VYZIVA

hraje roli v mnoha typech onemocnéni vcéetné nadorovych a to fadou riznych
mechanizmi.

Je prokazano, ze vysoky prijem kalorii a tvorba tukovych zasob je rizikovym
faktorem.

Prijem, absorpce a metabolismus velkeho mnozstvi potravy vyzaduje oxidativni
metabolismus a produkuje vice reaktivnich kyslikovych radikala, které poskozuji
DNA a maji dalsi negativni dopady na metabolismus.

Ukazalo se, ze prijem tukii, zejména Zivocisnych zvysSuje riziko kardiovaskularnich
a nadorovych onemocnéni. Epidemiol. studie predpokladaji pozitivni korelact mezi
prijmem tukll a nadory prsu, kolonu a prostaty.

Navzdory dlouhé¢ historie studii tukii a nadort, ziistava rada protikladu. Ukazuje se,
ze nejen kvantita, ale 1 kvalita hraje dulezitou roli a Ze se zde uplatnuji 1 tuky
rostlinne a rybi olej, zejmena vysoce nenasycene mastne kyseliny (PUFAs) trid n-3,
n-6, olivovy olej atd.




Kromé nutri¢niho ucinku hraji lipidy strukturalni a regulacni
ulohu s vyznamnym dopadem na fyziologicke funkce

organismu a predstavuji tedy mnohem vice, nezli jenom zdroj energie.

Imbalance v lipidovem metabolismu hraje roli u mnoha zavaznych
onemocnent.

Vysoka hladina cholesterolu je spojena s kardiovaskularnimi chorobami, ktere
jsou nejcaste)si pricinou umrti v populaci.

Lipidy produkovane bunkami imunitniho systému jsou zahrnuty v zanctlivych
onemocnenich jako je revmatoidni artritida, sepse, astma, zanétlive onemocnéni

streva.

Lipidy hraji tlohu take v Alzheimerove nemoci a nadorovych onemocnénich.




LIPIDY (lipos, tuk)

Latky biologickeho ptivodu rozpustné v org. rozpoustédlech,
castecne rozpustné nebo nerozpustneé ve vode.

Tuky, oleje, nékteré vitaminy, hormony a nebilkovinné slozky
membran.

Zatimco proteiny jsou geneticky determinovany, slozeni lipidu
Vv organismu je ovliviiovano prijmem z potravy

Mastne kyseliny — karboxylove kyseliny s dlouhymi
uhlovodikovymi retézcei.

V' prirod€ vetsinou v esterifikovane forme.

Ve vyssich rostlinach a zivocisich prevladaji MK s 16 a 18 C
(palmitova, olejova, linolova, stearova)

Vice nez polovina rostlinnych a zivocisnych MK jsou
nenasycene




Zdroje tuku
71vocCisne a rostlinne

Mastné Kyseliny

P s kratkym retézcem — 6-12 C (SCFA)

kys. maselna,propionova

P nasycene — 12 a vice C

kys. palmitova, stearova

» mononenasycenc — 16 a 18 C, 1 dvojna vazba
kys. palmitoolejova, olejova

» polynenasycene (PUFA) — 18 a vice C, 2 a vice
dvojnych vazeb

kys linoleova, alfa-linolenova — esencialni MK




VYSOCE NENASYCENE MASTNE KYSELINY

(Polyunsaturated fatty acids - PUFAs) - mastné kyseliny s 18 a vice C a 2 1 vice
dvojnymi vazbami.

Ti1 hlavni skupiny PUFASs: n-3 (omega-3), n-6 a n-9, podle polohy dvojné vazby
nejblizsi ke koncovému metylovanému uhliku. Tyto jsou metabolizovany stejnym
zpusobem alternativnimi desaturac¢nimi a elongacnimi enzymy.
NOMENKLATURA:

Napr. kyselina arachidonova, 20:4, n-6

20 - pocet uhlikt

4 - pocet konjugovanych dvojnych vazeb

n-6 - poloha prvni dvojne vazby od metylovanc¢ho konce molekuly

Témer vSechny dvoiné vazby jsou ve vicemene stabilni cis - konfiguraci.

Zivocichové nedovedou syntetizovat n-3 a n-6 PUFAs de novo ani nedovedou pfeménit
jednu serii v druhou. Tyto PUFASs jsou zivotne dulezite jako slozka vSech membran a
permeabilni bariéry pokozky a jako prekursory eikosanoidiu a s nimi souvisejicich latek,
ktere hraji dulezitou regulacni tlohu ve tkanich.

Protoze nemohou byt de novo syntetizovany a jsou tak dulezité jsou nazyvany

ESENCIALNI MASTNE KYSELINY_ a musi byt obsazeny v potravé podobné jako
vitaminy.
Zdrojem jsou rostlinne tuky (zejména n-6 PUFA) a rybi tuk (n-3 PUFA)




Kys. linolova (18:2, n-6)

Kyselina arachidonova (AA, 20:4, n-6) je zdrojem
eikosanoidu (prostaglandiny, leukotrieny) uplatnujicich se u
ruznych nadoru.

V experimentalnich systemech prokazan Casto podpurny
ucinek pro vznik a rozvoj nadoru

Kys. alfa-linolenova (18:3, n-3)

EPA a DHA (n-3) z rybich oleju inhibuji metabolismus AA
V experimentalnich systemech prokazan casto imhibicni
ucinek pro vznik a rozvoj nadoru




Uginky kys. linolenové a linoleové z potravy
Zmeny mastnych kyselin v jatrech
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Uéinky dietetické hladiny alfa-linolenové kyseliny na obsah jejich
metabolitl v jaternich lipidech
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Struktura vychozich esencialnich mastnych kyselin
linoleové a a-linolenové

n-6 or C-13
1 ore * C-12 (A12)

¢

C-9 (A9)

\ OH

C-2or C-1

Linoleic Acid (18 carbons : 2 double bonds, n-6)

re-Linolenic Acid (18:3, n-3)




Metabolismus vychozich esencialnich mastnych kyselin
linoleové a a-linolenoveé

18:2 n-6
LA
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Puvod n-3 and n-6 nenasycenych mastnych kyselin, biosyntéza
eikosanoidu z kys. arachidonové a eikosapentaenové

PLANT METABOLISM
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Relativni procento riuznych mastnych kyselin v potravé a zmény
zpusobéné priumyslovym zpracovanim potravin

Hwunter-Gatherer Agricultural

H
O

30

o

<
Ezo
§
§

oL |
¢4 x10® years) (-10,000 years)

TIME (years)




Obsah mastnych kyselin v tucich obilovin a lusténin

Tab. 24. Obsah mastnych Kyselin v tucich obilovin a lusténin (Davidek a kol., 1983)

Vs Pocet C Obsah % z veskerych mastnych kyselin

kyselina : dvoj.

Palmitova 10

Stearova 2
Olejova 59
Linolova E 31

Linolenova E 0

E = esencialni (nezbytné)




Obsah mastnych kyselin v rostlinnych olejich

Tab. 23. Obsah mastnych kyselin v diileZitych rostlinnych olejich (Davidek a kol., 1983)

Pocet C Obsah % z veskerych mastnych kyselin -
. dvoj. S -
’ Sojovy | Slunec- ., | Podzem-| . R.
b
vazbam olej nicovy S nicovy Repkovy bezeruk.

Mastna
kyselina

Myristova 14:2 0-02(01-03| 0-02 |03-05|0,1-0,3 0-2

Palmitova 16:0 7-10 |35-75] 11-14 6-12 |25-42]14,0-52
Stearova 18:0 2-5124-30 2-3 28-63/02-10/09-1,8
Arachova 20,0 |02-10{05-0,7(01-04|16-28(02-05|/09-1,2
Palmitoolej. 16:1 00-05/02-10]02-06}09-24(0,1-13|0,2-0,4
Olejova 18:1 22-30( 30-39 | 70-78 | 42-72 |9.1-12,5| 54-60
lkosenova 20:1 0 0 0,1-04 0 6,1-95/10,3-3,8
Erukova 22:1(13) 0 0 0 0 45-64 [0,3-0,67

Linolova E 18:2 50 - 60 82-159| 19-25
Linolenova E 18:3 5-9 51-116| 8-11

E = esencialni (nezbytné)
" v nasich podminkéach do 5 %




Mnozstvi celkovych a jednotlivych mastnych kyselin (MK)
a pom¢r n-3 a n-6 MK u vybranych druhti masa a ryb

TABLE 1

Amounts of total fat (fatty acids). a-linolenic acid (a-LNA), eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA), linoleic acid (LA), and

arachidonic acid (AA) and ratios of n—23 to n—06 fatty acids in selected species of fish and in meat’

Total Tat

n—3 Fatty acids

n—a Fatly acids

a-1L.NA

EPA

LA

AA

n—23:n—06 Falty acids

Fish
Cod, Atlantic
Haddock
sled’ Herring, Baltic
Herring, Pacific
makrelaMackerel, Atlantic
okoun  perch, all varieties
Stika Pike
losos  Salmon, Atlantic
Salmon, Pacilic
Sardines, in tomato sauce
pstruh  Trout, rainbow
Tuna. in waler
Meal
Chicken, no skin
Beel, steak
Pork. fillet

treska

o/ 100 g

0.7
1.6
';J"
8.3

| g

3.1
8.8
1.6

Tr

Tr
0.29(3.5)
0.32(1.9)
0.29 (2.0
0.01 (1.6
001 (1.
01R(LT)
0051
0.22(1.6)
0.15(1.T)
0.01 (1.6

0.02 (0.9
0.03 (0.3
0.01 (0.5

o/ 100 ¢

0.061(13.2)
0.05(12.2)
0.56(6.7)
|.03{6.2)
089 (6.2)
008 (s.7)
0.04¢7.6)
0.49¢4.5)
0.63(13.5)
|.24 (8.8)
0a0(7.00
0.09(11.3)

0.01 (0.3
Tr
Tr

0.17(34.4)
0.10(24.4)
(.83 (9.9

.63 (9.8)

.36 (10.8)
0.19(21.4)
.16 (33.0y
.33 (12.3)
(.88 (18.9
1.77(12.6)
761204
0.16(19.4)

0,01 (0,69
Tr
0.01 (0.4

/T o

Tr
0.01(2.4)
(.54 (6.5)
0.43(2.6)
D30(2.1)
0.0242.1)
0.0142.2)
041 (3.8)
0.07¢(1.6)
0.2201.6)
041 (4.8)
001 (1.6

0.30(12.2)

01821
D 120(8.1)

0.02 (4.0)
0.01(2.4)
003704
0.07 (0.4
0.07 (0.5
0.05(6.0)
0.02(3.7)
011 (1.0)
0.03(0.7)
0.06 (0.4
0.07 (0.8)
0.03(3.2)

001 (0.5
003704
001 (0.5

[1.11
T.67
2.94
5.88
7.14
4.00
7.14
383

16.67

[1.11

5.26

(.67

0,13
.14

.25

L All values are ¥; percentage of total fatty acids in parentheses. Tr, trace (=0.005 g/100 g). The data for meat are from the Swedish National Food

Administration Database (132).




Celkové n-3 kyseliny vs. celkové n-6 kyseliny ve fosfolipidech v
plasmeé u 10 populaci
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Omega 3 PUFAs a kardiovaskularni onemocnéni

Fig 1 Greenland Inuit gutting a seal in the early 1900s. Their diet
consisted largely of fish, whale, seal, and walrus, resulting in a high
intake of omega 3 fatty acids. Copyright Arctic Institute, used with

narmicernn frar I atf lFaramaard Aretin Tepodid pfo
permission from Leif Vanggaard, Arctic Institute
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Figure 8 The interrelated pathologies of coronary heart disease and stroke
(adapted from Sanders & Emery 2003).




patient-oriented research

Higher plasma docosahexaenoic acid is associated with
reduced progression of coronary atherosclerosis in

women with CAD

Abstract Fish intake, eicosapentaenoic acid (EPA), doco-

Arja T. Erkkild,"* Nirupa R. Matthan,” David M. Herringt sahexaenoic acid (DHA), and in some cases a-linolenic acid

School of Public Health and Clinical Nuuition,* University of K (ALA) have been associated with reduced risk of cardiovas-

Nutrition Laboratory,” Jean Mayer United States Department of : . a

Center on Aging at Tufts University, Boston, MA; and Deparrmer Cllar events and death. The association between n-3 fatty

\Vake Forest University School of Medicine, WinstonSalem. NC_ a¢jcls jn plasma lipids and the progression of coronary artery
atherosclerosis was assessed among women with established
coronary artery disease (CAD). A prospective cohort study
involved postmenopausal women (n = 228) participating in
the Estrogen Replacement and Atherosclerosis Trial. Quan-
titative coronary angiography was performed at baseline and
after 3.2 * 0.6 (mean * SD) years. Women with plasma
phospholipid (PL) DHA levels above the median, compared
with below, exhibited less atherosclerosis progression, as
expressed by decline in minimum coronary artery diameter
(—0.04 * 0.02 and —0.10 = 0.02 mm, respectively; P =
0.007) or increase in percentage stenosis (1.34 * 0.76% and
3.75 * 0.74%, respectively; P = 0.006), and had fewer new
lesions [2.0% (0.5-3.5%) of measured segments (95% con-
fidence interval) and 4.2% (2.8-5.6%), respectively; P =
0.009] after adjustments for cardiovascular risk factors.
Similar results were observed for DHA in the triglycerides
(TGs). EPA and ALA in plasma lipids were not significantly
associated with atherosclerosis progression.lli Consistent
with higher reported fish intake, higher levels of plasma TG
and PL DHA are associated with less progression of coro-
nary atherosclerosis in postmenopausal women with CAD.—




Summary points

':'.D]"Dl'lﬂl'}’ heart disease is still the most common
cause of death in the United I{ingdc-m

Glnega 3 fatt}' acids from fish and fish oils can
protect against coronary heart disease

There 1s evidence to support the use of fish or fish
oil supp]emems after lll}’ﬂcardia] infarction

The mechanisms h}' which fish oils confer their
benefits are not ful]}-' understood

L'nrav -E'l]ll'lEf these mechanisms may u:lenuh novel
therapeutic targets and could help guide the
-:levelapment of future treatments for coronar v

heart disease

Future trials may identify other patients who
could benefit, such as those with stable angina,
risk factors for coronary heart disease, or left
ventricular dysfunction




Fats and fatty acids |

|
Saturated fats
Animal fats, butter, lard Unsaturated fats

Y Y

Polyunsaturated fats Monounsaturated fats
I

Y Y Y

Omeqga 3 fatty acids Omega 6 fatty acids Omega 9 fatty acids
Eicosapentanoic acid: Corn oil Olive ol

fish, shellfish Safflower oil Avocados
Docosahexanoic acid: Sunflower ol Peanuts

fish, shellfish Almonds

o linolenic acid:
flaxseed, soybean,

walnut, rapeseed oils

Fig 2 Fatty acids are saturated, monounsaturated, or
polyunsaturated. Two types of polyunsaturated fatty acid exist—the
omega 6 and the omega 3 fatty acids. The omega 6 fatty acids are
available mainly from vegetable oils. Three types of omega 3 fatty
acid exist: « linolenic acid is available from certain plants but
eicosapentanoic acid and docosahexanoic acid must be obtained

from marine sources




Omega 6 fatty acids

CH,
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COOH
C18:2n-6

i Linoleic acid

COOH
C20:4n-6
Arachidonic acid
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Docosapentanoic acid

Omega 3 fatty acids

Plant derived

COOH
C18:3n-3

¢ o linolenic acid
Marine derived
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£20:5n-3
Eicosapentanoic acid
(EPA)
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CH,

C22:6n-3
Docosahexanoic acid

Fig 3 Structures of the two classes of polyunsaturated fatty acids. The omega 3 fatty acids
have their first double bond at the third carbon molecule from the methyl (CH,) end of the
fatty acid, whereas the omega 6 fatty acids have their first double bond at the sixth carbon
molecule. The chemical names for each fatty acid are also given: the number of carbon atoms
is given first, followed by the number of double bonds and the position of the first double
bond. Omega 6 linoleic acid can be desaturated in certain plants to form omega 3 « linolenic
acid. Whereas linoleic acid is mainly converted into arachidonic acid, « linolenic is elongated
and desaturated into eicosapentanoic acid and then docosahexanoic acid
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Box 1: Possible mechanisms of action of omega
3 fatty acids

Antiarrhythmic

Antithrombotic

Antiatherosclerotic

Ant-mflammatory

Improves endothehal function

L.owers blood pressure

Lowers tnglyceride concentrations




Box 2: Recommendations for intake of omega 3
fatty acid

e Patients without documented coronary heart
disease: Eat a variety of (preferably oily) fish at least
twice weekly. Include oils and foods rich m a linolenic
acid

e Patents with documented coronary heart disease:
Consume | g of eicosapentanoic and docosahexanoic
acid daily, preferably from oily fish. Supplements could
be considered in consultaton with a doctor

e Patents with hypertriglycendaema: lTake 2-4 g of
crcosapentanoic acid and docosahexanoic acid daily,
provided as capsules under a doctor’s care

These are the recommendations of the American
Heart Association.”
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Omega-3 fatty acid treatment in 174 patients with mild to moderate Alzheimer disease: OmegAD
study: a randomized double-blind trial.

Freund-Levi Y, Eriksdotter-Jonhagen M, Cederholm T, Basun H, Faxen-Irving G, Garlind A, Vedin I,
Vessby B, Wahlund LO, Palmblad J.
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Meta-analysis of the effects of n-3 polyunsaturated fatty acids on haematological and thrombogenic
factors in type 2 diabetes.

Hartweg J, Farmer AJ, Holman RR, Neil HA.

Br J Nutr. 2006 Jul;96(1):182-90.

The effect of docosahexaenoic acid and folic acid supplementation on placental apoptosis and
proliferation.

Klingler M, Blaschitz A, Campoy C, Cano A, Molloy AM, Scott JM, Dohr G, Demmelmair H,
Koletzko B, Desoye G.
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Dietary intake of unsaturated fatty acids and age-related cognitive decline: a 8.5-year follow-up of the
[talian Longitudinal Study on Aging.

Solfrizzi V, Colacicco AM, D'Introno A, Capurso C, Torres F, Rizzo C, Capurso A, Panza E.




Melanoma growth is reduced in fat-1 transgenic
mice: Impact of omega-6/omega-3 essential
fatty acids

Shuhua Xla*, ¥Yan Lut, Iingdong Wang®*, Chengwel He*, Song Hong?, Charles M. Serhan®, and Jing X. Kang**

MA 02 114; and MCenterfor Expsrimental Thera psutic
g

An important nutritional question as to whether the ratio of
omega-t (n6) to omeaga-3 (n-3) fatty acids plays a role in tumori-
genesis remains to be darified in well qualified experimental
miodels. The recently engineered fat-1 mice, which can convert n-6
to n-3 fatty acids and have a balanced ratio of n-6 to n-3 fatty acids
in their tissues and organs independent of diet, allow carefully
controlled studies to be performed in the absence of potential
confounding factors of diet and therefore are a useful modeal for
elucidating the role of n-6/n-3 fatty acid ratio in tumorigenasis. We
implanted mouse melanoma B16 cells inte transgenic and WT
littermates and examined the incidence of tumor formation and
tumor growth rate. The results showed a dramatic reduction of
melanoma formation and growth in fat-1 transgenic mice. The
lerea] of n-2 fatty acids and their metabolite prostaglandin Ea (PGEz)
wereg much higher (but the n-6/n-3 ratio is much lower) in the
tumor and surrounding tissues of fat-1 mice than that of WT
animals. The phosphatase and tensin homologue deleted on the
chromosome 10 (PTEN) gene was significantly up-regulated in the
fat-1 mice. In vitro experiments showed that addition of the n-3
fatty acid eicosapentaencic acid or PGE; inhibited the growth of
B16 call line and increased the exprassion of PTEM, which could be
partially attenuated by inhibition of PGE: preduction, suggesting
that PGE; may act as an antitumor mediator. These data demon-
strate an anticancer {antimelanoma) effect of n-3 fatty acids
through, at least in part, activation of FTEN pathway meadiated by
PGE;.
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MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid.




Table Il Percentage contribution of the main sources of fat intake in the UK adult diet

Total fat SFA trans-PLIFA n-3 PLFA,

™ M F M

n-& PLFA

M

Cereals & cereal products |7 26 7
Milk: & milke products 23 l& 4
Fat spreads |7 7
Meat & meat products 25 I8 i %
Fish & fish dishes 2 3 13
Potatoes & savoury snacks 7 & |7

Source: Henderson et al. (2002).
M, male; F female; MURA, monounsaturated fatty acid, PUFA, polyunsaturated fatty acid; SFA, saturated fatty acid.

Table 12 Percentage contribution of the main sources of fat intake in the diet of UK children

Total fat trans-PLFA MILFA, n-32 PUFA

B G B G B

n-& PLUFA

Children aged 4-10 years
Cereals & cereal products
Milk & milk products
Fat spreads
Meat & meat products
Fish & fish dishes
Potatoes & savoury snacks

Children aged | 1—18 years
Cereals & cereal products
Mill & milke products
Fat spreads
Meat & meat products
Fish & fish dishes
Potatoes & savoury snacks

— ha

e

Lo T R s T

Source: Gregory & Lowe (2000,
B, boys: G, girls; MUFA, monounsaturated fatty acid; PURA, polyunsaturated fatty acid; SFA, saturated fatty acid.
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Figure 9 Change in the concentration of HDL- and LDL cholesterol when
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acid; SFA, saturated fatty acid.




Kardiovaskularni onemocneéni

Key points:

Unsaturated fatty acids and cardiovascular discase

® CVD, characterised by hardening and narrowing of blood vessels and/or the development of blood clots, is one
of the leading causes of mortality and morbidity worldwide.

® The precise mechanisms by which unsaturated fatty acids reduce CVD risk are as yet unclear. Numerous mech-
anisms whereby dietary fatty acids could influence the progression of CVD and its risk factors have been identified.
These include effects on blood lipid levels, blood pressure, inflammatory response, arrhythmia and endothelial
function, along with many other effects, both known and as yet undefined.

® An elevated plasma LDL cholesterol concentration is a well-established risk factor for CVD. Replacing SFAs by
either MUFAs or #7-6 PUFAs reduces LDL cholesterol, thus reducing the risk of CVD. Unsaturated fatty acids, such
as LA or MUFAs, also raise HDL cholesterol, which assists in the removal of TAGs from the bloodstream. So it is
prudent to replace SFAs with a mix of #-6 PUFAs and MUFAs in order to ensure that an appropriate balance of
fatty acids is consumed.

® There is strong supportive, but not yet conclusive evidence that long chain 7-3 PUFAs found in fish oils protect
against fatal heart disease, and population-wide dietary recommendations have been made to support this.

* Evidence is mounting on the role that the #»-3 PUFA ALNA may play in preventing the progression of CVD,
although it is currently unclear what, if any, association exists between ALNA intake and CVD risk.




Key points:

Unsaturated fatty acids and diabetes

» Fatty acids have an effect on a number of different metabolic pathways, including those involved with glycaemic
control.

® Dictary recommendations for individuals with diabetes are to consume a low saturated fat diet because of the
increased risk of developing CVD on diets high in SFAs.

* High-MUFA diets have been associated with improvements in glycaemic control. However, currently there is
insufficient evidence to make dietary recommendations.

Table 14 European Recommendations of the Diabetes Nutrition
Study Group related to dietary fat

Saturated and trans-unsaturated fatty acids should provide under 0% total

daily energy. A lower intake (<B% energy) may be beneficial if LDL
Diabetes cholesterol is elevated.

Qils rich in MUFAs are useful fat sources and depending on individual
preferences, MUFA may provide 10-20% of total energy, provided that
total fat intake does not contribute more than 35% of total energy.

FUFAs should not exceed 0% of total daily energy.

Total fat intake should not exceed 35% of total energy.

For those who are overweight, fat intake below 30% may facilitate weight loss.,

Consumption of two to three servings of fish (preferably oil-rich fish) each
week and plant sources of n-3 PUFAs (e.g. rapeseed oil, soybean oil, nuts
and some green leafy vegetables) will help ensure an adequate intake of n-
3 PUFAs,

Cholesterol intake should not exceed 300 mg/day and be further reduced if
LDL cholesterol is raised.

Source: Mann et al (2004).
LDL, low density lipoprotein; MUFRA, monounsaturated fatty acid, PUFA,
polyunsaturated fatty acid.




Z.anétliva onemocnéni

Key points:

Unsaturated fatty acids and inflammatory conditions

® There arc a number of inflammatory conditions, such as asthma, Crohn’s disease and arthritis, that could poten-
tially be alleviated by dietary modification.

® The fatty acid composition of cell membranes can be altered by both #7-3 and #n-6 PUFAs, and this results in
reduced inflammatory activity. However, whether this effect brings about a significant reduction in clinical symp-

toms is still unclear.
® There is a clear need for more carefully designed and controlled clinical trials in the therapeutic application of

unsaturated fatty acids for the potential management of inflammatory conditions.
» To date, beneficial effects are only observed with very high intakes of unsaturated fatty acids, which would real-

istically only be achievable by supplementation.

Nadorova onemocnéni

Key points:

Unsaturated fatty acids and cancer
» Unsaturated fatty acids, namely, #-3 PUFAs and MUFAs, may be associated with a reduced risk of developing cer-

tain cancers, including cancers of the colon, breast and prostate.

» However, the level of evidence is not deemed sufficient by authoritative bodies, such as the WCRF, WHO and the
Department of Health, to make any specific dietary recommendations on individual fatty acids and cancer risk.
» Instead, it is prudent to eat a healthy balanced diet that contains plenty of fruit, vegetables and high-fibre, starchy
foods, and to try to keep to a healthy weight.




Vyvoj plodu a novorozence

Key points:

Unsaturated fatty acids in fetal and infant development

e [tis important that pregnant women have an adequate supply of the long chain 7-3 PUFAs before and throughout
pregnancy to support normal growth, neurological development and cognitive function of the growing fetus. As 7-
6 PUFAs are more abundant in the diet, achieving an adequate intake is less problematic.

® The PUFA status of the infant is highly correlated with that of the mother.

® Increasing fish consumption beyond two servings of oil-rich fish per week or relying on fish oil supplementation

is not appropriate during pregnancy due to the potential problems associated with heavy metal contamination of
fish, or the high vitamin A levels in some fish oil supplements.

® The increased requirements for DHA and AA during pregnancy and lactation will not be met solely by endog-
enous synthesis from ALNA and LA; dietary supply is also important.

® Breastmilk is a source of DHA and AA, and PUFA-supplemented infant formulas are now available.

e It is possible that the EFA status of the baby may affect visual acuity and cognitive performance during infancy.




Poznavaci funkce a chovani

Key points:

Unsaturated fatty acids and cognitive function and behaviour
® Brain cells are especially rich in the long chain PUFAs DHA (7-3) and AA (#-6). This has led to the suggestion

L

that dietary status of these long chain fatty acids might influence cognitive function and behaviour.
® Research in this field is still in its early stages, but there is a small amount of evidence to show improvements in

cognitive function following fatty acid supplementation.

* It has been suggested that plasma concentrations of individual or combinations of fatty acids may reflect the inci-
dence of certain mental disorders. The relevance of this still needs to be confirmed.

* Larger-scale, well-designed studies are required to confirm whether there really is a significant improvement in

behaviour when the diet is modified.




Key points:

Unsaturated fatty acids and public health
® There is no legal requirement to include information about either total fat or the types of fatty acids on a food
label. However, if information is provided, legislation determines the format to be used.

® There is currently no specific legislation to control the use of health claims relating to the fatty acid content of
foods. However, an EU Directive is expected imminently which will formally set down the criteria that a product
will have to meet in order to make any nutrition or health claim.

® The UK recommendations on fat intakes are in line with those around the world. However, as a population, we
need to increase our consumption of long chain 7-3 PUFAs and decrease SFA intakes.

* Food technologists are looking at ways in which the fatty acid profile of a food can be modified in order to bring
dietary improvements without requiring a major change in dietary habits.

® Public health messages surrounding the optimum intakes of fatty acids must be clear and consistent to ensure that
a favourable change in the fatty acid profile of the UK diet occurs.

Table 16 Dietary guidelines relating to daily fat consumption (% of energy)

LISA and Canada Europe (ELRODIET) FAOMHO LK

Fat 20-35 <30 35 <35
n-3 PURA 0.6—1.2 200 mg DHAJEPA; 2 g ALNA LA CALNA = 5il— 10l =0.2 (450 mg DHAJERA)
n-& PURA 5-10 4-8 410

=

Source: DH (1991); FAO (1994); FNB (2005); Kafatos & Codrington (1999); SACN/COT (2004).
ALNA, a-linolenic acid; DHA, docosahexaenocic acid; EFA, eicosapentaenoic acid; LA, linoleic acid; PUFA, polyunsaturated fatty acid.



6 mo-old infant (adequate)

6 mo-old infant (optimal)

Adult females

Adult males

Pregnant women

Lactating women

Elderly

00 02 04 06 08 10 12 14 16 18 20

g/day

Figure 3. Recommended dietary intakes for n-3 fatty acids (g-day=!) throughout life.
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Fig 4 Synthesis of eicosanoids from omega 6 and omega 3 fatty acids. Arachidonic acid and
eicosapentanoic acid compete for the cyclo-oxygenase and lipoxygenase enzymes for
conversion into eicosanoids. Those derived from arachidonic acid are pro-inflammatory and
pro-aggregatory, whereas those derived from omega 3 fatty acids are anti-inflammatory and
inhibit platelet aggregation




Table 2 Content of omega 3 fatty acids of selected fish and
seafood (adapted from the guidelines of the American Heart
Association®)

EPA+DHA content (g) Amount of fish (in g)
per 100 g serving of required to provide 1
fish (edible portion) EPA+DHA

Tuna (fresh)  tunak 0.28-1.51 66-357

Atlantic salmon  losos 1.28-215 42 5-70.9
Mackerel — makrela 0.4-1.85 54-250
Atlantic herring  gled’ 2.01

Rainbow trout pstruh duhOV}'ﬂ 15

Sardines  sardinka 1.15-2

Halibut platyz 0.47-1.18

Tuna (canned) 0.31

Cod treska 0.28
Haddock 0.24
Catfish sumec 0.18

Flounder or sole mof’sk}'/jazyko;,g

Qyster ustiice 0.44

shrimp krevety 0.32

Scallop Mmusle 0.2

Cod liver oil capsule tr, jétra 0.19
Omacor (Pronova) 0.85

EPA=eicosapentanoic acid, DHA=docosahexanoic acid.

Omega 3 content varies markedly depending on species, season, diet, and
packaging and cooking methods, and the figures above are therefore rough
estimates.




Additional educational resources

Websites

www.nal.usda.gov/Inic/foodcomp/—USDA Nutrient Data Laboratory,

a database with online search function to find the omega 3 content of
various foods

www.foodstandards.govuuk/mulumedia/pdfs/fsis40_2003.pdi—Food

Standards Agency UK, provides data on mercury content of various fish

and advice on safe consumption for pregnant women and women of

childbearing potential.

Reviews

Hu I'B, Willett WC. Optimal diets for the prevention of coronary heart
disease. JAMA 2002;288:2569-78

Calder PC, Grimble RT. P()l}'uns'a-llurzllc(l fatty acids, inflammation and
immunity. Fur | Clin Nutr 2002:5 ](Hll]]|)] 3):S14-9.

Davis BC, Kris-Etherton PM. Achieving optimal essential fatty acid status in
vegetarians: current knowledge and practical implications. Am | Clin Nutr
2003;78(suppl 3):5640-6.

American Journal of Clinical Nutrition 2(}{}(1'71(su|}|}l | )—dedicated to fish oils
and omega 3 fatty acids. Tw enty articles covering a range of subjects from
current intake and biolog oical actions through to effects on a wide range of
medical conditions.

For patients

Omega 3 Information Service. A wealth of well balanced information about
omega 3 fatty acids; including their effects on medical conditions apart
from coronary heart disease (www.omega-3info.com/)

British Nutrition Foundation. Charitable organisation promoting healthy
cating through impartial interpretation of nutritional knowledge and advice
(www.nutrition.org.uk/)
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XXXXTuky z potravy ovliviiuji pocatek a rozvoj rady onemocnéni véetne
nadorovych. Existuji v zdsad¢ dve€ trovné ovlivnéni:

zmény slozeni mastnych kyselin (MK) v bunécnych membranach

prima kontrola procesii v jadre na arovni transkripce genu

n-3 a n-6 PUFA jsou metabolicky i1 funk¢éné€ odlisne. Jejich rovnovaha je dilezita pro
homeostazu a normalni vyvoj. Zatimco proteiny jsou geneticky determinovany,
slozeni bunécné membrany s ohledem na PUFAs je z velke ¢asti zavislé na prijmu
Z potravy.

Protoze obsah MK v tucich z potravy je urcujici pro slozeni MK v membrané, je fada
bunécnych funkci jako je aktivita membranovych enzymu a prenasecu, vazba
hormonti, mechanismy signalove transdukce atd. zavisla na tucich prijimanych
potravou.

n-3 a n-6 PUFA mohou G¢inné a primo ridit transkripci specifickych gent (napr. geny
kodujici lipogenni proteiny, delta desaturazy atd.).

Tak muze priznivy a nepriznivy ucinek tukli na rizné choroby zahrnovat kombinaci
interaktivnich regulacnich mechanismi:

akutni, rychla a prima regulace exprese genu

dlouhodoba adaptivni modulace slozeni membran, ktera miize primo ovlivnit
prijem a prenos signalu hormonii, cytokinu, produkci eikosanoidu apod.

Béhem prumyslove revoluce se drasticky pomér n-6:n-3 PUFA.

V tzv. zapadni dieté je dnes misto 1:1 az 10-25:1.




LIPIDOMICS

védecké sméry od mapovani vnitiniho
spektra lipida v biologickych
systémech k popisu funkce a
metabolismu jednotlivych lipidi.




Intrinsic factors

Extrinsic factors

body composition
tissue turnover \\ / nutrients
) \

metabolic rate (at rest / non-nutrients

age -h____________‘ / drugs

human genotype | — +—— | physical activity
health status — \ microbiome

AN

reproductive status mental status

diurnal cycle Metabolic status

Figure 3 Intrinsic and extrinsic factors that affect the metabolic status of the
human. The status of these can be measured using metabolomics.

Goodacre R., J Nutr. Suppl., 2007
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Figure 4. Certain genetic polymorphisms can shift the balance of energy intake and energy expenditure and thereby influence bioenergetics and
obesity. Higher energy intakes, a low polyunsaturated-to-saturated fat ratio, insulin resistance, and a sedentary lifestyle leading to obesity are risk
factors for chronic diseases. such as heart disease, diabetes. and cancer, depicted when the scale is sloping downward. The right side of the scale
portrays lifestyle including physical activity and a diet rich in whole grains, fruits, vegetables, and soy protein, which are associated with less risk
for obesity and chronic disease. Gene-nutrient imbalances may explain the morbidity and mortality associated with obesity.

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




PREVENCE

Epidemiologicke studie — snizena
iIncidence nadoru (kelenu) v
populacich konzumujicich velke
mnezstvii w-3 VNIVIK Z merske
stravy

Experimentalni studie
o W-3 VNMK Iinhibujrkancinegeny-
IndUukevanou karcinogenezi

e redukuji rust transplantovanych
nadoerulu laboraternich zvirat

e snizujil preliferaci a indukuji
apopiozulu naderevych bunek
kelenul /R Vitro.

Klinicke studie — EPA a DHA
Inhibuji" preliferaci epitelialnich

bunek kolenu ulpacientu s adenemy

a VySokym! rizikem nadorevenho
onemocneni

TERAPIE

Pri chirurgickych zakrocich
predoperacni peroralni nebo
pooperacni enteralni Ci parenteralni
dieta s w-3 VNMK zlepsuje
postoperacni zanetlivou a imunitni
odpoved' a snizuje infekci.

Dieta s w-3 VNMK zlepsuje
nadorovou kachexii a kvalitu zivota

Kombinace se standartni terapii
(chemoterapie, zareni)

e dieta s w-3 VNMK netoxicky zpusob
zvyseni ucinku terapie

e samotne pouziti w-3 VNMK
uzitecny pristup, jestlize je vyloucena
toxicka standartni terapie.




Prokazany zmény ve slozeni a metabolismu lipidu!!!!

» v plazmé nadorovych pacientu
» v nadoroveé tkani a bunkach ve srovnani s nenadorovymi

Zejmeéna snizeni obsahu w-3 VNMK (DHA) ve srovnani s w-6 (kys.
linolova a arachidonova)

Integrovany pohled na komplexni lipidove interakce, které urcuji
vysledny tzv. LIPIDOM — lipidovy profil jednotlivce.

S protekci urcitych typu nadoru (napr. prsu) spojen slozeny indikator
kombinujici zvysené mononenasycene MK a nizky poméer omega6b/omega 3.
Tento lipidom by se mohl stat templatem pro detekci rizika nadoru prsu ve
vztahu k diete.

(Bougnoux P. et al, Diet, Cancer and Lipidome
Cancer Epidemiol Biomarkers Prev 15, 2006)




Slozky lipidového metabolismu
SIGNAL v bunécnych signalizacich
Mediatory a modulatory

(napf. cytokiny)

Biofyzikalni vlastnosti
membran

signalni
Lipidovy metabolismus
Aktivace fosfolipaz
Uvolnovani a
metabolizace AA

eikosanoidy membranove
f05f0||P|dy jaderné receptory
transkripéni faktory

Transdukce signalu
(kinazy, fosfatazy)
Aktivace membran.

i vnitrobun.

receptoru — tr. faktor

Exprese proteinut :'
Exprese gent - mRNA N lipidova inhibice
peroxidace (NSAID)

n-3 PUFA e

LNA. DHA membranove
fosfolipidy kyselina arachidonova Zmé ny Cyto kI n etl ky

n-6 PUFA
LA, AA

Mimobunécné podnéty (cytokiny, hormony,

polutanty, zareni




MOLEKULARNI MECHANISMY ptisobeni w-3 VNMK

» zmeny vilastnosti bunecnych membran (fluidita, lipidové rafty)

» suprese biosyntézy eikosanoidu odvozenych od AA — zména
Imunitni odpovedi a modulace zanétu, proliferace, apoptozy, tvorby
metastaz a angiogeneze

» ovlivnéni signalové transdukce, aktivity transkripcnich faktort

(NFkB, PPARY) a genove exprese — zmeny metabolismu, bunécnéeho
rustu a diferenciace

» zmeny metabolismu estrogenu — redukce estrogeny stimulovaneho
rustu

» zvySena nebo snizena produkce volnych radikalt (kysliku, dusiku)

» mechanismy zahrnujici citlivost k insulinu




Mechanismy potencialnich chemopreventivnich ucinku n-3 PUFASs

» mechanismy zahrnujici zmény biofyzikalnich vlastnosti membran (fluidita, rozloZeni
lipidi, membranovy potencial atd

P suprese biosyntézy eikosanoidi odvozenych od kys. arachidonove, coZz ma za nasledek
zmeénénou imunitni odpové’d, modulaci zanétu, bunécéné proliferace, diferenciace,

apoptozy, tvorby metastaz a angiogeneze

» ovlivnéni aktivity transkripcnich faktoru, exprese genu a signalove transdukce vedouci
ke zménam v metabolismu, rastu a diferenciaci

» zménény metabolismus estrogenti vedouci k redukci estrogeny stimulovaneho ristu
bunck

» zvySeni nebo snizeni tvorby volnych radikall a reaktivnich metabolith kysliku

» mechanismy zahrnujici citlivost k inzulinu
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FIGURE 1. Overview of the metabolism of n—6 and n—23 polvunsaturated fatty acids ( PUFAs) into eicosanoids involved in inflammation and carcino-
genesis. The names of these eicosanoids are shown in bold. LAL linoleic acid { [ B:2n—6 ) ae-LN AL ee-linolenic acid { 1 8:3n—3); GLA, y-linolenicacid{ 1 8:3n—6);
DGLA, dihomo-y-linolenic acid (20:3n—6); AAL arachidonic acid (20:4n—06); EPA. eicosapentaenoic acid (20:5n—3); DHA, docosahexaenoic acid (22:
tn—3). PLA,, phospholipase A5 LOX, lipoxyegenase; COXs, cyelooxyegenases (COX-1 and COX-2) 15-HETE, 15(8-hydroxyeicosatetragnoic acid:
|2-HETE. 12-hvdroxveicosatetraenoic acid; 53-HETE, S-hvdroxyveicosatetracnoic acid; HEPE, hvdroxveicosapentacnoic acid; HPETE, hydroperoxyeicosa-
tetracnoic acid; HPEPE, hvdroperoxyeicosapentacnoic acid: LT, leukotriene: HODE, hydroxyvoctadecadienoic acid; PG, prostaglandin; TX, thromboxane.




Epidemiologické, klinicke a laboratorni studie poukazuji na dulezitost mnozstvi a
druhu konzumovanych tuki v etiologii a prezivani nékterych druhti nadort
(zvlaste prsu, kolonu a prostaty).

Zatimco nasycen¢ mastné kyseliny mohou stimulovat iniciaci karcinogeneze,
nenasycene¢ mastne kyseliny mohou pusobit v promoc¢ni a progresivni fazi v
davkove zavislosti.

Epidemiologickée studie predpokladaji, ze nizkotukova dieta v kombinaci s nenasyc.
MK n-3:n-6 je 1:1 souvisi s nizsi mortalitou nadoru prsu a kolonu.

N¢ktere tuky, zvlasté s obsahem mononenasycenych MK nebo n-3 MK nemaji
promocni UCinky, 1 kdyz jejich obsah v potravé je vysoky.

Modely nadorti na zviratech - indukované¢ karcinogeny nebo transplantovane
nadory. Vysledky ukazuji, Ze n-3 MK snizuji vyskyt nadori a snizuji rychlost jejich
rustu 1 velikost. Naopak u n-6 MK byl prokazan podpturny uc€inek na tvorbu a vyvoj
nadoru.

n-3 MK v dieté snizuji tvorbu PGE?2 a zabranuji nebo zpozd'uji tvorbu transpl.
nadort u lab. zvifat.

Ve studiich s buiikami lidského nadoru prsu na nahych mysich mély mysi
krmene¢ n-3 tukovou dietou méné plicnich metastaz, snizeny obsah estrogenu a
prolaktinu v séru, méné PGE v nadoru a redukovanou konc. m-RNA pro c-myc
onkogen v bunikach nadorové tkané.
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Figure 1. Breast cancer death rate (per 100,000) plotted vs. fish consumption (% of caloric intake). Points include
Australia (AS), Austria (AU), Belgium (BE), Bulgarna (BU), Canada (CA), Chile (CH), Czechoslovakia (CZ),
Denmark (DE), Federal Republic of Germany (FG), Finland (FI), France (FR), German Democratic Republic (GE),
Greece (GR), Hong Kong (HK), Hungary (HU}), Iceland (IC), Ireland (IR), Israel (IS), Italy (IT), Japan (JA),
Netherlands (NE), Norway (NQ), New Zealand (NZ), Philippines (PH), Poland (PL), Portugal (PQ), Romania
(RO), Sweden (SW), Switzerland (57), United Kingdom (UK), United States (US), Yugoslavia (YU).




Cytotoxické ucinky n-3 and n-6 EFA
na nadorove a nenadorové bunky




Uéinky LA a OA na rast bunék nadoru prsu
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Fig. 1. The effects of LA () and QA (@) on growth of the MDA-MHB-231
breast cancer cell line. The cells were counted after 6 days. Culture was in serum-
free medium containing 1.25 mg/ml of delipidized BSA, and the FAs were added
dissolved in ethanol. An equal volume of ethanol was added to the control wells.
Points, mean values for triplicate wells; bars, SE. Statistically significant ditter-
ences in cell numbers compared with those in the absence of FA addition are:

< (.05, P < 0.01,




Casovy prabéh uéinki kyseliny eikosapentaenové (n-3) na buriky
PUFAS INDUCE APOPTOSIS )
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Suprese rustu bunék nadoru prsu EPA a DHA
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Fig. 2. Suppression of growth of the MDA-MB-231 breast cancer cell line by
EPA (@) and DHA (O). Poinrs, mean values for triplicate wells; bars, SE. Cell
number reduced significantly compared with control: "P < 0,05, P < 0.01.




Nizké davky DHA, ale ne EPA, suprimuji bazalni a EGF-
stimulovanou mitogenezi mesangialnich bunek
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Fig 1. Low dose of DHA, but not EPA, supp basal and EGF-stimulated mitogenesis of MC. MC were
treated with 10, or 100 pmol/L BSA (he ( ) ( rs) for 24 hours
in the absence (A) or presence (B) of EGF (2 mL) before assessment of ["H]-thymidine uptake. Data
expressed as mean * SEM 3 experiment ch performed in duplicate) gnificantly different from
BSA-treated control (A) or EGF-stimulated BSA control (B) (P < .05).




Apoptoza bunek tlusteho streva HT-29 ovlivhénych rybim olejem,
olivovym olejem, linoleovou a olejovou kyselinou

8 Control
8 Fish ol
o Olive oil

BControl
B Linoleic acid
OO0leic acid




Koncentrace kyseliny arachidonové
pokusné a fyziologickée podminky

creosanoid
brosvitheis

physiological
AA free concentration
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Metabolismus kyseliny arachidonové

—\ = COOH Cylochroma P-450
= Epoxyarachidonic Acid

Arachidonlc Acid
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Fig. 1 Cyclooxygenase and lipoxygenase pathways of AA metabolism. Metabolites of cyclooxygenase pathway are called prostaglandins
G, (PGG,), E, (PGE,), H, (PGH,), D, (PGD,), F,, (PGF,,), thromboxane A, (TXA,), malondialdehyde (MDA), and prostacyclin (PGl,).
Metabolites of the lipoxygenase pathway are called 12- and 5-hydroperoxyeicosatetraencic acids (HPETEs), and their corresponding
fatty acids (HETEs). Leukotriene A synthase (LTA synthase) generates the leukotrienes.




Schéma premeény kyseliny arachidonové
a nekteré moznosti modulace jejiho metabolismu

MEMBRANOVE FOSFOLIPIDY

INDOMETHACIN N ETYA
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KYSELINA |
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ESC = esculetin
NDGA = kyselina nordihydroguaiarova
FLAP = protein aktivujici 5-lipoxygenazu
9-HE = 9-hydroxyellipticin
HETEs = monohydroxykyseliny
HPETEs = hydroperoxykyseliny
EETs = epoxykyseliny
SKF525A = proadifen
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Modulation of prostate cancer cell growth by arachidonic acid
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Cytotoxicita indulovana EFA a jeji vztah k superoxidovym
radikalim a produktum degradace hydroperoxidu
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Fig. 2. EFA-induced cytotoxicity and its relationship to superoxide rad-
icals and hydroperoxide degradation products. Human breast tumor
(ZR-75-1) cells and non-tumongenic human skin fibroblasts (CCD-
415K) were exposed to EFAs as described in Table |. Cell viability and
hydroperoxide degradation products were determined 6 days after
supplementation. Superoxide radicals were determined by nitrobiue
tetrazolium reduction 3 days after supplementation. Hydroperoxide
degradation products were eslimated by the amounts of thiobarbituric
acid reactive material expressed as malonaldehyde-equivalent {fmole/
cell).




- Rada nadort ma zménény metabolismus nenasycenych MK a produkuje zvy$ené mnozZstvi metabolitl
AA, které indukuji rust a invazivitu (epitelialni nadory - prsu, kolonu, plic, prostaty)

* Frekvence exprese jednotlivych typd enzymua (COX1, COX2, 5-, 12- 15- LOX, FLAP, P450) se liSi
podle typu a histologickeho stupné nadoru

» Mitogenni a viabilitni faktory (EGF, HGF atd.) a prozanétlivé cytokiny (TNF-a, IL-1) indukuji uvolfiovani
AA a tvorbu eikosanoidu, které slouzi jako prenasece nebo modulatory signalt regulujicich proliferaci a
apoptozu

 Nesteroidni antiflogistika (NSAID - aspirin, sulindac, indometacin, ibuprofen , piroxicam) inhibuji
aktivitu COX a maiji preventivni a terapeutické ucinky na rozvoj nadoru, zejména kolonu - vyuziti
inhibitord COX2 (inducibilni)

* NSAID - snizuji proliferaci a indukuji apoptézu mechanismy zavislymi i nezasvislymi na aktivité COX

- Uginky mohou byt pfimé nebo nepfimé - zprotfedkované napf. zmé&nami aktivity imunitniho systému

* Inhibitory LOX (NDGA, esculetin, MK-886) inhibuji proliferaci a indukuji apoptozu rady nadorovych linii

» Produkty 5-LOX funguiji jako ,second messengers® fady rustovych a viabilitnich faktort

» Produkty 12-LOX se uplatiuji v procesu invaze a tvorby metastaz - ovlivnéni exprese proteaz,
adhezivnich molekul - vyuziti inhibitort




Inhibitory 5-lipoxygenasy, ale ne 12-lipoxygenasy blokuji rust
stimulovany kys. arachidonovou u nadorovych bunék prostaty




Uginky rtiznych metabolickych inhibitorti na rastové stimulaéni
ucinky kys. arachidonové




Uginky inhibitorti syntézy eikosanoidti na rist bunék nadoru
prsu v pritomnosti kys. linoleoveé
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Fig. 2. The effects of eicosanoid synthesis inhibitors in the pres-
ence of linoleic acid on cell growth. ®: indomethacin; O: pirox-
icam; ®:esculetin;0: nordihydroguaiaretic acid; *: p <0.05; **: p
< 0.01.
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Fig. 3. The effects of eicosanoid synthesis inhibitors in the pres-
ence of linoleic acid on *H-thymidine incorporation. ®: indo-
methacin; O: piroxicam; ®: esculetin; O: nordihydroguaiaretic
acid; *p < 0.05; **: p <(0.01.




Srovnani inhibiénich G¢inkl indometacinu, NDGA a esculetinu na

A4

bunky nadoru prsu

2
3

Pl W

Inhibitor (ug/ml)

Fig. 5. Comparison of the inhibitory effects of indomethacin (D), NDGA (@),
and esculetin (A) on MDA-MRB-231 cell growth. The cells were counted after &
days of growth in serum-free medium containing 625 ng/ml of LA. Points, mean
values for triplicate wells: hars, SE.




Ucéinky indometacinu nebo piroxicamu na riist bunék nadoru prsu
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Fig. 4. The effects of indomethacin (O) or piroxicam (A) on MDA-MB-231
breast cancer cell growth. The cells were cultured for 6 days in serum-free medium
containing 625 ng/ml of LA, Peints, mean values for triplicate wells; bars, SE.
Cell number significantly less than control value: P < 0.01.




EFFECT OF DOCOSAHEXAENOIC ACID ALONE, OR
IN COMBINATION WITH IRRADIATION, ON THE
GROWTH OF Mia Pa Ca-2 CELLS
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Uéinky esculetinu na kumulativni vyskyt prsnich nadort u krys
krmenych nizko- a vysokotukovou dietou
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Weeks After Administration of DMBA

Fig. 1. Effects of esculetin on the cumulative incidence of
palpable mammary tumors in rats fed high-'or low-fat diet.
©, high-fat; ~, high-fat plus esculetin; ®, low-fat; A, low-fat
plus esculetin.
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ADIPOSE FATTY ACIDS AND CANCERS OF THE BREAST, PROSTATE
AND COLON: AN ECOLOGICAL STUDY

Nicole BAKKER'?, Pieter VAN'T VEER'*, Peter L. Zock” and the EURAMIC Study Group®

'Department of Epidemiology and Public Health, Agricultural University, Wageningen, The Netherlands
*Department of Human Nutrition, Agricultural University, Wageningen, The Netherlands

TABLE I - AVERAGE FATTY ACID COMPOSITION OF ADIPOSE TISSUE
ASPIEATES IN THE EURAMIC 5TUDY CENTEES:

MNumber of Fatty acid (g/100 g total fatty acids in the aspirate)

Centre males, CIT-Mono-

females 0-0 Totaln-3 Fishn-3 Samrated oo oo mans

302
28.9
342
294
286
29.6
21.6
234
292
280
256

Helsmlki S8/ — 104
Berlin 95/55 11.7
Edmburgh 41/— 124
Coleraine —/99
Sarpsborg 93/ —
Zurich 63/75
Malaga

Granada

Moscow

Zelst

Jernsalem
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1.5
1.1
1.1
0.9
1.8
0.7
0.7
0.7
0.9
0.9
1.5
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'Adjusted for differences i laboratorv methods and sex.




FATTY ACIDS AND CANCER RISK IN EUROPE
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FIGURE 1 — Relationships between age-standardised cancer-incidence rate and adipose n-6 fatty acid status i 11 EURAMIC Study centres.
Linear regression coefficients are +0.82 1] per 1 g/100 g fatty acids for breast cancer (ll. —). — 1.2 for prostate cancer ([X]. -~-) and +0.3 “for colon
cancer (@, --). From left to right: Helsinki, Berln, Coleraine, Edinburgh. Sarpsborg, Zurich, Granada, Malaga. Moscow, Zeist and Jerusalem.
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FIGURE 2 — Relationships between age-standardised cancer-incidence rate and adipose cis-mono-unsaturated fatty acid status in 11 EURAJvﬂC
Study centres. Linear regression coefficients are —2.1 per 1 g/100 g fatty acids for breast cancer (. ), —0.8 for prostate cancer ([X], ) and
—0.7 for colon cancer (@. --). From left to right: Jerusalem. Coleraine, Moscow, Zeist, Sarpsborg. Zurich. Edinburgh, Helsinki, Berlim, M"il'lE'l

and Granada.
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FIGURE 3 — Relationships between age-standardised cancer-incidence rate and adipose frans fatty acid status m 11 EURAMIC Study centres.
Linear regression coefficients are +19.3 per 1 g/100 g fatty acids for breast cancer (H. ), +11.0 for prostate cancer ([x]. ) and + 6.6 for colon
cancer (‘1 --). From left to right: Malaga, G:anada Beﬂm Helsinki, Moscow, Zurich, Edinburgh, Sarpsborg, Jerusalem, Coleraine and Zeist.




OBEZITA A NADOROVA ONEMOCNENI

Nadvaha a obezita

¢ zvysuje riziko vyvoje nékterych nadoru

¢ U pacientu s nadory

¢ zvysuje pravdépodobnost navratu onemocnéni a horsiho pireziti
¢ zvysuyje riziko vyskytu komplikaci po operaci (hojeni, edémy,
kardiovaskularni onemocnéni, diabetes)

Statisticky vyznamna souvislost zeyména u pacientu s nadory
prsu, kolonu a prostaty.

Mechanismy:

ZvySena indukce estrogenu a testosteronu, insulinu, insuline-like
rustoveho faktoru, leptinu a dalSich cytokinu v tukovée tkani
Snizeni imunitnich funkci a rozdily ve stravovacich navycich a
fyzicke aktivité u obéznich a neobéznich pacientt.

Doporuceni snizeni vahy a fyzicka aktivita




Before diagnosis
. After diagnosis

Physical activity, h/wk

Surgery Surgery + Surgery +
radiation chemotherapy

Treatment

Figure 3: Total Physical Activity Before and After Diagnosis by Primary
Treatment—The Health, Eating, Activity, Lifestyle (HEAL) population-based
cohort of stage 0-IllA breast cancer patients (N = 1,185).
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Figure 5: Estrone and Estradiol Concentrations According to Body Mass
Index—The Health, Eating, Activity, Lifestyle (HEAL) population-based cohort
of stage 0-llIlA breast cancer patients (N = 505 postmenopausal cases).
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Figure 6: Free Estradiol Concentrations According to Body Mass Index—

The Health, Eating, Activity, Lifestyle (HEAL) population-based cohort of stage
0—IllA breast cancer patients (N = 505 postmenopausal cases).
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Figure 7: Testosterone Concentrations According to Body Mass Index—
The Health, Eating, Activity, Lifestyle (HEAL) population-based cohort of stage
0-I1lA breast cancer patients (N = 505 postmenopausal cases).
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Figure 8: Free Testosterone Concentrations According to Body Mass In-

dex—The Health, Eating, Activity, Lifestyle (HEAL) population-based cohort of
stage O-IlIlIA breast cancer patients (N = 505 postmenopausal cases).
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Figure 5: Estrone and Estradiol Concentrations According to Body Mass
Index—The Health, Eating, Activity, Lifestyle (HEAL) population-based cohort
of stage 0-llIlA breast cancer patients (N = 505 postmenopausal cases).
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Figure 7: Testosterone Concentrations According to Body Mass Index—
The Health, Eating, Activity, Lifestyle (HEAL) population-based cohort of stage
0-I1lA breast cancer patients (N = 505 postmenopausal cases).
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Figure 8: Free Testosterone Concentrations According to Body Mass In-

dex—The Health, Eating, Activity, Lifestyle (HEAL) population-based cohort of
stage O-IllA breast cancer patients (N = 505 postmenopausal cases).
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ACSCalibur

Prutokova
(flow) cytometrie:

jedna z hlavnich
pouzivanych
metodologii

aboratory
ytokinctics

Institute of Biophysics, Brno
Academy of Sciences

Czech Republic




Komplexni povaha biologickych systému
vyzaduje komplexni pristupy k jejich studiu

organismalni,

L bunécna molekulova
tkanova

S

studium na jednotlivych #rovnich organizace systému

CE::.?;:;‘:%.‘:S

Biofyzikélni Gstav AVER, BRANO




ODHAD A OPTIMALIZACE
: MATEMATICKA ; }
ZDRAVOTNICH ANALYZA DAT PROTINADOROVE
RIZIK TERAPIE

(BIOLOGICKYCH
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experimentalni zakladna

REGULACE BUNECNE KINETIKY )
(PROLIFERACE, DIFERENCIACE A APOPTOZY)

na arovni
1 - molekularni
2 - bunég¢né .
3 - systémové (organismus, populace, ekosystém)

Hlavni oblasti vyzkumu,

C!::.:z:::%.:s

Biofyzikélni Ustav NVCR, BRANO

jeho pojeti, organizace,
struktura a vystupy




VYZKUMNE CILE A OBLASTI PRAKTICKEHO VYUZITI

ONKOGENEZE

faze:

INICIAGNI PODPURNA
(INITIATION) (PROMOTION)

,»cell signalling®

POPULACE NORMALNiCH [SRSSESEURAES POPULACE
(NETRANSFORMOVANYCH) [ B TRANSFORMOVANYCH

BUNEK BUNEK

PROGRESIVNI
FAZE

(PROGRESSIO

ONKOTERAPIE

Clooerane:

Biofyzikélni Ustav AVCR, BANO
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PREZIVANI ZVIRAT
s nadorem (G:5:113)
PO TERAPII

S INHIBITORY
CYKLOOXYGENAZ

—+— Kontrola

= =Dicloph 0.15 mg p<0,01
=+ Dicloph 0.5 mg p<0,05
== |buprof 0.5 mg

== lbuprof 0.15 mg p<0,01

=®— Flurbiprof 0.5 mg

=+ Flurbiprof 0.15 mg p<0,05 ( lnborntorq

Institute of Biophysics, Brno
Academy of Sciences

Czech Republic




A) Ibuprofen B) Flurbiprofen

| —e—Control (n=37) 9 | —e—Control (n=37)
4 —A— ibuprofen 0.5mg (n=20) ! 8 4+ — O flurbiprofen 0.5mg (n=10)
. A ibuprofen 0.15mg (n=12) 74+ —0O  flurbiprofen 0.15mg (n=21)

C) Diclofenac

t+ e————Control (n=37)
- —{3— diclofenac 0.5mg (n=10)
O - diclofenac 0.15mg (n=27)

Rust fibrosarkomovych bunék G:5:113 in vivo v syngennich mysich ovlivhénych
nesteroidnimi protizanetlivymi latkami. Péet dni po injekci bunek G:5:113 byla
zvirata ovlivnéna COX inhibitory a kazdy tyden byla stanovena velikost tumoru.




B) Cell viability
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diclofenac ibuprofen flurbiprofen

diclofenac ibuprofen flurbiprofen
M Control O2.5uM O5uM O10 uM B20 pM M Control O2.5uM O5uM O10 uM B20 uM

Nizké In vitro efekt nesteroidnich protizanétlivych latek (inhibitorti COX)
na proliferaci a viabilitu bunék G:5:113. Stanoveno po dvou dnech

inkubace.




A) Tumor size B) Survival of mice

—&— Control (n=20)
~{3- NDGA (n=18)
------ A Esculetin (n=20)

-~ Control
~O0— NDGA 0.1 mg/day

—A- esculetin 0.06 mg/day

3 5 7 g 11 13 15

Riast bunék G:5:113 in vivo_v_syngennich mySich a prezivani _mysi

nesoucich tumor ovlivnénych NDGA nebo esculetinem. Pét dni po injekci
bunék G:5:113 byla zvirata ovlivnéna LOX inhibitory a kazdy tyden byla
stanovena velikost tumoru, preziti zvirat bylo monitorovano kazdy den.




Tumor size

—e— Control (n=20)
0O NDGA (n=20)
A~ Esculetin (n=19)

Studium tumorigenicity bunék G:5:113 in_vitro ovlivnénych NDGA a
eskuletinem. Bunky byly ovlivhény 48 h inhibitory LOX, poté byly
preneseny s.c. do syngennich mysi a bez dalsi terapie byly ponechany do
konce experimentu. Velikost tumort byla stanovovana tydné.




A) Cell number and viability B) Cell number and viability
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Vyznamny efekt (LOX inhibitoru) NDGA a esculetinu na in _vitro proliferaci
bunék G:5:113 po 48 hodinovém pusobeni.
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Figure 4. *H-thymidine incorporation (% of nontreated control) in HS578T and U937
cells subjected to different treatment. The nonirradiated cells or cells irradiated with 1 or
5 Gy were cultivated in the presence of 25 ymol/l NDGA, 25 umol/l ESCUL (inserts 3 a,
b) or 50 umol/1 ESCUL or without the agents (- — —) for 72 h. Data are means + S.E.M.
for three independent experiments performed in six parallels. * p < 0.05; ** p < 0.01
significance of the interactive component
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FIGURE 5. Number of cells and proportion of cells in cell cycle phases as influenced by combined all-
trans-retinoic acid (ATRA) and proadifen (PRO) during the experimental 24- to 96-h period. The points
represent the means of 3-8 independent experiments supplied with standard errors (error bars).




DIETETICKA DOPORUCENI
Zdravi a prevence chorob
(nedostatek a nadbytek potravy, spravna vyziva)
Terapeuticke vyuziti —nutricni farmakologie
(adjuvantni terapie, ,,disease specific nutrition®,
nosice leku

Parenteralni a enteralni vyziva




VYZNAM SLOZENI TUKU V PARENTERALNI VYZIVE PACIENTU

LCT - “long chain” triglyceridy - z rostlinnych olej s vysokym obsahem PUFA
(dalezity pomér n-3 : n-6) - regulacni funkce, mohou zySovat nebo sniZzovat napf.
produkci TNFa (kachektin) - prozamétlivy cytokin spojeny s kachexii

MCT - “short chain” triglyceridy - nasycené¢ MK (6-12 uhlikil) - zdroj energie, ptusobi
proti supresi imunitnich a fagocytarnich funkci u siln€ stresovanych pacientt.

1) Slozeni lipidovych vyziv ovliviuje spektrum lipida v plasmé 1 v bunécnych
membranach, pricemz metabolismus a obrat fosfolipidi v membranach
transformovanych-nadorovych bunék se zasadné liSi od bun€k netransformovanych-
nenadorovych.

2) Zmény ve slozeni fosfolipidit membran méni jeji vlastnosti (fluiditu, produkci
volnych reaktivnich radikalti a biologicky aktivnich metaboliti - eikosanoidi), coz se
dale odrazi ve schopnosti prijmu a ptenosu signalu dilezitych regulacnich molekul s
naslednymi ucinky na dulezité biologicke procesy jako jsou bunécny riist, diferenciace a
apoptoza a dale funkce bunck imunitniho systému

3) PUFASs a jejich metabolity mohou byt dilezitymi regulatory genove exprese.
Predpoklada se, Ze tyto latky jsou schopny ovliviiovat aktivitu transkripénich faktort,
ktere se pak vazi na klicove elementy spojene se specifickymi geny.

4) Zmeény membran a rustovych vlastnosti nadorovych bunék po puisobeni PUFA
mohou modulovat jejich citlivost k riznym terapeutickym zasahtim.

5) Inhibitory metabolismu AA, tj. produkce eikosanoidii, k nimz patfi 1 fada bézne v
klinice vyuzivanych NSAID, mohou vyznamnym zptisobem modulovat zminéné
procesy.




Slozeni a vyuziti lipidovych emulzi

Smesi prirodnich oleju (sojovy —LCT, kokosovy — MCT),
emulgovane fosfolipidy (vajeCny lecitin, sojove fosfolipidy),
1zotonizacni prisada (glycerol)

Tukove Castice podobne chilomikrontum

Parenteralni vyziva — emulze soucast tzv. ,,all-in-one* vaku

Funkce - zdroj energie a esencialnich MK

Na zaklad€ novych poznatkll o regulacni tlloze lipidu vyuZiti
jako farmaka




Trendy budouciho vvvoje v oblasti lipidovvch vyziv

¢ TfeSeni stability emulzi, zeyména otazky oxidacnich procesu a lipidove
peroxidace, ktera je vaznym problémem pi1 podavani pacientim (zvlasté
novorozencum s jesté nevyvinutou antioxidacni ochranou), zmeény vlastnosti
lipidovych emulzi v all-in-one vaku.

S tim souvisi

¢ dodavani antioxidant — vitaminu, zeymena tocopherolu (alpha) — otazky
koncentraci (20-50 mg/l, ve vysokych konc. naopak prooxidacni ptisobeni)

¢ snizeni mnozstvi fytosterolu (vedleisi ucinky)

¢ strukturované lipidy nebo specificka aditiva: SCFA, MCT, n-3 MK, rybi olej,
olivovy olej (kys. olejova, skvalen)

¢ vSe smerovano na tzv. ,.disease specific nutrition‘

¢ nosice pro leéciva (hypnotika, cytostatika)




