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Summary 
Activators of hypoxia inducible factors (HIFs), such as roxadustat, 
are promising agents for anemia treatment. However, since HIFs 
are also involved in the regulation of the pulmonary circulation, 
we hypothesized that roxadustat increases pulmonary vascular 
resistance and vasoconstrictor reactivity. Using isolated, cell-free 
solution perfused rat lungs, we found perfusion pressure-flow 
curves to be shifted to higher pressures by 2 weeks of roxadustat 
treatment (10 mg/kg every other day), although not as much as 
by chronic hypoxic exposure. Vasoconstrictor reactivity to 
angiotensin II and acute hypoxic challenges was not altered by 
roxadustat. Since roxadustat may inhibit angiotensin-converting 
enzyme 2 (ACE2), we also tested a purported ACE2 activator, 
diminazene aceturate (DIZE, 0.1 mM). It produced paradoxical, 
unexplained pulmonary vasoconstriction. We conclude that the 
risk of serious pulmonary hypertension is not high when 
roxadustat is given for 14 days, but monitoring is advisable. 
 
Key words 
Pulmonary hypertension • Hypoxia-inducible factor • ACE2 • 
Diminazene aceturate 
 
Corresponding author 
V. Hampl, Department of Physiology, Second Faculty of Medicine, 
Charles University, Plzeňská 311, Prague 5, Czech Republic.  
E-mail: vaclav.hampl@lfmotol.cuni.cz 
 

Expression of a large number of genes is 
adjusted to oxygen availability through the hypoxia-
inducible factor (HIF) family of transcription factors [1]. 

HIFs are heterodimers. While the β subunit is stable, the 
α subunit is labeled by ubiquitination in the presence of 
oxygen and degraded. Thus, the dimer cannot form and 
the expression of genes controlled by HIFs does not 
occur. When oxygen is deficient, ubiquitination is 
limited, the α subunit survives, forms a dimer with the 
β subunit, and transcription of corresponding genes 
ensues. The enzyme that utilizes oxygen to initiate 
ubiquitination of the α subunit is prolyl hydroxylase [1]. 
Pharmacological inhibition of this enzyme in normoxia 
therefore acts on the HIF system similarly to hypoxia, 
limiting the degradation of the α-subunit and thus 
allowing the formation of a complete HIF dimer. 

As the first gene for which HIF regulation was 
described was erythropoietin [1], pharmacological 
interference with the HIF system has been investigated as 
a possible therapy for anemia. Of particular interest is 
a group of prolyl hydroxylase inhibitors (e.g. roxadustat) 
[2]. While especially the possibility to use them orally is 
attractive, there is still a controversy regarding their 
safety, especially cardiovascular (e.g. roxadustat has been 
approved by EMA, but not FDA). 

One of the systems significantly affected by 
hypoxia is the pulmonary circulation. Chronic hypoxia is 
an important factor in the development of pulmonary 
hypertension, a disorder associated with significant 
morbidity and mortality [3]. There is evidence that 
HIF activation is part of its mechanism [4]. Thus, a risk 
of pulmonary hypertension might be a potential concern 
when using drugs such as roxadustat. This is indirectly 
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supported by the finding of pulmonary hypertension in 
endothelial prolyl hydroxylase 2 gene knockout mice [5]. 

Roxadustat seems to have other effects in 
addition to HIF stabilization. For example, it can 
downregulate angiotensin-converting enzyme 2 (ACE2) 
activity [2]. ACE2 acts against pulmonary hypertension 
[6]. ACE2 inhibition thus could be an additional 
mechanism whereby roxadustat might promote 
pulmonary hypertension. 

The aim of this study therefore was to evaluate 
the effect of an HIF activator on the development of 
pulmonary hypertension and to assess the involvement of 
ACE2 in this process. 

The experiments were performed using adult 
male Wistar rats (AnLab, Prague, Czech Republic) in 
accordance with the European Guidelines on Laboratory 
Animal Care. They were approved by the Ministry of 
Education, Youth and Sports as the Czech Republic’s 
authority competent to approve experimental projects 
pursuant to the Animal Protection Act  
(#AVCR 4304/2021 SOV I). Rats were kept at room 
temperature with free access to standard diet (AnLab) and 
tap water. 

One group was treated with roxadustat for 
2 weeks (group Rox2w, n=9). Five milligrams of 
roxadustat (MedChemExpress, Monmouth Junction, NJ, 
USA; all other drugs were from Sigma-Aldrich, Prague, 
Czech Republic) were dissolved in 25 µl DMSO + 200 µl 
PEG + 25 µl TWEEN 80+250 µl water and injected i.p. 
(10 mg/kg BW) every other day [2,7]. Since we expected 
that it will increase hematocrit, which itself elevates 
pulmonary vascular resistance, we used another group 
that received roxadustat only once and was studied 48 h 
later, so that pulmonary vascular mechanisms controlled 
by HIF could be altered, but the effect on hematocrit has 
not yet manifested (Rox2d, n=9). A control group was 
treated the same way as Rox2w, except that they were 
injected with solvent without roxadustat (n=8). To check 
for possible effects of the solvent itself, a group was 
included that was not treated in any way (untreated 
group, n=5). To compare the results with a situation of 
naturally elevated HIFs, the last group was treated 
identically to controls, except that it was exposed to 
chronic hypoxia (10 % O2) for the two weeks of solvent 
injections (group chronic hypoxia CH, n=6). 

The pulmonary vasoresistive properties were 
evaluated by analyzing the perfusion pressure-flow 
relationship in isolated lungs perfused ex vivo at 
40 ml/min/kg BW with a cell-free Krebs solution with 

4 % albumin (to exclude the confounding effect of 
hematocrit variations) and ventilated with air + 5 % CO2 
at 60 breaths/min with a +2 cm H2O end-expiratory 
pressure [8,9]. Before lung isolation, the rats were 
anesthetized with thiopental (30 mg/kg BW i.p.) and 
a blood sample was taken by cardiac puncture to measure 
hematocrit. The pressure-flow relationship was 
determined by measuring the pressure while the perfusion 
was first stopped for ~30 s and then increased to 
36 ml/min/kg BW in 3 even steps (~30 s each). Since the 
pressure-flow relationship in this range appeared close to 
linear, it was evaluated with linear regression 
(R2>0.8925). 

Vasoconstrictor reactivity was then tested by our 
routine sequence of injecting angiotensin II (0.15 µg) into 
the inflow line, followed, after perfusion pressure 
stabilization (~8 min), with ventilatory hypoxia (0 % O2 
+ 5 % CO2, 10 min). This angiotensin II + acute hypoxia 
sequence was repeated once more. To test whether the 
pulmonary vascular resistive properties and/or 
vasoconstrictor reactivity were altered by the possible 
inhibitory effect of roxadustat on ACE2 [2], a putative 
ACE2 stimulator, diminazene aceturate (DIZE) [10], was 
then added to the perfusate (0.1 mM). After a 10-min 
stabilization, the whole protocol (pressure-flow 
measurement, angiotensin II plus acute hypoxia twice) 
was repeated (Fig. 1). 

The results were analyzed statistically with 
Prism 9.5 software (GraphPad Software, Boston, MA, 
USA) and presented as means ± SD. Groups were 
compared using one-way ANOVA with Fisher's Least 
significant difference test. The pressure-flow curves 
before and after DIZE administration were evaluated 
separately in each group using two-way repeated 
measures ANOVA. The vasoconstrictor responses before 
and after DIZE were compared separately for each group 
with paired t-test. P<0.05 was considered significant. 

Chronic but not acute roxadustat treatment 
increased hematocrit compared both to control and 
untreated group, but not as much as chronic hypoxia 
(Table 1). 

Baseline perfusion pressure in the isolated lungs 
was higher in the Rox2d group (9.8±1.6 mm Hg) than in 
controls (7.9±1.8, P=0.0364). It was even higher in the 
CH group (13.0±2.0), compared both to controls and 
untreated (P<0.0001) and to both roxadustat groups 
(P≤0.0011). It was 9.2±1.9 in the Rox2w and 
8.1±1.2 mm Hg in the untreated rats. 

The slope of the pressure-flow regression lines 



2023  HIF Activator Increases Pulmonary Vascular Resistance    S589  
 

 
 
Fig. 1. (A) Example pressure recording (Rox2w group) illustrating the lung perfusion protocol. P/Q, pressure-flow curve measurement; 
A-II, inflow injection of 0.15 µg angiotensin II; 0 % O2, hypoxic challenge; DIZE, 0.1 mM diminazene aceturate added to the perfusate. 
(B-E) Perfusion pressure-flow curves are shifted to higher pressures by diminazene aceturate (DIZE) in untreated (B, n=5), roxadustat-
treated (for 2 weeks, Rox2w, n=7; panel D) and chronically hypoxic (CH, n=6; E), but not control (C, n=7, panel C) and roxadustat-
treated (once before the measurement, Rox2d, n=7, not shown) groups. Flow was a significant source of variation in all groups 
(P<0.0001, two-way repeated measures ANOVA). * P=0.0453 effect of group (values after DIZE are higher than values before DIZE 
even when flow is not considered). ** P=0.0064 effect of group (pre vs. post DIZE). † P≤0.0055 effect of group (pre vs. post DIZE) × 
flow interaction (values after DIZE are getting more different from the values before DIZE as flow increases). 
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Table 1. Hematocrit and vasoconstrictor reactivity (second repetition of the challenges). 
 

Group 
Hematocrit 

(%) 

Pressure-flow line 
intercept with the 

pressure axis 
(mm Hg) 

Angiotensin II 
(∆ perfusion 

pressure, mm Hg) 

Acute 0 % O2 
(∆ perfusion 

pressure, mm Hg) 

Untreated 
(n=5) 

39.6±2.3 1.5±0.8 9.8±5.1 23.8±9.8 

Control 
(n=8) 

39.7±2.5 2.6±1.4 10.8±5.6 23.3±12.5 

Rox2d 
(n=9) 

41.8±2.3 4.2±1.5*,† 7.4±2.3 17.1±7.4 

Rox2w 
(n=9) 

46.6±1.8**,††,‡‡ 3.9±1.5*,† 12.8±6.0‡ 26.5±11.4 

CH 
(n=6) 

49.8±1.7**,†††,‡‡,§ 7.6±1.1**,†††,‡‡,§§ 20.9±5.7**,††,‡‡,§§ 28.6±8.6 

 
* P<0.05 vs. Control, ** P≤0.0008 vs. Control, † P<0.01 vs. Untreated, †† P<0.001 vs. Untreated, ††† P<0.0001 vs. Untreated, 
‡ P=0.0284 vs. Rox2d, ‡‡ P≤0.0004 vs. Rox2d, § P<0.05 vs. Rox2w, §§ P≤0.0049 vs. Rox2w. 
 
 
did not differ among the groups (i.e. the lines were 
parallel), whereas the intercept with the pressure axis was 
increased by roxadustat already after 2 days and did not 
further change after 2 weeks compared to control and 
untreated groups (that did not differ one from another, 
Table 1). The pressure axis intercept was even higher in 
the CH group. This parameter corresponds to the critical 
closing pressure of the pulmonary vasculature [11]. 

Consistent with this, the value at which the 
perfusion pressure equilibrated when perfusion was 
stopped did not differ between control (0.1±0.6 mm Hg) 
and untreated (-0.2±0.5, P=0.6737) groups, but was 
elevated similarly (P<0.05) in the Rox2w (0.8±0.4) and 
Rox2w (0.8±0.6) groups and even more so in the 
CH group (2.1±1.3, P≤0.0028). The stop-flow pressure 
reflects critical closing pressure (if critical closing 
pressure was zero, then the pressure on the inflow side 
should equilibrate with the outflow pressure of  
-2 cm H2O). 

The vasoconstrictor reactivity to angiotensin II 
was potentiated by chronic hypoxia, as reported 
previously [12], but was not altered by Roxadustat 
compared to control or untreated rats. It was higher in the 
Rox2w than Rox2d group (Table 1). Reactivity to acute 
hypoxic challenges did not differ among the groups. 

DIZE did not alter the pressure-flow lines in the 
control and Rox2w groups, but it shifted them to higher 
pressures in the untreated, Rox2w, and CH groups 
(Fig. 1B-E). The vasoconstrictor responses to acute 

hypoxia were not altered, while those to angiotensin II 
rose after DIZE in controls (to 18.2±6.8 mm Hg, 
P=0.0148 vs. before DIZE), Rox2d (11.5±6.2, P=0.0387) 
and Rox2w (17.8±6.1, P=0.0004) groups, but not in the 
CH group (19.6±6.2, P=0.3171). 

These data show that inhibition of prolyl 
hydroxylases (and thus HIF activation) by roxadustat 
elevates pulmonary vascular critical closing pressure, 
thus shifting pressures over a range of flow rates to 
higher values. This effect is independent of the influence 
of roxadustat on hematocrit, but is smaller than the 
established pulmonary hypertension model of chronic 
hypoxia. In line with our previous observations that 
essential changes in the development of chronic hypoxic 
pulmonary hypertension occur during the first days of 
hypoxic exposure [13], the effect of roxadustat on the 
pulmonary circulation is faster (already after 2 days) than 
on hematocrit. Since we detected the effect of roxadustat 
in lungs perfused with a cell-free solution, it is likely that 
in vivo, where the positive effect of roxadustat on 
hematocrit is also present, its effect on pulmonary 
vascular resistance will be even greater. 

Acute pulmonary vasoconstrictor reactivity (to 
angiotensin II and 0 % O2) was not affected by 
roxadustat. This is surprising, inasmuch roxadustat was 
reported to downregulate vascular AT1 receptors [14]. 
Furthermore, the expression and activity of voltage-gated 
K+ channels, important in the mechanism of acute 
hypoxic vasoconstriction [15], are affected by HIFs [4]. 
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For example, both chronic hypoxia and HIF-1 over-
expression in normoxia reduced the expression of Kv1.5 
and Kv2.1 channels in intrapulmonary arterial smooth 
muscle cells via endothelin-1 upregulation [16]. 
Nevertheless, our data suggest that this influence is not 
functionally very powerful. 

Antitrypanosomal drug and ACE2 stimulator 
DIZE [10] was reported to stop the progression of 
experimental pulmonary hypertension [17]. Our findings 
of the pressure-flow lines shifted to higher pressures and 
potentiated angiotensin II reactivity in most of our 
experimental groups is thus surprising. It is likely that 
some DIZE actions other than ACE2 activation played 
a role. One possibility could be DIZE’s interference with 
acid-sensitive ion channels [18], recently shown to be 
important in pulmonary vascular smooth muscle 
regulation [19]. Although we do not understand this 
paradoxical effect of DIZE, we consider useful reporting 

it, especially as it is commonly used as an antiparasitic. 
In conclusion, the risk of HIF stabilizer-induced 

pulmonary hypertension is real and worth considering, 
especially as pulmonary hypertension is a common 
complication of chronic kidney disease even without such 
treatment [20]. Fortunately, increased pulmonary 
vasoconstrictor reactivity, which would be an additional 
risk factor, does not occur with roxadustat. HIFs do not 
seem to play a significant role in hypoxic pulmonary 
vasoconstriction. ACE2 stimulator, DIZE, may cause 
paradoxical pulmonary vasoconstriction. 
 
Conflict of Interest 
There is no conflict of interest. 
 
Acknowledgements 
Funded by the Charles University Grant Agency grant 
# 438322. 

 
References 
 
1. Semenza GL. Regulation of physiological responses to continuous and intermittent hypoxia by hypoxia-inducible 

factor 1. Exp Physiol 2006;91:803-806. https://doi.org/10.1113/expphysiol.2006.033498 
2. Keeley T, Zhuang X, Lee J, Prange-Barczynska M, Tsukuda S, Morgan S, Harding A, ET AL. Hypoxic and 

pharmacological activation of HIFs inhibits SARS-CoV-2 infection of lung epithelial cells. Cell Reports 
2021;35:109020. https://doi.org/10.1016/j.celrep.2021.109020 

3. Suresh K, Shimoda LA. Lung circulation. Compr Physiol 2016;6:897-943. https://doi.org/10.1002/cphy.c140049 
4. Pullamsetti SS, Mamazhakypov A, Weissmann N, Seeger W, Savai R. Hypoxia-inducible factor signaling in 

pulmonary hypertension. J Clin Invest 2020;130:5638-5651. https://doi.org/10.1172/JCI137558 
5. Tang H, Babicheva A, McDermott KM, Gu Y, Ayon RJ, Song S, Wang Z, ET AL. Endothelial HIF-2α contributes 

to severe pulmonary hypertension due to endothelial-to-mesenchymal transition. Am J Physiol Lung Cell Mol 
Physiol 2018;314:L256-L275. https://doi.org/10.1152/ajplung.00096.2017 

6. Hampl V, Herget J, Bíbová J, Baňasová A, Husková Z, Vaňourková Z, Jíchová Š, ET AL. Intrapulmonary activation 
of the angiotensin-converting enzyme type 2/angiotensin 1-7/G-protein-coupled Mas receptor axis attenuates 
pulmonary hypertension in Ren-2 transgenic rats exposed to chronic hypoxia. Physiol Res 2015;64:25-38. 
https://doi.org/10.33549/physiolres.932861 

7. Burmakin M, Fasching A, Kobayashi H, Urrutia AA, Damdimopoulos A, Palm F, Haase VH. Pharmacological 
HIF-PHD inhibition reduces renovascular resistance and increases glomerular filtration by stimulating nitric oxide 
generation. Acta Physiol 2021;233:e13668. https://doi.org/10.1111/apha.13668 

8. Bělohlávková S, Šimák J, Kokešová A, Hniličková O, Hampl V. Fenfluramine-induced pulmonary 
vasoconstriction: role of serotonin receptors and potassium channels. J Appl Physiol 2001;91:755-761. 
https://doi.org/10.1152/jappl.2001.91.2.755 

9. Herget J, Chovanec M. Isolated perfused murine lung: a well characterized preparation for studying lung vascular 
function. Drug Discov Today Dis Models 2010;7:131-135. https://doi.org/10.1016/j.ddmod.2011.03.008 

10. Qaradakhi T, Gadanec LK, McSweeney KR, Tacey A, Apostolopoulos V, Levinger I, Rimarova K, ET AL. The 
potential actions of angiotensin-converting enzyme II (ACE2) activator diminazene aceturate (DIZE) in various 
diseases. Clin Exp Pharmacol Physiol 2020;47:751-758. https://doi.org/10.1111/1440-1681.13251 

11. Dawson CA, Linehan JH, Bronikowski TA: Pressure and flow in the pulmonary vascular bed. In: Pulmonary 
Vascular Physiology and Pathophysiology. Weir EK, Reeves JT (eds), Marcel Dekker, New York, 1989, pp 51-105. 



S592   Novák et al.  Vol. 72 
 
 
12. Hampl V, Archer SL, Nelson DP, Weir EK. Chronic EDRF inhibition and hypoxia: effects on pulmonary circulation 

and systemic blood pressure. J Appl Physiol 1993;75:1748-1757. https://doi.org/10.1152/jappl.1993.75.4.1748 
13. Hampl V, Bíbová J, Baňasová A, Uhlík J, Miková D, Hniličková O, Lachmanová V, ET AL. Pulmonary vascular 

iNOS induction participates in the onset of chronic hypoxic pulmonary hypertension. Am J Physiol Lung Cell Mol 
Physiol 2006;290:L11-L20. https://doi.org/10.1152/ajplung.00023.2005 

14. Yu J, Wang S, Shi W, Zhou W, Niu Y, Huang S, Zhang Y, ET AL. Roxadustat prevents Ang II hypertension by 
targeting angiotensin receptors and eNOS. JCI Insight 2021;6:e133690. https://doi.org/10.1172/jci.insight.133690 

15. Archer SL, London B, Hampl V, Wu X, Nsair A, Puttagunta L, Hashimoto K, ET AL. Impairment of hypoxic 
pulmonary vasoconstriction in mice lacking the voltage gated potassium channel, Kv1.5. FASEB J 2001;15:1801-1803. 
https://doi.org/10.1096/fj.00-0649fje 

16. Whitman EM, Pisarcik S, Luke T, Fallon M, Wang J, Sylvester JT, Semenza GL, ET AL. Endothelin-1 mediates 
hypoxia-induced inhibition of voltage-gated K+ channel expression in pulmonary arterial myocytes. Am J Physiol 
Lung Cell Mol Physiol 2008;294:L309-L318. https://doi.org/10.1152/ajplung.00091.2007 

17. Shenoy V, Gjymishka A, Jarajapu YP, Qi Y, Afzal A, Rigatto K, Ferreira AJ, ET AL. Diminazene attenuates 
pulmonary hypertension and improves angiogenic progenitor cell functions in experimental models. Am J Respir 
Crit Care Med 2013;187:648-657. https://doi.org/10.1164/rccm.201205-0880OC 

18. da Silva Oliveira GL, de Freitas RM. Diminazene aceturate - An antiparasitic drug of antiquity: Advances in 
pharmacology & therapeutics. Pharmacol Res 2015;102:138-157. https://doi.org/10.1016/j.phrs.2015.10.005 

19. Jernigan NL, Naik JS, Resta TC. Acid-sensing ion channel 1 contributes to pulmonary arterial smooth  
muscle cell depolarization following hypoxic pulmonary hypertension. J Physiol 2021;599:4749-4762. 
https://doi.org/10.1113/JP282231 

20. Edmonston DL, Parikh KS, Rajagopal S, Shaw LK, Abraham D, Grabner A, Sparks MA, ET AL.  
Pulmonary hypertension subtypes and mortality in CKD. Am J Kidney Dis 2020;75:713-724. 
https://doi.org/10.1053/j.ajkd.2019.08.027 

 
 
 



<<

  /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 false

  /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 false

  /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 false

  /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 false

  /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>

    /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.)

    /CZE <>

  >>

  /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



