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Essensielle fettsyrer
(omega-3 og omega-6)
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Structure of different fatty acids
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Nomenclature for fatty acids
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Polyunsaturated fatty acids (PUFAs)
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Synthesis of »-3 and »-6 polyunsaturated fatty acids
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Functions of fatty acids
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W¥Energy

high per gram (37 kJ/g fat)
¥Transportable form of energy

blood lipids (triacylglycerol in lipoproteins)
¥Storage of energy

adipose tissue (obesity) and skeletal muscle
W¥Structural components of cell membranes

phospholipids
¥Insulation

thermal, electrical and mechanical
¥Signaling molecules

ligands for nuclear receptors

Tissue levels of »-3 fatty acids
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Inter-conversion of »-3 fatty acids
Stable isotope studies in humans

Fractional Conversion to LCPUFA
ALA
(13g/d) > EPA > DHA
Males 3-8% 1-4% 0-4%
Females 21% 6% 9%
Retroconversion
* ALA may not be an i 1.49% 2L
adequate source of LCn-3 e




Metabolism of fatty acids

ATP formation and

heat dissipation

7

Glucose Glucose

¢ Gene interaction \

* Eicosanoids

¢ Modulation of
enzymes/proteins
¢ Elongation/desaturation

Phospholipids

Triglycerides

Cholesteryl esters
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Mechanisms of action for fatty acids

Platelets White Chemotactic
blood cell agent
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Eicosanoids
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Substrate specificity

Lipid peroxidation =+
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Membrane flexibility =

Acylation of proteins AN\/ Protein % Fatty acid
7N Membrane

Transcription factors

Red blood cells
<«— more flexible cell

Nucleus

mRNA

'

Protein

Fatty acid —> O:l
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PPARs Nuclear receptor

|
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Synthesis of eicosanoids from arachidonic acid or EPA

E Arachidonic acid (or EPA) in phospholipid/diacylglycerol

5-Lipoxygenase 12-Lipoxygenase
(5-LOX) (12-LOX)

Leukotriene LTA, (LTA;) < Arachidonic acid (EPA) s 12-OH-acids

/ \

LTC, (LTCs) LTB, (LTBs)

‘ Cyclooxygenases (COX)
Cyclic endoperoxides
Different enzymes

RS IX

Prostaglandin
PGE, (PGE;) PGl, (PGl3)

Prostacyclin Thromboxane

= LTE, (LTEs) TXA; (TXA3)

A
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_Biological effects of eicosanoids |

Fatty acid AA EPA AA EPA AA EPA
I I I I

Enzyme Cyclooxygenase Lipoxygenase

Cell type ‘ Platelets ‘ ‘ Endothelial cells‘ ‘ Leucocytes‘

Eicosanoids TXA;  TXA; PGl PGl3 LTB4 LTBs

v v v v v

Biological effect

Aggregation +++ +
Antiaggregation 4+ S+
Vasoconstriction +++
Vasodilatation 4+ S+
= Chemotaxis T4+ + H
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hPPARS
% (PPARS, Nuc-1, FAAR)

Peroxisome Proliferator-Activated Receptors (PPARS)
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Other fatty acid-regulated receptors: RXR (retinoic acid x
receptor) and LXR (liver x receptor), and transcription factors, |
i.e. SREBP-1c and HNF-4

Novel bioactive mediators from EPA and DHA
|

Mediators with anti-inflammatory and protective
properties: o

X

Palmitic acid Fatty acids Linoleic acid Lipid and glucose

metabolism

Stearic acid Arachidonic acid

Palmitoleic acid 15d-PGJ2
Oleic acid 9-HODE

Linoleic acid 13-HODE
Arachidonic acid 15-HETE

Eicosapentaenoic Eicosapentaenoic acid

|
Prostaglandins =
. ) ) ’ / Proi
¥ Resolvins acd —» > L ’
! C20:4
-Resolution phase EETs p450
of acute inflammation
-Decrease neutrophil @@ Anti-inflammatory
infiltration Lipoxins ~ pro-resolution
. Resolvins
. Eicosapentaenoic acid (EPA) — Eicosanoids —» :
¥ Docosatrienes co0s B series
Resolvins
Docosahexaenoic acid (DHA) — Docosanoids D series
1 206 Docosatrienes
¥ Neuroprotectins Bocosalr
Neural and retinal systems Neuroprotectins
Curr Opin Clin Nutr Metab Care. 2005:115-21 J Immunol. 2005:4345-55
PPARs bind fatty acids
Endogenous ligands Biological effect
/, PPAR-« PPAR{J]  PPAR-y =

Pharmacological agonists:

PPAR-o- fibrates, i.e. gemfibrozil, treat hyperlipidemia
PPAR-? - lipophilic carboxylic acids, i.e. GW501516
== PPAR-y - glitazones, i.e. rosiglitazone, treat insulin resistance




PPARs regulate energy metabolism

Y

M|

*Adipogenesis Ly

+Lipogenesis
and lipid storage:
-Lipogenesis and  -Adipokifie production A
lipid storage .

A

Major target of TZDs
«Fatty acid oxidation «Fatty acid oxidation
- Fasting response PPAR"Y - Energy uncoupling

PPAR-. PPAR-5

+Regulation of whole-
body insulin sensitivity - Fatty acid oxidation

«Fatty acid oxidation ' + Energy uncoupling

Figure 3 Metabolic integration by PPARs. The three PPAR isoforms regulate lipid and glucose

homeostasis through their coordinated activities in liver, muscle and adipose tissue.

Effects of dietary fatty acids on lipoprotein metabolism
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Omega-3 fatty acids
and metabolic effects
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Omega-3 fatty acids and vascular reactivity

/ /,mega -3 fatty acids and anti- arrﬁytrmc effec 7 m
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Improved vasoreactivity
~ -3 fatty acids have positive influence on-
~ metabolic and cardiovascular events 7
&a o
Negative influence  Positive influence o adS?'-‘
Coronary artery disease Saturated ®-3 PUFA and monoenes
Stroke Saturated ?
Blood pressure Saturated -3 PUFA
Insulin resistance/ Saturated -3 PUFA (0-6 PUFA)
type 2 diabetes
Blood clotting ? -3 PUFA (?) and w-6 PUFA (?)
and fibrinolysis
Function of platelets ? ®-3 PUFA and w-6 PUFA (?)
Hyperlipidemia Saturated ®-3 PUFA, w-6 PUFA and monoenes
Oxidation of LDL -6 PUFA (?) Monoenes
Atherogenesis Saturated ®-3 PUFA and w-6 PUFA

(leukocyte reactivity,
immunological functions)

Endothelial dysfunction ? w-3 PUFA (?)
Cardiac arrhythmias Saturated ®-3 PUFA (DHA) and w-6 PUFA
Inflammation Saturated -3 PUFA

(rheumatoid arthritis)
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Leaf A, Eur Heart J 2001
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w-3 fatty acids and the metabolic syndrome

Fasting, and postprandial TAG and FFA ﬂ
Platelet and leucocyte reactivity ﬁ

Blood pressure ﬂ

Insulin sensitivity ﬁ

Positive influence on vessel wall characteristics
and blood rheology

Cardiac arrhytmias
Coagulation and fibrinolysis ﬁ
Atherogenesis @




Omega 3 fatty acids and side effects

Omega-3m healthandd’|3éase > —

— é%
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¥ common: nausea, fishy belching and looseness of
the stools (higher dosage fish oil preparations)

v do not appear to have clinically significant effects
on bleeding time (caution: high dosage and patients
with pre-existing haemorrhagic disorders or those on
anticoagulant treatment)

¥ worsen glycemic control in diabetic subjects?
(meta-analysis show no effect)

¥ increased lipid peroxidation? (vit E added)

Suggested intake of PUFA

= = S
= =—_ Z ==
w-3 -6 -3 -6
(% of energy) (mg/day)
Minimum 0.2-0.3 1-3 400-600 2400-7200

Optimum  1-2 3-7.5*  2400-4800 7200-18000

*Pregnant and breast feeding women. The numbers are based on data from patients
with essential fatty acid deficiency and on estimation of required and optimal intake in

healthy, normal individuals with energy intake of 2200 kcal/d (9.2 MJ/d).

We suggest: 1-2 g/day of EPA + DHA
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v Cardiovascular

v vascular function, hypertension, atherosclerosis, myocardial
infarction

v Type 2 diabetes - obesity

v metabolic syndrome, blood lipids, insulin resistance
v Cancer (?)

v breast, prostate, colorectal

v cachexia B Sk {“ )

-
C%/

¥ Neurological development (childhood) and degeneration (?
v nervous tissue and retina, learning and memory

v brain ischemia, Alzheimer’s disease, amyotrophic lateral sclerosis
(ALS)

v depression, schizophrenia i k‘
v Inflammatory/immunological (?) b

v rheumatoid arthritis, inflammatory bowel disease,
asthma, IgA nephropathy

Advice for
dietary lipids

Intake of saturates
— milk- and meat-products, hard margarine

Intake of trans fatty acids
— margarine with PHFO, milk products

t o3 fatty acids

— fatty fish, cod liver oil, fish oil ;"
= <

1 Vitamins D and E \N
— fatty fish, cod liver/fish oil, grain, soya bean oil
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