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Essential fatty acid metabolism 

The essential fatty acids (EFA) have unique roles as precur- 
sor molecules of chemical regulators of inflammatory and 
immune cell function (Belch, 1989). These are the 
leukotrienes (LT) and the prostaglandins (PG). These com- 
pounds are synthesized and released by almost every tissue 
in the body, and participate in many biological functions, 
including the inflammatory and immune processes. Most 
work has focused on arachidonic acid, the precursor of the 
2-series PG and the 4-series LT. Altering the EFA content in 
the diet or administering different EFA as supplements can 
modify the production of the various PG and LT by altering 
the substrate EFA. For example, the ingestion of a diet rich in 
borage (Borago ogicinalis) oil (Starflower Oil) or evening 
primrose (Oenothera biennis) oil (EPO) will elevate levels of 
dihomo-y-linolenic acid, which will result in an increase in 
the 1-series PG, e.g. PGEl (Manku et al. 1986). In common 
with all PG, PGEl is able to induce the cardinal signs of 
inflammation, i.e. redness, oedema, pain, heat and loss of 
function. In contrast, however, the action of PGEl on the 
inflammatory cells, the polymorphonuclear leucocytes, is 
mostly inhibitory (Weissmann et al. 1980). PGEl increases 
intracellular cAMP and it is this increase in poly- 
morphonuclear cell cAMP which decreases the release of 
lysosomal enzymes, decreases polymorphonuclear cell 
chemotaxis and the margination and adherence of leucocytes 
in the blood vessels. Similarly, the effect of PGEl on the 
lymphocyte is thought to be inhibitory (Rogers, 1985). Exo- 
genous addition of PGEl inhibits both in vitro function of 
lymphocytes and in vivo responses mediated by lympho- 
cytes. It has been suggested that PGEl has a negative 
feedback role in chronic inflammation, initially aiding devel- 
opment of the cardinal signs of inflammation followed by a 
later suppressant effect, and this anti-inflammatory effect 
might be useful in a disease characterized by inflammation, 
such as rheumatoid arthritis (RA; Fig. 1). 

A further benefit of a diet rich in compounds containing 
y-linolenic acid (GLA; which will be metabolized to 
dihomo-y-linolenic acid) is the inhibitory effect on LT 
synthesis. Dihomo-y-linolenic acid cannot itself be con- 
verted to LT, but can form a 15-hydroxyl derivative that 
blocks transformation of arachidonic acid to LT (Voorlees, 
1983). Additionally, there may be formation of a 
13-hydroxyoctadecadienoic acid product which may also 

have anti-inflammatory effects. Thus, increasing GLA intake 
will allow its metabolism to dihomo-y-linolenic acid, when 
it will act as a competitive inhibitor of the 2-series PG and 
4-series LT and thus potentially suppress inflammation 
(Jantti et al. 1989; Oxholm e? al. 1992). 

In the same way it is postulated that eicosapentaenoic acid 
(EPA) is metabolized to the less-potent (in terms of inflam- 
mation) PG of the 3-series and 5-series LT (Prescott e? al. 
1985). Fish oil contains EPA and docosahexaenoic acid, both 
of which have been shown to modulate immune function. 
Studies of normal volunteers ingesting high concentrations 
of EPA confirm a shift of neutrophil production away from 
LTB4 towards LTB5 (Prescott et al. 1985). EPA also inhibits 
the polymorphonuclear cell chemotaxis. 

Neutrophil adhesion 

The leucocyte flows in the central area of the bloodstream. 
On activation, it marginates to the side of the blood vessel 
(Fig. 2). It then rolls along the blood vessel until it is immobi- 
lized. After immobilization, it passes through the endothe- 
lium into the tissues where it can mediate the inflammatory 
response. The ability of the polymorphonuclear cells to roll 
on and adhere to the endothelium is mediated by various 
cell-adhesion molecules. In a preliminary pilot study (Maple 
et al. 1998), we evaluated the effect of GLA on leucocyte 

Fig. 1. Swelling in rheumatoid joints. 
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Fig. 2. The leucocyte before and after stimulation by N-formyl- 
rnethionyl-leucyl-phenylalanine, showing adhesion to the endothe- 
lium following activation. 

aggregation in whole blood in response to N-formyl- 
methionyl-leucyl-phenylalanine and found that leucocyte 
aggregation was reduced by the 12-week GLA treatment 
period. A larger study is underway to investigate the effect on 
cell adhesion molecules. 

Membrane effects 

Although the metabolism of various EFA to PG and LT is 
important, it is necessary to remember that EFA are key fea- 
tures,per se, in cell membrane structure, and alteration of the 
EFA profile may also modify inflammatory-cell behaviour 
through membrane effects. For example, cell membrane 
flexibility is dependent on fatty acid content and an increase 
in the amount of saturated fatty acids within the macrophage 
membrane will reduce its endocytic activity (Mead & 
Mertin, 1978). 

Role in fibrosis (scarring) 

Another potential mechanism whereby n-6 and n-3 fatty 
acids mediate their beneficial effect is through the 
fibrinolytic process. Fibrin is deposited in excess in the rheu- 
matoid joint, and an inhibition of the fibrinolytic process has 
been shown in these patients (McLaren et al. 1990). In a 

group of subjects with Raynaud’s phenomenon secondary to 
rheumatological conditions, we have shown that a 1Zweek 
course of supplementation of GLA will enhance fibrinolysis 
through an increase in tissue plasminogen activator, resulting 
in increased fibrin degradation products occurring in the 
blood. 

In summary, manipulation of the parent EFA can modify 
inflammation in a number of ways. These include altering the 
production of eicosanoids, membrane effects and their role in 
fibrosis (scarring). Furthermore, it is important to appreciate 
that each type of EFA can interfere with the metabolism of 
the other. An excess of n-6 EFA will reduce the metabolism 
of a-linolenic acid, possibly leading to a deficit of its metab- 
olites, including EPA. Similarly, diets rich in n-3 EFA are 
very effective in inhibiting n-6 EFA metabolism (Horrobin, 
1991). 

Rheumatological conditions and essential 
fatty acid treatment 

Most studies involving EFA supplementation have taken 
place in patients with RA (Belch, 1988), but two conditions 
associated with RA have also been studied. These include 
Sjogren’s syndrome and Raynaud’s phenomenon. Addition- 
ally, another arthritic disorder, psoriatic arthritis, has also 
been evaluated. All these conditions will be reviewed. 

Sjogren ’s syndrome 

Sjogren’s syndrome is a common autoimmune, chronic 
inflammatory disorder which is often associated with RA 
(Tziousas & Moutsopoulos, 1995). GLA has been reported to 
be reduced in patients with Sjogren’s syndrome (Horrobin, 
1984) and replacement via treatment with Efamol (Scotia 
Pharmaceuticals Ltd., Stirling, Scotland) has been attempted. 
In the first study (Manthorpe et al. 1984), thirty-six patients 
were evaluated in a randomized, double-blind, cross-over 
trial. Unfortunately, only a 1-week washout phase was 
employed, a design that we now know to be inappropriate 
when evaluating EFA therapy. Nevertheless, the dose was 
three capsules of Efamol(500 mg capsules containing 90 mg 
GLA/g) daily and three tablets of Efavit (containing vitamin 
C, pyridoxine, niacin and Zn) twice daily or a placebo. 
Assessment was by the Schirmer tear test (Hughes, 1994), 
which is a measurement of tear fluid production, and its 
improvement represents enhanced tear formation. The 
Schirmer tear test showed an improvement during treatment 
with EFA. The second study evaluated twenty-eight patients 
(Oxholm et al. 1986). On this occasion treatment of Efamol 
was given for 8 weeks at a dose of six capsules daily. The 
ocular score (Hughes, 1994), which included evaluation of 
the Schirmer tear test, improved during Efamol treatment 
when compared with the pre-trial values, but not when com- 
pared with the placebo group. It is interesting to ask why this 
work has not been taken further. Carried out in the 1980s 
there has been plenty of time for larger conclusive studies to 
have been completed and it is disappointing that this is not 
the case. In the light of current knowledge, a longer treatment 
period (2 6 months) should be evaluated. However, on the 
basis of the current evidence, it is not possible to recommend 
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this treatment to patients with Sjogren’s syndrome until 
further data become available. 

Raynaud’s phenomenon 

Raynaud’ s phenomenon is characterized by digital vaso- 
spasm producing the classical triphasic colour change of 
blanching due to vascular spasm, cyanosis due to deoxy- 
genation of static venous blood, and rubor reflecting the 
reactive hyperaemia of return of flow (Belch, 1995). In a 
disease characterized by vascular spasm, production of vaso- 
dilatory PG through manipulation of EFA is an attractive 
hypothesis. Additionally, there is enhanced platelet aggrega- 
tion (Belch, 1988), decreased erythrocyte deformability 
(Belch et al. 1985), increased leucocyte aggregation and 
release (Lau et al. 1992), and diminished fibrinolysis in these 
patients (Lau et al. 1993~).  All these processes might be 
expected to be ameliorated by supplementation with GLA or 
EPA-docosahexaenoic acid. 

We have studied the effect of twelve capsules of EPO 
daily on the manifestations of Raynaud’s phenomenon 
(Belch et al. 1996). The dose of twelve capsules daily pro- 
vided a total dose of 540 mg GLA. Twenty-one patients 
received a 2-week course of run-in placebo medication (liq- 
uid paraffin), and thereafter eleven received EPO for 8 weeks 
and ten patients received a placebo. As the weather worsened 
from autumn to winter, the placebo group experienced sig- 
nificantly more attacks than the EPO group, and these attacks 
were of much longer duration (Fig. 3 ) .  Visual analogue 
scales assessing the severity of attacks and coldness of the 

t 

hands improved in the EPO group. Blood tests showed some 
anti-platelet effect of the drug as expected. Similar findings 
have been described in a study of fish oil supplementation in 
Raynaud’s phenomenon (Di Giacomo et al. 1989). Disap- 
pointingly however, no further work in this area has been 
published. Although these studies were of a standard type 
used to assess Raynaud’s phenomenon in the 1980s, current 
requirements would necessitate larger numbers of subjects to 
be studied over a longer period of time. Once again these 
studies have not been forthcoming, and thus one cannot 
conclusively recommend this treatment for patients with 
Raynaud’s phenomenon. 

Arthritis associated with psoriasis 

Interest in patients with psoriatic arthritis and treatment with 
GLA developed following studies of the psoriatic skin 
disease where some benefit was shown (Ziboh et al. 1986). 
Additionally, there has been a study published evaluating 
n-3 treatments of psoriatic skin disease and these appeared 
to have produced benefits (Veale et al. 1994). Disappoint- 
ingly, in a study of thirty-two patients evaluated in a 
double-blind, placebo-controlled trial (Veale et al. 1994), 
no obvious benefits from GLA supplementation could be 
seen, in particular the articular index (clinical measurement 
of inflammation based on joint swelling and tenderness) 
remained the same in both placebo and treatment groups, 
as did non- steroidal anti-inflammatory drug consumption. 
It may be, however, that the dosage of twelve capsules 
daily was not sufficient to produce benefit, as more 

PRE 2 4 6 8 

Period of treatment (weeks) 
Fig. 3. Frequency of Raynaud‘s vasospastic attacks in evening primrose (Oenothera biennis) oil-treated (0) and control (m) groups. Treatment 
followed a 2-week course of ’run-in’ placebo medication (liquid paraffin). Values are means for 2 weeks and standard deviations represent by verti- 
cal bars. Mean values were significantly different from those for controls (Mann Whitney): * P i  0.03. (From Belch eta/. 19856.) 
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profound effects in RA are seen at the higher dose (Zurier 
et al. 1996). 

Rheumatoid arthritis 

For the reasons outlined previously, it might be expected that 
n-6 or n-3 supplementation or a combination might be useful 
in this group of patients. The literature, however, is difficult 
to review because of the tendency for inappropriate study 
design to be selected for evaluating EFA treatment in RA. 
This is not necessarily the fault of the investigator(s) con- 
cerned, but merely reflects the state of the art as it was when 
these studies were carried out. 
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n-6 Essential fatty acids and rheumatoid arthritis 

In one of the first studies (Brown et al. 1980), EPO was eval- 
uated in nineteen patients with RA. The dose selected was 
700 mg oil containing 700 mg linoleic acid and 70 mg 
GLA/kg daily. We now know that this dose is unlikely to pro- 
duce benefit, and indeed this study was negative. In another 
study by Hansen et al. (1983), there was a trend towards 
improvement in the EPO group, despite a lower dosage regi- 
men being utilized. In both these studies, the time period 
evaluated was only 3 months, and it is likely that a minimum 
of 4-6 months is required for therapeutic benefit to become 
apparent. A further problem in the RA studies is the selection 
of an active placebo. One study (Brzeski et al. 1991) evalu- 
ated forty RA patients by giving a 6-month treatment of 
either EPO or placebo. Disappointingly, however, the 
placebo selected was olive oil, which may also have 
anti-inflammatory effects. Unsurprisingly, therefore, there 
were significant results in both groups. The EPO group 
showed an improvement in morning stiffness and a trend 
towards decreased articular index. In the placebo (olive oil) 
group, there was a significant reduction in articular index and 
a trend towards reduced morning stiffness. Furthermore, 
between 40 and 50 % of the patients studied were receiving 
second-line therapy for their RA. The mechanism of action 
of a number of second-line agents may be mediated partially 
through PG and LT production, and it is thus inappropriate to 
evaluate these patients when only a modest dose of GLA 
supplementation is given (540 mg GLA/d). In our own study 
(Belch et al. 1988), we treated the patients for 12 months 
(with a 3-month placebo wash-out phase) and used liquid 
paraffin as the placebo. We excluded patients requiring 
second-line therapy. We were able to show a decreased 
requirement for non-steroidal anti-inflammatory drug 
therapy which was statistically significant in subjects 
being given twelve capsules of EPO (540 mg GLA), or an 
EPO-fish oil mix (450mg GLA, 240mg EPA) daily 
compared with the placebo group (Fig. 4). The placebo, 
liquid paraffin, allowed us to attenuate what is normally 
a considerable placebo effect in this group of subjects. 
Unfortunately, with higher doses of EFA currently being 
studied (Zurier et al. 1996), liquid paraffin as a placebo is 
not appropriate due to effects such as diarrhoea. The problem 
of an active placebo is a very real one. In our study of 
the effects of fish oil in patients with RA (Lau et al. 1993b), 
our placebo was air-filled capsules. At the end of the study 
we contacted all patients by letter and only one of the thirty 

Start 3 6 9 12 

Period of treatment (months) 

3 6 9 12 

Period of treatment (months) 
Fig. 4. Change in non-steroidal anti-inflammatory drug require- 
ments ((I), full dose; (m), reduced dose) in placebo (a), evening 
primrose (Oenofhera biennis) oil (EPO; a) and EPO - fish oil (b) 
groups over 12 months. Subjects received twelve capsules of EPO 
(540 mg y-linolenic acid) or an EPO -fish oil mix (450 mg y-linolenic 
acid, 240 mg eicosapentaenoic acid). The placebo was liquid paraf- 
fin. (From Belch eta/. 1988.) 

placebo subjects had realised they were taking empty 
capsules. Hence, a placebo like this one might be a more 
appropriate choice for future studies, although it must be 
remembered that it will not provide any energy, unlike the 
active treatment. Other alternatives might include the 
recently-registered non-absorbable fat, but again this would 
not have the same energy value as the active treatment. 
Encapsulation of the saturated fat content from a standard 
national diet may be used. The problem with this latter selec- 
tion would be an increase in saturated fat intake which might 
be unethical (Endres et al. 1995). 

A recent study has evaluated a higher dose of GLA (2.8 g 
GLA as the free fatty acidd) against a sunflower-seed-oil 
placebo (Zurier et al. 1996). This treatment resulted in a sta- 
tistically significant reduction in the signs and symptoms of 
RA disease activity. Fifty-six patients received the 6-month 
course of either GLA or placebo, followed by a single-blind 
study of 6 months where all patients received GLA. During 
the second 6 months, both groups exhibited improvement in 
disease activity. The GLA doses used in this study were well 
tolerated. Further controlled studies of this dosage in RA are 
warranted. 
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n-3 Essential fatty acids and rheumatoid arthritis 

Early studies of EPA treatment in patients with RA show 
clinical improvement in the EPA-treated groups. In one 
study (Kremer et al. 1985) the decrease in joint tenderness 
was correlated with the decrease in PMN cell LTB4 produc- 
tion. Another study (Margaro et al. 1988) also showed a sub- 
jective alleviation of the symptoms of RA and reduction of 
neutrophil chemiluminescence after EPA supplementation. 
A further study (Geusens et al. 1994) confirmed that daily 
supplementation with 2.6 g n-3 EFA produced a significant 
clinical benefit, and this group also found a reduction in the 
requirement for concomitant anti-rheumatic medication. In 
our own studies, as mentioned previously (Belch et al. 1988), 
the mixture of EPO and EPA was also effective in decreasing 
non-steroidal anti-inflammatory drug usage over the 
12-month study period (Fig. 5) .  At the time, we were uncer- 
tain whether the benefits obtained were due to the n-6 EFA 
within the treatment or to the fish oil. A placebo-controlled 
study investigating the effects of EPA-docosahexaenoic acid 
(Maxepa; Seven Seas Ltd., Kingston upon Hull, 
Humberside) therapy on non-steroidal anti- inflammatory 
drug usage in RA was carried out (Lau et al. 1993b). This 
study supports an effect independent of n-6 EFA, with the 
patients on active treatment decreasing their daily dose of 
non-steroidal anti-inflammatory drugs. 

Issues for the future 

In reviews of EFA treatment for RA, it has been noted that 
the clinical benefits appear modest. This has led to the sug- 
gestion that EFA modification may not be a treatment worth 
following in RA and other rheumatological conditions. It 
must be appreciated, however, that when these studies were 
conceived and carried out, the sophisticated signalling and 
immunological data presented earlier in this symposium 
were not available to the study design. Whilst it was known 
that earlier dosage schedules were probably too low (Brown 
et al. 1980; Hansen et al. 1983), it was only later that 
treatment programmes extended past 3 months. We now 
know that peak clinical effects seem to occur between 6 and 
9 months following the start of supplementation. Similarly, 
cross-over design is not appropriate due to the persistence of 
clinical effects and cell membrane fatty acids 3-4 months 
following treatment cessation (Fig. 6). A further study 
(Kremer et al. 1985) showed clear benefits in a new number 
of measures of disease activity before and after the first EFA 
treatment phase, but not between groups because of the 
cross-over design of their study. 

Furthermore, in the 1980s the incomplete understanding 
of the mechanisms led some workers to select an ‘active’ 
control (Brzeski et al. 1991). Olive oil rich in oleic acid is 
now known to have potent effects as an immune modulator, 
but this was often selected as a study’s placebo and led to 
difficulty in publishing the study results (G Darlington, 
personal communication). 

With the ability to formulate EFA treatments of increased 
strength combined with the improvement of clinical trial 
design, the future study of these diseases should prove 
interesting. 
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Fig. 5. Change in non-steroidal anti-inflammatory drug (NSAID) 
requirements in placebo (m) and Maxepa (eicosapentaenoic 
acid-docosahexaenoic acid; Seven Seas Ltd., Kingston-upon-Hull, 
Humberside; o) groups over 15 months (last 3 months both received 
placebo). Values are means and 95 YO CI represented by vertical 
bars. Mean values were significantly different from those before treat- 
ment (ANOVA): *** Pi 0.001. (From Lau eta/. 1993b.) 
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Fig. 6. Docosahexaenoic acid levels in erythrocyte membranes 
of patients receiving Maxepa (eicosapentaenoic acid-docosa- 
hexaenoic acid; Seven Seas Ltd., Kingston-upon-Hull, Humberside; 
0) or placebo capsules (m) over 15 months (last 3 months both 
received placebo). Persistent levels after 3 months of placebo were 
observed in the active (Maxepa) group. Values are means and 95 YO 
CI represented by vertical bars. Mean values were significantly 
different from those before treatment (ANOVA): *** P < 0.001. (From 
Lau eta/. 1993b.) 

Period of treatment (months) 

Conclusion 
Dietary manipulation of EFA or supplementation with 
therapeutic doses may be effective as a treatment for 
rheumatological diseases (Hauben, 1993; Joe & Hart, 1993). 
The assessment of their effects is, however, poorly studied to 
date, with inconclusive results, particularly in the field of 
Raynaud’ s phenomenon and Sjogren’s syndrome. More 
convincing evidence exists in support of EFA usage in RA. 
A recently published study (Zurier et al. 1996) where a 
higher dose of GLA was evaluated is particularly interesting. 
The possibility that in the near future a new family of EFA 
anti-rheumatic drugs will be available is certainly not 
imaginary. However, this is entirely dependent on comple- 
tion of well-designed clinical studies which are double-blind, 
contain parallel groups, have adequate power, and do not use 
an active placebo. 
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