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HLAVNI OKRUHY ZAJMU

» Regulace vahy, citlivost k inzulinu a
diabetes

» \/yziva a kardiovaskularni onemocneni
» Zdravi a problémy kosti a osteoporoza
» Fyzicka aktivita a fitness

» \/yziva a nadorova onemocneni

» Mentalni stav a chovani

» Zdravi zazivaciho traktu a imunita




Process for the Assessment of Scientific Support
for Claims on Food (PASSCLAIM)

Evropsky program — zapojeno vice nez 160 védcu v ramci 5
evropského ramcoveého programu (akademicti pracovnici,
prumysl, verejnost).

EU projekt ,Functional food Science in Europe”

Nutné dodat veédecke zaklady a dukazy pro vytvareni
pozadavku a naroku na vyZivu a slozky potravy.

Ovéreni markeru expozice, zvySeného nebo sniZzeného rizika
onemocnéni.
Biomarkery a tzv. “surrogate” (nahradni) markery



Koncept védeckych diikaz(l a odpovidajicich zdravotnich pozadavku
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Kritéria pro védecké zduvodnéni pozadavku

Criteria for the scientific substantiation of claims

3. When the true endpoint of a claimed benefit can-
not be measured directly, studies should use
markers.

4. Markers should be:

1. The food or food component to which the claimed
effect is attributed should be characterised.

2. Substantiation of a claim should be based on
human data, primarily from intervention studies

the design of which should include the following - bl(!loglc.:«.llly valid in that they have a kn'own re-

ST lationship to the final outcome and their vari-

2 (a) Study groups that are representative of the ability within the target population is known;
target group. - methodologically valid with respect to their

2 (b) Appropriate controls. analytical characteristics.

2 (c) An adequate duration of exposure and 5. Within a study the target variable should change
follow up to demonstrate the intended effect. in a statistically significant way and the change

2(d) Characterisation of the study groups’back- should be biologically meaningful for the target
ground diet and other relevant aspects of group consistent with the claim to be supported.
lifestyle. 6. A claim should be scientifically substantiated by

2 (e) An amount of the food or food component
consistent with its intended pattern of con-
sumption.

2 (f) The influence of the food matrix and dietary
context on the functional effect of the com-
ponent.

2 (g) Monitoring of subjects’ compliance concern-
ing intake of food or food component under
test.

2 (h) The statistical power to test the hypothesis.

taking into account the totality of the available
data and by weighing of the evidence.



Priklad pozadavku na funkéni potraviny ovliviujicich citlivost k inzulinu

Marker of Marker of Target Marker of
exposure Function Intermediate

Endpoint

Functional
Food
(modified fat
composition)

Tissue
fatty acid
compositio

Fasting —— Metabolic
plasma insulin syndrome

Reduced risk of

diabetes
mellitus +
Improved coronary heart
insulin disease
sensitivity

TYPE B CLAIMS I
= = (reduced risk of disease)
TYPE A CLAIMS I
(enhanced function)




ZDROJE MODULACE IMUNITNIHO SYSTEMU
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Potrava a vyziva - zdravi a nemoc

Funkcni potraviny, potraviny pro zvlastni |Iékarské ucely
Nutrigenomika, farmakogenomika

relativné noveé pojmy

Cilem je individualizovat nebo perzonalizovat medicinu a vyzivu a
nakonec zdravi spojenim Iéku nebo potravy s individualnim
genotypem.

Lidsky genom kdduje asi 30 000 genu, které jsou zodpovédné za
produkci vice nez 100 000 funkéné odliSnych proteind. Kromé toho
jsou geny ovlivnény epigenetickymi modifikacemi (acytylace,
metylace).

Znamé mutace zpusobujici onemocnéni identifikovany asi u 1000
genu. Predpoklad, ze chyba v kazdém genu je schopna zpusobit
odchylku.

Kazdy Clovek je geneticky (i epigeneticky) jedineCny a
fenotypove odlisny.



Interakce zivin a genomu

Nutrigenetika

l;l\lthri‘enttﬁL\Jtﬁor;;?ion viiv genetickYCh variant na
rient Utilization . v . .
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Genetic Genome Programming Nutrigenomika zpétné
Variation Gene Expression

ovliviiuje genetické variace
pozorovane v riznych
Figure 1. Nutrient-genome Interactions. Nutritional genomics encom- ||dskyCh popu|ac|'ch

passes both nutrigenetics, the influence of genetic variation on nutrient
utilization/metabolism, food tolerances, and nutrient requirements; and
nutrigenomics, the modulatory role of nutrients on genome evolution,
mutation rate, In-utero viability, programming, and expression. In turn,
several of the nutrigenomic outcomes (ie, genome evelution) contribute

to the genetic varlation observed within genetically diverse human ;
populations. NOTE: This figure Is available online at www.adajournal. Stover PJ and Caudill MA

org as part of a PowerPoint presentation. J Am Diet Assoc 2008



Farmakogenomika

Farmakologicky pfistup berouci v uvahu genotyp pacienta.
S vyuzitim genomovych technik zkouma funkénost I1€Civ a
odhaluje jejich nové cile

genetické ,high-throughput” techniky

Cilem je individualizace IéCby — ucinngjSi terapie

Interakce mezi lécivy a slozkami potravy!!!



Nutrigenomika

védeckeé odvetvi studujici interakce specifickych genu, potravy
a jejich bioaktivnich slozek. Je zakladem porozumeni jak se
iSi zdravotni dusledky stravovacich navykd mezi jedinci a kdo
a jak (prospéch, riziko) muze byt ovlivnén intervenénimi
strategiemi.

Vychazi z predpokladu, ze

- Vyziva a jeji slozky mohou ménit riziko vyvoje onemocnéni
modulaci mnoha procesu souvisejicich s po¢atkem, incidenci,
progresi a vaznosti onemocneni

- Slozky vyzivy pusobi na lidsky genom pfimo nebo nepfimo a
meni expresi genu a jejich produktu

- Vyziva by mohla kompenzovat nebo zvyraznovat ucinky
genetickych polymorfismu

- Dusledky vyZzivy zaviseji na rovnovaze zdravi a nemoci a na
genetickem pozadi jedince



Multidisciplinarni pristupy + moderni technologie

Uzké propojeni nutrigenomiky s proteomikou a
metabolomikou

ldentifikace molekularnich cild pro nutriCni doporuceni
Inovativni technologie (microarrays, high-throughput
analysis,RNA interference, nanotechnologie)

Synergie s farmakogenomikou

ziskani masivnich dat pro zvySeni biologické komplexnosti
vyvijenych |&Civ a vyZivovych doporuceni pro budouci
medicinu.



Urovné pusobeni slozek potravy

Rada slozek potravy ovliviiuje genetické a epigenetické déje a tak
ovlivhuje zdravi

Jak esencialni (kalcium, zinek, selen, folate, vitaminy) tak neesencialni
slozky potravy vyznamneé ovliviuji zdravi.

Modifikuji fadu bunécnych procesu spojenych se zdravim a prevenci
chorob vCetné

metabolismu karcinogenu, hormonalni rovnovahy, bunééného
signalovani, kontroly bunéného cyklu, apoptozy, angiogeneze atd.
jedna bioaktivni slozka muze ovlivhovat sou¢asné nékolik procesu.

Revoluce v genetice a vznik ,omics” poskytuji novy pohled na fadu
hledisek zdravi v€etné ulohy vyzivy v prevenci chorob.

Rychle se vyvijejici analyticke metody a informacni technologie
umoznuji identifikaci a validaci molekularnich cilt bioaktivnich slozek
potravy a jejich vztah ke zménam fenotypu.




OMICS, farmakogenomika, nutrigenomika

’ Nutrigenetics @

Nutritional
W Epigenetics
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Metabolomics -

Nutritional
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Transcriptomics

Proteomics

Metabolite

Using the “omics” of nutrition to identify how dietary factors contribute to establishing a phenotype.

Trujillo E., 3 Amer Diet Assoc., 106, 2006



Od genotypu k fenotypu (geneticka informace — proteiny)

!
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Figure 1 (A) Traditional central dogma of molecular biology where the flow of
information goes from gene to transcript to protein; also shown are sites where
enzymes act on metabolism. (B) General schematic of the ‘omic organization
where the flow of information is from genes to transcripts to proteins to
metabolites to function (or phenotype).

Goodacre R., J Nutr. Suppl., 2007




Biologické uc€inky bioaktivnich slozek potravy

Carcinogen metabolism

Inflammatory
response

, Hormone regulation
Cyrochrome { ) 7

NADPM-PAS0 Py Paso [

oxidoredictaze 4 Hypothalamus

Bioactive food
components

Cell differentiation

K Apoptosis

Figure 3. Bioactive food components can influence genetic and epigenetic events associated with a host of disease processes.

Trujillo E., 3 Amer Diet Assoc., 106, 2006



Dvé strategie nutrigenomického vyzkumu

Foods .
Target Genes - Signatures
Mechanisms ’ Nutrition \ Profiles

Pathways Biomarkers

Molecular Nutrition Nutritional

& Genomics

Systems Biology

«Identification of dietary signals
+|dentification of dietary sensors
+|dentification of target genes
*Reconstruction of signaling pathways

Small research groups Large research consortia
Small budgets Big money

*Measurement of stress signatures
+|dentification of early biomarkers

Flgure 3. Two strategies of nutrigenomics research. The first strategy will provide detailed molecular data on the interaction between nutrition and
the genome, whereas the second strategy might be important for human nutrition, given the difficulty of collecting tissue samples from healthy
individuals. The first strategy, typically applied by smaller research groups, will reveal the identification of transcription factors that function as
nutrient sensors and the genes they target; elucidation of the signaling pathways involved, and characterization of the main dietary signals;
measurement and validation of cell- and organ-specific gene expression signatures of the metabolic consequences of specific micronutrients and
macronutrients; elucidation of interactions between nutrient-related regulatory pathways and proinflammatory stress pathways, to understand the
process of metabolic dysregulation that leads to diet-related diseases; and identification of genotypes that are risk factors for development of
diet-related human diseases (such as diabetes, hypertension, or atherosclerosis) and quantification of their impact. The second strategy is the
application of nutritional systems biology to develop biomarkers of early metabolic dysregulation and susceptibility (siress signatures) that are
influenced by diet. This strategy requires large consortia, considerable research funding, and excellent multidisciplinary (and possible multinational)
collaboration.

Afman L and Muller M, 3 Am Diet Assoc 2006



Dulezité aspekty

Interindividualni reakce na slozky vyzivy

genove polymorfismy (malé rozdily v sekvenci gent mezi jedinci),
ovliviuji funkci a interakci proteinu.

Single nucleotide polymorphisms (SNPs) — dulezité pro rozdilnou reakci
na slozky potravy

Geneticka odpovéd na jednotlivé slozky potravy se mezi jedinci liSi
Napf. selen — prevence nadoru jater kolonu, prostaty, plic

Geneticka variabilita zodpovida za nejednotnou odpovéd rlznych
jedincu (polymorfismus genu pro glutation-peroxidazu — na selenu
zavisly antioxidaCni enzym).

Uginky kofeinu — rizikovy faktor osteopordzy u starsich Zen — zavisi na
varianté receptoru pro vitamin D.

Vice neni vzdy lepe! — zvySeny pfijem nékterych slozek potravy je
Skodlivy obecné zvySeny pfijem energie — nerovnovaha — obezita —
nemaoci

Korelace BMI s fadou chorob v€etné urcitych typu rakoviny
Polymorfismy pro proliferator-activated receptors (PPARS) — reguluji
expresi genll zahrnutych ve skladovani a metabolismu tukd — vliv
poméru nasycenych a nenasycenych mastnych kyselin



Reakce na kombinace potravin

kombinace nékterych slozek potravy jsou u€innéjsi nez jednotlivé
komponenty. Napf. sOja s Cajem synergicky snizuji PCA — antigen
spojeny s rakovinou prostaty.

Nutricni epigenetika

Ovlivnéni metylacni struktury DNA — ovliviiéni genové exprese.
Nekteré dietetické faktory ovlivauji metylaci DNA a naopak metylacni
vzorec DNA ovliviiuje reakci na bioaktivni slozky potravy.

Bioaktivni slozky modifikuji nejen samotnou DNA, ale ovliviuji i
transkripci (transcriptom) a translaci (vitaminy, mineraly,
fytochemikalie, makronutrienty) — vysledné zmény metabolismu,
bunééného ristu, diferenciace — vyznam pro rozvoj nemoci.

DNA microarrays — detekce transkripce tisict genu

NebezpecCi nespravné interpretace, je nutné uvazovat kvantitu a
delku expozice — organismus se adaptuje

RNA interference — blokuje expresi urcitého genu — identifikace gen(
regulujicich zasoby a metabolismus tuku

Modely knock-out mysi

DalSi ,omics" — proteomics — uroven translace — abnormalni struktury
proteind



Makro- a mikronutrienty

pusobi zmény na urovni

RNA, proteint a metabolit

Digestion

Absorption v bunikach a organismu

Distribution .
r&? | detekovatelné novymi
—
|
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Current Opinion in Biotechnology

Eplgelnetlc i l \

.,

Foods are digested, absorbed and distributed in the body. Food stuffs contain macronutrients (carbohydrates, lipids and proteins) and micronutrients
(vitamins, minerals, trace elements). These nutrients induce changes at RNA, protein and metabolite level in the receiving cell or organism. The
corresponding profiling technologies, namely transcriptomics (gene expression analysis), proteomics (protein expression analysis) and metabolomics
(metabolite profiling) are applied to better understand and assess these effects in a holistic fashion.




Ovlivhéni metylace DNA slozkami potravy

DNA Methylation: Essential for Normal Functioning of an Organism
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6. DNA methylation in promoter region down-regulates and
silences gene expression. Cell division is supressed

Trujillo E., J Amer Diet Assoc., 106, 2006



Apoptéza indukovana dietetickymi faktory

SURVIVAL FACTORS,
GROWTH FACTORS
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Khan N. et al, Carcinogenesis 28, 2007

Fig. 1. Induction of apoptosis by dietary chemopreventive agents. The extrinsic pathway is initiated by ligation of transmembrane death receptors (CD93, TNF
receptor and TRAIL receptor) to activate membrane-proximal (activator) caspase-8 via the adaptor molecule FADD. This in turn cleaves and activates effector
caspase-3. Dietary agents block the death receptor and also target the caspases blocking the caspase cascade. This pathway can be regulated by ¢-FLIP, which
inhibits upstream activator caspases and [APs, that affects both activator and effector caspases. The infrinsic pathway requires disruption of the mitochondrial
membrane and the release of mitochondrial proteins into the cytoplasm. Stress signals elicited by the dietary chemopreventive compounds regulate the
proapoptotic proteins and antiapoptotic proteins, leading to the release of eytochrome ¢ from the mitochondrial inner membrane. Cytochrome ¢ forms an
apoptosome with Apaf-1 and caspase-9, thereby initiating the apoptotic caspase cascade, whereas Smac/DIABLO and high-temperature requirement protein-A2
bind to and antagonize IAPs. The activated caspases catalyze the dissolution of intracellular structure that leads to apoptotic cell death, The Bel-2 family proteins
regulate apoptosis as they form complexes that enter the mitochondrial membrane, regulating the release of cytochrome ¢ and other proteins. The activation of the
caspase cascade occurs by the TNF family receptor and it also causes activation of Bid that activates mitochondria-mediated apoptosis. Bax is activated and
releases eytochrome ¢ and other mitochondrial proteins. Dietary agents can also block growth factor-mediated antiapoptotic signals through the direct inhibition of
the binding of growth factors to the receptor or inhibition of the downstream phosphatidylinositol 3-kinase (PI3K)-Akt pathway. Blue color of dietary
chemopreventive agents denotes that both the in vive and in vitro effects have been demonstrated and red color denotes that only in vito effects have been

INTRINSIC ?@
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EGCG, ANTHOCYANINS
RESVERATROL, ITC,
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APIGENIN,DELPHINIDIN,
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Slozky potravy indukujici apoptézu nadorovych bunék

Table I. Dietary agents shown to induce apoptosis of cancer cells in virro or during chemopreventive intervention

Dietary agent Major dietary source Target/mechanism References
EGCG Green tea Activation of Fas (16)
Enhancement of TRAIL-induced apoptosis 200
Activation of caspases (34)
Release of cytochrome ¢ from mitochondria, inhibition of Bel-2 (34, 35,38
Reduction in tumor growth and increase in apoptotic markers in mice (34)
Curcumin Turmeric TRAIL-induced apoptosis, activation of caspases (18)
Release of cytochrome ¢ from mitochondria (36)
Increase in the number of apoptotic tumor cells in mice 6l)
Genistein Soybean Degradation of c-FLIP (24)
Induced MMP change, caspase-3 activation and PARP cleavage (29)
Downregulation of Bel-2 and Bel-XL expression, activation of caspase-3 (40)
Indole-3-carbinol Cruciferous vegetables Downregulation of Bel-2, Bel-xL, IAP, X chromosome-linked AP and FLIP (23, 25)
Downregulation of survivin, IAPL, IAP2, X chromosome-linked TAP, Bel-2, (55)
TNF receptor-associated factor 1 and ¢-FLIP
Resveratrol Grape, red wine Release of cytochrome ¢ from mitochondria, activation of caspases, induction (15)
of p33-dependent transcriptional activation
Sensitizes TRAIL-induced apoptosis (19
Decrease in survivin, increase in Smac/DIABLO (63)
Isothiocyanates Cruciferous vegetables Activation of caspases (39)
Activation of p33 activity, induction of apoptosis in lung tissues, effect on (52)
AP-1 and p53
Luteolin Celery, green pepper Sensitizes TRAIL-induced apoptosis (21)
and peppermint Induction of TRAIL, along with Bid cleavage and the activation of caspases (22)
Decrease in the expression of surviving (56)
Lycopene Tomato Release of cytochrome ¢ from mitochondria (33)
Effect on p53, activation of caspases, decrease in PCNA, increase in Bax (54)
Anthocyanins Pomegranate Bel-XL downregulation, mitochondrial release of cytochrome ¢, activation (37)
of caspases
Shift in the ratio of Bax to Bel-2 (43)
Delphinidin Pigmented fruits and PARP cleavage. nuclear condensation and fragmentation, induced MMP change (31)
vegetables such as Activation of caspases, increase in Bax, decrease in Bel-2, upregulation of Bid, (48)
strawberry and pomegranate Bak, downregulation of Bel-xL, inhibition of UVB-mediated apoptosis in mice
Lupeol Mango, olive and grape Increase in the expression of Fas receptor and FADD, activation of caspases (14)
CafTeic acid Honey Fas activation, induction of p53, Bax and activation of caspases (17, 68)
phenethyl ester
Apigenin Parsley, celery and lettuce Activation of caspases and PKCdelta 41, 64)
Silymarin Milk thistle Activation of caspases and PARP cleavage (42)
Decrease in the apoptotic sunburn cells, increase in p33, p21 67)
Gingerol Ginger Induced MMP change, release of cytochrome ¢ from mitochondria, 47
downregulation of Bel-2 and enhancement of Bax
Capsaicin Red pepper Dissipation of the mitochondrial inner transmembrane potential, activation (30)
of caspase-3, induced apoptosis of prostate tumor cells in nude mice
Increase in protein expression of p33, p21 and Bax (46)
Organosulfur compounds  Garlic and onion Induction of p33, Bax and downregulation of Bel-2, eytochrome ¢ release, (49)

activation of caspases

This list provides selected examples.



Vznik rizikového fenotypu a onemocneéeni

Ovlivnéni in utero (vCetné vyzivy) muze ovlivnit
pozdé;jsi riziko a nachylnost k onemocneéni

Early Hutrition Experiences Risk Phanotype Adult Onset Disease
Malnutrition —_— Obesity —_— cvD*®
Suboptimal Mutrient Hypertension Diabetes
Environments I Imsulin Resistance Metabolic Syndrome
“Program”
“Imprint™

Figure 2. The fetal origins of disease hypothesis. In utero environ-
mental exposures, including nutrition, act early in life fo program risk
for adult health outcomes. *CVD=cardiovascular disease. NOTE: Infor-
mation from this figure is available online at www.adajournal.org as
part of a PowerPoint presentation.

Stover PJ and Caudill MA
J Am Diet Assoc 2008



Metabolicky syndrom

Komplexni, multifaktorialni, polygenni onemocnéni Preventivni
dieteticke strategie — rané biomarkery

Nutriéni a farmakologicka intervence se doplriuji (spoleCny
molekularni cil — napf. PPAR)
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Figure 2. Development of complex, multifactorial, polygenic diseases, such as metabolic syndrome. Nutrition is primarily focused on health and
on the earliest phases of disease pathology. In order to effectively apply dietary strategies to prevent disease or to recover homeostasis, validated
early biomarkers of the disease state are needed. Nutrition and pharma (pharmacology) are complementary approaches to apply to metabolic stress
or metabolic syndrome. Interestingly, there is considerable overlap between cellular targets for nutritional and pharmacelogical intervention, such
as peroxisome proliferator activator receptor-a or peroxisome proliferator activator receptor-+, which bind fatty acids and fibrates or fatty acids and

thiazolidinediones, respectively.

Afman L and Muller M, J Am Diet Assoc 2006



DIETETICKA DOPORUCENI

Zdravi a prevence chorob
(nedostatek a nadbytek potravy, spravna vyziva)
Funkcni potraviny
Potraviny pro zviastni Iékarské ucely
Terapeuticke vyuziti —nutricni farmakologie
(adjuvantni terapie, ,,disease specific nutrition®,
nosice léku

Parenteralni a enteralni vyziva



Bezpecnost potravin
https://www.bezpecnostpotravin.cz/stranka/informacni-

centrum-bezpecnosti-potravin2.aspx

Spole€nost pro vyzivu

http://www.vyzivaspol.cz/

https://docplayer.cz/17806356-Vyzivova-doporuceni-pro-
obyvatelstvo-ceske-republiky-se-zvlastnim-zretelem-na-
tuky.html

28


https://www.bezpecnostpotravin.cz/stranka/informacni-centrum-bezpecnosti-potravin2.aspx
http://www.vyzivaspol.cz/

Co jsou to vyzivova doporuceni, kdo a jak je formuluje, z €eho vychazi a ¢im se fidi. Jaké
organizace se v CR vyzivovymi doporuéenimi zabyvaiji, v jaké formé jsou vyzivova doporuéeni
prezentovana.

Vyzivova doporuceni vychazeji z fyziologické vyzivové potieby ¢lovéka. Definuji se pro jednotlivé
populacni skupiny, které se liSi vékem, pohlavim, fyzickou zatézi, zvlastni skupinou jsou té€hotné

a kojici zeny. Doporuceni jsou formulovana bud’ jako vyzivové doporucené davky (VDD) zivin nebo jako
doporugené davky jiz konkrétnich potravin, a to jak v podobé slovnich doporuéeni, tak graficky. V CR je
nejCastéjSim grafickym znazornénim vyzivova pyramida, v posledni dobé takeé vyzivovy talif.
Odbornici, ktefi formuluji vyzivova doporuceni, sleduji i skutecnou spotfebu potravin, stravovaci navyky
obyvatelstva a vyzivovy stav populace. Cilem je postupné zlepsit vyzivovy styl obyvatel tak, aby strava
nejen nezhorsovala jejich zdravotni stav, ale naopak podporovala zdravi Cechd.

VyZivova doporuceni vychazeji také z mezinarodnich dokumentl. Svétova zdravotnicka organizace
(World Health Organization — WHO) v roce 2004 vydala ,Globalni strategii pro vyzivu, pohybovou aktivitu
a zdravi“, na kterou navazuji ,Obecna vyzivova doporuéeni pro obyvatele Ceské republiky*, vydana
Ministerstvem zdravotnictvi v roce 2005. V roce 2007 byl pfijat pracovni dokument komise Evropskych
spolecenstvi s nazvem ,Strategie pro Evropu, tykajici se zdravotnich problém, souvisejicich s vyzivou,
nadvahou a obezitou“ (bila kniha).

Nejaktualn&jsim dokumentem jsou inovovana ,Vyzivova doporudeni pro obyvatele CR, ktera v roce 2012
vydala Spole¢nost pro vyzivu (obanské sdruzeni odbornikd a pracovnikl v oboru lidské vyzivy, zalozené
v roce 1945). Ta jsou vSak uréena predevsim odbornikim. Pro ob&any je srozumitelngjsi tzv. ,Zdrava 13
neboli vyZzivova doporugeni pro dospélé obyvatelstvo CR, kterou v roce 2006 vydala Spole&nost pro
vyzivu ve spolupraci s Forem zdrave vyzivy (obCanské sdruzeni, zalozené v r. 1994). Férum zdravé
vyzivy také v roce 2013 inovovalo ¢eskou Potravinovou pyramidu.

Zdroj: www.vyzivaspol.cz, www.fzv.cz
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Jak se tvori vyzivova doporuceni

7iim

jezte casto
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»1ell me what you eat, and | will tell you what
you are“ (J. A. Brillat-Savarin (1775-1826)

»1ell me what you eat, what drugs you take,
and your genotype, and | will tell you what you
are” .

http://www.dietandcancerreport.org/
http://www.wiley.com/bw/journal.asp?ref=0029-
6643&site=1

http://www.eatright.org/
http://www.aicr.org/site/PageServer

http://www.efsa.europa.eu/EFSA/efsa locale-
1178620753812 ScientificDocuments.htm



http://www.dietandcancerreport.org/
http://www.wiley.com/bw/journal.asp?ref=0029-6643&site=1
http://www.eatright.org/
http://www.aicr.org/site/PageServer
http://www.efsa.europa.eu/EFSA/efsa_locale-1178620753812_ScientificDocuments.htm

VYSOCE NENASYCENE MASTNE KYSELINY
A MENTALNI ZDRAVI




VYSOCE NENASYCENE MASTNE KYSELINY (VNMK)

Polyunsaturated fatty acids - PUFAs — mastné kyseliny s 2 i vice
dvojnymi vazbami.
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METABOLIZACE n-3 A n-6 VNMK
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Uvolnovani a premeéna VNMK z membran

veiee T[T T Va1 N eant T
= i) LRl IQUAE
lPhospholipase A2

Q&@@
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%
%
¢
aQP'
o
‘\ K
Cycloxygenase

aseusbAxojofn \

Prostaglandins Leukotrienes and Eicosanoids = Eicosanoids Leukotrienes and
series 1 Lipoxins series 4 series 2 series 3 Lipoxins series 5

Neurony a gliove bunky obsahuji vysoke mnozstvi VNMK (AA a zejména DHA) v
membranach. OvlivAuji jejich vlastnosti souvisejici s pfenosem signall a aktivitou
membranovych proteinu. Jsou zdrojem eikosanoidu - prostaglandind, leukotrienu
(AA) a dokosanoidl a neuroprotektinu (DHA).

AA a DHA ovlivniuji produkci a pfenos neurotransmiterd a DHA zesiluje
komunikaci mezi neurony.

V retiné je nejvyssSi koncentrace DHA v téle.

DHA je klicova pro pfenos signalu (fotoreceptory — mozek) v retiné



VNMK a mentalni zdravi

Slozeni membranovych lipidu ovliviiuje mentalni zdravi.

Ovliviiuje zejména interakce lipid-protein, které maji vliv na
uvolfiovani a pfijem neurotransmitert a Cinnost membranovych
receptoru.

Deficit VNMK v membranach muze mit pfi€inu v nedostateéném
prisunu z potravy, biochemické dysfunkci nebo oxidaci VNMK

Souvislost s dalSimi faktory (koufeni, metabolicky stav apod.)



Zdroje omega-3 VNMK

ALA

ci-Linolenic acid
(18:3n-3)

A-B-Desaturase
Elongase
A-5-Desaturase

Y

Eicosapentaenoic acid E P A

(20:5n-3)

Elongase
Elongase
A-6-Desaturase

____________________________

I
! 1
E Acyl coenzyme-A desaturase E
| B-Oxidation !
! 1

___________________________

Peroxisome

Deocosahexaenocic acid D HA

(22:6n-3)

Fig. 1. Pathway for the synthesis of eicosapentasnoic acid and
docosahexaencic acid from the parent essential fatty acid, c-li-
nolenic acid.

Lidsky organismus konvertuje ALA na
EPA a v menSi mife na DHA, ale
neefektivné (1-5%). Zeny maiji lepsi
schopnost tézo konverze nez muzi.

Konverze je redukovana konzumaci
kompetujicich MK, hlavhé omega-6
kys. linoleove, jejiz obsah je ve strave
10-20x vysSi.

ALA — Inéna semena, ofechy

EPA, DHA — mofsky plankton, rasy,
tucné ryby

Cilené ,omega-3 potraviny”

vejce, margarin, jogurt atd.

Zvirata krmena potravou obsahujici
omega-3 MK.



Funkce DHA v organismu

DHA je kriticka pro fadny vyvoj a funkce mozku, vyvoj retiny
v oku a vyvoj cévniho systému.

Plod dava prednost pfimo DHA pred ALA, proto je dulezité,
aby téhotné zeny mély dostateCny pfisun potravin bohatych
na DHA, zejména v poslednim trimestru t€hotenstvi (ryby,
rybi tuk).

EPA a DHA jsou nutné i pro vyvoj novorozence do 2 let
(vyvoj nervového systému a vidéni).

DHA je obsazena v materskem mlece — obsah zalezi na
prisunu ve stravé matky. Umeéle vyzivy by mély byt
obohaceny DHA

6 mo-old infant (adequate) :I O 18:3n-3
6 mo-old infant (optimal) :- B pHA
Adult females | -
Adult males | .
Pregnant women | -
Lactating women | -
Elderly | l

00 02 04 06 08 10 1.2 14 16 1.8 20 22 24 26

g/day

Figure 3. Recommended dietary intakes for n-3 fatty acids (g-day~!) throughout life.



Slozeni mastnych kyselin v cerebralnim cortexu krys krmenych
kontrolni dietou (C), rybim (FO nebo kokosovym (CF) olejem

TABLE III Fatty acid composition of cerebral cortex from rats
fed a control (C) diet or supplemented with fish oil (FO) or coconut

fat (CF)
Fatty acids Control Fish oil Coconut fat
Fatty acid (g/100¢ total fatty acids)
12:0 541 + (.54 1.61 = 0.09* 520 £ 018
14:0 299 + (.03 1.37 = (.18 4.06 £ 0.27
16:0 3.58 + (.49 1.23 = (0.18* 7.04 = (.44*
16:1 (n-7) 1.41 + 0.03 3.59 + 0.17* 1.24 + (.36
18:0 3.56 + 0.52 .60 + 0.018% 07 + ()34
18:2 (n-6) 605 + 0.21 10.87 + 35* 496 + 3.19*
18:3 (n-3) 3.03 + 0.12 XX 5= 128
20:4 (n-6) 1.45 + (.45 1.12 + (.33
20:5 (n-3) 4.15 + 0.05 30.79 + (.78% 450 + 0.11
22:6 (n-3) 4.30 + 0.03 38.95 + (.79 4.28 £ 0.19
Unsaturation 193.6 437.5 175.7
index

*r = 005 vs. C and CF groups; *p = (.05 vs. C group; **p = (.05 vs. C and
FO groups. Data are presented as mean * SEM of 9 animals for each group.

Nutritional Neuroscience, Volume 7 Number 2 (April 2004), pp. 91-99




Slozeni mastnych kyselin v mléce krys krmenych
kontrolni dietou (C), rybim (FO nebo kokosovym (CF) olejem

TABLEIT Fatty acid composition of milk from rats fed a control
(C) or supplemented with fish oil or coconut fat (CF)

Fatty acids Control Fish oil Coconut fat
Fatty acid (g/100g total fatty acids)

12:0 122 £ 074 122 = 0.01 13.0 + 0.62
14:0 13.1 £ 1.17  12.8 = 0.95 146 + 1.16
16:0 193 + 117 18.6 = (0.86 195 +1.17
16:1 (n-7) 1.8 £ 0.06 1.7 £ 0.10 1.4 + 0.06
18:0 4.1+ 0.19 4.6 £ 0.33 3.9 +0.28
18:1 (n-9) 155+053 121 +05 12.7 £ 0.35
18:2 (n-6) 279073 292=*1.7 269 + 1.87
18:3 (n-3) 28 009 29+ 0.10 29+ 0.16
20:4 (n-6) 2.2 +023 2.0+ 018 2.2 +£0.02
20:5 (n-3) 1.3+ 0.13 1.8 + (.13 1.5 +0.11
22:6 (n-3) 0.7 + 0.06 0.8 + 0.10
Unsaturation index 101 1 97.7

*p << 0.05 vs. C and CF groups. Data are presented as mean = SEM of 9
animals for each group.

Nutritional Neuroscience, Volume 7 Number 2 (April 2004), pp. 91-99




SloZeni mastnych kyselin v hippocampu krys krmenych
kontrolni dietou (C), rybim (FO nebo kokosovym (CF) olejem

TABLE IV Fatty acid composition of hippocampus from rats
fed a control (C) diet or supplemented with fish oil (FO) or coconut

fat (CF)

Fatty acids Control Fish oil Coconut fat

Fatty acid (g/100¢ total fatty acids)

12:0 33104 287 0.2 287 £ 0.05

14:0 553 + (0.1 1.06 = 0.1* 3.9 + (.84

16:0 26.89 + (.5 1.8 + 0.39* 254+ 04

16:1 (n-7) 1.01 = 0.003 4.08 £ 0.4*

18:0 31.55 + 0.1 (.83 + 0.05%

18:1 (n-9) 817 £ 0.M 3.85 + (0.3* 09+

18:2 (n-6) 14.73 + 0.3 1.6 + 0.06% 23.07 £ 0.7%*

18:3 (n-3) 1.56 + 0.3 262 +02 AT A Y

20:4 (n-6) 3.06 + 0.1 SN % NSl - 207 £ 0.5

20:5 (n-3) 143+ 04 41.58 *+ (.6* 1.37 = 0.5

22:6 (n-3) 2.02 + 0.001 36.19 + 0.7* 1.8 £ 0.6

Unsaturation 74.8 458.1 87.1
index

*r = 0001 vs. C and CF groups; *p << 0.05vs. Cgroup; ***p < 005 vs. C and
FO groups. Data are presented as mean * SEM of 9 animals for each group.

Nutritional Neuroscience, Volume 7 Number 2 (April 2004), pp. 91-99




Inkorporace DHA do PE krysiho mozku a retiny

Refina =
= 45 . - 1islope = DHA max { DHA 50
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Figure 2. The plateau-value of DHA incorporation (expressed in 9% of total fatty acids) in the rat
brain and retina phosphatidylethanolamine (PE) fractions was computed from reciprocal plotting:
the reciprocal of the DHA content ( I/DHA) in PE was plotted relative to the reciprocal of the dose
( 1/ dose), the dose being the concentration of dietary DHA expressed in mg per 100 g of diet (from
[29]). The double reciprocal plot results in the value of 1/dese tending toward zero as the external
DHA tends toward infinite amounts, which defines the theoretical status of DHAmax. The ordinate
at the origin is thus the reciprocal of the DHAmax, and the dose giving rise to twice the value of
the ordinate at the origin, i.e., one half the DHAmax, gives the DHASO. The straight line drawn
through the double reciprocal data is thus described by the general equation: ( /DHA ) =( 1I/DHAmax )
+ a (l/dose), where a = slope. The reciprocal of the slope ( 1/a = DHAmax/DHAS0) is a reflection
of the specific avidity of the tissue phospholipid for DHA (the lower the slope, the higher the avidity
for DHA).



Vztah mezi slozenim dietetickych MK a slozenim MK ve 4 typech
membran krysich organu (jatra, srdce, mozek)
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Fig. 3. The relationship between the ratio of n-3 PUFAs to n-6
PUFAs in the diet and the ratio of these polyunsaturates in the
lipids from four membranes (liver plasmalemma, cardiac sarco-
lemma, cerebral synaptosomes and cerebral myelin) in the rat.
Data are from the same sources as Fig. 2. PUFAs, poly-
unsaturated fatty acids.
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Reakce ruznych tkani potkana (slozeni fosfolipidu)
na slozeni dietetickych MK
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Omega-3 VNMK v Ié€bé psychickych onemocnéni

omega-3 VNMK spojeny s

- mentalnimi funkcemi (deprese, schizofrenie, maniodepresivni
psychoza, nasili, agrese, hyperaktivita.

- neurodegenerativnimi nemocemi (Alzheimerova a
Parkinsonova choroba).

SpoleCnym rysem jsou snizené hladiny EPA a DHA ( a nékdy
rovnéz AA), které mohou podpofit rozvoj onemocneéni.

Studie souvislosti zmén s koufenim u zen.

1-2g EPA/den je povazovana za optimalni davku, jsou vsak
nutné dalsi studie.

Maniodepresivni psychoza — podavani 1-2 mg EPA k terapii —
pozitivni ucCinky

Néekteré studie prokazuji snizeny obsah omega-3 v
membranach bunék u jedincu s agresivnim chovanim???
Potreba dalsich studii



Schizofrenie

asi 1% US populace, fada neurologickych a biochemickych zmén
zahrnujicich snizeny obsah AA a DHA v membranach bunék.
Nékteré studie prokazuji pozitivni ucCinky nizkych davek EPA
podavanych spolu s dalSimi léky.

Table I. Omega-3 fatty acids in the treatment of schizophrenia: double-blind, placebo-controlled trials

Study Dosage regimen Outcome
Peet et al " Add-on; EPA 2 g/day EPA = DHA = placebo
Peet et al " Mono; EPA 2 glday EPA = placebo

Peet and HorrobinB"l  Add-on; ethyl EPA 1, 2 and 4 g/day  EPA > placebo
In clozapine subgroup only, 2g most effective

Emsley et al.] Add-on; ethyl EPA 3 g/day EPA = placebo for schizophrenic symptoms and also tardive dyskinesia
Berger et al Add-on; ethyl EPA 2 g/day EPA > placebo for dose of antipsychotic
Fenton et al = Add-on; ethyl EPA 3 g/day EPA = placebo

Add-on = added to existing medication; DHA = docosahexaenoic acid; EPA = eicosapentaenoic acid; mono = monotherapy.




Slozeni hlavnich MK ve fosfolipidech mozkového kortexu ¢lovéka
(schizofrenie a kontrola) a krys (po dietetické manipulaci)

Table 2. Comparison of major fatty acids of phospholipids firom human (schizophrenia and control) and rat (following extreme
dietary fat manipulation) cingulate cortex brain region

Human (N=6)

Grey matter White matter Rat (N=4-6)

Schizo- Schizo- High n-6 n-3
Fatty acids % phrenia Control phrenia Control Low fat SAT fat PUFA PUFA
16:0 15.8% 18.0 11.7 12.8 34.5 26.5 26.0 26.8
15:0 19.2 20.3 19.3 18.6 18.9 22.0 21.3 21.6
18:1 n-9 29.3% 25.3 36.3 34.5 18.3 19.8 16.6
20:4 n-6 8.2 9.5 1.2 1.0 10.2 11.0 11.6
22:4 n-6 8.1 7.9 6.6 6.8 6.5 1.2 6.5
2916 n-3 10.4% 13.1 3.4 2.3 10.6 13.8 10.9
% SATs 38.8 41.0 34.5% 36.4 52.4 49.1 47.7 49.1
% MUTAs 33.3 28.5 16.6 14.2 20.3 21.7 21.7 22.1
% PUFAs 27.9% 31.6 16.4 14.8 279 20,9 30.5 28.9

All data kindly provided by Mr. W. Bell and Dr. X. I'. Huang (personal communication). All fattv acid values are expressed as relative
percentage where only fatty acids =4 % of total reported. Postmortem human brain samples provided by NISAD (Neuroscience Institute of
Schizophrenia and Allied Disorders). Percentage and source of energy content of rat dietary groups following 12 weeks of feeding : low fat
(2%, safflower oil); high sat fat (35 %, beef tallow, 2%, saflower oil}; n-6 PUFA (38%, safllower oil}; and n-3 PUFA (35% fish oil, 2%,
safllower oil). Male to female ratio 5:1. Significant difference between groups at the P<0.05 signified by “ for comparisons between
schizophrenic and control human samples (Student T-test) and by * for comparisons between rat dietary groups (Anova-Tukey post hoe test).
SATs, saturated fatty acids; MUI'As, monounsaturated fatty acids; PUFAs, polvunsaturated fatty acids.

Hulbert AJ et al. Biol Rev 2005




DEPRESE

Table Il. Omega-3 fatty acids in the treatment of depression: double-blind, placebo-contralled trials

Study Dosage regimen Outcome

Nemets et al B4 Add-on: EPA 2 g/day EPA = placebo

Peet and Horrobine] Add-on; EPA 1, 2 and 4 g/day EPA 1 g/day > placebo
Su et al [l Add-on: fish oil 9.6 g/day Fish cil = placebo
Marangell et al [#7] Mono; DHA 2 g/day DHA = placebo

Keck et al [=] Add-on: EPA 6 g/day EPA = placebo
Frangou and Lewisl*] Add-on; EPA 1 or 2 g/day EPA > placebo

Add-on = added to existing medication; DHA = docosahexaenoic acid; EPA = eicosapentaencic acid; mono = monotherapy.

Deprese jsou méné Casté v zemich s vysokou spotfebou ryb (Japonsko,
Korea, Island) a vyskytuji se s vysokou frekvenci napf. v USA, Kanadé,
Némecku.



http://www.fatsoflife.com

http://www.fatsoflife.com/fatsoflife/omega-3-fats.asp



http://www.fatsoflife.com/

Kontrolni otazky k tématu




