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Abstract: During the last decade, research into natural products has experienced a certain
renaissance. The urgent need for more and more effective antibiotics in medicine, the
demand for ecologically friendly plant protectants in agriculture, “natural” cosmetics and
the issue of a sustainable and healthy nutrition in an ageing society have fuelled research
into Nature’s treasure chest of “green gold”. Here, redox active secondary metabolites
from plants, fungi, bacteria and other (micro-)organisms often have been at the forefront of
the most interesting developments. These agents provide powerful means to interfere with
many, probably most cellular signaling pathways in humans, animals and lower organisms,
and therefore can be used to protect, i.e., in form of antioxidants, and to frighten off or
even kill, i.e., in form of repellants, antibiotics, fungicides and selective, often catalytic
“sensor/effector” anticancer agents. Interestingly, whilst natural product research dates
back many decades, in some cases even centuries, and compounds such as allicin and
various flavonoids have been investigated thoroughly in the past, it has only recently
become possible to investigate their precise interactions and mode(s) of action inside living
cells. Here, fluorescent staining and labelling on the one side, and appropriate detection,
either qualitatively under the microscope or quantitatively in flow cytometers and plate
readers, on the other, enable researchers to obtain the various pieces of information
necessary to construct a fairly complete puzzle of how such compounds act and interact in
living cells. Complemented by the more traditional activity assays and Western Blots, and
increasingly joined by techniques such as proteomics, chemogenetic screening and mRNA
profiling, these cell based bioanalytical techniques form a powerful platform for
“intracellular diagnostics”. In the case of redox active compounds, especially of Reactive
Sulfur Species (RSS), such techniques have recently unraveled concepts such as the
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“cellular thiolstat”, yet considerably more research is required in order to gain a full
understanding of why and how such compounds act—often selectively—in
different organisms.

Keywords: redox modulation; natural products; secondary metabolites; reactive sulfur
species; catalytic sensor/effector agents; cellular thiolstat; intracellular diagnostics;
nutrition; drug development; antimicrobial activity; anticancer activity

For centuries, natural products obtained from plants, fungi and various (micro-)organisms have
provided valuable contributions to nutrition, medicine, pharmacy, agriculture and, more recently,
functional foods and anti-aging cosmetics [1]. Indeed, Nature endows us with a treasure chest full of
different materials, from crude extracts, oils and distillates to ultimately pure compounds. Among
these vastly different substances and products, redox active compounds are of particular interest.
Such products have been around for many decades, yet only recently have witnessed a certain
renaissance, encouraged by various changes in society. These changes—one may also call them
developments—include: (a) an ageing process characteristic of developed societies which demands
research into healthy food for the elderly (Generation 50+); (b) the demand for new ecologically
friendly plant protective agents (so-called “green pesticides”) which are compatible with the
environment and food chain yet also need to be cheap and locally available; (c) the emergence of
multi-resistant pathogenic bacteria and fungi and hence the need for new antibiotics and antimicrobial
agents; (d) the idea that certain foodstuffs may contain compounds which selectively kill cancer cells
and other out-of-control cells, hence providing the key to high efficiency and selectivity, and, on a
more technological side; (e) the use of modern nanotechnology to endow a whole range of hitherto
“unavailable” natural products and substances with solubility/bioavailability and (f) the ability of new
staining and detecting methods to follow intracellular redox and signaling processes in form of a
sophisticated “intracellular diagnostics” [2—4].

Not surprisingly, these developments, and there are more, such as the common belief that natural
cosmetics are better than artificial ones, have moved the subject of redox active secondary metabolites,
their origins, production, physico-chemical properties, various biological activities and often complex
modes of action right to the center of research and development. This Special Issue on redox active
natural products therefore comes at a time when research in this field is gathering steam, in academia
as well as in industry, and when the demand for such products is growing rapidly.

In fact, one may even talk about a new “Gold Rush” of the 21st Century, this time for the “green
gold” and the various nuggets of chemical compounds hidden within it. The contributions of this
Special Issue support this particular perception. Here, redox active compounds derived from common
plants, such as garlic (e.g., allicin) or contained within various fruits (e.g., flavonoids, polyphenols),
but also substances from more “exotic” sources, such as lichens, carnivorous plants and cacti, reflect
the renewed interest in natural redox active agents [5—9]. Some of these materials may be readily
available, such as selenium, garlic and onions, which are found or cultivated in considerable amounts
worldwide. Others are more difficult to obtain and require a wider screen of plants, bacteria and fungi
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for biologically active components. Indeed, exotic places may hide exotic organisms containing
equally exotic compounds, and the hunt is on for such materials, in the most remote places on Earth,
geographically as well as conceptually. Here, Indiana Jones may well meet the Medicine Man, not
only in the Amazon River region, but perhaps also in a sewer looking for promising organisms there or
on the local graveyard joining Frankenstein in digging out half-rotten corpses full of maggots [10,11].
In any case, the search for new sources of natural products is also a search for new resources,
scientifically as well as economically. Hence the Gold Rush metaphor may not be far-fetched. It also
warns us of the consequences if trees are cut down for their barks like elephants for their ivory, fields
of onions replace the natural habitat as part of new monocultures or rare plant species are ransacked
and ultimately threatened by extinction.

In any case, the potential of such redox active products is beyond doubt and may be demonstrated
by a few examples. In an ageing society facing demographic changes, a healthy nutrition of the wider
population is pivotal to ensure a decent quality of life at an advanced age and to safeguard the health
system from collapse. As oxidative stress (OS) and OS-related damages increase with age, a balanced
diet rich in chemopreventive species, especially vitamins and antioxidants, seems to be of particular
importance. Indeed, compounds such as cudarflavone B may well exhibit neuroprotective properties,
as will be discussed in one of the papers of this Special Issue [12]. Yet the whole notion of
antioxidants, if and how they may work, is controversial and requires extensive research. Not
surprisingly, at least four papers of this Special Issue deal explicitly with antioxidants, including
flavonoids, and show that such compounds are not simply donators of electrons or “reducing equivalents”
but often interfere with complex signaling pathways, including the Nrf2-pathway, which is also a topic of
several contributions [5,6,8,12—15].

More recently, redox modulating pro-oxidants, such as the thiol-reactive thiosulfinate allicin from
garlic and various quinones have entered the scene. Unlike antioxidants, these compounds convey their
redox signal via oxidation, for instance by modification of critical cysteine proteins and enzymes.
Indeed, the ability of many natural products to modify thiol groups in proteins rather selectively has
given rise to the notion of the “cellular thiolstat” [2,7,9,16]. It has also attracted the interest of
pharmaceutical and agricultural research. Here, redox modulating, often catalytic “sensor/effector”
agents promise an elegant approach to combine high efficiency—and hence cytotoxicity—with
considerable selectivity for cells with an already disturbed redox balance and organisms particularly
sensitive to redox intervention [17—19]. Such targets for redox modulation include, for instance,
aggressively proliferating cells, but also pathogenic organisms affecting humans, animals and plants.
Not surprisingly, allicin and related polysulfanes are currently under discussion in the context of
cancer, inflammatory and infectious diseases and systemic sclerosis, whilst mixtures of such reactive
sulfur species (RSS) are already used as green pesticides in agriculture [1,3,4,20-26].

Although such practical uses of natural products are often hampered by poor solubility and
bioavailability, chemical modifications of such lead structures, such as the ones described in the paper
on xanthenedione derivatives, but also modern nanotechnology, provide interesting answers [13,27].
By designing more soluble and/or lipophilic molecules, or by using nanoparticles, respectively,
hitherto barely soluble natural products, such as hesperidin and quercetin, may become “available” for
practical applications. This, by the way, also applies to the field of cosmetics, where nanotechnology is



Molecules 2014, 19 19591

used increasingly to deliver otherwise poorly soluble antioxidants to the consumer interested in
premature mummification.

Last but not least, the “Green Gold Rush” in the field of redox active natural products is not only
fueled by demographic changes and emerging needs of modern society, but also by methodological
advances which increasingly enable researchers to follow the mode(s) of action of such compounds
inside the cell or organism, and to determine specific targets and mechanisms. This Special Issue
contains several examples of such cell biological/biochemical studies which provide essential
information about the action of such natural products, and often also pinpoint cellular targets, possible
side effects and space for improvements (e.g., in form of chemical modification). Indeed, colorful
maps of intracellular pathways, such as the one decorating the paper on redox modulating Nrf2
activators, would not be possible without a barrage of modern techniques conveniently summarized as
“intracellular diagnostics” [2,15]. As part of this approach, which is discussed in detail in the paper
bearing this title, fluorescent dyes indicative of certain intracellular processes, such as changes to the
mitochondrial membrane potential A¥m or intracellular ROS, thiol or Ca** levels, are combined with
fluorescently labelled antibodies in the hunt for specific proteins, and with activity assays to estimate
changes to the activity of specific enzymes [3,4,23,24,28]. It is even possible to stain specific cellular
organelles to “diagnose” their particular status. Whilst these methods work inside living cells and
hence enable a more or less continuous monitoring under the microscope and, quantitatively, by flow
cytometry and in a fluorescent plate reader, other methods require the opening of the cell in order to
“titrate” the total thiol content or to estimate the concentration of specific proteins by Western Blot.
These cell based analytical methods looking at specific events at a time are now joined—and more and
more often preceded—by methods attempting to “illuminate” the entire cell, such as methods considering
overall gene expression (e.g., levels of mRNA), changes to the proteome (e.g., multidimensional gel
electrophoresis coupled to mass spectrometry) or, as in the case of chemogenetic screening, resistance
and sensitivity of a wide range of specific mutants. As numerous redox sensitive fluorescent dyes have
entered the market during the last decade, and various yeast mutants lacking specific redox proteins
and enzymes are easily available from EUROSCARF, this whole cell-based approach is particularly
fruitful in studying the mode of action of redox active natural products.

Ultimately, whilst redox active secondary metabolites have been around us for centuries, and most
of us have already consumed some of them today, research in this area has changed dramatically
during the last couple of years, conceptually as well as methodically. Crude plant extracts have given
way to pure and often chemically modified compounds and nanoparticles, the notion of antioxidants
has been refined to pay dues to complex redox modulation and concepts such as the “cellular thiolstat”
have emerged. Today, sophisticated analytical techniques enable us to analyze complex samples, to
purify and identify complicated natural molecules, to screen vast libraries of natural compounds and to
follow the events such compounds trigger, influence or inhibit inside the living cell via “intracellular
diagnostics”. This, in turn, has moved the field forward, from the traditional antioxidant fruit juice to
new leads in nutrition and the development of agents useful in therapy, agriculture and cosmetics. This
Special Issue provides a glimpse of all that, and naturally also some fascinating reading. Enjoy!



Molecules 2014, 19 19592

References

10.

1.

12.

13.

14.

15.

16.

Jacob, C., Kirsch, G., Slusarenko, A., Winyard, P.G., Burkholz, T., Eds. Recent Advances in
Redox Active Plant and Microbial Products: From Basic Chemistry to Widespread Applications
in Medicine and Agriculture; Springer Science: Dordrecht, The Netherlands, 2014.

Manikova, D.; Letavayova, L.M.; Vlasakova, D.; Kosik, P.; Estevam, E.C.; Nasim, M.J;
Gruhlke, M.; Slusarenko, A.; Burkholz, T.; Jacob, C.; et al. Intracellular diagnostics: Hunting for
the mode of action of redox-modulating selenium compounds in selected model systems.
Molecules 2014, 19, 12258-12279.

Du, P.; Viswanathan, U.M.; Khairan, K.; Buric, T.; Saidu, N.E.B.; Xu, Z.J.; Hanf, B
Bazukyan, 1.; Trchounian, A.; Hannemann, F.; et al. Synthesis of amphiphilic, chalcogen-based
redox modulators with in vitro cytotoxic activity against cancer cells, macrophages and microbes.
MedChemComm 2014, 5, 25-31.

Saidu, N.E.B.; Touma, R.; Asali, [.A.; Jacob, C.; Montenarh, M. Diallyl tetrasulfane activates
both the elF2 alpha and Nrf;/HO™! pathways. Biochim. Biophys. Acta 2013, 1830, 2214-2225.
White, P.A.; Oliveira, R.C.; Oliveira, A.P.; Serafini, M.R.; Araujo, A.A.; Gelain, D.P;
Moreira, J.C.; Almeida, J.R.; Quintans, J.S.; Quintans-Junior, L.J.; et al. Antioxidant activity and
mechanisms of action of natural compounds isolated from lichens: A systematic review.
Molecules 2014, 19, 14496-14527.

Mierziak, J.; Kostyn, K.; Kulma, A. Flavonoids as important molecules of plant interactions with
the environment. Molecules 2014, 19, 16240-16265.

Gaascht, F.; Teiten, M.H.; Cerella, C.; Dicato, M.; Bagrel, D.; Diederich, M. Plumbagin
modulates leukemia cell redox status. Molecules 2014, 19, 10011-10032.

El-Mostafa, K.; El Kharrassi, Y.; Badreddine, A.; Andreoletti, P.; Vamecq, J.; El Kebbaj, M.S.;
Latruffe, N.; Lizard, G.; Nasser, B.; Cherkaoui-Malki, M. Nopal cactus (Opuntia ficus-indica) as a
source of bioactive compounds for nutrition, health and disease. Molecules 2014, 19, 14879—14901.
Borlinghaus, J.; Albrecht, F.; Gruhlke, M.C.; Nwachukwu, I.D.; Slusarenko, A.J. Allicin: Chemistry
and biological properties. Molecules 2014, 19, 12591-12618.

Wenzel, S.C.; Muller, R. The biosynthetic potential of myxobacteria and their impact on drug
discovery. Curr. Opin. Drug Discov. Dev. 2009, 12, 220-230.

Parnes, A.; Lagan, K.M. Larval therapy in wound management: A review. Int. J. Clin. Pract.
2007, 61, 488-493.

Lee, D.S.; Ko, W.; Kim, D.C.; Kim, Y.C.; Jeong, G.S. Cudarflavone B provides neuroprotection
against glutamate-induced mouse hippocampal HT22 cell damage through the Nrf2 and PI3K/Akt
signaling pathways. Molecules 2014, 19, 10818-10831.

Seca, A.M.; Leal, S.B.; Pinto, D.C.; Barreto, M.C.; Silva, A.M. Xanthenedione derivatives, new
promising antioxidant and acetylcholinesterase inhibitor agents. Molecules 2014, 19, 8317-8333.
Klotz, L.O.; Hou, X.; Jacob, C. 1,4-naphthoquinones: From oxidative damage to cellular and
inter-cellular signaling. Molecules 2014, 19, 14902—-14918.

Choi, B.H.; Kang, K.S.; Kwak, M.K. Effect of redox modulating NRF2 activators on chronic
kidney disease. Molecules 2014, 19, 12727-12759.

Jacob, C. Redox signalling via the cellular thiolstat. Biochem. Soc. Trans. 2011, 39, 1247—-1253.



Molecules 2014, 19 19593

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Lilienthal, N.; Prinz, C.; Peer-Zada, A.A.; Doering, M.; Ba, L.A.; Hallek, M.; Jacob, C.;
Herling, M. Targeting the disturbed redox equilibrium in chronic lymphocytic leukemia by novel
reactive oxygen species-catalytic “sensor/effector” compounds. Leuk. Lymphoma 2011, 52, 1407-1411.
Lilienthal, N.; Peer-Zada, A.A.; Ba, L.A.; Liu, H.; Jacob, C.; Hallek, M.; Herling, M. Selective
anti-leukemia activity of catalytic redox “sensor/effector” agents. Onkologie 2010, 33, 240.

Fry, F.H.; Jacob, C. Sensor/effector drug design with potential relevance to cancer. Curr. Pharm. Des.
2006, 12, 4479-4499.

Marut, W.; Jamier, V.; Kavian, N.; Servettaz, A.; Winyard, P.G.; Eggleton, P.; Anwar, A.;
Nicco, C.; Jacob, C.; Chereau, C.; et al. The natural organosulfur compound dipropyltetrasulfide
prevents HOCIl-induced systemic sclerosis in the mouse. Arthritis Res. Ther. 2013, 15,
doi:10.1186/ar4351.

Marut, W.K.; Kavian, N.; Servettaz, A.; Nicco, C.; Ba, L.A.; Doering, M.; Chereau, C.; Jacob, C.;
Weill, B.; Batteux, F. The organotelluride catalyst (PHTE)2NQ prevents HOCI-induced systemic
sclerosis in mouse. J. Investig. Dermatol. 2012, 132, 1125-1132.

Kavian, N.; Marut, W.; Servettaz, A.; Nicco, C.; Chereau, C.; Lemarechal, H.; Borderie, D.;
Dupin, N.; Weill, B.; Batteux, F. Reactive oxygen species-mediated killing of activated
fibroblasts by arsenic trioxide ameliorates fibrosis in a murine model of systemic sclerosis.
Arthritis Rheum. 2012, 64, 3430-3440.

Du, P.; Saidu, N.E.; Intemann, J.; Jacob, C.; Montenarh, M. A new tellurium-containing
amphiphilic molecule induces apoptosis in HCT116 colon cancer cells. Biochim. Biophys. Acta
2014, 1840, 1808-1816.

Czepukojc, B.; Baltes, A.K.; Cerella, C.; Kelkel, M.; Viswanathan, U.M.; Salm, F.; Burkholz, T.;
Schneider, C.; Dicato, M.; Montenarh, M.; ef al. Synthetic polysulfane derivatives induce cell
cycle arrest and apoptotic cell death in human hematopoietic cancer cells. Food Chem. Toxicol.
2014, 64, 249-257.

Cerella, C.; Scherer, C.; Cristofanon, S.; Henry, E.; Anwar, A.; Busch, C.; Montenarh, M.; Dicato, M.;
Jacob, C.; Diederich, M. Cell cycle arrest in early mitosis and induction of caspase-dependent
apoptosis in U937 cells by diallyltetrasulfide (A12S4). Apoptosis 2009, 14, 641-654.

Czepukojc, B.; Leroch, M.; Salm, F.; Viswanathan, U.M.; Burkholz, T.; Hahn, M.; Jacob, C.
Antifungal activity of tetrasulfanes against Botrytis cinerea. Nat. Prod. Commun. 2013, 8, 1599-1603.
Keck, C.M.; Mueller, R.H.; Schaefer, K.H. Nanotaxis for Antioxidants. In Recent Advances in
Redox Active Plant and Microbial Products: From Basic Chemistry to Widespread Applications in
Medicine and Agriculture; Jacob, C., Kirsch, G., Slusarenko, A., Winyard, P.G., Burkholz, T., Eds.;
Springer Science: Dordrecht, The Netherlands, 2014.

Du, P.; Viswanathan, U.M.; Xu, Z.J.; Ebrahimnejad, H.; Hanf, B.; Burkholz, T.; Schneider, M.;
Bernhardt, I.; Kirsch, G.; Jacob, C. Synthesis of amphiphilic seleninic acid derivatives with
considerable activity against cellular membranes and certain pathogenic microbes. J. Hazard. Mater.
2014, 269, 74-82.

© 2014 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article

distributed under the terms and conditions of the Creative Commons Attribution license

(http://creativecommons.org/licenses/by/4.0/).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /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 true
  /ColorSettingsFile (Europe Prepress)
  /AlwaysEmbed [ true
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Aharoni-Bold
    /Algerian
    /Andalus
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Aparajita
    /Aparajita-Bold
    /Aparajita-BoldItalic
    /Aparajita-Italic
    /ArabicTypesetting
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScriptMT
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /Calibri-Light
    /Calibri-LightItalic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /DaunPenh
    /David
    /David-Bold
    /DFKaiShu-SB-Estd-BF
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /DokChampa
    /Dotum
    /DotumChe
    /Ebrima
    /Ebrima-Bold
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EuphemiaCAS
    /FangSong
    /FelixTitlingMT
    /FencesPlain
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Gabriola
    /Gadugi
    /Gadugi-Bold
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Gautami-Bold
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Gisha
    /Gisha-Bold
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /IskoolaPota
    /IskoolaPota-Bold
    /JasmineUPC
    /JasmineUPCBold
    /JasmineUPCBoldItalic
    /JasmineUPCItalic
    /Jokerman-Regular
    /JuiceITC-Regular
    /KaiTi
    /Kalinga
    /Kalinga-Bold
    /Kartika
    /Kartika-Bold
    /KhmerUI
    /KhmerUI-Bold
    /KodchiangUPC
    /KodchiangUPCBold
    /KodchiangUPCBoldItalic
    /KodchiangUPCItalic
    /Kokila
    /Kokila-Bold
    /Kokila-BoldItalic
    /Kokila-Italic
    /KristenITC-Regular
    /KunstlerScript
    /LaoUI
    /LaoUI-Bold
    /Latha
    /Latha-Bold
    /LatinWide
    /Leelawadee
    /LeelawadeeBold
    /Leelawadee-Bold
    /LevenimMT
    /LevenimMT-Bold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /MalgunGothic
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal
    /Mangal-Bold
    /Marlett
    /MaturaMTScriptCapitals
    /Meiryo
    /Meiryo-Bold
    /Meiryo-BoldItalic
    /Meiryo-Italic
    /MeiryoUI
    /MeiryoUI-Bold
    /MeiryoUI-BoldItalic
    /MeiryoUI-Italic
    /MicrosoftHimalaya
    /MicrosoftJhengHeiBold
    /MicrosoftJhengHeiRegular
    /MicrosoftJhengHeiUIBold
    /MicrosoftJhengHeiUIRegular
    /MicrosoftNewTaiLue
    /MicrosoftNewTaiLue-Bold
    /MicrosoftPhagsPa
    /MicrosoftPhagsPa-Bold
    /MicrosoftSansSerif
    /MicrosoftTaiLe
    /MicrosoftTaiLe-Bold
    /MicrosoftUighur
    /MicrosoftUighur-Bold
    /MicrosoftYaHei
    /MicrosoftYaHei-Bold
    /MicrosoftYaHeiUI
    /MicrosoftYaHeiUI-Bold
    /Microsoft-Yi-Baiti
    /MingLiU
    /MingLiU-ExtB
    /Ming-Lt-HKSCS-ExtB
    /Ming-Lt-HKSCS-UNI-H
    /Miriam
    /MiriamFixed
    /Mistral
    /Modern-Regular
    /MongolianBaiti
    /MonotypeCorsiva
    /MoolBoran
    /MS-Gothic
    /MS-Mincho
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MVBoli
    /Narkisim
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NirmalaUI
    /NirmalaUI-Bold
    /NSimSun
    /Nyala-Regular
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PlantagenetCherokee
    /Playbill
    /PMingLiU
    /PMingLiU-ExtB
    /PoorRichard-Regular
    /Pristina-Regular
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rod
    /SakkalMajalla
    /SakkalMajallaBold
    /ScriptMTBold
    /SegoePrint
    /SegoePrint-Bold
    /SegoeScript
    /SegoeScript-Bold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SegoeUI-Light
    /SegoeUI-SemiBold
    /SegoeUI-Semilight
    /SegoeUISymbol
    /ShonarBangla
    /ShonarBangla-Bold
    /ShowcardGothic-Reg
    /Shruti
    /Shruti-Bold
    /SimHei
    /SimplifiedArabic
    /SimplifiedArabic-Bold
    /SimplifiedArabicFixed
    /SimSun
    /SimSun-ExtB
    /SnapITC-Regular
    /Stencil
    /Sylfaen
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /Tiger
    /TigerExpert
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TraditionalArabic
    /TraditionalArabic-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga
    /Tunga-Bold
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Utsaah
    /Utsaah-Bold
    /Utsaah-BoldItalic
    /Utsaah-Italic
    /Vani
    /Vani-Bold
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vijaya
    /Vijaya-Bold
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Vrinda-Bold
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /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 600
  /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 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /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 (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 841.680]
>> setpagedevice


