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Nomenclature for fatty acids

hydrophobic hydrophilic

Rustan and Drevon, Encyclopedia of life sciences 2005

Structure of different fatty acids.

Rustan and Drevon, Encyclopedia of life sciences 2005

Polyunsaturated fatty acids (PUFAs)
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Synthesis of ω-3 and ω-6 polyunsaturated fatty acids

Annu. Rev. Cell Dev. Biol. 2005. 21:633–57

Tissue levels of ω-3 fatty acids

18:3 ω-3 20:5 ω-3

22:6 ω-3 20:4 ω-6

Functions of fatty acids

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

Structural components of cell membranes
phospholipids

Insulation
thermal, electrical and mechanical

Signaling molecules
eicosanoids, docosanoids, resolvins, protectins
ligands for nuclear receptors

Inter-conversion of ω-3 fatty acids
Stable isotope studies in humans
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Metabolism of fatty acids

Rustan and Drevon, Encyclopedia of life sciences 2005

Biological effects

Mechanisms of action for fatty acids

±

PPARs
Rustan and Drevon, Encyclopedia of life sciences 2005

Synthesis of eicosanoids from arachidonic acid or EPA

Rustan and Drevon, Encyclopedia of life sciences 2005
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Biological effects of eicosanoids

Rustan and Drevon, Encyclopedia of life sciences 2005

Novel bioactive mediators from EPA and DHA

Mediators with anti-inflammatory and protective 
properties:

♥ Resolvins 
-Resolution phase
of acute inflammation
-Decrease neutrophil
infiltration

♥ Docosatrienes 

♥ Neuroprotectins
Neural and retinal systems

J Immunol. 2005:4345-55Curr Opin Clin Nutr Metab Care. 2005:115-21

Peroxisome Proliferator-Activated Receptors (PPARs)

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

PPARs bind fatty acids

Pharmacological agonists:

PPAR-α- fibrates, i.e. gemfibrozil,  treat hyperlipidemia
PPAR-δ - lipophilic carboxylic acids, i.e. GW501516
PPAR-γ - glitazones, i.e. rosiglitazone, treat insulin resistance

δ

Eicosapentaenoic acid
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PPARs regulate energy metabolism Model of the mechanism of oxidized EPA-mediated
down-regulation of LPS-induced endothelial-leukocyte interactions

Blood. 2002;100:1340-1346

PPARα activation

Adhesion
molecules

  

ChylomicronChylomicron
VLDL productionVLDL production

VLDLVLDL
LDL productionLDL production

LDLLDL
LDL clearanceLDL clearance

LDL-receptor activityLDL-receptor activity

HDLHDL

Hepatic cholesterolHepatic cholesterol
excretionexcretion

(14:0 & 16:0)(14:0 & 16:0) (18:1 n-9, cis)(18:1 n-9, cis) (18:2 n-6)(18:2 n-6) EPA & DHAEPA & DHA

SaturatedSaturated MonoenesMonoenes Omega-6Omega-6 Omega-3Omega-3

Effects of dietary fatty acids on lipoprotein metabolism

??

????

??

TGTG
andand

(FFA)(FFA)

LiverLiver

Decrease lipogenesisDecrease lipogenesis

Increase FA oxidationIncrease FA oxidation

Decrease esterificationDecrease esterification
     (TG and CE)

Decrease VLDL secretionDecrease VLDL secretion

IntestineIntestine

Decrease/delayDecrease/delay
chylomicron secretionchylomicron secretion

NoNo
malabsorptionmalabsorption

MuscleMuscle Increase FA 
oxidation

AdiposeAdipose
tissuetissue

Limit hypertrophyLimit hypertrophy

Decrease basalDecrease basal
lipolysislipolysis

PlasmaPlasma Increase chylomicronIncrease chylomicron
lipolysislipolysis

PossiblePossible
MechanismsMechanisms

Omega-3 fatty acids 
and metabolic effects
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Omega-3 fatty acids and vascular reactivity Omega-3 fatty acids and anti-arrhytmic effect in
neonatal cardiomyocytes

Leaf A, Eur Heart J 2001 

Increased frequency
during electrical
stimulation in the
absence of
eicosapentaenoic acid
(EPA)

Frequency neonatal cardiomyocytes

Stabilization of
frequency by EPA
during electrical
stimulation

Increased frequency
after washout of EPA

15 V

15 V 20 V 25 V

15 V

10 s
BSA (2 mg/ml)

EPA (15 µM)

          Negative influence       Positive influence

Coronary artery disease    Saturated ω-3 PUFA and monoenes
Stroke    Saturated      ?
Blood pressure    Saturated        ω-3 PUFA
Insulin resistance/    Saturated       ω-3 PUFA (ω-6 PUFA)
type 2 diabetes
Blood clotting    ? ω-3 PUFA (?) and ω-6 PUFA (?)
and fibrinolysis
Function of platelets    ? ω-3 PUFA and ω-6 PUFA (?)
Hyperlipidemia    Saturated ω-3 PUFA, ω-6 PUFA and monoenes
Oxidation of LDL    ω-6 PUFA (?) Monoenes
Atherogenesis    Saturated   ω-3 PUFA and ω-6 PUFA
(leukocyte reactivity,               
immunological functions)
Endothelial dysfunction    ? ω-3 PUFA (?)
Cardiac arrhythmias    Saturated ω-3 PUFA (DHA) and ω-6 PUFA
Inflammation    Saturated ω-3 PUFA
(rheumatoid arthritis)

ω-3 fatty acids have positive influence on
metabolic and cardiovascular events

Rustan and Drevon, Encyclopedia of life sciences 2005

ω-3 fatty acids and the metabolic syndrome

Fasting, and postprandial TAG and FFA
Platelet and leucocyte reactivity
Blood pressure
Insulin sensitivity
Positive influence on vessel wall characteristics
and blood rheology
Cardiac arrhytmias
Coagulation and fibrinolysis
Atherogenesis
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Omega 3 fatty acids and side effects

♥ common: nausea, fishy belching and looseness of
the stools (higher dosage fish oil preparations)
♥ 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)

Omega-3 in health and disease
♥ Cardiovascular

♥ vascular function, hypertension, atherosclerosis, myocardial
infarction

♥ Type 2 diabetes - obesity
♥ metabolic syndrome, blood lipids, insulin resistance

♥ Cancer (?)
♥ breast, prostate, colorectal
♥ cachexia

♥ Neurological development (childhood) and degeneration (?)
♥ nervous tissue and retina, learning and memory
♥ brain ischemia, Alzheimer’s disease, amyotrophic lateral sclerosis

(ALS)

♥ depression, schizophrenia

♥ Inflammatory/immunological (?)
♥ rheumatoid arthritis, inflammatory bowel disease,
asthma, IgA nephropathy

Suggested intake of PUFA

ω-3       ω-6    ω-3                ω-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 

Rustan and Drevon, Encyclopedia of life sciences 2005

Advice for
dietary lipids
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