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Evening primrose oil and borage oil in rheumatologic conditions’-3

Jill JF Belch and Alexander Hill

ABSTRACT Diets rich in arachidonic acid (20:4n—6) lead to
the formation of 2-series prostaglandins (PGs) and 4-series
leukotrienes (LTs), with proinflammatory effects. Nonsteroidal anti-
inflammatory drugs are used in rheumatoid arthritis to inhibit
cyclooxygenase (prostaglandin-endoperoxide synthase), thereby
decreasing production of 2-series PGs. Lipoxygenase activity
remains intact, however, allowing LT production (eg, synthesis of
LTB,, a potent inflanmatory mediator) to continue. Altering the
essential fatty acid (EFA) content of the diet can modify some of
these effects. Ingestion of a diet rich in evening primrose oil
elevates concentrations of dihomo-v-linolenic acid (DGLA;
20:3n—6), which results in the production of 1-series PGs, eg,
PGE,. DGLA itself cannot be converted to LTs but can form a 15-
hydroxyl derivative that blocks the transformation of arachidonic
acid to LTs. Increasing DGLA intake may allow DGLA to act asa
competitive inhibitor of 2-series PGs and 4-series LTs and thus
suppress inflammation. The results of in vitro and animal work
evaluating EFAsin inflammatory situations are encouraging, which
has stimulated clinical workers to evaluate these compounds in
rheumatoid arthritis. Severa well-controlled, randomized clinical
studies have now been completed in which various EFAs were
evaluated as treatments. The results of most of these studies sug-
gest some clinical benefit to these treatments; these data are
reviewed here. Am J Clin Nutr 2000;71(suppl):3525-6S.
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INTRODUCTION

Eicosanoid for mation

The essential fatty acids (EFAS) have unique roles as precur-
sor molecules of chemical regulators of inflammatory cell func-
tion (1). These regulators are the prostaglandins (PGs) and the
leukotrienes (LTs), compounds synthesized and released by
almost every tissue in the body and that participate in many bio-
logical functions, including the inflammatory and immune
processes. The derivation of PGs and LTs from their percursor
EFAs is illustrated in Figure 1. Dihomo-v-linolenic acid
(DGLA; 20:3n—6) leads to the formation of the 1-series PGs,
arachidonic acid (20:4n—6) leads to the 2-series PGs, and eicos-
apentaenoic acid (20:5n—3) leads to the 3-series PGs. Most
research centers on arachidonic acid, the precursor of the 2-series
PGs and the 4-series LTs.

Altering the EFA content of the diet or administering different
EFAs as supplements can modify the production of the various
PGs and LTs. By altering the substrate EFA, for example, the
ingestion of adiet rich in evening primrose oil (EPO) or borage
oil (starflower oil) elevates DGLA concentrations, resulting in
an increase in the 1-series PGs, eg PGE, (2). In common with all
PGs, PGE; can induce the cardinal signs of inflammation: red-
ness, edema, pain, heat, and loss of function. In contrast, how-
ever, the action of PGE, on the inflammatory cells, ie, the poly-
morphonuclear leukocytes, is mostly inhibitory (3). PGE,
increases intracellular cyclic AMP (cCAMP) and it isthisincrease
in polymorphonuclear leukocyte CAMP that reduces the release
of lysosomal enzymes, reduces polymorphonuclear leukocyte
chemotaxis, and reduces the margination and adherence of
leukocytes in the blood vessels. Similarly, the effect of PGE;son
lymphocytes is thought to be inhibitory (4). Exogenous addition
of PGE, inhibits both in vitro function of lymphocytes and in
vivo responses mediated by lymphocytes. It has been suggested
that PGE, has a negative feedback role in chronic inflammation,
initially aiding in the development of the cardina signs of
inflammation but later suppressing inflammation, and that this
antiinflammatory effect might be useful in a disease character-
ized by inflammation such as rheumatoid arthritis.

A further benefit of a diet rich in compounds containing
v-linolenic acid (GLA; 18:3n—6), which is be metabolized to
DGLA, is the inhibitory effect of GLA on LT synthesis. LTB, is
one of the major metabolic products of arachidonic acid metabo-
lism and activates the leukocytes responsible for chemokinesis,
chemotaxis, adherence, and granulation. Additionally, LTB,
enhances the presentation of C,, receptors. DGLA itself cannot be
converted to LTs but can form a 15-hydroxyl derivative that blocks
the transformation of arachidonic acid to LTs (5). Additionally, a
13(9-hydroxy-9(2),11(E)-octadecadienoic acid product may be
formed that may also have antiinflammatory effects. Thus,
increased intake of GLA may suppress inflammation through the
metabolism of GLA to DGLA and thus competitive inhibition of
the 2-series PGs and 4-series LTs. Much in vitro animal and human
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FIGURE 1. Metabolism of essentia fatty acids to leukotrienes (LTs), prostaglandins (PGs), and thromboxanes (TXs). The precursor fatty acids are
from the diet, are formed from dietary fatty acids by successive fatty acid desaturase and fatty acid elongase enzymes, or are released from tissue phos-
pholipids by phospholipase A,. For simplicity, only the PG metabolites of the 2-series are shown; conversions are similar for the other series. Substrates
from each series compete for the same enzyme systems, which are numbered in the figure as follows: 1) leukotriene-A, hydrolase, 2) glutathione trans-
ferase, 3) v -glutamyltransferase, 4) Cys-Gly dipeptidase, 5 and 6) thromboxane-A synthase, 7) prostaglandin-lI synthase, 8) prostaglandin-F synthase,
9) prostaglandin-E synthase, and 10) prostaglandin-D synthase. Cyclooxygenase, prostaglandin-endoperoxide synthase; HHT, 12-hydroxy-5,8,10-
hepatadecatrienoic acid; 5-HPEPE, 5-hydroperoxy-6,8,11,14,17-pentaenoic acid; 5-HPETE, 5-hydroperoxy-6,8,11,14-teraenoic acid; 5-lipoxygenase,
arachidonate 5-lipoxygenase; 15-lipoxygenase; arachidonate 15-lipoxygenase; MDA, malondialdehyde; 15-OH DGLA, 15-hydroxydihomo-vy-linolenic

acid.

work suggests that such a modification of PG and LT production
does occur (2, 6, 7), as reviewed elsawhere in this supplement (8).

Membrane effects

Although the metabolism of various EFAs to PGs and LTs is
important, one must remember that EFAs are key components of
cell membranes and that altering the EFA profile may also modify
inflammatory-cell behavior through membrane effects. For exam-
ple, 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 (9).

Cell adhesion molecules

Leukocytes flow in the central area of the bloodstream. When
activated, they migrate to the side of the blood vessel and then roll
along the blood vessel until immobilized. After they are immobi-
lized, the leukocytes pass through the endothelium into the tissue,
where they can mediate the inflammatory response. The ability of
polymorphonuclear leukocytes to roll on and adhere to the endothe-

lium is mediated by various cell adhesion molecules. One of these
cell adhesion molecules, E-selectin, is presented only on endothe-
lial tissue. After the leukocyte migratesinto the tissue, E-selectinis
no longer required and is shed into the circulation. Interleukin 8 is
responsible for leukocyte activation; thus, inhibition of its forma-
tion by GLA supplementation would also be expected to reduce
polymorphonuclear leukocyte function. In a preliminary pilot
study, we evaluated the effect of GLA on leukocyte aggregation in
whole blood in response to N-formyl-methionyl, leucinyl, and
phenylalanyl tripeptide and found that leukocyte aggregation was
reduced after the 12-wk GLA treatment period (Figure 2, Table 1).
A larger study is underway to investigate the effect of GLA sup-
plementation on cell adhesion molecules.

Endothelial effects

Another potential mechanism whereby GLA and DGLA
mediate their beneficial effects is through the fibrinolytic
process. Fibrin is deposited in excess in rheumatoid joints and
we have shown that the fibrinolytic process is inhibited in these
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FIGURE 2. Improvement (Student’s paired t test) in leukocyte aggre-
gation in response to 0.1 mol N-formlylmethionyl, leucinyl, and phenyl-
alanyl tripeptide/L before and after 12 wk of supplementation with
dihomo-y-linolenic acid in 9 healthy adults.

rheumatoid arthritis patients. In a group of subjects with Ray-
naud phenomenon secondary to rheumatologic conditions, we
showed that a 12-wk course of supplementation with GLA
enhanced fibrinolysis through an increase in tissue-type plas-
minogen activator, resulting in an increased amount of fibrin
degradation products in the blood (Table 1).

In summary, manipulation of the parent EFA can modify
inflammation in several ways. These include altered produc-
tion of eicosanoids, effects on membranes, and effects on
fibrosis and scarring.

Rheumatologic conditions in which EFA treatment has been
evaluated

Kremer (14) reviewed the use of n—3 fatty acids in rheuma-
toid arthritis; thus, this article deals only with the effects of
n—6 and combined n—6 and n—3 fatty acid supplementation. It
is important to appreciate that each type of EFA can interfere
with the metabolism of the other. An excess of n—6 EFAs will
reduce the metabolism of «-linolenic acid, possibly leading to
a deficit of its metabolites, including eicosapentaenoic acid.
Similarly, dietsrich in n—3 EFAs effectively inhibit the metab-
olism of n—6 EFAs (15).

Most studies of GLA supplementation have been performed in
subjects with rheumatoid arthritis (16), but 2 conditions associ-
ated with rheumatoid arthritis have also been studied: Raynaud
phenomenon and Sjdgren syndrome. Additionally, another
arthritic disorder, psoriatic arthritis, has also been evaluated. All
these will be reviewed; our own experience with GLA supple-
mentation is shown in Table 1.

Raynaud phenomenon

Raynaud phenomenon is characterized by digital vasospasm,
which produces the classic triphasic color change of blanching

(due to vascular spasm), cyanosis (due to deoxygenation of static
venous blood), and rubor (reflecting the reactive hyperaemia of
return of flow) (17). In adisease characterized by vascular spasms,
enhancing the production of vasodilatory PGs by manipulating
EFAs is an attractive possibility. Raynaud phenomenon is also
associated with enhanced platelet aggregation (18), decreased red
blood cell deformability, increased leukocyte aggregation and
release (19), and diminished fibrinolysis (20), al of which might
be expected to be ameliorated by supplementation with GLA.

We studied the effect of 12 capsules of EPO daily on the man-
ifestations of Raynaud phenomenon (11). This dosage provided a
total of 540 mg GLA. Twenty-one patients received a 2-wk
course of run-in placebo medication (liquid paraffin); thereafter,
11 received EPO for 8 wk while 10 patients received placebo. As
the weather worsened from autumn to winter, the placebo group
experienced significantly more vasospastic attacks than did the
EPO group and these attacks lasted much longer (Table 1). Visual
analogue scales assessing the severity of attacks and coldness of
the hands improved in the EPO group compared with the placebo
group. Blood tests showed some antiplatelet effect of the drug, as
expected. Interestingly, similar findings were described by Ralph
et a (21) in a study of fish-0il supplementation of subjects with
Raynaud phenomenon. Disappointingly, however, no further stud-
ies in this area have been published. Although these studies were
of a standard type used to assess Raynaud phenomenon in the
1980s, current requirements would necessitate that larger numbers
of subjects be studied over a longer period of time. Such studies
have not been forthcoming; thus, we cannot conclusively recom-
mend EPO treatment for patients with Raynaud phenomenon.

Sjégren syndrome

Sjogren syndrome is a common autoimmune, chronic inflamma-
tory disorder that is often associated with rheumatoid arthritis (22).
GLA concentrations have been noted to be reduced in patients with
Sjogren syndrome (23) and replacement via treatment with Efamol
(Scotia Pharmaceuticals Ltd, Stirling, United Kingdom) has been
attempted. In thefirst such study (24), 36 patients were evaluated in
arandomized, double-blind, crossover fashion. Unfortunately, only
a 1-wk washout phase was used, a design we now know to be inap-
propriate when evaluating EFA therapy. Nevertheless, the dosage
of 3 capsules Efamol/d (500-mg capsules containing 73% linoleic
acid and 9% GLA) and 3 tablets of Efavit (containing 125 mg vita-
min C, 25 mg pyridoxine, 25 mg niacin, and 5 mg zinc sulfate; Sco-
tia Pharmaceuticals Ltd) twice daily improved results on the
Schirmer tear test over the treatment period compared with
placebo. (The Schirmer tear test is ameasurement of tear fluid pro-
duction in which enhanced tear formation represents improve-
ment.) The second study evaluated 28 patients (25). In this study,
Efamol was given for 8 wk at a dosage of 6 capsules/d. Ocular
scores, which included evaluation of the Schirmer tear test,
improved during Efamol treatment compared with pretrial values
but not compared with the placebo group. Once again, it isinter-
esting that this work, which was carried out in the 1980s, has not
been taken further. Enough time has passed for larger, conclusive
studies to have been completed and it is disappointing that thisis
not the case. Thus, in the absence of further data, this treatment
cannot be recommended to patients with Sjogren syndrome.

Psoriatic arthritis

Interest in treating psoriatic arthritis sufferers with GLA-
rich supplementation developed following studies of this skin
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TABLE 1
Effect of supplementation with y-linolenic acid in healthy and diseased
subjects (see text for details)

Subject group Clinical index Response  Reference
Healthy Leukocyte aggregation  Decrease 10
Raynaud phenomenon  Vasospasm duration Decrease 11
Reynaud phenomenon  Vasospasm severity Decrease 11
Rheumatoid arthritis Pain severity Decrease 12
Rheumatoid arthritis Fibrinolysis Decrease 12
Psoriatic arthritis Pain severity No change 13

disease in which benefit was shown by treatment with fish oils
(26, 27). Additionally, in one of these studies benefits of n—3
fatty acid treatment of psoriatic skin disease were reported (27).
Disappointingly, however, in a double-blind, placebo-controlled
study of 38 patients (13), no obvious benefits of GLA supple-
mentation were found. In particular, the articular index remained
the same in both the placebo and the treatment groups, as did con-
sumption of nonsteroidal antiinflammatory drugs (Table 1). The
dosage of 12 capsules/d may have been too low to produce bene-
fit because more profound effects in rheumatoid arthritis are
found with higher doses (28).

Rheumatoid arthritis

Kremer (14) has reviewed the effects of n—3 fatty acid sup-
plementation in rheumatoid arthritis. For the reasons outlined
above, it might be expected that n—6 fatty acid supplementation
or a combination of n—3 and n—6 fatty acid supplementation
might also be useful in this group of patients. The literature is
difficult to review, however, because inappropriate study designs
were used when evaluating GLA in rheumatoid arthritis. Thisis
not necessarily the fault of the investigators concerned, but
reflects merely the state of the art at the time these studies were
carried out. In one of the first studies, Brown et al (29) evaluated
EPO in 19 patients with rheumatoid arthritis. The dosage
selected was 700 mg/d of oil containing 70% linoleic acid and
7% GLA. We now know that this dosage is unlikely to produce
benefit and indeed the results of this study were negative. In
another study by Hansen et a (30), although there was a trend
for improvement in the EPO group, a low dosage regimen was
used. Additionally, in both these studies, the time period evalu-
ated was only 3 mo; we now know that >3-4 mo is required for
therapeutic benefits to become apparent.

Another problem in studies of rheumatoid arthritisis the selec-
tion of an active placebo. Brzeski et al (31) evaluated 40 rheuma-
toid arthritis patients who received a 6-mo treatment of either
EPO or placebo. The placebo selected, however, was olive ail,
which may also have antiinflammatory effects. Unsurprisingly,
therefore, there were significant results in both groups. Improve-
ments in morning stiffness and a trend to decreased articular
index were reported in the EPO group, whereas in the placebo
group, there was a significant reduction in articular index and a
trend to reduced morning stiffness. Furthermore, between 40%
and 50% of the patients studied were taking disease-modifying
agents (second-line therapy) for their rheumatoid arthritis. The
mechanism of action of several such agentsis mediated partially
through PG and LT production; thus, it is inappropriate to evalu-
ate these patients when only a modest dose of GLA was given
(540 mg GLA/d).

In our own study (12), we excluded patients requiring second-
line therapy, treated the patients for 12 mo (with a 3-mo placebo
washout phase), and used liquid paraffin as the placebo. We
showed a significantly lower requirement for nonsteroidal antiin-
flammatory drugs in subjects given 12 capsules EPO/d (540 mg
GLA) and in those given an EPO—fish oil mix (450 mg GLA,
240 mg eicosapentaenoic acid) than in the placebo group (Table 1).
Use of liquid paraffin as a placebo allowed us to attenuate what is
normally a considerable placebo effect in this group of subjects.
Unfortunately, with the higher doses of EFAs currently being stud-
ied (28), liquid paraffin is probably not an appropriate placebo.

The choice of an active placebo remains a problem. In our
study of fish oil in rheumatoid arthritis (32), we used air-filled
capsules as a placebo. At the end of the study, we contacted all
patients by letter and only 1 of 30 placebo subjects had realized
that the capsules were empty. Hence, air-filled capsules may be
an appropriate choice for future studies. Other alternatives may
include using the recently registered, nonabsorbable fat olestra,
but this would not have the same energy value as the active treat-
ment, or encapsulating the standard fat content of the diet in the
country under study. The problem with the latter option is that it
could increase saturated fat intake, which may be unethical (33).

Zurier et a (28) evaluated a high dose of GLA (2.8 g/d as the
free fatty acid) against a placebo of sunflower seed oil. In this
study, GLA treatment resulted in a statistically significant reduc-
tion in the signs and symptoms of rheumatoid arthritis disease
activity. Fifty-six patients received a 6-mo course of either GLA
or placebo followed by a single, blind, 6-mo study in which all
patients received GLA. During the second 6 mo, disease activity
improved in both groups. The GLA dosage used in this study was
well tolerated. Further controlled studies of this dosage in
rheumatoid arthritis are warranted.

CONCLUSIONS

Dietary manipulation of EFAS or supplementation with thera-
peutic doses of EFAs may be effective for treating inflammatory
disorders (34, 35). The effects of n—6 EFAs have been poorly
studied to date, however, and results are inconclusive for use of
EFAs in the treatment of Raynaud phenomenon and Sjogren syn-
drome. More convincing evidence exists in support of EFA use
in rheumatoid arthritis; the study by Zurier et a (28) in which a
high dose of GLA was evaluated is particularly interesting. It is
possible that a new family of EFA antirheumatic drugs will soon
be available. However, this is dependent solely on the comple-
tion of well-designed clinical studies that are double-blind, con-
tain adequate power, and do not use an active placebo. ¥ ]
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