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Summary : The n‐6 polyunsaturated fatty acid arachidonic acid gives rise to the eicosanoid family of 

inflammatory mediators (prostaglandins, leukotrienes and related metabolites) and through these 

regulates the activities of inflammatory cells, the production of cytokines and the various balances 

within the immune system. Fish oil and oily fish are good sources of long chain n‐3 polyunsaturated 

fatty acids. Consumption of these fatty acids decreases the amount of arachidonic acid in cell 

membranes and so available for eicosanoid production. Thus, n‐3 polyunsaturated fatty acids act as 

arachidonic acid antagonists. Components of both natural and acquired immunity, including the 

production of key inflammatory cytokines, can be affected by n‐3 polyunsaturated fatty acids. 

Although some of the effects of n‐3 fatty acids may be brought about by modulation of the amount 

and types of eicosanoids made, it is possible that these fatty acids might elicit some of their effects 

by eicosanoid‐independent mechanisms. Such n‐3 fatty acid‐induced effects may be of use as a 

therapy for acute and chronic inflammation, and for disorders that involve an inappropriately‐

activated immune response. 
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ARTICLE 

The immune system in health and disease - a general overview 

The immune system acts to protect the host from infectious agents that exist in the environment 

(bacteria, viruses, fungi, parasites). It serves to distinguish “non-self” from “self”. In addition the 

immune system plays an important role in the identification and elimination of tumour cells. Thus, an 

effective and efficient immune system is central to host defence against infectious diseases and 

cancer. A detailed description of the components of the immune system, how they work and how 

they interact may be found in standard immunology textbooks [e.g. 1]. Suffice it to say that the 

immune system responds to challenge (e.g. a bacterial infection) with an increase in the activity of 

certain components that act to eliminate the source of the challenge. This response will include both 

non-specific and specific actions that will involve a variety of cell types, mediators and chemical 
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agents. The exact nature of the response will depend upon the origin and nature of the antigen (and 

so the origin and nature of the challenge). However, inflammation forms part of the normal innate 

immune response to challenge. The immune response, particularly its inflammatory component, is, 

by definition, highly destructive and therefore it must be regulated in order that it does not proceed 

for a longer duration than is required and that it does not cause excessive damage to host tissues. 

Whilst the capacity to mount a vigorous immune response is central to effective host defence against 

the range of possible infectious organisms, a number of human diseases are associated with 

inappropriate activation or activity of the immune response. It is likely that the combination of 

genetic predisposition and certain environmental and/or lifestyle factors allows the disease to 

manifest itself, the end result being damage to host tissues. Frequently these diseases involve 

activation of inflammatory cells and excessive or inappropriate production of inflammatory 

mediators [1]. Hence they are termed inflammatory diseases. Examples of inflammatory diseases 

include rheumatoid arthritis, allergic diseases, and inflammatory bowel diseases. It is now recognised 

that atherosclerosis is also an inflammatory disease [2]. Furthermore, acute cardiovascular events 

are driven by inflammatory activities within the vessel wall [3]. Among the mediators often involved 

in inflammatory disease are the eicosanoids and the pro-inflammatory cytokines. The latter include 

tumour necrosis factor (TNF)-α, interleukin (IL) -1 and IL-6. In excess, inflammatory mediators are 

involved in causing a range of local and systemic responses that can be detrimental to the host. 

The fatty acid composition of inflammatory cells can be modulated by dietary fatty acids 

Human inflammatory and immune cells tend to rather rich in arachidonic acid, although there is 

some variation in their fatty acid composition, which may reflect, in part, variation in the dietary 

intake of various fatty acids [4]. Typically, the n-6 polyunsaturated fatty acid (PUFA) arachidonic acid 

comprises about 15 to 25 % of total fatty acids present in human inflammatory and immune cells. In 

contrast, the n-3 PUFA eicosapentaenoic acid (EPA) is a fairly minor constituent comprising an 

average of < 1 % of total fatty acids. However, this can be altered by increased dietary intake of n-

3 PUFA. For example, supplementing the diet of human volunteers with fish oil in capsules (rich in n-

3 PUFA) results in incorporation of both EPA and docosahexaenoic acid (DHA) into blood neutrophils 

[5-9], monocytes [5, 7, 10], T and B lymphocytes [7], and mononuclear cells [11-15]. This 

incorporation is largely at the expense of arachidonic acid. Both EPA and DHA are readily taken up, 

with near-maximal incorporation occurring within 4 weeks [14,15]. Incorporation of both fatty acids 

occurs in a dose response manner [9]. Once dietary supplementation ceases, EPA is lost from the 

cells within 8 weeks, but DHA is better retained [14]. Increased intake of the shorter chain n-3 PUFA, 

α-linolenic acid, also results in increased content of EPA in human inflammatory and immune cells, 

provided that sufficient α-linolenic acid is consumed [9, 13, 15-18]. 

Eicosanoids provide a link between the fatty acid composition of cells and inflammation 

The principal functional role for arachidonic acid in inflammatory cells is as a substrate for synthesis 

of the eicosanoid family of bioactive mediators. These include the prostaglandins (PG), 

thromboxanes, leukotrienes (LT), hydroxy and hydroperoxy eicosatetraenoic acids and lipoxins. 

Arachidonic acid in cell membranes can be mobilised by various phospholipase enzymes, especially 

phospholipase A2, and the free arachidonic acid can subsequently act as a substrate for the enzymes 

that synthesise eicosanoids (figure 1). Metabolism by cyclooxygenase enzymes (COX) gives rise to the 

2-series prostaglandins and thromboxanes (figure 1). There are two isoforms of COX : COX-1 is a 



constitutive enzyme and COX-2 is induced in inflammatory cells as a result of stimulation and is 

responsible for the markedly elevated production of prostaglandins that occurs upon cellular 

activation. Prostaglandins are formed in a cell-specific manner. For example, upon activation 

monocytes and macrophages produce large amounts of PGE2 and PGF2α, neutrophils produce 

moderate amounts of PGE2, and mast cells produce PGD2. Lymphocytes are a poor source of 

prostaglandins, but may release arachidonic acid extracellularly for use by other cell types [19]. 

Metabolism of arachidonic acid by the 5-lipoxygenase (5-LOX) pathway gives rise to hydroxy and 

hydroperoxy derivatives, and the 4-series leukotrienes, LTA4, B4, C4, D4 and E4 (figure 1). 5-LOX is 

found in mast cells, monocytes, macrophages, granulocytes and lymphocytes. 

Arachidonic acid-derived eicosanoids are involved in modulating the intensity and duration of 

inflammatory responses and in regulating immune responses [see 20, 21 for reviews]. Both LTB4 and 

PGE2 have a number of pro-inflammatory effects (table 1). Note however, that PGE2 also acts to 

down-regulates the production of the classic inflammatory cytokines (TNF, IL-1 and IL-6) and inhibits 

the production of 4-series LT (table 1). PGE2 also induces the production of lipoxins [22], which are 

now recognised to be inflammation “stop” signals [23, 24]. Thus, PGE2 is both a mediator and a 

regulator of inflammation, and exerts both pro- and anti-inflammatory actions. PGE2 also promotes 

immunoglobulin E production by B lymphocytes and so in this respect PGE2 is pro-allergic. Finally, 

PGE2 inhibits T cell proliferation and the production of the Th1-type cytokine interferon-γ. In these 

respects PGE2 is immunosuppressive. 

 

Table 1. Some effects of PGE2 and LTB4 on inflammation and immunity. 

PGE2 LTB4 

Pro-inflammation : Pro-inflammation : 

Induces fever Increases vascular permeability 

Increases vascular permeability Enhances local blood flow 

Increases vasodilatation Chemotactic agent for leukocytes 

Causes pain Induces release of lysosomal enzymes 

Enhances pain caused by other agents Induces release of reactive oxygen species by granulocytes 

 Increases production of TNF, IL-1 and IL-6 

Anti-inflammation :  

Inhibits production of TNF, IL-1 and IL-6  

Inhibits 5-LOX  



Immunosuppression :  

Induces lipoxin production  

Inhibits production of IL-2 and IFN-γ  

Inhibits lymphocyte proliferation  

Pro-allergy :  

Promotes immunoglobulin E production  

 

Since significantly increased consumption of long chain n-3 PUFA results in a decrease in the amount 

of arachidonic acid in the membranes of inflammatory cells, there will be less substrate available for 

synthesis of eicosanoids from arachidonic acid. In accordance with this, fish oil feeding results in a 

decreased capacity of inflammatory cells to synthesise COX- and 5-LOX-derived eicosanoids from 

arachidonic acid [e.g. 5, 6, 11, 13, 25]. However, the effects of n-3 PUFA on eicosanoid production 

extend beyond simply decreasing the amount of substrate available. For example, EPA competitively 

inhibits the oxygenation of arachidonic acid by COX [26]. Cell culture studies have demonstrated that 

n-3 PUFA suppress cytokine-induction of the COX-2 and 5-LOX genes [27, 28]. It is the net result of 

these various actions that accounts for the decreased generation of arachidonic-acid derived 

eicosanoids by n-3 PUFA. The reduction in generation of arachidonic acid-derived mediators that 

accompanies fish oil consumption has lead to the idea that fish oil is anti-inflammatory. 

In addition to inhibiting metabolism of arachidonic acid, EPA is able to act as a substrate for both COX 

and 5-LOX (figure 1), giving rise to derivatives which have a different structure to those produced 

from arachidonic acid (i.e. 3-series PG and 5-series LT). Thus, the EPA-induced suppression in the 

production of arachidonic acid-derived eicosanoids may be accompanied by an elevation in the 

production of EPA-derived eicosanoids. This is most evident for the 5-LOX products of EPA 

metabolism [5, 6]. The eicosanoids produced from EPA are considered to be less biologically potent 

than the analogues synthesised from arachidonic acid, although the full range of biological activities 

of these compounds has not been investigated. Therefore, it possible that EPA gives rise to 

eicosanoids that are less inflammatory, less pro-allergic and less immunosuppressive than those 

produced from arachidonic acid [see 29, 30 for further discussion]. Interestingly recent studies have 

revealed that n-3 PUFA give rise to novel anti-inflammatory eicosanoids generated via COX-2 [31]. 

Modulating inflammation with dietary n-3 fatty acids 

There is a large literature based upon cell culture and animal feeding studies investigating the effects 

of n-3 PUFA on inflammation (and immune function). These studies have established a basis for 

effects that might be observed following manipulation of the fatty acid composition of the human 

diet and have been very useful in identifying mechanisms of action of n-3 PUFA. A description of 

these studies is beyond the scope of this review, which will focus upon results from human studies. 

However, a number of review articles serve to summarise, evaluate and discuss these studies [32-

37]. 



Studies investigating the effect of fish oil on human inflammatory and immune cell functions and 

responses date back to the early 1980s and there is a large literature in this area [reviewed in 38]. 

Effects on a number of cellular functions and on a range of mediators have been investigated. Most 

studies have used fish oil, which contains both EPA and DHA. 

Chemotaxis, Respiratory burst and Adhesion 

Fish oil, providing between 2.3 and 14.5 g EPA plus DHA/day has been reported to decrease 

neutrophil chemotaxis [5, 6, 39-41], neutrophil respiratory burst [8, 42, 43], and neutrophil binding 

to endothelial cells [5]. Fish oil, providing 4.5 to 5.3 g EPA plus DHA/day, decreased monocyte 

chemotaxis [11, 39, 40] and respiratory burst [10]. However, lower doses of long chain n-3 PUFA 

(0.55 to 2.3 g/day) did not affect neutrophil or monocyte respiratory burst [9, 18, 44, 45] or 

neutrophil chemotaxis [9]. Although Hughes et al. [46] reported that 1.6 g EPA plus DHA/day for 

3 weeks decreased intercellular adhesion molecule 1 (ICAM-1) on the surface of blood monocytes, 

this effect was not confirmed in a recent study using 0.77 and 1.7 g EPA plus DHA/day for 6 months 

[18]. 

Monocyte-derived inflammatory cytokines 

Fish oil providing > 2.4 g EPA plus DHA/day decreased the production of TNF [11, 13, 25], IL-1 [11, 13, 

25] and IL-6 [25] by mononuclear cells. Another study, providing subjects consuming a low-fat diet 

that included oily fish (daily intake of 1.2 g EPA plus DHA), reported decreased production of TNF, IL-

1 and IL-6 [47]. Intake of 4.55 g EPA plus DHA as ethyl esters/day for 4 weeks significantly decreased 

platelet-derived growth factor (PDGF)-A and -B and monocyte chemotactic peptide-1 mRNA in 

monocytes [48]. This is consistent with the significant decrease in plasma PDGF concentration 

observed in women consuming 4 g fish oil/day (1.2 g EPA plus DHA/day) for 4 weeks [49]. 

In contrast to the above studies are a number reporting no effect of 0.55 to 3.4 g EPA plus DHA/day 

on production of TNF [12, 14, 18, 44, 45, 50-52], IL-1 [12, 14, 18, 44, 45, 50-53] and IL-6 [14, 18, 45, 

50]. Possible reasons for the discrepancies in the literature are discussed in detail elsewhere [38], but 

may relate to the dose of n-3 PUFA used, the duration of the study, the age of the subjects studied, 

sample size, and differences in background diet. Duration appears not to be a factor because some 

relatively short studies report effects [e.g. 13], whereas other short [50] and longer term [18, 51] 

studies report no effect. However, the dose of long chain n-3 PUFA provided is likely to be 

important : a recent study reported for the first time a dose-response relationship between EPA plus 

DHA and IL-6 production [52]. This study reported that the threshold for an effect of long chain n-

3 PUFA on IL-6 production is between 0.44 and 0.94 g/day. However, dose cannot be the sole 

explanation for differences in the literature, because some studies providing as much as 3.2 g EPA 

plus DHA per day report no effect on cytokine production [e.g. 14]. Another recent study has 

highlighted a further possible explanation. This study reports that polymorphisms in the promoter 

regions of the TNF-α and TNF-β genes play a role in conferring sensitivity of TNF-α production to fish 

oil intervention [53]. 

Soluble adhesion molecules 

The concentrations of soluble ICAM-1 (sICAM-1), soluble vascular cell adhesion molecule 1 (sVCAM-

1) and soluble E-selectin (E-selectin) were significantly negatively correlated with the concentration 

of non-etherified EPA in the bloodstream of elderly males at high risk of coronary heart disease [54]. 



Furthermore the concentrations of sICAM-1 and sVCAM-1 were significantly negatively correlated 

with the concentration of non-esterified DHA in the bloodstream [54]. These observations suggest 

that an increase in long chain n-3 PUFA may decrease endothelial inflammation, as indicated by 

soluble adhesion molecule concentrations. In accordance with this, consumption of 1.1 g EPA plus 

DHA/day for 12 weeks by subjects aged 55 to 75 years significantly decreased sVCAM-

1 concentration, with non-significant decreases in sICAM-1 and sE-selectin concentrations [45]. 

Average decreases were 26 % (sVCAM-1), 14 % (sICAM-1) and 23 % (sE-selectin). A reduction in 

soluble adhesion molecule concentrations was not observed in young male subjects consuming 1.2 g 

EPA plus DHA/day for 12 weeks [55], suggesting that older subjects may be more sensitive to the 

effects of long chain n-3 PUFA. In contrast to the observation of Thies et al. [45], three studies report 

increases in these soluble adhesion molecules following fish oil administration [56-58]. However, 

these studies used high doses of fish oil providing 3.3 to 5.1 g EPA plus DHA/day, studied subjects 

with much higher cardiovascular risk and used different study designs from that used by Thies et al. 

[45] [see 55 for a discussion]. 

C-reactive protein 

C-reactive protein (CRP) is an acute phase protein synthesised by the liver in response to infections 

and to certain inflammatory stimuli, most notably IL-6. Thus, plasma CRP concentrations are elevated 

in chronic inflammatory conditions and in individuals who are obese or with advanced cardiovascular 

disease. Since n-3 fatty acids affect inflammatory processes they might be expected to affect CRP 

concentrations. Indeed, the concentration of CRP was significantly negatively correlated with the 

proportion of DHA in the membranes of granulocytes of patients undergoing coronary angiography 

[59]. Fish oil (3.6 g EPA plus DHA/day for 12 weeks) significantly lowered (by 20 %) plasma CRP 

concentrations in patients with rheumatoid arthritis, who have elevated concentrations [60]. 

α-Linolenic acid 

A high dose of α-linolenic acid (13.7 g/day for 4 weeks) decreased the production of TNF and IL-1 by 

human monocytes by an average of 27 and 30 %, respectively [13]. The effect of this dose of α-

linolenic acid compared with reductions of 70 and 78 %, respectively, after 4 weeks of 2.7 g EPA plus 

DHA/day [13]. Supplementing the diet of healthy young males with encapsulated linseed oil 

providing 3.5 g α-linolenic acid /day for 12 weeks did not alter superoxide production by neutrophils 

or neutrophil chemotaxis [9]. Likewise there was no effect on the production of TNF-α, IL-1β and IL-

6 by monocytes [52]. A similar lack of effect of α-linolenic acid (2 g/day for 12 weeks) on production 

of inflammatory cytokines by monocytes was reported in elderly subjects [45]. There was however, a 

significant decrease in sVCAM-1 and sE-selectin, but not sICAM-1, concentrations in these subjects 

[45]. The average decreases were 15 % and 27 %, respectively. The decrease in sE-selectin 

concentration was similar to that seen in subjects consuming 1.1 g EPA plus DHA/day (23 % ; [45]), 

but the decrease in sVCAM-1 concentration was less than that seen in the subjects consuming long 

chain n-3 PUFA (26 % ; [45]). A recent intervention study used margarines to provide dietary intakes 

of 4.5 or 9.5 g α-linolenic acid /day for 6 months, largely at the expense of linoleic acid [18]. There 

was no effect of α-linolenic acid on the ability of neutrophils and monocytes to undergo respiratory 

burst, or on the production of cytokines (TNF-α, IL-1β, IL-6) by mononuclear cells [18]. In another 

dietary intervention study using margarine and other strategies to provide an average of 6.3 g α-

linolenic acid /day for one year, plasma fibrinogen concentration was lower (by approximately 5 %) 



than in the control group [61]. In another study, 8.1 g α-linolenic acid/day from linseed oil for 

12 weeks significantly decreased the serum concentrations of IL-6 (average decrease 23 %), C-

reactive protein (25 %) and amyloid A (26 %) [62]. Thus, a substantial increase in α-linolenic acid 

intake can induce anti-inflammatory effects. 

Anti-inflammatory mechanisms of action of dietary n-3 fatty acids not involving eicosanoids 

Altered synthesis of eicosanoids is a biologically plausible and readily accepted mechanism by which 

to explain the actions of certain fatty acids, especially n-3 PUFA upon inflammation. However, many 

of the effects reported are different from those that would be predicted if EPA was acting as a PGE2 

antagonist. For example, n-3 PUFA decrease production of TNF-α by monocytes and macrophages, 

but so does PGE2. One explanation for this is that focussing on PGE2 is too simplistic. It may be that it 

is the overall impact of n-3 PUFA on the entire range of arachidonic acid-derived mediators coupled 

with the increased production of EPA-derived mediators (whose effects are not known and some of 

which are not yet even discovered) that accounts for the observed effects. Thus, the effects of n-

3 PUFA may still be related to eicosanoids. Another explanation is that n-3 PUFA act through 

eicosanoid-independent mechanisms. These other mechanisms also rely upon an altered fatty acid 

composition of membrane phospholipids (figure 2) and include effects on the physical nature of the 

membrane (often referred to as fluidity), the ability of the membrane to undergo structural and 

functional changes in response to a cellular stimulus, and the ability to generate intracellular 

signalling molecules. These mechanisms are closely related to one another, since cell membrane 

composition, fluidity and function and the generation of signalling molecules following a cellular 

stimulus are interlinked (figure 2) and they are discussed further elsewhere [34]. 

There is now emerging evidence that n-6 and n-3 PUFA regulate the expression of genes involved in 

inflammation [see 34]. Among the genes that are down-regulated by n-3 PUFA are those encoding 

TNF-α, IL-1, COX-2, 5-LOX, 5-LOX activating protein, certain matrix metalloproteinases, and VCAM-

1 [see 34 for references]. Since the expression of many of these genes is regulated by the 

transcription factor nuclear factor kappa B (NFκB), these observations suggest that n-3 PUFA might 

somehow affect the activity of this transcription factor. This might be through effects on cell signaling 

leading to NFκB activation. There is recent evidence that dietary fish oil affects NFκB activity [63, 64], 

in a manner that is consistent with its ability to down-regulate the production of inflammatory 

mediators. 

A second group of transcription factors currently undergoing scrutiny for their role in inflammation 

are the peroxisome proliferator activated receptors (PPAR). The main members of this family are 

PPARα and PPARγ. Although PPARα and γ play important roles in liver and adipose tissue, 

respectively [65], they are also found in inflammatory cells [66, 67]. PPAR can bind, and appear to be 

regulated by, PUFA and eicosanoids [68, 69]. PPARα deficient mice have a prolonged response to 

inflammatory stimuli [69], suggesting that PPARα activation might be anti-inflammatory. More 

recently activators of both PPARα and γ have been shown to inhibit the activation of a number of 

inflammatory genes, including TNF-α, IL-1β, IL-6, IL-8, COX-2 and VCAM-1 [34]. Two mechanisms for 

the anti-inflammatory actions of PPAR have been proposed [see 70, 71 for reviews]. The first is that 

PPAR might stimulate the breakdown of inflammatory eicosanoids through induction of peroxisomal 

β-oxidation. The second is that PPAR might interfere with or antagonise the activation of other 

transcription factors, including NFκB. Although the effect of fish oil on PPAR expression in 

inflammatory cells has not been reported, studies in other tissues [e.g. 72] suggest that n-3 PUFA 

might act by increasing the level of these anti-inflammatory transcription factors in such cells. 



Dietary fatty acids and inflammatory diseases 

Aspirin and non-steroidal anti-inflammatory drugs are widely used for symptom relief in 

inflammatory disease. These drugs act as COX inhibitors specifically targeting 2-series prostaglandins 

and thromboxanes. The discovery that long chain n-3 PUFA also act to reduce formation of these 

mediators promoted studies in animal models and clinical trials in a range of human diseases. 

Although the mechanistic explanation for the potential benefit of n-3 PUFA is most easily related to 

their “anti-arachidonic acid” effects, the forgoing discussion strongly suggests that they may act at 

multiple sites to exert anti-inflammatory effects (figure 3). Dietary fish oil has been shown to 

increase survival and decrease proteinuria and anti-DNA antibody formation in mice with 

autoimmune glomerulonephritis (a model of lupus), to decrease joint inflammation in rodent models 

of arthritis, and to decrease inflammation in rat models of colitis and of type-1 diabetes [see 32, 

33 for references]. N-3 fatty acids can interfere with leukocyte chemotaxis [5, 6, 11, 39-41], adhesion 

molecule expression [46] and leukocyte-endothelium adhesive interactions [5], the production of 

chemoattractants (e.g. leukotriene B4 [5, 6] and monocyte chemotactic peptide 1 [48]), and the 

production of inflammatory eicosanoids [5, 6, 11, 13, 25], cytokines [11, 13, 25, 47], reactive oxygen 

species [8, 10, 42, 43] and other inflammatory mediators such as platelet activating factor [6]. 

The efficacy of fish oil has been studied in several inflammatory diseases including rheumatoid 

arthritis, Crohn’s disease, ulcerative colitis, psoriasis, lupus, multiple sclerosis, cystic fibrosis and 

asthma. Although there are clinical benefits reported from trials in each of these diseases [e.g. see 

73-76], the only one for which there is really strong evidence of benefit is rheumatoid arthritis. This 

may be a reflection of the large number of well designed and well conducted studies in arthritis : 

there have been at least 14 randomised, placebo-controlled, double-blind studies of fish oil in 

rheumatoid arthritis. These trials have been reviewed in some detail elsewhere [77-79], and so will 

be discussed only briefly here. They used between 1 and 7.1 g EPA plus DHA per day (average dose 

was 3.3 g/day) with a duration of 12 to 52 weeks. A variety of improvements in clinical outcome were 

reported. These include reduced duration of morning stiffness, reduced number of tender or swollen 

joints, reduced joint pain, reduced time to fatigue, increased grip strength and decreased use of anti-

inflammatory drugs. It has been concluded that the evidence for benefit from long chain n-3 PUFA in 

rheumatoid arthritis is robust [80]. 

There is currently considerable interest in the relative effects of n-3 and n-6 PUFA in asthma and 

other atopic diseases [see 81-84 for detailed discussion]. The discussion centers on the roles of 

various eicosanoids produced from arachidonic acid in mediating allergic inflammation and in 

programming T lymphocytes to a phenotype that predisposes to such inflammation. Arachidonic 

acid-derived eicosanoids such as PGD2, and LTC4, D4 and E4 are produced by the cells that mediate 

pulmonary inflammation in asthma (e.g. mast cells), and are believed to be the major mediators of 

asthmatic bronchoconstriction. Thus, it is considered that provision of n-3 PUFA to asthmatics might 

be beneficial because of the resulting decrease in production of 4-series leukotrienes and other 

arachidonic acid-derived mediators. However, the situation is complicated by the fact that different 

eicosanoids have different effects, some antagonising others. For example, the fairly recent 

observations that PGE2 inhibits 5-LOX [22] and promotes generation of lipoxins that act as 

inflammation “stop signals” [23, 24], indicate that PGE2 could, in fact, be protective in active asthma. 

Thus, interventions that aim to suppress PGE2 production could be counterproductive, at least in 

some asthmatics. Nevertheless, a number of trials of fish oil in asthma and related atopic diseases 



have been performed [see 83 for a review]. Most of these studies reveal limited clinical impact, 

despite significant biochemical changes, although some have shown clinical improvements at least in 

some patient groups including children [85, 86] and some adults [87]. A recent meta-analysis of fish 

oil in asthma concluded that there was no evidence of benefit [88], although this analysis did not 

separate studies in adults and children. However, trying to intervene in the disease once it has 

developed may be the wrong approach, and n-3 PUFA may still have a role in prevention [see 84]. 

Since PGE2 regulates T lymphocyte differentiation promoting the development of the Th2-type 

phenotype that underlies sensitisation to environmental allergens, it is possible that early exposure 

to long chain n-3 PUFA may be protective towards allergy, asthma and related diseases. There is 

some epidemiological evidence in support of this [see 89 for references]. However, despite a 

biologically plausible mechanism and supportive biochemical and epidemiological data, the key to 

demonstrating a protective effect of increased long chain n-3 PUFA consumption towards allergic-

type diseases must come from well-designed placebo-controlled intervention studies. It is now 

recognised that sensitisation to allergens occurs early in life, and so the characteristics of the 

maternal diet may be very important in determining predisposition to these diseases. Therefore, 

studies addressing this question need to be performed early in life and preferably in pregnant 

women. Several such studies are currently underway and early results from two of them are 

suggestive of some benefit from early life exposure to long chain n-3 PUFA [90-92]. Evidence of 

longer-term benefits of such early intervention is awaited. 

Conclusions 

The fatty acid composition of human inflammatory cells can be altered by increasing consumption of 

n-3 PUFA in the diet. This can lead to altered function including decreased generation of reactive 

oxygen species, arachidonic acid-derived eicosanoids, inflammatory cytokines and adhesion 

molecules. Thus, when consumed in sufficient quantities n-3 PUFA exert anti-inflammatory effects. 

However, it is not yet clear what the threshold intake is for these effects to become apparent ; this 

may be different for different aspects of inflammation and may vary with age, gender, genotype, 

background diet and so on. The effects of long chain n-3 PUFA are greater than those of the shorter 

chain α-linolenic acid. Long chain n-3 PUFA have been demonstrated to be efficacious in the 

treatment of some inflammatory diseases, especially rheumatoid arthritis. It is possible that long 

term consumption of n-3 PUFA will protect against developing some diseases with an inflammatory 

component. 
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Illustrations 

 

Figure 1. Metabolism of 20 carbon polyunsaturated fatty acids to yield eicosanoids. 

COX, cyclooxygenase ; EPA, eicosapentaenoc acid ; LOX, lipoxygenase ; LT, leukotrienes ; PG, 

prostaglandins ; TX, thromboxanes. 



 

Figure 2. Potential mechanisms by which n-3 fatty acids can affect inflammatory cell function. 

 

 

Figure 3. Multiple sites of anti-inflammatory action of n-3 fatty acids. 

 

  

 




