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Editorial

Fish oil in asthma

There is considerable interest in the therapeutic poten-
tial of fish oils in diseases as varied as atheroma,
rheumatoid arthritis, cancer, and multiple sclerosis.'"
Several distinct kinds of evidence have supported this
interest, including epidemiological studies, clinical
trials, and observations of white cell and platelet
function in healthy volunteers and of biochemical
changes in membrane phospholipids and products
derived from fatty acids (including prostaglandins and
leukotrienes). The putative role of lipid derived
mediators in the airways inflammation and hyper-
responsiveness that characterise asthma' raised the
possibility that dietary supplementation with fish oil
could influence the severity of the disease by changing
the pattern of such mediators."'O Two papers in this
issue of Thorax (pp 84 and 93) report studies on the use
of fish oils in asthmatic subjects. The conclusions are
not therapeutically encouraging, but each study raises
intriguing issues regarding the pathophysiology of
asthma.
Human tissues do not have specific A-6 desaturase

enzymes, and in individuals consuming a usual Wes-
tern diet arachidonic acid (C,0:4, n = 6) is the prin-
cipal precursor of lipid derived mediators." These
include cyclo-oxygenase products (prostaglandins and
thromboxanes, sometimes referred to as prostanoids)
and lipoxygenase products (including the dihydroxy
fatty acid leukotriene B4 and the peptidoleukotrienes
C4, D4, and E4, which comprise the slow reacting
substance ofanaphylaxis). These 20 carbon atom fatty
acid derivatives are known collectively as eicosanoids.

Arachidonic acid occurs in cell membranes in
esterified form, mainly in the 2 position of the glycerol
"backbone" of phospholipid. Its dietary origin is
either direct from arachidonic acid in meat or from
linoleic acid (C,8:2, n = 6) and y linolenic acid (C,,:3,
n = 6), which occur in the seeds and leaves of plants
and can be converted to arachidonic acid by chain
elongation and desaturation.'2 Arachidonate is
released from membrane phospholipid in response to
various immunological and other stimuli that activate
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phospholipases. Liberation of the free fatty acid is the
rate limiting step in eicosanoid synthesis.'3 The
intracellular concentration of free arachidonate is
vanishingly low under resting conditions; the free fatty
acid is rapidly re-esterified into the membrane phos-
pholipid if oxidative metabolism does not occur.
Deep sea cold water fish and arctic animals (such as

walrus) contain fat that is more highly unsaturated
than that of man and animals living in warmer
climates. Such animals contain relatively large
amounts of eicosapentaenoic acid (C20:5, n = 3) and
docosahexaenoic acid (C22:6, n = 3) instead of ara-
chidonic acid. Sinclair pointed out that this is a
necessary adaptation to temperatures at which the fat
of animals from a temperate habitat would solidify.'4
Dietary supplementation with cold water oily fish
results in an increase in the proportion of eicosapen-
taenoic acid to arachidonic acid in cell membrane
phospholipid.'516 Many studies of fish oils (including
those of Picado et al and Arm et al in this issue) have
used a commercially available mixture of these called
Maxepa. Eicosapentaenoic acid and docosahexaenoic
acid are incorporated into tissue phospholipids in
place of arachidonic acid when the diet is enriched
with fish oil, and can then be liberated instead of
arachidonic acid. Docosahexaenoic acid and
eicosapentaenoic acid competitively inhibit the con-
version of arachidonic acid to prostaglandin (PG) H2
by cyclo-oxygenase. 7' Eicosapentaenoic acid (though
not docosahexaenoic acid) also acts as an alternative
substrate to arachidonate, and is converted by cyclo-
oxygenase to PGH3 and hence to thromboxane (TX)
A3 and PGI3,'7 or by lipoxygenase to leukotriene (LT)
A, and hence the 5-series leukotrienes.'9 Some of these
products differ in potency from their 2-series prostan-
oid and 4-series leukotriene analogues (cf false trans-
mitters). Thus TXA3 is relatively inactive while PGI3 is
of similar potency to PGI2.'7 LTB5 has only 1-10% the
potency ofLTB4 as regards neutrophil chemotaxis and
bradykinin induced vascular permeability;2'}22 in con-
trast, LTC5 is equipotent with LTC4 in contracting
guinea pig lung strips.23
The net functional result of these changes is difficult

to predict. The effect ofdrugs active on the eicosanoid
cascade should provide a basis for interpreting any
effect of dietary modification. The drugs available are
limited, however, and their actions on asthmatic
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airway function are still imperfectly understood.
Glucocorticoids, which are highly effective at improv-
ing airway function in asthma, induce synthesis of
lipocortin, which inhibits phospholipase A2. We do
not know, however, whether this accounts for their
therapeuti*4kacy. Cyclo-oxygenase inhibitors, such
as aspirin or other non-steroidal anti-inflammatory
drugs, have little or no effect in most patients with
asthma, although in a few patients aspirin worsens the
clinical state dramatically. Sufficiently potent lipoxy-
genase inhibitors or receptor antagonists are not yet
available to enable us to know what effect selective
inhibition of the lipoxygenase pathway has on airway
function in asthma. To confound the problem further,
functional and biochemical changes do not necessarily
proceed pari passu: for instance, whereas fish oil
supplementation causes changes in the lipid content of
platelet membranes and also a prolongation of bleed-
ing time, these changes do not occur over the same
time course, suggesting that they may not be causally
related.24 It is therefore essential that measurements of
function are performed in parallel with biochemical
determinations.

In the study by Arm et al of patients with mild
asthma, clinical responses, including airways respon-
siveness to histamine and exercise, as well as subjective
measures, were determined in parallel with neutrophil
function (chemotaxis), neutrophil phospholipid fatty
acid composition, and LTB4 and LTB5 generation ex
vivo. Maxepa caused a greater than 10 fold increase in
eicosapentaenoic acid content ofneutrophils and 50%
inhibition of total LTB synthesis. Neutrophil
chemotaxis in response to formyl-methionyl-leucyl-
phenylalanine and LTB4 were significantly suppressed
but there was no detectable change in clinical state. In
the interesting pilot study on patients with aspirin
sensitive asthma by Picado et al, Maxepa plus sardine
meal had a significant effect on serum fatty acid
content and caused a moderate worsening of clinical
state. There was no significant change in symptom
score but a reduction of roughly 15% in peak
expiratory flow rate and a 70% increase in bron-
chodilator usage. The overall conclusion appears to be
that fish oil supplementation has little effect in most
patients with mild asthma but may worsen airways
obstruction in aspirin sensitive individuals. Fish oil
thus behaves in a similar manner to cyclo-oxygenase
inhibitors in regard to airways function in asthmatic
subjects. This is consistent with evidence that Maxepa
has a modest anti-inflammatory effect in patients with
rheumatoid arthritis34 and argues against a uniquely
important role for LTB4 or the chemotactic respon-
siveness of neutrophils (at least as assessed in vitro) in
the pathogenesis of mild asthma. The findings do not
bear on the possible role of the peptidoleukotrienes in
asthma, as the 4- and 5-series peptidoleukotrienes

have similar potency in their effect on airways smooth
muscle, at least in the guinea pig.23 The question of
whether fish oil supplements may influence arterial
occlusive disease and other inflammatory conditions
remains to be answered.

J M RITTER
G W TAYLOR

Department of Clinical Pharmacology
Royal Postgraduate Medical School

London W12 OHS

References

I Dyerberg J, Bang HO, Stoffersen E, Moncada S, Vane
JR. Eicosapentaenoic acid and prevention of throm-
bosis and atherosclerosis? Lancet 1978;ii: 117-9.

2 Kromhout D, Boschettier EB, de Lezene-Coulander C.
The inverse relation between fish consumption and 20
year mortality from coronary heart disease. N Engl J
Med 1985;312:1205-9.

3 Kremer JM, Bigaoucette J, Michalek AV, et al. Effects of
manipulation of dietary fatty acids on clinical manifes-
tations of rheumatoid arthritis. Lancet 1985;i: 184-7.

4 KremerJM, Jubiz W, Michalek A, et al. Fish oil fatty acid
supplementation in active rheumatoid arthritis. Ann
Intern Med 1987;106:497-503.

5 Kronmann N, Green A. Epidemiological studies in the
Upernavik district of Greenland. Incidence of some
chronic diseases 1950-74. Acta Med Scand
1980;208:401-6.

6 French JM. "MaxEPA" in multiple sclerosis. Br J Clin
Pract 1984;38(suppl 31): 117-21.

7 Lewis RA, Austen KF. The biologically active leuk-
otrienes. J Clin Invest 1984;73:889-97.

8 Fisher S, Weber PC. Thromboxane A3 (TXA3) is formed
in human platelets after dietary eicosapentaenoic acid
(C20: 5, w3). Biochem Biophys Res Commun
1983;116:1091-9.

9 Fisher S, Weber PC. Prostaglandin 13 is formed in vivo in
man after dietary eicosapentaenoic acid. Nature
1984;307: 165-8.

10 Lee TH, Arm JP. Prospects for modifying the allergic
response by fish oil diets. Clin Allergy 1986;16:89-100.

11 Crawford MA. Background to essential fatty acids and
their prostanoid derivatives. Br Med Bull 1983;39:210-
3.

12 Willis AL. Nutritional and pharmacological factors in
eicosanoid biology. Nutrition Review 198 1;39:289-301.

13 Irvine RF. How is the level of free arachidonic acid
controlled in mammalian cells? Biochem J 1982;204:3-
16.

14 Sinclair HM. Essential fatty acids and their relation to
pyridoxine. Biochem Soc Symp 1952;9:80-99.

15 Sinclair HM. Advantages and disadvantages of an Esk-
imo diet. In: Fumagalli R, Kritchevski D, Paoletti R,
eds. Drugs affecting lipid metabolism. Amsterdam:
Elsevier/North Holland, 1980:363-70.

16 Thorngren M, Gustafson A. Effects of 11-week increase
in dietary eicosapentaenoic acid on bleeding time,
lipids and platelet aggregation. Lancet 1981;ii: 1190-3.

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.43.2.81 on 1 F

ebruary 1988. D
ow

nloaded from
 

http://thorax.bmj.com/


17 Needleman P, Raz A, Minkes MS, Ferrendelli JA,
Sprecher H. Triene prostaglandins: prostaglandin and
thromboxane biosynthesis and unique biological
properties. Proc Natl Acad Sci USA 1979;76:944-8.

18 Corey EJ, Shih C, Cashman JR. Docosahexaenoic acid is
a strong inhibitor of prostaglandin but not leukotriene
biosynthesis. Proc Natl Acad Sci USA 1983;80:3581-4.

19 Murphy RC, Pickett WC, Culp BD, Lands WEM.
Tetraene and pentaene leukotrienes: selective produc-
tion from murine mastocytoma cells after dietary
manipulation. Prostaglandins 1981;22:613-22.

20 Goldman DW, Pickett WC, Goetzl EG. Human neutro-
phil chemotactic and degranulating activities of leuk-
otriene B, (LTB,) derived from eicosapentaenoic acid.
Biochem Biophys Res Commun 1983;117:282-8.

83
21 Lee TH, Mencia-Huerta JM, Shih C, Corey EJ, Lewis

RA, Austen KF. Characterisation and biological
properties of 5, 12-dihydroxy derivatives of eicosapen-
taenoic acid including leukotriene RB and the double
lipoxygenase product. J Biol Chem 1984;259:2383-9.

22 Terano T, Salmon JA, Moncada S. Biosynthesis and
biological activity of leukotriene B,. Prostaglandins
1984;27:217-32.

23 Dahlen SE, Hedqvist P, Hammarstrom S. Contractile
activities of several cysteine-containing leukotrienes in
the guinea-pig lung strip. Eur J Pharmacol
1982;86:207-15.

24 Thorngren M, Shafi S, Born GVR. Delay in primary
haemostasis produced by a fish diet without change in
local thromboxane A2. Br J Haematol 1984;58:567-78.

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.43.2.81 on 1 F

ebruary 1988. D
ow

nloaded from
 

http://thorax.bmj.com/

