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Summary 
Recently deceased professor Luboslav Stárka was a world-
renowned doctor who devoted his whole life to the study and 
therapeutic use of steroids, and was particularly interested in 
vitamin D. He knew from his own experience and from deep 
knowledge that this vitamin, one of the oldest steroids in 
development, must have a number of effects in addition to the 
undeniably positive effects on bones. He commissioned our task 

force to address the issues surrounding vitamin D, leading to 
years of studies with robust results made possible by the use of 
chromatography coupled with mass spectrometry (LC-MS), a so-
called gold standard of measurement that is a cornerstone of 
recent scientific studies. This led to a whole series of scientific 
publications, the aim of which was to point out the possibility of 
using the abilities of vitamin D and thus also the gift that nature 
has given us. 
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Introduction 
 

For more than two decades, the so-called 
extraosseous effects of vitamin D have been intensively 
studied as a factor affecting a whole range of 
neurological, immunological and endocrinological 
problems. This fact divided the professional public into 
supporters and opponents of the extraosseous effects of 
vitamin D (and its active metabolite calcitriol  
1,25-dihydroxyvitamin D). Some inconsistent and 
contradictory study results, the lack of record-based 
clinical trials and inconsistent measurements of the 
storage form of vitamin D, calcidiol (25-OH D) [1] led 
some doctors to see the vitamin D boom as a fad or  
a marketing strategy by pharmaceutical manufacturers. 

 
Skeletal effects of vitamin D 

 
The undeniable effects of vitamin D on bone 

were and are recognized without reservation, and in this 
sense the education that led the general public to spend 
more time in healthy air and avoid the sun less was also 
positively received. Of course, dermatologists rightly 
continue to warn against excessive sun exposure. 
However, it is also necessary to realize that the substrate 
(7-dehydrocholesterol) from which vitamin D 
(cholecalciferol) is formed decreases with age. From the 
age of 60, the production of vitamin D is completely 
insufficient, and geographical location of the Czech 
Republic in Central Europe also contributes to 
deficiencies, as vitamin D is formed only from 
approximately mid-April to mid-September [2] in sunny 
weather, often leading to a lack of calcium needed for 
incorporation into osteoblasts. To prevent osteoporosis, 
especially in women, a year-round substitution  
(600 IU/day, in winter 1000 IU/day) of vitamin D from 
the age of 50 is recommended by the State Health 
Institute of the Czech Republic (SZÚ) and European 
Food Safety Authority (EFSA). Misinterpretations may 
also have occurred due to inconsistent reporting of weight 
units (mg) or in international units (IU), while the 
following applies: [mg = x/40, where x = amount of 

vitamin D in IU units]. Similar problems can also arise 
when assessing serum vitamin D levels, as what is being 
measured is no longer vitamin D, but its metabolite 
calcidiol (25-OH vitamin D). Thanks to the fact that 
calcidiol is stable for several weeks it serves as a storage 
substance in the body, from which calcitriol, the most 
well-studied active metabolite is formed until further 
hydroxylation at the 1-α position. In contrast, the stability 
of calcitriol ranges in the order of minutes. Calcidiol 
values are generally reported in either ng/ml of serum or 
in nmol/l [ng/ml = x/2.5, where x = amount of vitamin D 
in nmol/l].  

 
Neuroprotective effects of vitamin D   

 
Vitamin D may act like a neurosteroid hormone 

[3], and indeed meets the criteria for a neurohormone. 
The amount and genetic development of specific 
receptors for vitamin D (VDR) and its own transport 
protein (VDBP) may play important roles in the 
polymorphism and development of some very serious 
diseases [4]. 

As a neurosteroid, calcitriol is capable of rapid 
non-genomic action by acting on plasma membranes, and 
also genomic (long-term) action by acting on nuclear 
receptors. Calcitriol is produced mainly in the proximal 
tubule of the kidneys, but also locally in a number of 
other tissues of the body including the brain, with activity 
depending on the number of receptors in individual 
tissues. In the mid-1990s, reports on the positive effect of 
vitamin D3 on brain-derived nerve growth factor (BDNF) 
began to multiply, first in animal experiments [5]. Over 
time, it became clear that BDNF is mainly synthesized in 
the brain, and its expression increases with physical 
activity and exercise [6]. 

BDNF promotes neuroprotection and 
neuroregeneration. In depression, obesity and after brain 
injuries, the serum level of BDNF decreases, and recently 
BDNF has been reported to play a critical role in the 
pathophysiology of depression [7]. In one study using  
a depression model, the administration of vitamin D 
improved depressive feelings [8]. This supports the 
negative correlation between vitamin D levels and 
depression that our working group under the leadership of 
prof. Stárka had demonstrated as early as in 2015 [9]. 
Lately, the role of vitamin D in mental health and 
depression has led to increased research interest, but 
controlled clinical studies are still lacking [10]. 

The Vitamin D council of the USA (a non-profit 
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organization devoted to disseminating information to the 
public about the effects of vitamin D) has coordinated 
with our laboratory to study issues of young people with 
autism and /or ADHD. In our work we have observed 
beneficial effect of vitamin D on mental condition [11], 
but because of the nature of the studies, the results must 
be taken with caution. A reduction of depressive states 
was reported by patients and doctors after taking vitamin 
D only, but the lack of proper controls and issues 
surrounding self-reporting by the patients and their 
parents prohibited proper statistical evaluations. While 
vitamin D deficiency is undoubtedly a risk factor for 
autism, the mere determination of vitamin D in blood is 
not a sufficient marker to evaluate the vitamin D status. 
In cases where levels of VDBP are altered, measurements 
of bioavailable vitamin D may better determine vitamin 
D status more accurately [12].  

Elevated blood amino acid homocysteine (Hcy) 
levels are currently considered a risk factor for vascular 
and coronary heart diseases, and negatively impact 
nervous system function. Research has testified to 
a negative role of Hcy in findings of significant 
correlations between vitamin D levels, homocysteine and 
BDNF in patients with ischemic stroke [13]. A double-
blinded, randomized, placebo-controlled trial in 2021 
found a reduction in the risk of cardiovascular and liver 
diseases after receiving 1250 µg vitamin D3 (60,000 IU) 
per week for 2 months [14]. 

The beneficial effects of vitamin D 
supplementation for people over 65 years of age and 
dosage recommendations are summarized in the Journal 
of the American Geriatrics Society [15]. Reductions of 
depressive symptoms after the use of vitamin D (most 
often 2000 IU /day) were described in 2022 by several 
dozen reviews [16]. Outdoor activity in fresh air and 
vitamin D supplementation has been demonstrated to 
yield positive results, including lowered Hcy, and 
increases in serotonin and neurosteroids positively 
modulating GABAA¨receptors [17].   
 
Immunoprotective effects of vitamin D    

 
One of the first reports of the antimicrobial 

effects of vitamin D in the treatment of Mycobacterium 
tuberculosis (MT) in 1949 suggests there is  
an association between low levels of vitamin D and 
tuberculosis infections [18]. In response to MT 
infections, the importance of the vitamin D induction of 
cathelicidin and its activation by Toll-like receptor 

signaling has been demonstrated [19]. In addition to other 
factors, a general susceptibility to microbial infections is 
dependent on the production or substitution of vitamin D. 
Toll-like receptor activation of human macrophages was 
shown to up-regulate the expression of the vitamin D 
receptor and vitamin D-1-hydroxylase genes, leading to 
induction of the antimicrobial peptide cathelicidin and the 
killing of intracellular MT [20]. The latest review of the 
role of vitamin D concerning prophylaxis and treatment 
in tuberculosis patients [21] confirmed the expression of 
pro-inflammatory and anti-inflammatory cytokines 
(a reduction of pro-inflammatory cytokines TNFα and  
IL-17 and increases of anti-inflammatory IL-10 and  
TGF-β) and thus slowing down the replication of 
MT. Considering the low incidence of side effects even at 
high dosages and its low cost, it would be advisable to 
assess vitamin D levels both in patients with active 
tuberculosis and high-risk groups. Further clinical trials 
are needed to study vitamin D efficacy in vivo, 
eliminating confounding factors, determining dosages 
and finding the most suitable methods of administration.  

At the beginning of 2020, when the world was 
exposed to the cruel effects of SARS-CoV-2 and 
vaccination against the virus had not yet been developed, 
general reports began to appear about the positive effects 
of vitamin D supplementation, not only against COVID-
19, but also against influenza [22]. Since then, the 
number of positive reports on the protective effect of 
vitamin D has grown to several hundred. Some summary 
studies and meta-analyses have not demonstrated  
a statistically significant preventive effect of vitamin D 
on acquiring COVID-19. In patients with COVID-19, 
however, they clearly support the positive effects of 
vitamin D supplementation [23] on stays in intensive care 
units and overall reductions in mortality. Nevertheless, 
summary studies and meta-analyses from 2022 still do 
not give a clear answer on whether vitamin D 
supplementation can prevent or "only" reduce the severity 
of COVID-19 infection [24]. Further studies leading to  
a recommended dosage of vitamin D, duration of use, as 
well as method of application for both the prevention and 
treatment of COVID-19 are needed. 

During 2021, our laboratory conducted a study 
that investigated the relationship between serum vitamin 
D levels and COVID-19 disease. The study [2] was 
conducted in the midst of the COVID-19 pandemic at our 
healthcare facility. Briefly: blood samples were taken 
from probands in the winter and again in summer, during 
which they filled out a short questionnaire. The levels of 
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vitamin D were determined in the collected serum 
samples using LC/MS-MS instrumentation. A statistical 
evaluation of the results of our observation study showed 
that a minimum calcidiol concentration of 80 nmol/l is 
the critical limit for the disease of COVID-19. Our and 
other published results have shown that for elderly 
patients who no longer create sufficient amounts of 
vitamin D even when exposed to the sun in the summer 
(i.e., people over 60 years of age), taking a supplement of 
vitamin D allows them to overcome this vitamin D 
deficiency and increase the serum concentrations to  
> 80 nmol/l [25].  

 
New aspects of vitamin D 

 
Concerns among the professional public about 

vascular calcification with long-term use of vitamin D 
have declined thanks to studies on the effects of vitamin 
K2. Vitamin D3 increases the absorption of calcium from 
the gut to be available for bone construction, but it is 
mainly vitamin K2 that induces calcium transport into the 
bones and prevents it from being stored in blood vessels 
and soft tissues. The calcification of soft tissues and 
blood vessels could result in reducing elasticity, 
increasing the risk of high blood pressure, aortic stenosis, 
cardiac hypertrophy, heart attack, and ischemia of the 
lower limbs. However, as review paper [26] summarized 
the evidence on the effect of vitamin K and its protection 
against vascular calcification. The mechanism of action 
of vitamin K2 consists in influencing proteins from bone 
cells - osteoblasts. It is necessary for the activation of 
osteocalcin, which integrates calcium into bones and 
teeth and thus prevents the accumulation of calcium in 
blood vessels. Vitamin K2 is synthesized by intestinal 
bacteria, unlike vitamin K1 (necessary for blood clotting), 
which the body obtains exclusively from green vegetables 
[27]. Works from recent years [28] have provided 
evidence of the insufficient production of vitamin K2 and 
thus the necessity of occasional supplementation. 

Preference should be given to vitamin K2 in the form of 
menaquinone MK-7, which has a long half-life  
(2-3 days). 

Another notable recent aspect of vitamin K2 is 
its relationship to Alzheimer's disease. In an intensive 
study on the action of vitamin K2, a molecular 
mechanism was discovered showing protection against 
apoptosis induced by β-amyloid proteins, one of the main 
causes of this disease [29]. 

 
Conclusions 
 

Professor Stárka and his collaborators long 
sought to increase awareness of the wide range of effects 
of vitamin D among both professionals and the lay 
public. They have drawn attention to the fact that age 
limits the sufficient production of vitamin D, and that 
there are no concerns of overdosing during the time-
limited use of vitamin D in the fight against infections. 
Their studies have demonstrated the need for outdoor 
activity and exposure to healthy air and sunshine, during 
which levels of vitamin D naturally increase. In addition, 
they have also contributed to knowledge on relationships 
between vitamin D levels and the adverse effects of 
mental fatigue that often lead to depression. 

Studies by Dr. Stárka's group have shown the 
importance of measuring calcidiol levels, which should 
be at a minimum of 80 nmol/l. During epidemics, levels 
of vitamin D should be increased to at least 120 nmol/l. 
People over the age of 60 should take vitamin D 
supplements year-round, at least 1000 IU/day depending 
on serum levels. 

 
Conflict of Interest 
There is no conflict of interest. 
 
Acknowledgements 
Supported by MH CZ - DRO (Institute of Endocrinology 
- EÚ, 00023761). 

 
References 
 
1.  Tripathi A, Ansari M, Dandekar P, Jain R. Analytical methods for 25-hydroxyvitamin D: advantages and 

limitations of the existing assays. J Nutr Biochem 2022;109:109123. 
https://doi.org/10.1016/j.jnutbio.2022.109123 

2.  Bičíková M, Máčová L, Hill M. Vitamin D as a possible COVID-19 prevention strategy. Int J Mol Sci 2022;23: 
10532. https://doi.org/10.3390/ijms231810532 

3.  Annweiler C, Schott AM, Berrut G, Chauviré V, Le Gall D, Inzitari M, Beauchet O. Vitamin D and ageing: 
neurological issues. Neuropsychobiology 2010;62:139-150. https://doi.org/10.1159/000318570 



2023  Vitamin D History   135  
 

4.  Erasmus R, Maepa S, Machingura I, Davids S, Raghubeer S, Matsha T. Vitamin D, Vitamin D-binding proteins, 
and VDR polymorphisms in individuals with Hyperglycaemia. Nutrients 2022;30:14. 
https://doi.org/10.3390/nu14153147 

5.  Saporito MS, Brown ER, Hartpence KC, Wilcox HM, Vaught JL, Carswell S. Chronic 1,25-dihydroxyvitamin 
D3-mediated induction of nerve growth factor mRNA and protein in L929 fibroblasts and in adult rat brain. Brain 
Res 1994; 633:189-196. https://doi.org/10.1016/0006-8993(94)91539-3 

6.  Brattico E, Bonetti L, Ferretti G, Vuust P, Matrone C. Putting cells in motion: advantages of endogenous boosting 
of BDNF production. Cells 2021;10:183. https://doi.org/10.3390/cells10010183 

7.  Rana T, Behl T, Sehgal A, Srivastava P, Bungau S. Unfolding the Role of BDNF as a biomarker for treatment of 
depression. J Mol Neurosci 2021;71:2008-2021. https://doi.org/10.1007/s12031-020-01754-x 

8.  Goltz A, Janowitz D, Hannemann A, Nauck M, Hoffmann J, Seyfart T, Völzke H, Terock J, Grabe HJ. 
Association of brain-derived neurotrophic factor and vitamin D with depression and obesity: a population-based 
study. Neuropsychobiology 2017;76:171-181. https://doi.org/10.1159/000489864 

9.  Bičíková M, Dušková M, Vítků J, Kalvachová B, Řípová D, Mohr P, Stárka L. Vitamin D in anxiety and affective 
disorders. Physiol Res 2015;64 (Suppl 2):S101-103. https://doi.org/10.33549/physiolres.933082 

10.  Casseb GAS, Kaster MP, Rodrigues ALS. Potential role of vitamin D for the management of depression and 
anxiety. CNS Drugs 2019 Jul;33:619-637. https://doi.org/10.1007/s40263-019-00640-4 

11.  Bicikova M, Macova L, Ostatnikova D, Hanzlikova L. Vitamin D in autistic children and healthy controls. Physiol 
Res 2019;68:317-320. https://doi.org/10.33549/physiolres.933902 

12.  Kim HJ, Ji M, Song J, Moon HW, Hur M, Yun YM. Clinical utility of measurement of vitamin D-binding protein 
and calculation of bioavailable vitamin D in assessment of vitamin D status. Ann Lab Med 2017;37:34-38. 
https://doi.org/10.3343/alm.2017.37.1.34 

13.  Yurekli UF, Tunc Z. Correlation between Vitamin D, homocysteine and brain-derived neurotrophic factor levels 
in patients with ischemic stroke. Eur Rev Med Pharmacol Sci 2022 Nov;26:8004-8010.  

14.  Al-Bayyari N, Hailat R, Subih H, Alkhalidy H, Eaton A. Vitamin D(3) reduces risk of cardiovascular and liver 
diseases by lowering homocysteine levels: double-blinded, randomised, placebo-controlled trial. Br J Nutr 
2021;125:139-146. https://doi.org/10.1017/S0007114520001890 

15.  Recommendations abstracted from the American Geriatrics Society Consensus Statement on vitamin D for 
prevention of falls and their consequences. J Am Geriatr Soc 2014;62:147-152. https://doi.org/10.1111/jgs.12631 

16.  Mikola T, Marx W, Lane MM, Hockey M, Loughman A, Rajapolvi S, Rocks T, O'Neil A, Mischoulon D, 
Valkonen-Korhonen M, Lehto SM, Ruusunen A. The effect of vitamin D supplementation on depressive 
symptoms in adults: A systematic review and meta-analysis of randomized controlled trials. Crit Rev Food Sci 
Nutr 2022;11:1-18. https://doi.org/10.1080/10408398.2022.2096560 

17.  Bicikova M, Macova L, Kolatorova L, Hill M, Novotny J, Jandova D, Starka L. Physiological changes after spa 
treatment - a focus on endocrinology. Physiol Res 2018;67 (Suppl 3): S525-S530. 
https://doi.org/10.33549/physiolres.934016 

18.  Kafle S, Basnet AK, Karki K, Thapa Magar M, Shrestha S, Yadav RS. Association of vitamin D deficiency with 
pulmonary tuberculosis: a systematic review and meta-analysis. Cureus 2021;13:e17883. 
https://doi.org/10.7759/cureus.17883 

19.  Ismailova A, White JH. Vitamin D, infections and immunity. Rev Endocr Metab Disord 2022;23:265-277. 
https://doi.org/10.1007/s11154-021-09679-5 

20.  Liu PT, Stenger S, Li H, Wenzel L, Tan BH, Krutzik SR, Ochoa MT, Schauber J, Wu K, Meinken C, Kamen DL, 
Wagner M, Bals R, Steinmeyer A, Zügel U, Gallo RL, Eisenberg D, Hewison M, Hollis BW, Adams JS, Bloom 
BR, Modlin RL. Toll-like receptor triggering of a vitamin D-mediated human antimicrobial response. Science 
2006;311:1770-1773. https://doi.org/10.1126/science.1123933 

21.  Papagni R, Pellegrino C, Di Gennaro F, Patti G, Ricciardi A, Novara R, Cotugno S, Musso M, Guido G, Ronga L, 
Stolfa S, Bavaro DF, Romanelli F, Totaro V, Lattanzio R, De Iaco G, Palmieri F, Saracino A, Gualano G. Impact 
of vitamin D in prophylaxis and treatment in tuberculosis patients. Int J Mol Sci 2022;23. 
https://doi.org/10.3390/ijms23073860 



136   Bičíková and Máčová  Vol. 72 
 
 
22.  Grant WB, Lahore H, McDonnell SL, Baggerly CA, French CB, Aliano JL, Bhattoa HP. Evidence that vitamin D 

supplementation could reduce risk of influenza and COVID-19 infections and deaths. Nutrients 2020;12. 
https://doi.org/10.3390/nu12040988 

23.  Hosseini B, El Abd A, Ducharme FM. Effects of vitamin D supplementation on COVID-19 Related outcomes:  
a systematic review and meta-analysis. Nutrients 2022;14:2134. https://doi.org/10.3390/nu14102134 

24.  Pal R, Banerjee M, Bhadada SK, Shetty AJ, Singh B, Vyas A. Vitamin D supplementation and clinical outcomes 
in COVID-19: a systematic review and meta-analysis. J Endocrinol Invest 2022;45:53-68. 
https://doi.org/10.1007/s40618-021-01614-4 

25.  Hadizadeh F. Supplementation with vitamin D in the COVID-19 pandemic? Nutr Rev 2021;79:200-208. 
https://doi.org/10.1093/nutrit/nuaa081 

26.  Villa JKD, Diaz MAN, Pizziolo VR, Martino HSD. Effect of vitamin K in bone metabolism and vascular 
calcification: A review of mechanisms of action and evidences. Crit Rev Food Sci Nutr 2017;57:3959-3970. 
https://doi.org/10.1080/10408398.2016.1211616 

27.  Palermo A, Tuccinardi D, D'Onofrio L, Watanabe M, Maggi D, Maurizi AR, Greto V, Buzzetti R, Napoli N, 
Pozzilli P, Manfrini S. Vitamin K and osteoporosis: Myth or reality? Metabolism 2017;70:57-71. 
https://doi.org/10.1016/j.metabol.2017.01.032 

28.  Ellis JL, Karl JP, Oliverio AM, Fu X, Soares JW, Wolfe BE, Hernandez CJ, Mason JB, Booth SL. Dietary vitamin 
K is remodeled by gut microbiota and influences community composition. Gut Microbes 2021;13:1-16. 
https://doi.org/10.1080/19490976.2021.1887721 

29.  Huang SH, Fang ST, Chen YC. Molecular mechanism of vitamin K2 protection against amyloid-β-induced 
cytotoxicity. Biomolecules 2021;11:423. https://doi.org/10.3390/biom11030423 

 
 



<<

  /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



