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Dietary poly-unsaturated fatty acids 
and bioactive lipids

Harald S. Hansen

Abstract
The poly-unsaturated fatty acids of the omega-6- and omega-3-fatty acid families are essen
tial fatty acids that serve a number of important functions in the multi-cellular mammalian 
organism. Thus, lack of linoleic acid in structural O-acylated ceramides of the epidermis is 
the reason for usual essential fatty acid-deficiency symptoms observed in young experimen
tal animals, i.e. growth retardation, scaly skin, and increased trans-epidermal water loss. 
However, arachidonic acid also serves essential functions particular in cellular signaling via 
its precursor role for numerous oxygenated derivatives like prostaglandins, leukotrienes, 
hepoxilins and other eicosanoids. Furthermore, arachidonic acid is also a structural part 
of the molecules called endocannabinoids (anandamide and 2-arachidonoylglycerol) that 
have signaling functions in relation to modulation of neurotransmitter release, which may 
involve physiological and patho-physiological phenomena as regulation of appetite, energy 
metabolism, pain perception, memory and learning. Omega-3 fatty acids in form of do
cosahexaenoic acid serve structural functions in phospholipid membranes of neuronal cells, 
and to a minor degree docosahexaenoic acid is also be precursor for signaling molecules 
like neuroprotectin Di. As all these fatty acids are ultimately derived from the diet, one can 
ask what the effect is of different dietary fats on the degree of formation of these bioactive 
signaling molecules. Generally, in vivo eicosanoid production from arachidonic acid can be 
increased and decreased by prolonged feeding with pharmacological levels of arachidonic 
acid and long-chain omega-3 fatty acids, respectively. However, changes in the level of these 
two fatty acids within the usual human diet do hardly affect this eicosanoid production. The 
beneficial effect of 0.85 mg/day of long-chain omega-3 fatty acids on death from coronary 
heart disease seems not to be mediated by changes in eicosanoid production. Preliminary 
data suggests that endocannabinoid formation is equally difficult to affect by the dietary 
intake of these two fatty acids.
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Introduction
Poly-unsaturated fatty acids belonging to the 
omega-6- and omega-3-fatty acid families are 
considered as essential fatty acids, i.e. if deficient 
in the diet of young growing animals, a number 
of pathological deficiency symptoms will appear. 
Thus, the deficiency symptoms of the omega-6 
fatty acids involve initially scaly skin, decreased 
growth, increased trans-epidermal water loss, and 
increased urinary excretion of vasopressin, and all 
these symptoms seem to be attributable to an es
sential structural function of linoleic acid in the 
epidermal water permeability barrier (Hansen et 
al., 1986; Hansen, 1986; Hansen, 1989; Phinney et 
al., 1993)- A dietary intake of around 1 energy% 
should be enough to prevent these symptoms. 
Early symptoms of deficiency of omega-3 fatty 
acids involve delayed visual development prob
ably caused by a defective structural function of 
docosahexaenoic acid in the retina (Lauritzen et 
al., 2001; Lauritzen and Hansen, 2003; Wheeler et 
al., 1975; Muskiet et al., 2004). Docosahexaenoic 
acid is also essential for proper brain function. 
Different cell lines maintained in culture can ex
ist without incorporation of any poly-unsaturated 
fatty acids (Stubbs et al., 1992; Urade et al., 1985) 
indicating that these fatty acids are not absolutely 
necessary for the basal function of cellular mem
brane structures of non-communicating cells in 
an optimal environment.

Bioactive lipids
Poly-unsaturated fatty acids acylated into mem
brane lipids like diacylglycerol have signaling roles 
(Wang, 2006) that may be influenced by the type 
of poly-unsaturated fatty acid present, i.e. arachid- 
nonic acid versus docosahexaenoic acid (Madani 
et al., 2004). The type of poly-unsaturated fatty ac
ids in phospholipids of cellular membranes may 
also affect the function of selected integral en
zymes in the membranes (Ruf et al., 2006; Turner
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Fig. 1. Structure of two endocannabinoids that can activate 
cannabinoid receptors.

et al., 2006). However, relatively little is known on 
this subject.

Poly-unsaturated fatty acids as free acids, es
pecially arachidonic acid, are also precursors for 
a vast number of enzymatically formed oxygen
ated derivatives, e.g. prostaglandins, leukotrienes, 
hydroxyeicosatetraenoic acids, epoxy-derivatives, 
neuroprotectins, resolvins, and hepoxilins (Punk, 
2001; Montuschi et al., 2004; Pace-Asciak, 2005; 
Spector and Norris, 2007; Bazan, 2007). Gener
ally, those oxygenated compounds that are de
rived from arachidonic acid are all together called 
eicosanoids while those derived from docosahex
aenoic acid are called docosanoids. Besides these 
enzymatically formed eicosanoids and docosa
noids, non-enzymatically oxidation of phospholi
pid-bound arachidonic acid and other long-chain 
poly-unsaturated fatty acids can lead to forma
tion of isoprostanoids and neuroprostanes that 
after hydrolysis from the phospholipids may have 
biological functions during oxidative stress (Mon
tuschi et al., 2004).
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Fig- 2- Turnover and functions of omega-6 fatty acids. The figure illustrates the large dietary intake of 
linoleic acid (18,2(w-6)) and the corresponding large pool of linoleic acid in the body as typical for hu
mans in western societies. A very minor amount of this linoleic acid can be elongated and desaturated 
to arachidonic acid (20, 4(co-6)) that are found as a much smaller pool in the body. Omnivorous hu
mans have a small dietary intake of arachidonic acid from animal products. The figure also illustrates 
the very small daily production of eicosanoids that is far smaller than the endogenous formation plus 
the dietary intake. Besides the eicosanoids, arachidonic acid is also precursor for endocannabinoids 
that probably also is formed in minute daily amounts.

Within the last decade, arachidonoyleth- 
anolamide (AEA, also called anandamide) and 
2-arachidonoylglycerol (2-AG) (Fig. 1) have been 
demonstrated to be agonists for the cannabinoid 
receptors (Devane et al., 1992; Mechoulam et al., 
1995; Sugiura et al., 1995) that are involved in such 
diverse functions as regulation of appetite, neu
rotransmitter release, bone formation and pain 
(Hansen et al., 2006; Pacher et al., 2006; Sugiura et 
al., 2006). Especially 2-AG appears to function as 
a retrograde messenger in regulating neurotrans
mitter release in the synapse (Hashimotodani 
et al., 2005; Katona et al., 2006). AEA is always 
formed in vivo together with other acylethanola
mides, e.g. oleoylethanolamide (OEA) and palmi
toylethanolamide, especially during tissue injury, 
and they have a variety of biological actions in
cluding modulation of food intake and neuropro
tection (Hansen et al., 2002; Hansen et al., 2000; 
Sun et al., 2007; Lo Verme et al., 2005; Degn et al.,

2007; Petersen et al., 2006).
It is astonishing that poly-unsaturated fatty 

acids, especially arachidonic acid, can serve as 
precursor for so many different signaling com
pounds.

Effects of diet on bioactive lipids
One can then ask whether the formation of all 
these different poly-unsaturated fatty acid-derived 
bioactive lipids are influenced by variation in the 
dietary intake of poly-unsaturated fatty acids, es
pecially the dietary intake of the direct precursors, 
arachidonic acid and docosahexaenoic acid?

Generally, humans in the western world may 
have a rather large intake of linoleic acid, 18, 20)6. 
i.e. 8-25 g/day, and thus also large stores of this 
fatty acid in both phospholipids, cholesteryl esters 
and triacylglycerol as shown in Fig 2.

Omnivorous humans also have an intake of
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Fig- 3- Turnover and functions of omega-3 fatty acids. The figure illustrates the small dietary intake 
of alpha-linoleic acid (18, 3(w-3)) and the nearly absent pool of alpha-linolenic acid in the body as 
typical of humans in western societies. Most of the ingested alpha-linolenic acid is oxidized and used 
for energy production while only an extremely small fraction is elongated and desaturated to omega-6 
docosahexaenoic acid (22, 6(w-6)) that is found specifically in relatively high amounts in neurons of 
the central nervous system. Humans ingesting seafood and fish oil can have a relatively large intake 
of omega-3 eicosapentaenoic acid (20, 5(w-3)) and docosahexaenoic acid. Docosahexaenoic acid can 
also be oxidized and used for energy production. Only extremely small amounts of omega-3 fatty acids 
are converted to eicosanoids and docosanoids.

arachidonic acid from animal products amount
ing to 100-300 mg/day (Zhou and Nilsson, 2001). 
Arachidonic acid is not found in higher plants. 
Calculation of the endogenous production of ara
chidonic acid from linoleic acid indicates that this 
may be a bit higher, i.e. 180-800 mg/d depending 
among other things on the dietary intake of do
cosahexaenoic acid (Emken et al., 1999). The daily 
endogenous prostaglandin formation seems to be 
quite low as estimated from urinary excretion of 
prostaglandin metabolites, i.e. in the order of 2-3 
mg/day (Hansen, 1983; Zhou and Nilsson, 2001), 
and adding this up with all the other enzymatical
ly produced eicosanoids, the total production of 
eicosanoids may probably not exceed 10 mg/day, 
thus being far lower than the daily arachidonic 
acid intake and endogenous arachidonic acid pro
duction. Humans in the western world ingest far 
less omega-3 fatty acids (around 1-3 g/day), and 

the dietary intake of eicosapentaenoic acid and 
docosahexaenoic acid varies a lot between indi
viduals and populations being mainly related to 
the dietary intake of seafood (Fig 3).

In the USA, the average intake is around 130 
mg/day while it in Denmark is around 500 mg/ 
day (Gebauer et al., 2006; Marckmann et al., 1995; 
Tjonneland et al., 1993) . In Japan it is around 800 
mg/day (Hino et al., 2004). It is clear that eicosap
entaenoic and docosahexaenoic acids can inhibit 
the in vitro eicosanoid production from arachi
donic acid (Hansen et al., 1983; Rees et al., 2006), 
but the in vivo eicosanoid formation seems to be 
much less influenced by dietary intake of eicosap
entaenoic and docosahexaenoic acids (Murphy et 
al., 2007; Ferretti et al., 1998) probably because in 
vitro stimuli for prostaglandin formation often are 
stronger than those occurring in vivo. Generally, 
an intake of several grams per day of eicosapen
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taenoic and docosahexaenoic acid for many weeks 
is necessary for seeing a moderate decrease in the 
in vivo production of eicosanoids from arachidon
ic acid. Thus, the beneficial effect of 0.85 mg/day 
of long-chain omega-3 fatty acids on death fre
quency from coronary heart disease seems not to 
be mediated by changes in eicosanoid production 
(Marchioli et al., 2002). Eicosapentaenoic acid is 
generally a rather poor substrate for prostagland
in-producing enzymes resulting in only very small 
levels of eicosapentaenoic acid-derived eicosa
noids. Attempts to increase in vivo prostaglandin 
production by dietary supplements of pure arachi
donic acid (e.g. 6 g/day for 2-3 weeks) have shown 
that a slight increase can be seen (Seyberth et al., 
1975) but the general impression is that eicosanoid 
production hardly is influenced by the variations 
in arachidonic acid content of usual human diets 
(Ferretti et al., 1997; Pantaleo et al., 2004). Stud
ies of dietary influence on endogenous levels of 
endocannabinoids and acylethanolamides have 
been few. One study have shown that feeding of 
suckling piglets with a milk formula deficient in 
arachidonic acid decreased the brain levels of 
AEA and 2-AG and the levels can be increased by 
adding arachidonic acid to the formula (Berger et 
al., 2001). Another study found that feeding young 
mice 10 wt% fish oil for 6 weeks, a diet that is not 
relevant for humans, resulted in decreased levels 
of 2-AG in the brain (Watanabe et al., 2003). We 
have found that a one-week feeding of adult rats 
with diets containing 36 energy% of different fats 
(palm oil, safflower oil and olive oil) resulted in 
changes within both brain and intestine of levels 
of AEA, 2-AG and oleoylethanolamide. Thus, both 
type of dietary unsaturated fats increased levels of 
2-AG and OEA in the brain and olive oil increased 
levels of AEA. These changes were seen without 
changes in the fatty acid composition of total brain 
phospholipids. All dietary fats decreased levels of 
acylethanolamides in the intestine (unpublished 
data).

Conclusion
The overall conclusion is that eicosanoid forma
tion is not easily affected by variation in the di
etary intake of arachidonic acid within the range 
of usual human diets. Prolonged intake of very 
high amounts of fish oil providing several grams 
of long-chain omega-3 fatty acids per day to hu
mans will eventually decrease prostaglandin for
mation and thereby have weak anti-inflammatory 
and analgesic effects. Endogenous tissue levels of 
endocannabinoids and acylethanolamides seem 
in certain cases to be influenced in a complicated 
way by the type of dietary fat, a mechanism that 
perhaps is mediated through changes in expres
sion of enzymes involved in the turnover of endo
cannabinoids and acylethanolamides.
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