3):349-59.

13. Osorio JS, Trevisi E, Ballou MA, Bertoni G, Drackley
JK, Loor JJ. Effect of the level of maternal energy
intake prepartum on immunometabolic markers, poly-
morphonuclear leukocyte function, and neutrophil gene
network expression in neonatal Holstein heifer calves. J
Dairy Sci. 2013;96(6):3573-87.

14. Hammon HM, Steinhoff-Wagner J, Flor J, Schénhusen U,
Metges CC. Lactation Biology Symposium: role of
colostrum and colostrum components on glucose meta-
bolism in neonatal calves. J Anim Sci. 2013;91(2):685—
9s.

15. Schiiff CT, Rohrbeck D, Steinhoff-Wagner J, Kanitz E,
Sauerwein H, Bruckmaier RM, Hammon HM. Effects
of colostrum versus formula feeding on hepatic gluco-
corticoid and a- and B-adrenergic receptors in neonatal
calves and their effect on glucose and lipid metabolism. J
Dairy Sci. 2014;97(10):6344-57.

16. Hayirli A. The role of exogenous insulin in the complex
of hepatic lipidosis and ketosis associated with insulin
resistance phenomenon in postpartum dairy cattle. Vet
Res Commun. 2006;30(7):749-74.

17. Bossaert P, Leroy JL, De Vliegher S, Opsomer G.
Interrelations between glucose-induced insulin response,

AGRICULTURAL SCIENCE AND PRACTICE Vol.3 No.3 2016

metabolic indicators and time of first ovulation in high-
yielding dairy cows. 2008;91(9):3363-71.

18. Simonov MR, Petruh IM, Vlizlo VV. Peculiarities of
carbohydrate metabolism in high-producing dairy cows
with ketosis. Veterinary Medicine. Inter-Department
Subject Scientific Collection. 2013;97:355-6.

19. Kreipe L, Vernay MC, Oppliger A, Wellnitz O, Bruckmaier
RM, van Dorland HA. Induced hypoglycemia for 48
hours indicates differential glucose and insulin effects
on liver metabolism in dairy cows. J Dairy Sci.
2011;94(11):5435-48.

20.Jaakson H, Ling K, Samariitel J, Ilves A, Kaart T, Kdirt
O, Ots M. Blood glucose and insulin responses during
the glucose tolerance test in relation to dairy cow body
condition and milk yield. Veterinarija ir zootechnika (Vet
Med Zoot). 2013;62(84):28-35.

21.De Koster JD, Opsomer G. Insulin resistance in dai-
ry cows. Vet Clin North Am Food Anim Pract. 2013;
29(2):299-322.

22.Xu C, Xu Q, Chen Y, Yang W, Xia C, Yu H, Zhu K, Shen
T, Zhang Z. The relationship between fibroblast growth
factor-21 and characteristic parameters related to energy
balance in dairy cows. BMC Vet Res. 2015;11:271.

23.Terao H., Fujita M., Tsumagari A, Sugino T, Bungo T.
Insulin dynamics in transition dairy cows as revealed by
intravenous glucose tolerance testing. J Anim Vet Adv.
2010;9(18):2333-7.

24. Ghalaut VS, Yadav S, Ghalaut PS, Yadav A, Sachdeva A,
Yadav R, Sharma TK, Shankar V. Association of insulin
like growth factor-1 (IGF-1) and thyroid hormones in
patients of acute leukemia. Clin Lab. 2012;58(3—4):227—
31.

25. Hormones in neurodegeneration, neuroprotection,
and neurogenesis. Eds A. G. Gravanis, S. H. Mellon.
Weinheim, John Wiley & Sons. 2011;204 p.

26. Lieberman M, Ricer RE. Lippincott’s illustrated Q&A
review of biochemistry. Lippincott Williams & Wilkins.
2009;204 p.

27.Takei Y, Ando H, Tsutsui K. Handbook of hormones:
comparative endocrinology for basic and clinical
research. Academic Press. 2015;674 p.

21




<<
  /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 false
  /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 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /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 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /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 false
  /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 <>
    /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


