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The drawing in the middle represents the reversed-phase high-performance liquid chromatogram of
leukotriene B4 and leukotriene BS produced by human neutrophils. PGB2 was added as an internal
standard.
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Het gebruik van visolie dient als aanvulling op de medicamenteuze behandeling
van reumatoide artritis te worden beschouwd.

De remmende invloed van omega-3 vetzuren op de interleukine-1 produktie
wordt niet weerspiegeld door veranderingen in de gemeten acute fase respons
bij pati€nten met reumatoide artritis.

Vitamine E is van secundair belang voor het bereiken van het gunstige effect
van diétaire visolie suppletie op gewrichtsklachten.

Visolie vetzuren dienen bij voorkeur in hun natuurlijke ’triglyceride’ vorm te
worden aangeboden.

Door de recente ontwikkeling van selectieve lipoxygenase remmers en
leukotri€ne receptor antagonisten zal het inzicht in de rol van leukotri€nen in
ontstekingsprocessen worden vergroot.

Je bent wat je eet.

De patiént-vriendelijke verpakkingen van reuma geneesmiddelen zijn vaak kind-
onvriendelijk.

In tegenstelling tot de bestrijding van natuurlijke virussen is de bestrijding van
computervirussen simpel: je hoeft alleen maar iemand te vinden die slimmer is
dan de ontwerper.

De gemeten concentratie van biologische mediatoren in lichaams-
compartimenten is niet zonder meer bepalend voor hun pathofysiologische
betekenis.

In het kader van zorg op maat’ vervult de reuma-consulent(e) met specifiek
verpleegkundige kennis en ervaring een belangrijke aanvullende rol in de
behandeling en begeleiding van pati€énten met chronisch invaliderende
reumatische aandoeningen.

Touroperators doen er verstandig aan hun financi€le reserves te beleggen in
Nederlandse pret- en bungalowparken.

De visolie wordt duur betaald.
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Chapter 1

AN INTRODUCTION TO RHEUMATOID ARTHRITIS,
DIETARY FISH OIL AND EICOSANOID SYNTHESIS

1. RHEUMATOID ARTHRITIS

Definition and classification

Rheumatoid arthritis (RA) is a chronic inflammatory disease of unkmown etiology,
mainly characterized by joint inflammation leading to destruction and deformity.
Although arthritis is the predominant clinical feature, RA is to be considered as a
systemic disease since it can have a wide range of non articular manifestations. The
prevalence of the disease increases with advancing age up to the seventh decade, and
varies between 0.3% and 1.5% of the population in various parts of the world'. The
overall women to men sex ratio is about 3:1. Classification criteria for RA were
developed by a committee of the American Rheumatism Association in 1956 These
criteria were formulated from the experiences of the five committee members, epi-
demiologic survey, and 332 cases provided by physicians in the United States of
America and Canada. Eleven criteria with 19 exclusions were proposed. 'Definite’ RA
required at least 5 criteria and ’probable’ RA required at least 3 criteria. In 1958 the
category ’classic’ RA was added to describe patients who fulfilled 7 of the original 11
criteria’. The 1987 revised RA criteria imply 7 criteria (Table 1). Items 1 through 4
must have been present for at least 6 weeks to meet the criteria for RA*.

Table 1. The 1987 revised criteria for the classification of rheumatoid arthritis

Criterion Definition
1. Morning stiffness Moming stiffness in and around the joints, lasting at ieast 1 hour before maximal improvement.
2. Arthritis of 3 or more At least 3 joint areas simultaneously have had soft tissue joint areas swelling or fluid
jolnts (not bony overgrowth alone) observed by a physician. The 14 possible areas are right or left PIP,

MCP, wrist, elbow, knee, ankle, and MTP joints.
3. Arthritis of hand joints At least 1 area swollen (as defined above) in a wrist, MCP, or PIP joint.

4. Symmetric arthritis Simultaneous involvement of the same joint areas (as defined in 2) on both sides of the body
(bilateral involvement of PIPs, MCPs, or MTPs is acceptabie without absolute symmetry).
5. Rheumatoid nodules Subcutancous nodules, over bony prominences, or extensor surfaces, or in juxtaarticular regions,

observed by a physician.

6. Serum rheumatoid factor Demoustration of abnormal amounts of serum rheumatoid factor by a method for which the result
has been positive in <5% of normal control subjects.

7. Radiographic changes Radiographic changes typical of rheumatoid arthritis on posteroanterior hand and wrist radiographs,
which must include erosions or unequivocal bony decalcification iocalized in or most marked
adjacent to the involved joints (osteoarthritis changes alone do not qualify).

Symptoms and signs:

In characteristic cases the joint involvement is bilateral and symmetrical, but unilateral
involvement may also occur. Pain and stiffness, leading to impaired function are the
predominant symptoms. The joints are usually swollen by synovial hypertrophy and
effusion whereas during active periods and exacerbations the joints are warm, and
extremely tender. A few months period of fatigue, weight loss and general malaise
may precede joint symptoms. However, not all patients claim symptoms prior to the
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onset of joint disease. In chronic stages bony overgrowth or subluxation may give the
impression of joint swelling. Persistent inflammation leads to muscle wasting and stret-
ching or even rupture of tendons around affected joints. A typical early feature of the
inflammatory process in bone is periarticular osteoporosis. In later stages, loss of
cartilage, erosion and destruction of bone may occur which may ultimately lead to
complete loss of function of affected joints. Although in fact any diarthrodial joint can
be involved in RA, the proximal interphalangeal (PIP), the metacarpophalangeal
(MCP) and the metatarsophalangeal (MTP) joints are most commonly affected. Ulnar
deviation at the MCP joints and Swanneck and Boutonniere deformities may occur
over months or years resulting in an additional limitation of hand function. In the
knees, the patient typically complains about pain and difficulty in walking, climbing
stairs and arising from chairs. Pain and swelling behind the knee may reveal a Baker’s
cyst, due to extension of the synovium into the popliteal space. Limitation of daily
locomotion is additionally hampered by broadening of the forefeet with subluxation of
the MT heads, overriding toes, fibular deviation and hallux valgus as well as local
pressure sores. A major cause of concern is the cervical spine synovitis and bursitis,
which may lead to atlantoaxial subluxation with compression of the spinal cord.

Systemic manifestations are common and may precede joint symptoms or even
dominate the clinical picture. For instance subcutaneous rheumatoid nodules may be
the presenting feature of the disease and are most frequently found at the elbow.
Lymphadenopathy, splenomegaly and muscle wasting are some systemic features of
the disease as well. The course of the disease may be further complicated by
secondary amyloidosis, increased susceptibility for infections and side effects of drug
treatment e.g. steroid induced osteoporosis.

A wide variety of different variables have been advocated for monitoring disease
activity in RA. Conventional laboratory parameters include: erythrocyte sedimentation
rate (ESR), rheumatoid factor titre, C-reactive protein (CRP), platelet count and
haemoglobin. The levels of CRP and the ESR often increase during periods of active
disease. Alterations in their levels correspond well with changes in disease activity. A
majority of patients with RA have elevated titers of rheumatoid factor in their serum.
Rheumatoid factors are antibodies against regions of the Fc portion of human IgG.
The Latex fixation- and Waaler-Rose tests, are mostly used and mainly detect the
presence of IgM-rheumatoid factor. Rheumatoid factors among the IgA and IgG
classes of immunoglobulines have been found as well, using more sophisticated
immunoassays®. The test for IgM-rheumatoid factor is positive in about 70% of the
cases, usually before the second year of the disease. However, in 1-5% of normal
subjects and in a number of other diseases IgM-rheumatoid factors can be detected
as well. This indicates that a positive test for IgM-rheumatoid factor is not entirely
specific for RA.

Soft tissue swelling and periarticular osteoporosis of affected joints are early
radiographically demonstrable changes characteristic for the disease. In later periods,
loss of joint space, bone destruction, development of cysts, and secondary os-
teoarthrosis may develop. Magnetic resonance imaging may be the best imaging
technique for early detection of synovial proliferation and pannus formation, but is in
general regarded to be too expensive for routine use.



Besides objective laboratory and radiographic methods for monitoring disease
activity, grading and recognizing the patient’s subjective pain response is used for the
evaluation of the efficacy of anti-rheumatic drugs. A well known example is the
Ritchie Articular index’. This index is based on the summation of a number of
quantitative evaluations of the pain experienced by the patient when the joints are
subjected to firm pressure exerted over the articular margin. In the last decade
functional indices such as the Health Assessment Questionnaire (HAQ)' and the
Arthritis Impact Measurement Scale (AIMS)® have been developed. Careful evalua-
tion have proven them to be useful in determining the long term impact of RA and
the effect of treatment on the quality of life of RA patients®.

Etiology and pathophysiology

There are reasons to assume that RA is a diagnosis applied to a non homogenous
population of patients whose disease is the result of a variety of exogenous or
autologous trigger factors™". The earliest event in the process is assumed to be the
presentation of an unknown antigen in an ijmmuno-genetically susceptible host.
Antigen presentation to T-cells occurs in the context of major histocompatibility
complex class II encoded proteins. The amino acid sequence in the third hypervari-
able region of the Bl-chain of HLLA-DR4, in particular, appears to have a strong
association with susceptibility for developing RA™ A pathogenetic role for exogenous
infectious candidates has been ascribed to e.g. Epstein Barr virus (EBV). Many
patients with RA have high serum antibody titers against EBV®, however, not in the
early stages of the disease™, suggesting a secondary role for this organism in the
development of RA". In animal models, collagen type II can induce arthritis. In
humans however, autologous antigens including collagen type II and IgG, have been
implicated in the progression rather than in the induction of RA. In a small subset of
patients immunologic sensitivity to certain food elements has been identified. In such
patients nutritional modification might affect disease activity®.

The model of tissue destruction is complex and suggests involvement of both
agonist and antagonist molecules in the cell-cell interactions™. Antigen presenting cells
can be recognized by T-lymphocytes, resulting in the release of cytokines. This will
e.g. lead to activation and differentiation of B-cells into antibody producing cells.
Concomitantly, macrophages and synovial fibroblasts are induced to produce and
secrete interleukin-1 (IL-1), tumor necrosis factor-alpha (TNF-alpha), IL-6 and IL-8.
The local production of IL-1 is e.g. chemotactic for lymphocytes, neutrophils and
monocytes, it stimulates endothelial cells to bind T and B lymphocytes, and it induces
fibroblast proliferation. In addition, both IL-1 and TNF-alpha may induce chondrocyt-
es and synovial fibroblasts to produce collagenases and neutral proteases. Recent
studies have indicated, however, the existence of e.g. IL-1 inhibitors which can
diminish the local effects of IL-1 in the joint, illustrating the complex mechanisms
involved in the process of tissue destruction’. Binding of antibodies to antigen will
lead to the formation of immune complexes and complement activation. Phagocytosis
of the immune complexes by polymorphonuclear cells causes release of eicosanoids,
free radicals and proteases which are directly responsible for the signs and symptoms
of inflammation and tissue damage. At this stage of the disease the proliferating
synovial membrane (pannus) behaves much like a localized neoplasia, invading



cartilage, subchondral bone and periarticular structures leading to irreversible damage
of the joint™.

Course and prognosis

During treatment, the course of the disease may show complete (in approximately
15% of the patients) or partial (in 25%) remissions. The remaining patients suffer
from progressive disease, which faster or slower will ultimately result in physical
disability". A recent review of the literature identified female sex, positive rheumatoid
factor, the appearance of rheumatoid nodules, and long standing elevation of ESR
and CRP as predictors of disability.

A reduced life expectancy of RA patients has been stressed by several reports®*
An average reduction of 7 years in males and of 3 years in females was reported by
Vandenbroucke et al” in a 25 years prospective follow up of 209 patients. Mitchell et
al® noted that 10-20% of the excess deaths appeared to be due to disease related
causes, infections and to gastrointestinal complications. The numbers of death from
cardiovascular disease or malignancy did not exceed those in a general population.

Treatment of rheumatoid arthritis

The main target of professional patient care is to improve the clinical outcome of the
individual patient. In most cases a team of health professionals is involved in the care
for the RA patient. Such a team should include a rheumatologist, surgeon, general
practioner, physiotherapist, occupational therapist, pharmacist and dietician. More
recently dedicated nurse specialists have been implicated in some arthritis teams as
well, bridging the communication gap between the in-hospital specialist expertise and
the home-care team activities. The primary care for the patient and his or her family
should include the instructions concerning the possible course of the disease and its
implications for daily living activities, the rationale of pharmacologic and non
pharmacologic treatment as well as the facilities provided by allied health profes-
sionals.

The basic pharmacologic treatment for RA comprises two concomitant regimens,
first, alleviation of symptoms, and second, suppression of the activity of the disease
itself. For the alleviation of symptoms nonsteroidal antiinflammatory drugs (NSAID)
are prescribed. Their analgesic capacities may help to settle the pain but do not cure
the disease. It has been accepted world wide that NSAID exert their effect by
inhibiting prostaglandin synthesis. However, recent work has indicated that inhibition
of the cyclooxygenase pathway may not be the sole mechanism of action of NSAID.
For the suppression of disease activity additional treatment is instituted with so called
"disease modifying anti-rheumatic drugs’ (DMARD), sometimes referred to as ’second
line’ or ’slow-acting-antirheumatics’, such as hydroxychloroquine, gold salts, salazopyri-
ne, d-penicillamine, azathioprine, and methotrexate. These drugs share the ability to
suppress disease activity. Their effectiveness is either based on empirical data or on
immunosuppressive action. Prescription of low dose prednisone is in general restricted
for either bridging the lag time between institution of DMARD and the occurrence of
their possible effect or for the treatment of very severe cases after complications with
cytostatics. Newer drug therapies under investigation include e.g. ciclosporin®,
minocycline® and the combination of remittive agents. The efficacy of ciclosporin has
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been demonstrated in controlled studies. However, the major issue with ciclosporin is
its nephrotoxicity. Perhaps a combination of ciclosporin and fish oil may reduce
impairment of renal function®. In general, it takes some months before the effect of
DMARD becomes noticeable. Although in a number of patients clinical and laborato-
ry improvement will occur, the ultimate effects are often incomplete and not sufficient
enough to control the progressive joint destruction. In addition, the usage of DMARD
is often accompanied by side reactions, which may necessitate early discontinuation of
the drug. In such situations treatment will generally be changed to another DMARD.
In all cases serial monitoring for drug effectiveness and for side effects with gradual
dose reduction after sustained remission, is a necessary prerequisite for the successful
use of DMARD. A major point of discussion is to which patient or subgroup of
patients and at what stage of the disease DMARD should be applied. In a recent
review Harris® focused on the fact that the progression of the disease to a situation
of irreversible joint destruction may occur at a relatively early stage (within 2 years).
Awaiting the occurrence of radiographical evidence of joint space narrowing and bone
erosions may, therefore, induce an unacceptable delay of adequate treatment. There
is an urgent need for the assessment of factors that enable the prediction of the
course of the disease at an early stage. Whether aggressive therapy at that stage will
favourably alter the course and prognosis of the disease is subject to further investiga-
tion.

The role of nutrition in RA

Assessment of the dietary history has shown deficiencies in intake of essential
nutrients in patients with RA®*%*, Comparisons were made with the ’recommended
daily allowances’ (RDA)?. The RDA are supposed to indicate the necessary intake of
nutrients as an average level over a period of days or weeks to maintain good
nutritional health for a general population. No knowledge is, however, available
regarding the applicability of the RDA to patients with RA. It is tempting to
speculate that as a consequence of chronic inflammation, preferential loss of proteins,
vitamins and minerals may occur, necessitating the definition of higher RDA for RA
patients. Moreover, articular dysfunction, general malaise and use of drugs that
interfere with absorption® or metabolism of nutrients® do not contribute to well
nourishment. The aforementioned factors are held responsible for the malnourished
state that was demonstrated in some patients with severe disease®.

Some chronically ill patients tend to adjust to the general belief that rheumatic
complaints originate from food components and therefore resort to unproven dietary
regimens that may place them additionally at risk for nutritional deficiencies. Panush®
noted, however, that in most patients who claimed to have food related symptoms, no
clear evidence could be obtained that elimination of a food allergen did alleviate the
disease symptoms. Nevertheless, in a small subset of patients hypersensitivity to
certain food constituents has been identified. In such patients nutritional modification
might affect the manifestation of the disease®**". Fasting has been found effective in
suppressing joint symptoms™®, but a more sophisticated approach hypothesizes that
alteration of the dietary fatty acid composition may be of benefit in RA patients. For
instance, evening primrose oil, rich in gamma-linolenic acid, was studied by Belch et
al. Significant clinical improvement in combination with reduction of the usage of



NSAID occurred in some patients. Other classes of fatty acids that have been
advocated to posses therapeutic potentials in RA are found in fish oil. Effects of
dietary fish oil on the production of some inflammatory mediators are discussed
below.

2. DIETARY FISH OIL AND EICOSANOID SYNTHESIS

Introduction

Epidemiological studies in the Upernavik district of Northwest Greenland have shown
that Eskimo natives, consuming large amounts of fish and marine mammals have a
low prevalence of coronary heart disease®* In addition, a Dutch study demonstrated
that mortality from coronary heart disease was more than 50% lower among persons
consuming at least 30 g fish/day, as compared to those who did not eat fish at all”.
Cold water fish and fish oils are rich in omega-3 polyunsaturated fatty acids with 20
carbon atoms or more. Evidence is now accumulating that consumption of omega-3
polyunsaturated fatty acids leads to profound biological actions which may be relevant
to atherosclerosis and chronic inflammatory diseases. Regarding its ability to modulate
eicosanoid production, fish oil supplementation has been advocated as a therapeutic
modality for rheumatoid arthritis®. This part of the chapter will focus briefly on the
influence of long chain omega-3 polyunsaturated fatty acids on eicosanoid production.

Polyunsaturated fatty acids

Triglycerides are the main sources of dietary fatty acids. Fatty acids without un-
saturated bonds between their carbon atoms are designated saturated fatty acids,
whereas fatty acids with one or more double bonds are named mono- (MUFA) or
polyunsaturated (PUFA) fatty acids, respectively. The position of double bonds is of
importance to the metabolism of the fatty acid. MUFA and PUFA can be charac-
terized by the number of carbon atoms from the last double bond up to and in-
cluding the terminal methyl group of the carbon chain. PUFA with three (omega-3;
n-3 fatty acids) or six (omega-6; n-6 fatty acids) carbon atoms in that position can not
be de novo synthesized by the human body and hence are called essential fatty acids.
The ’stem’ essential fatty acids are linoleic- (18:2,n-6) and alpha-linolenic (18:3,n-3)
acids. These may be modified by chain elongation and desaturation. Arachidonic-
(20:4,n-6) (see Figure 1) and docosahexaenoic (DHA; 22:6,n-3) acids, as a result of
modification of 18:2,n-6 and 18:3,n-3, respectively, are essential in e.g. the developing
fetal brain®. A deficiency syndrome of n-3 PUFA leading to functional changes in the
retina and the visual system has been described in rhesus monkeys®. Long term
suboptimal dietary intake of n-6 PUFA from the diet may lead to dermatitis,
impaired growth, reproductive failure and kidney and liver pathology". Some vege-
table oils are rich in n-6 PUFA, of which 18:2,n-6 is the quantitatively most important
species. Terrestrial plants contain 18:3,n-3 in their chloroplast membranes. Fish from
cold water seas and refined fish oils are the richest sources of n-3 PUFA with 20
carbon atoms or more. The main members of those long chain n-3 PUFA series are
eicosapentaenoic acid (EPA; 20:5,n-3) (see Figure 1) and 22:6,n-3.



The 20:4,n-6 is an important constituent of cell membrane phospholipids. Its
dietary intake is usually low since there are no major sources in regular food. Cells
are, therefore, largely dependent upon direct uptake of dietary 18:2,n-6 from

Figure 1 Structures of arachidonic and eicosapentaenoic acids.
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chylomicrons as a precursor for the biosynthesis of 20:4,n-6 by microsomal desatura-
tion and chain elongation. In addition, the liver modifies and secretes (via very low
density lipoproteins) fatty acids that were taken up from the blood stream or de novo
synthesized from non fatty acid precursors. Tissues may use these fatty acids as
structural building blocks after further modification, if necessary. Cells may also
receive 18:2,n-6 from adipose tissue, which in the fasting state releases non-esterified
fatty acids.
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essential roles in human haemostasis, immune response, and tissue perfusion®. The
formation of the major eicosanoids occurs through two different enzymatic pathways.
The cyclooxygenase pathway leads to the production of prostaglandins, thromboxanes
and prostacyclins, whereas the lipoxygenase pathway, leads to the production of
leukotrienes. (Figure 3)

Figure 3 Simplified sch of the hidonic acid metabolism
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Release of arachidonic acid

The rate limiting step in the formation of eicosanoids is the cleavage of 20:4,n-6 from
its mostly sn-2 position in membrane phospholipids by a phospholipase (Figure 4).
Activation of membrane receptors may enhance phospholipase activity. The receptor
signal is transmitted to the phospholipases through G-proteins. Phospholipases A2
(PL-A2) and C (PL-C) are assumed to be most commonly involved in this process.
Other phospholipases like PL-Al can initiate the release 20:4,n-6 from membrane
phospholipids as well. PL-A1 activity leads to the production of a 2-acyl lyso-phospho-
lipid and requires the subsequent action of a lysophospholipase to release 20:4,n-6.
During PL-A2 activity, 20:4,n-6 is directly released with a 1-acyl lyso-phospholipid as
co-product. The latter is lytic to cell membranes and is either reacylated or degraded
to water soluble products*. The activity of PL-A2 is Ca* dependent®. If PL-A2 acts
upon alkenyl ether containing phospholipids (plasmalogens), then lyso-platelet
activating factor (lyso-PAF) is produced, which, via acylation, is converted into PAF.
PL-C activity is primarily exerted on phosphatidyl-inositol-bis-phosphanate (PIP2). The
PL-C action is independent of the presence of Ca** and leads finally to the formation
of the triphosphorylated form of inositol, (IP3), and diacylglycerol (DAG). Subse-
quently 20:4,n-6 can be cleaved from DAG by a DAG-lipase. IP3 stimulates the
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release of Ca™ from intracellular stores, whereas DAG activates protein kinase C
which in turn modulates the extent of 20:4,n-6 mobilized*.

Figure 4 Generalized structure of a phospholipid and the bonds attacked by different phospholipases.

R1 and R2 represent the aliphatic chains of fatty acids and R3 represents some polar head group like choline, serine,
ethanolamine and inositol. Fatty acids are removed from the sn-1 position by phospholipase Al and from the sn-2 position by
phospholipase A2, Phospholipase C remaves the whole head of the group leaving diacylglycerol.

The cyclooxygenase pathway

The enzyme cyclooxygenase catalyses the oxygenation of free 20:4,n-6 into a 15-
hydroperoxy endoperoxide (prostaglandin G2; PGG2). Subsequently a peroxidase
catalyses the conversion of PGG2 to a transient hydroxy-endoperoxide (prostaglandin
H2; PGH2). Dependent upon the cell type being stimulated, the intermediates can
either be transformed into prostaglandins, thromboxanes or prostacyclins. After
stimulation of platelets, the formation of thromboxanes (TX) is set on. The charac-
teristic properties of TXA2 contribute to aggregation by promoting vasoconstriction
and activation of platelets to release vasoactive substances. Formation of prostacyclin
I2 (PGI2) usually takes place in endothelial cells. Because of its vasodilating and anti-
aggregating properties, PGI2 is the counterbalance of TXA2. Prostaglandin E2
(PGE?) is the main product of the cyclooxygenase pathway in human leukocytes. It
modulates the immune response and possesses anti-inflammatory activities as well
(Table 2). It has been shown that cultured fibroblasts dispersed from the rheumatoid
synovium produce large amounts of PGE2*. Interleukins are able to induce PGE2
synthesis. Binding of IL-1 to the membrane receptor leads to an increase in PL-A2
activity and synthesis of the cyclooxygenase enzyme®. In turn, PGE2 inhibits the
macrophage derived production of IL-1 and TNF. Preexposure of macrophages to
PGE2 can desensitize these cells to the effects of subsequent PGE2 on the lipo-
polysacharide-induced production of TNF*, Evidently, the mediation and regulation of
cytokine synthesis remains unclear and more extensive studies are needed to address
this issue.

The lipoxygenase pathway

By inserting molecular oxygen at C-5 of 20:4,n-6, the enzyme ’5-lipoxygenase’ oxidizes
20:4,n-6 to 5S-hydroperoxy-6,8-trans-11,14-cis-eicosatetraenoic acid (5S-HPETE) which
in turn is converted into 5,6 trans-oxido-7,9-trans-11,14-cis-eicosatetraenoic acid
(LTA4). The enzyme S-lipoxygenase is the key enzyme in leukotriene biosynthesis. In
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resting cells it is associated with the cytosol. Upon cell stimulation the enzyme is
translocated and becomes associated with the cell membrane. Calcium and ATP are
required for maximal activity of S-lipoxygenase while additionally some cytosolic and
membrane bound proteins (e.g. S-lipoxygenase activating protein (FLAP)) facilitate
enzyme activity’, 5-Lipoxygenase expression appears to be restricted to cells of
myeloid linage. In contrast, LTA4 hydrolase activity, has been detected in leukocytes,
erythrocytes, lymphocytes and fibroblasts and endothelial cells as well”. The LTA4
hydrolase converts the unstable intermediate LTA4 to 5S,12R-dihydroxy-6,14-cis8,10-
trans-eicosatetraenoic acid (LTB4). By transcellular transport, monocyte derived LTA4
was shown to be converted, by LTA4 hydrolase from B-cells, into LTB4. Thus, LTB4
can also be generated by cells which do not contain the S-lipoxygenase enzyme.
Finally, LTB4 is inactivated by sequential oxidation of its terminal carbon which leads
to the formation of 20-COOH-LTB4%.

It is assumed nowadays that leukotrienes are involved in a variety of acute and
chronic inflammatory responses in vivo®* (Table 2). They exert a broad range of
biological actions, including effects on leucocyte migration, aggregation, adherence to
vascular endothelium in vitro® and in vivo®, enzyme secretion and smooth muscle cell
contraction and vascular permeability®. In addition, the leukotrienes have been
implicated in the regulation and mediation of cytokine synthesis™.

Table 2 Some biological properties of prostaglandin E2 and leukotriene B4.

Prostaglandin E2
Potentiates:

- Blood flow at the site of inflammation
- Vascular permeability

- Development of fever

- Pain (in synergy with bradykinin)

Inhibits:

- Interleukin-1 production (macrophages) [46,47)

- Tumor necrosis factor production (macrophages) [48]
- Interleukin-2 production (T-cells) [49]

- Gamma-interferon production (T-cells) [S0]

- Interleukin-2 receptor expression (T-cells) [51]

- MHC class II expression (monocytes) (52]

- T-suppressor cell activity [53)

- B-cell proliferation and activation [53,54)

- Natural killer cell activity [S3]

Leukotriene B4
Potentiates:

- Leucocyte migration and aggregation [65]

- Leucocyte endothelial adherence [66)

- Oxidative metabolism (neutrophils) [67]

- C3b compt receptor expression (neutrophils) [68]
- T-suppressor cell proliferation and activation [69]

- Interleukin-1 production (macrophages) [70]

- Interleukin-2 production (T-cells) [70]

- Gamma-interferon production (T-cells) [71,72]
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Influences of some pharmacologic agents on eicosanoid synthesis

NSAID have antiinflammatory, analgesic and antipyretic properties. The conversion of
20:4,n-6 to PGG2 via the cyclooxygenase pathway is inhibited by most NSAID. This
inhibition may on the one hand be therapeutic but on the other hand accounts for
many of the side effects of NSAID. For instance, prostaglandins have a protective
effect on gastric mucosa, and are involved in the regulation of renal blood flow and
sodium and water balance. Consequently, blockage of prostaglandin production may
lead to ulcers in the upper gastrointestinal tract and impairment of renal function.
Furthermore, inhibition of the cyclooxygenase pathway may cause shifting of 20:4,n-6
to the lipoxygenase pathway, resulting in increased production of leukotrienes and
intermediates, that is suggested to induce e.g. aspirin intolerant asthma™. In general,
NSAID do not affect the production of leukotrienes. Exceptions are timegadine and
tolfenamic acid” that may affect the lipoxygenase pathway. Controversy persists about
whether inhibition of prostaglandin synthesis is the specific underlying mechanism of
NSAID action®". This is illustrated by the fact that nonacetylated salicylates are poor
inhibitors of prostaglandin synthesis, but are yet effective in suppressing joint
symptoms in RA patients. Additional support is provided by the finding that small
doses of NSAID are needed to inhibit prostaglandin synthesis, while much higher
doses are required to achieve beneficial effects in RA. Some studies have demonstra-
ted variable depression of neutrophil aggregation, adhesiveness, chemotaxis and
degranulation”, and inhibition of superoxide anion generation contributing to the
NSAID antiinflammatory effects.

Drugs that primarily affect the action or the production of leukotrienes are under
development. Examples of such drugs currently tested in human experimental clinical
trials are MK-571, a LTD4 receptor antagonist, and MK-886. The latter inhibits the
translocation of S5-lipoxygenase to the membrane where the enzyme would be
activated™ It seems that lipoxygenase inhibitors may offer a promise as a therapeutic
agent in inflammation, but much work has to be done before their role can be
defined.

Glucocorticoids are principal therapeutic agents in the management of many
inflammatory and autoimmune diseases. Lipocortins are a mixture of proteins with
phospholipase and calcium binding activities. After administration of therapeutic
dosages of glucocorticoids, lipocortins are translocated to the cell surface and block
eicosanoid synthesis. Although the glucocorticoid induced effects seem at least in part
to be mediated by lipocortins, the mechanism is still controversial®.

Influence of dietary n-3 PUFA on the fatty acid composition of plasma- and cell
lipids

Plasma lipid fatty acid composition:

Certain vegetable oils, like soybean and canola oil, provide a significant source of n-3
PUFA®. The predominant n-3 PUFA found in these oils is 18:3,n-3. Large amounts
of n-3 PUFA with 20 carbon atoms or more are obtained by eating fatty fish.
Especially mackerel, salmon, sardines, anchovy and herring, are rich sources of
20:5,n-3 and 22:6,n-3. In the last decade refined fish oils have become available. As
these oils offer the opportunity to preferentially provide long chain n-3 PUFA one
avoids excessive intake of other fatty acids, vitamins and toxic agents.
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The fish oil fatty acids can either be provided in their natural triglyceride form or
in their semisynthetic methyl- and ethyl ester forms. The methyl and ethyl ester forms
allow for higher relative amounts of n-3 PUFA and contain lower amounts of
cholesterol and saturated fatty acids than fish oil in its natural triglyceride form. In
some trials an incomplete absorption of n-3 PUFA has been demonstrated when the
fish oil was provided in ethyl ester form™®. In contrast, others have demonstrated that
ingestion of fish ail triglyceride and ethyl ester preparations containing equal amounts
of n-3 PUFA enriched plasma lipids with 20:5,n-3 to the same extent*.

Once the n-3 PUFA are absorbed they are readily incorporated into the plasma
lipid fractions. A fish oil enriched diet leads to a substantial increase in the relative
amounts of 20:5,n-3 and 22:6,n-3 in each of the plasma lipid fractions (phospholipids,
triglycerides, cholesterol esters). The increase is dose dependent and occurs predomin-
antly at the expense of n-6 PUFA, such as 18:2,n-6 and 20:4,n-6. Recently, Bilo et
al® demonstrated that the relative amount of 20:5,n-3 in plasma phospholipids (3.65%
of total fatty acids) hardly increases after doubling the dose of fish oil fatty acid ethyl
esters from 3 to 6 g per day. However, much higher levels of 20:5,n-3 in the plasma
phospholipids fraction (up to 30%) were found by others¥*. The discrepancy between
the studies is difficult to ascertain, but differences in the chemical form in which the
fish oil fatty acids were provided, background diet, or both, may explain this phenom-
enon.

Cell membrane phospholipid fatty acid composition
The PUFA composition of the phospholipid fraction of various cells responds to
changes in the dietary fatty acid content (Table 3). Changes are dependent upon the

Table 3 Relative of elcosap enoic and hidonic acids in the total phospholipid fraction of various cell types. Data
were obtained from several studies assessing the effiects of dietary fish oil supplementation.
20:5,n-3 20:4,n6 Dosage Duration
Before  After  Before  After n-3 PUFA of therapy
Platelets
Goodnight et al” 0.1 6.1 27.6 202 100 g EPA + DHA 4 weeks
Von Schacky et al® 0,05 43 261 20.5 3.8 g EPA + 5.5 g DHA 12 weeks#
Dyerberg et al® : 80 . 85 100 g EPA + DHA Life time
(Greealand Eskimo)
Erythrocytes
Knapp et al® ° 0.4 6.2 6.5 5.0 10.0 g EPA 4 weeks
Knapp et al® °° 0.4 45 243 19.5 10.0 g EPA 4 weeks
Cartwright et al®! 11 29 14.1 141 1.9 g EPA + 1.2 g DHA 6 weeks
Monocytes
Lee et al? 0.09 15 6.7 9.4 3.2 g EPA + 22 g DHA 6 weeks
Endres et al® 0.7 3.8 13.8 8.6 28 g EPA + 1.9 g DHA 6 weeks
Neutrophils
Lee et al” 0.09 0.7 41 59 32 g EPA + 22 g DHA 6 weeks
Tempel vd et al* 0.2 0.8 52 43 20 g EPA + 1.3 g DHA 12 weelks
Sperling et al® 0.2 38 15.1 102 3.6 g EPA + 24 g DHA 6 weeks
Am et et® 0.2 26 14.6 133 3.2 g EPA + 22 g DHA 10 weelks

# The amount of 20:5,0-3 and 22:6,0-3 (40 ml Cod liver oil/day) stcpwise increased from 0 via 10 and 20 ml cod liver oil day
each 4 weeka * Phosphatidylcholines, ** Phosphatidyl N

24
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half life of both the cells and their lipids. Appreciable amounts of 20:5,n-3 and 22:6,n-
3 appear in plasma phospholipids already four hours after dietary fish oil ingestion,
but in platelet phospholipids it was not until day 6”. Such a finding illustrates the fact
that n-3 PUFA accumulation in membrane phospholipids is not accomplished by
exchange with surrounding plasma species only, but is principally embedded during
cell maturation. It can, however, not be excluded that some tuning of the fatty acid
composition of cell membranes occurs by phospholipid exchange with other organelles
and plasma lipoproteins®®. The range over which the PUFA composition of mem-
brane phospholipids varies is, generally, restricted to the substitution of one PUFA
for another on the sn-2 positions™. The distribution of the n-3 PUFA over the
different phospholipid subfractions comprising phosphatidyl-choline, -ethanolamine, -
inositol and -serine may, however not be proportional®. Dietary n-3 PUFA e.g.
interact with the n-6 PUFA modification. By competition for the delta-5 and delta-6
desaturase enzymes, n-3 PUFA inhibit the conversion of 18:2,n-6 to 20:4,n-6"“'%,
Surprisingly the influence of n-3 PUFA on cellular amounts of 20:4,n-6 is rather
unpredictable. Some studies mention a decrease®, whereas others do not™ (Table 3).

Influence of dietary n-3 PUFA on the production of eicosanoids

Dietary n-3 PUFA supplementation can suppress the 20:4,n-6 derived eicosanoid
synthesis in several types of cells. In this respect 20:5,n-3 is considered to be the most
active substance of the n-3 PUFA. By partial B-oxidation, 22:6,n-3 serves a reservoir
for the formation of 20:5,n-32. The 20:5,n-3 is presumed to affect the production of
different types of 20:4,n-6 derived eicosanoids in several ways'™: first, by displacing
20:4,n-6 from the metabolically active phospholipid pools, 20:5,n-3 reduces precursor
availability; second, the release of 20:4,n-6 from these pools may be diminished'™ and
third, released 20:5,n-3 competes with 20:4,n-6 for cyclooxygenase and lipoxygenase
enzymes but it is poorly metabolized to its endproducts'®.

Prostaglandins, prostacyclins and thromboxanes

Dietary fish oil supplementation causes a substantial inhibition of platelet TXA2
production, while the production of PGI2 by endothelial cells is slightly decreased or
remains stable®®, Concomitantly, a moderate production of TXA3 and PGI3 becomes
detectable (Figure 5). TXA3 is a weak agonist of TXA2 in inducing vasoconstricting
and platelet aggregation. In comparison with PGI2, PGI3 exerts similar vasodilating
and anti-aggregating effects'”. In humans, (patients with essential hypertension and
healthy volunteers) high dose fish oil (9 g 20:5,n-3 + 6 g 22:6,n-3) administered over
4 weeks, led to a 50% fall in the urinary excretion of TXA2 metabolites, while low
amounts of TXA3 metabolites became detectable. The excretion of PGI2 metabolites
moderately decreased in patients only, whereas PGI3 metabolite excretion increased
in both patients and controls'®. These data indicate a shift of the PGI2/TXA2 balance
towards a more antiaggregatory and vasodilatory state during n-3 PUFA supplementa-
tion. Such a mechanism may account for prolonged bleeding times and contribute to
the low mortality from coronary heart disease during consumption of n-3 PUFA.
Although no consistent suppression of the urine excretion of PGE2 metabolites was
noted, alterations in cellular capacity to produce prostaglandins during fish oil
supplementation are more clear. Endres et al® demonstrated a 51% decrease of
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PGE2 production by mononuclear cells isolated from healthy volunteers who were
supplemented with 2.7 g 20:5,n-3 + 1.8 g 22:6,n-3/day for six weeks. In contrast, in
patients with persistent asthma, 4 g of 20:5,n-3/day for 8 weeks did not alter the total
mononuclear prostaglandin production of the E series. But a moderate suppression of
PGE?2 production became detectable when PGE2 was resolved from PGE3 by radio
immunoassay'”. An extensive inhibition of the PGE2 production (70%) was observed
in synovial explant cultures of fish oil-fed rats with a collagen-induced arthritis. The n-
3 PUFA were, however, the only source of dietary fat administered to the animals™.

Figurc S Transformation of 20:3,n-6, 20:4,n-6 and 20:5,n-3 into various cycloaxygenase and lipaxygenase products.
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Leukotrienes

5-Lipoxygenase can convert 20:5,n-3 into LTBS, LTCS, LTDS and LTES (Figure S5).
The 22:6n-3 can be metabolized into 7- and 4-hydroperoxy 22:6,n-3 and their
reduction products, only"*'®. Formation of 20:5,n-3 derived leukotrienes is associated
with an inhibition of the enzymatic conversion of 20:4,n-6 into leukotrienes™. This has
been explained by both diminished release of 20:4,n-6 from its esterified pools and
diminished function of S-lipoxygenase. The latter was suggested because of the
reduced generation of the sequential 20:4,n-6 derived reaction products, 5-HETE,
LTA4 and LTB4" Sperling et al®, however, alleged a selective inhibition of the LTA4
hydrolase activity as the mechanism of action of 20:5,n-3 on leukotriene production.
They noted that the generation of 5S-HETE and 5-HEPE (precursors of L'TB4 and
LTBS respectively) was unchanged, whereas the sum of LTB4 and LTBS generation
was suppressed during fish oil supplementation” (Table 4).

Table 4 Generation of S-lipoxygenase pathway products (ng/10° cells) by calcium ionophore stimulated neutrophils from patients
with rheumatoid arthritis before and after 6 weeka of dietary fish oil (3.6 g 20:5,n-3 + 2.4 g 22:6,n-3) supplementation.

Before After
S-HETE 264 218
LTB4 260 17.4
5-HEPE f 6.9
LTBS " 2.6
S-HETE + 5-HEPE 264 28.7
LTB4 + LTBS 26.0 199

Data were obtained from reference 195.
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LTBS is 10-30 times less potent than LTB4 in eliciting a response from neutrophil
chemotaxis">" and enhancing complement receptors in vitro'™. This has been
attributed to the rigidity of the C17-C18 bond in LTBS5". In contrast to LTB5, LTC5
is approximately equipotent to LTC4'. The optimum amount of n-3 PUFA required
to alter leukotriene synthesis is, as yet, unknown. Administration of n-3 PUFA (10%
by weight) to male Wistar rats reduced the relative amounts of 20:4,n-6 in leukocyte
lipids with 35%". This was accompanied by a 50% decrease of the LTB4- and a
concomitant increase of the LTBS production. In RA patients daily ingestion of 3.6 g
20:5,n-3 + 2.4 g 22:6,n-3 during a 6 weeks period led to a 33% suppression of the
LTB4 formation, while small quantities of LTB5 became detectable®. Lower dosages
of fish oil were found effective in altering the leukotriene metabolite pattern as well*.

Dietary fish oil supplementation in rheumatoid arthritis

The rationale of fish oil supplementation in rheumatoid arthritis is based on the
assumption that prostaglandins and leukotrienes are actively involved in the process of
joint inflammation. For instance, local production of LTB4 in the rheumatic joint may
cause attraction of several kinds of cells that contribute to the inflammatory destruc-
tion of cartilage and increased bone loss"**. In addition, neutrophils from RA
patients may have an increased capacity to convert endogenous 20:4,n-6 into LTB4".
As dietary n-3 PUFA modulate the production of eicosanoids, this may have conse-
quences for a chronic inflammatory disorder like RA. In fish oil fed mice, a reduction
of the severity of ’type II collagen’ induced arthritis was observed”. In another study
it was shown that five weeks after arthritis induction in susceptible mice, acute phase
protein production was lower in fish oil fed mice when compared with comn oil fed
mice'®. The effects of fish oil supplementation in animal models may, however, be
dependent on gender and animal species, since not all studies have shown unanimous
beneficial effects'?. In 1985 Kremer and associates™ were the first to report that a
diet high in PUFA and low in SAFA supplemented with 1.8 g 20:5,n-3 daily resulted
in a decrease of duration of early momning stiffness and number of tender joints in
RA patients. Comparisons were made with a typical American diet supplemented
with placebo. The 20:5,n-3 supplemented diet had beneficial effects on joint symp-
toms. However, some of the significant differences in clinical parameters were due to
a combination of improvement in the experimental group and deterioration in the
controls.

Recently, Pike™ argued: 'When considering the limited spectrum of the current
therapeutic armamentarium of nonspecific immune-suppressive agents available to
rheumatologists for the treatment of inflammatory disorders, it would appear that more
extensive, double blind trials evaluating dietary modification with plant and/or marine
lipids are warranted’.
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3. AIM OF THIS THESIS
The aim of this thesis is to answer the following questions:

1) Does dietary fish oil supplementation affect the usual clinical and laboratory
disease variables in RA patients.

2) What kind of changes does fish oil supplementation induce in leukotriene
production by isolated neutrophils.

3) Is there a relationship between alterations in the production of leukotrienes and
changes in disease variables.

4) To what extent is the accumulation of fish oil fatty acids in plasma and cell lipids
influenced by the additional dietary intake of 18:2,n-6 and the chemical form in
which: the fish oil fatty acids are provided.

Chapter 1 includes an introduction to rheumatoid arthritis, dietary fish oil and
eicosanoid synthesis. Chapter 2 describes the effects of dietary fish oil supplementation
on clinical and laboratory disease variables and in vitro leukotriene production in RA
patients. Chapter 24 describes a letter to the editor concerning the influence of fish
oil supplementation on IL-1 production. Chapter 3 Deals with the influence of dietary
intake of fish oil fatty acids on vitamin E status parameters. A study on the effects of
fish oil treatment on the NSAID demand in RA is presented in Chapter 4. In Chapter
5 we compared the efficacy of *high’ dose fish oil fatty acid ethyl ester and ’low’ dose
fish oil triglyceride preparations for altering fatty acid compositions of plasma
cholesterol esters and neutrophil phospholipids, neutrophil leukotriene production and
disease activity. The effect of dietary energy percentage of fat and its PUFA/SAFA
ratio on incorporation of n-3 PUFA and leukotriene production during dietary fish oil
supplementation was studied in healthy volunteers (Chapter 6). Finally, in Chapter 7
the present state-of-the-art on fish oil supplementation in RA is reviewed.
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Chapter 2

EFFECTS OF FISH OIL SUPPLEMENTATION
IN RHEUMATOID ARTHRITIS.

Hille vd Tempel, Jacob E. Tulleken, Pieter C. Limburg,
Frits A.J. Muskiet, Martin H. van Rijswijk.

SUMMARY

Sixteen patients with rheumatoid arthritis entered a trial to determine the
clinical and laboratory effects of dietary supplementation with fractionated
fish oil fatty acids. We used a randomized, double blind, placebo-controlled
crossover design with twelve week treatment periods. Treatment with non
steroidal anti inflammatory drugs as well as with disease modifying anti-
rheumatic drugs was continued throughout the study period. Placebo consi-
sted of fractionated coconut oil. The following results favoured fish oil over
Placebo: joint swelling index (p<0.05) and duration of early moming stiff-
ness (p=0.01). Other clinical parameters improved but did not reach statis-
tical significance. During fish oil supplementation relative amounts of eico-
sapentaenoic acid and docosahexaenoic acid in the plasma cholesterol ester
and neutrophil membrane phospholipid fractions increased, mainly at the
expense of the omega-6 fatty acids. The mean neutrophil leukotriene B4
production in vitro showed a reduction after twelve weeks of fish oil supple-
mentation. (p<0.05). Leukotriene B5 production, which could neither be
detected in the control- nor in the placebo period, rose to substantial quan-
tities during fish oil treatment. This study shows that dietary fish oil supple-
mentation is effective in suppressing clinical symptoms of rheumatoid arthr-
itis.

INTRODUCTION

Polyunsaturated fatty acids (PUFA) play an important role in the structural and meta-
bolic function of cellular membranes. One of the major PUFA’s is arachidonic acid.
Oxygenation of arachidonic acid leads to the production of potent mediators of in-
flammation’3. Alteration of dietary fatty acid composition may result in competition
with the incorporation of arachidonic acid into the cell membrane and thereby modu-
late the functional qualities of the cell. Fatty acids commonly consumed in the wes-
tern diet, e.g. linoleic acid, are converted via arachidonic acid into cyclooxygenase
metabolites of the 2 series whereas leukotrienes of the 4 series are produced via the
lipoxygenase pathway. Leukotrienes are potent lipid mediators which play an impor-
tant role in allergic and inflammatory reactions*. Leukotriene B4 (LTB4), mainly
produced in neutrophils, is a strong leukocyte activator. Its effects are comparable
with CSa, F-Met-Leu-Phe and platelet activating factor and include chemotaxis, non-
directed migration, aggregation, and lysosomal enzyme release’ 2,
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PUFA with three carbon atoms from the terminal methyl group to the first double
bond are designated omega-3 or n-3 fatty acids. Eicosapentaenoic acid (EPA; 20:5,
n-3) and docosahexaenoic acid (DHA; 22:6,n-3) are the main long chain n-3 fatty
acids in fish oil. Cell membrane incorporated 20:5,n-3 can be converted, via the cyclo-
oxygenase pathway into prostaglandins, thromboxanes and prostacyclins of the 3
series. Via the lipoxygenase pathway leukotrienes of the 5-series, in particular leuko-
triene B5 (L'TBS), are produced®®. LTBS is ten to thirty fold less potent than LTB4
in assays of leukocyte function’”. Thus, dietary fish oil supplementation has potential
anti-inflammatory effects, owing to the production of functionally attenuated 20:5,n-3
derived analogues of the arachidonic acid metabolites®®. In this paper we describe
the clinical and laboratory effects of dietary fatty acid supplementation with fish oil in
patients with rheumatoid arthritis (RA).

PATIENTS AND METHODS

Patients:

Sixteen patients (9 females and 7 males, mean age 53 years, mean duration of disease
12 years) with RA were admitted to the study. Fifteen of them received non steroidal
antiinflammatory drugs (NSAID). Eleven patients received ’disease modifying’ anti-
rheumatic drugs (DMARD) including gold salts, anti-malarials, and d-penicillamine in
addition. None of the patients received steroids or cytostatic drugs.

Study Design:

We used a double blind, placebo-controlled, crossover design with twelve week treat-
ment periods. Patients were randomly allocated to receive either 12 capsules of fracti-
onated fish oil or fractionated coconut oil, flavoured with fish aroma, as placebo.
(Intradal, Amersfoort, The Netherlands) per day. The fish oil capsules hold a majority
of 20:5,n-3 (31 mol%) and 22:6,n-3 (22 mol%), resulting in a daily supply of 2.04 g
20:5,n-3 and 1.32 g 22:6,n-3, whereas the coconut oil capsules mainly contained 8:0
(63 mol%) and 10:0 (36 mol%). A twelve weeks run-in period without fatty acid sup-
plementation was used to confirm stable disease activity. At week thirteen supplemen-
tation with either fish oil or placebo started. After twelve weeks the patients crossed
over from fish oil to placebo or vice versa. Patients and physicians were blinded to
treatment assignment during the entire study. The patients were instructed to con-
tinue their regular drug treatment schedule. Patient’s dietary fat intake was kept con-
stant throughout the study period. Each patient kept a daily food diary. Every two
weeks the patients were observed by the same rheumatologist, biometrist and dietici-
an. The study was approved by the local Medical Ethical Committee and informed
consent was obtained from all patients.

Methods:

Clinical evaluation:

The clinical evaluation consisted of monitoring of: duration of early morning stiffness
(in minutes), joint pain (joint pain index; on a four point scale O=absent, 1=mild,
2=moderate, 3=severe) and joint swelling, using a three point scale (joint swelling
index; O=absent, 1=moderate, 2=severe), visual analogue pain scale (VAS) on a 10
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point scale (from O=no pain to 10=worst ever). Gripstrength was measured using a
manometer (kPa).

Laboratory evaluation:

The laboratory evaluation of peripheral blood parameters was performed every two
weeks and comprised a complete blood cell count, erythrocyte sedimentation rate
(ESR) and plasma levels of C-reactive protein (CRP), fibrinogen, serum amyloid A
(SAA), and IgM rheumatoid factor (IgM-Rf).

Assessment of in vitro production of leukotrienes:

Neutrophils were isolated from 30 ml peripheral blood drawn into EDTA. Erythrocy-
tes were sedimentated with gelatine 03 % (g/v). The buffy coat was separated on
0.3% (g/v) gelatine and neutrophils were subsequently isolated on percoll (d=1.077
g/ml). Residual erythrocytes were lysed with hypotonic ammonium chloride. Neutrop-
hils (10’ cells/ml) were preincubated in Dulbecco’s medium for 30 minutes at 37°.
Subsequently calcium chloride was added to a final concentration of 2mM and the
cells were stimulated with 10 uM calciumionophore A-23187 for 10 additional minu-
tes, directly followed by centrifugation of the samples at 11,000 g for one minute.
Finally Prostaglandin B2 was added to the supernatant as an internal standard for
HPLC-measurements. Leukotrienes were separated and quantified using an C18 co-

lumn?®.

Determination of oil supplement fatty acid composition:

Analyses of both medium and long chain fatty acids in the fish oil and coconut oil
capsules were performed by a capillary gas chromatographic quantification technique,
as described previously?,

Determination of plasma cholesterol ester fatty acid composition:

After preparation of a plasma total lipid extract and isolation of the cholesterol ester
fraction by amino propyl-silica columns, its fatty acid composition was determined by
capillary gas chromatography?.

Determination of neutrophil phospholipid fatty acid composition:

Neutrophil phospholipids were extracted with chloroform/methanol. Phospholipid sub-
classes were isolated by HPLC, essentially as described previously”®®, Their fatty acid
composition was determined by capillary gas chromatography?’ using an apolar statio-
nary phase.

Statistical analyses:

Data were analyzed using the standard methods based on the Student t-test?®. For
basic treatment comparisons the randomization p-values were calculated®. In order to
assure that the overall significance level did not exceed 5% (one sided) the Bonferro-
ni method was applied to correct for multiple tests. The p-value for each of the res-
ponse variables was considered significant if less than 1% (one sided). We also calcu-
lated 90% confidence limits for mean treatment effects: based on the conventional t-
test and without the Bonferroni correction. Relations between the response variables
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and also between treatment effects on these variables were studied by means of the
Spearman correlation coefficient.

RESULTS

Sixteen patients entered the trial. Two patients had to discontinue the study, one be-
cause of severe headaches during fish oil supplementation, the second because of a
gastro-intestinal bleeding owing to an acenocoumarin overdosage. During both place-
bo treatment and during fish oil treatment only minor, short term side effects were
observed (nausea, ructus and diarrhea). Most patients endured the fatty acid supple-
mentation without any problems. During the run-in period no significant changes in
clinical or laboratory parameters of disease activity were found. Since there was no
washout period between the two 3-months treatment periods, the data were analyzed
to determine whether there were treatment sequence effects. A "hangover" effect was
perceived in most clinical and some laboratory variables at four weeks after cessation
of fish oil administration. Yet at treatment endpoints the changes in clinical and labo-
ratory variables appeared to be independent of treatment sequence.

Clinical evaluation:

Comparisons were made between endpoints of fish oil and placebo treatment. The
differences are shown in Table 1. We observed a mean decrease of 6 points in the
joint swelling index (p<0.05) after 12 weeks of fish oil treatment. The duration of
morning stiffness decreased by a mean of 35 minutes (p=0.01) during fish oil treat-
ment. The joint pain index showed a trend towards improvement during fish oil sup-
plementation but did not reach statistical significance. Gripstrength and VAS were not
altered.

Table 1 Clinical and laboratory disease variables before and after three months of fish oil and coconut oil treatment. Values are
expressed as mean(SEM), unless otherwise indicated.

Supplementation

None Fish oil Coconut oil
Disease variables
Joint pain index (pnts) 33.0 (7.0) 29.0 (7.0) 42.0 ( 9.0)
Joint swelling index (pnts) 10.0 ( 2.0) 2.0 (1.0)* 8.0 (3.0)
Mormning stiffness (min) 46.0 (15.0) 15.0 (5.0)°** 50.0 (13.0)
VAS® 3.1 (0.6) 2.7 (0.5) 4.0 ( 0.7)
CRP (mgn) 30.0 (3.0-121) 17.0 (3.0-69) 21.0 (5.0-71)
SAA (mgN)$ 14.0 (1.0-100) 14.0 (1.0-127) 28.0 (1.0-95)
Fibrinogen (gh)$ 44 (2.6-1.3) 4.3 (24-5.6) 43 (29-5.3)
ESR (min)$ 30.0 (19.0-98) 34.0 (14.0-80) 40.0 (11.0-70)
IgM-Rf (IU/ml)$ 130.0 (3.0-1050) 100.0 (3.0-850) 165.0 (3.0-900)

a: visual analogue pain scale. $: median (range); * p=0.01, one sided, significantly different from coconut oil and pre diet values.
90% confidence limits= 1-11 for mean treatment effect. ** p<0.05, one sided, significantly different from coconut oil and pre
diet values. 90% confidence limits= 14-55 for mean treatment effect.
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Laboratory evaluation:

Median(range) levels at baseline, after twelve weeks of fish oil or placebo supplemen-
tation of plasma fibrinogen, CRP, SAA, IgM-Rf and of ESR are also shown in Table
1. The complete blood cell count was not significantly altered. The differences be-
tween neutrophil LTB4 production at baseline and after 12 weeks of fish oil and co-
conut oil supplementation are shown in Table 2. Mean values decreased from a base
line production of 149 ng/10" neutrophils to 123 ng/10” neutrophils (p<0.05) and LTBS
production increased from undetectable amounts to a mean production of 13 ng/10’
neutrophils (p<0.01). Changes in clinical variables did not correlate with changes in
the leukotriene production.

Table 2 In vitro leukotriene production (ng/10” neutrophils) by neutrophils isolated from the blood of patients with RA before
and after three months of dietary fatty acid supplementation with fish oil or coconut oil. mean(sem).

Supplementation

None Fish oil Coconut oil
LTB4 149.0 (13.0) 123.0 (10.0)° 141.0 (12.0)
LTBS 0.0 (0.0) 13.0 (2.0)** 0.0 (0.0)

* p<0.05, one sided, significantly different from base line values. 90% confidence limits = 646 for mean treatment effect.
** p<0.01, one sided, significantly different from base line and coconut oil values. 90% confidence limits = 9-17 for mean treat-

ment effect.

Within eight weeks after discontinuation of fish oil supplementation LTBS production
had declined below detection level again.

Plasma cholesterol esters and neutrophil membrane phospholipids:

In the placebo period, no significant alterations were observed in the fatty acid com-
position of the plasma cholesterol ester fraction. The course of the composition for
selected fatty acids in the plasma cholesterol ester fraction during the study is shown
in Figure 1. The n-3 fatty acid incorporation did reach a maximum within

Figure 1 Treatment sequence effects (fish oil-placebo and placebo-fish oil) on the relative composition of selected fatty acids in
the plasma cholesterol ester fraction.

fish o placebo placebo - fish ol
L) L)
,mol % 8 Imol %
: 7
6 4 ¢ -
Al h . T 6
T I * 1 —— AR
4 1 It 5
i\ —a— EPA

—— DHA
3

-4 o 4 e 12 6 20 24 28 ’
-4 o 4 8 12 16 20 24 28

weeks of treatment
weeks of treatment

Patients crossed over after twelve weeks. Values are exprezsed as mean(sem).

29



one month of fish oil administration. In all cases these values persisted during the fish
oil period. In the plasma cholesterol ester fraction the n-3 fatty acids replaced notably
the n-6 fatty acids: linoleic acid (18:2,n-6), gamma-linolenic acid (18:3,n-6) and di-
homo-gamma-linolenic acid (20:3,n-6). However, the amount of arachidonic acid
(20:4,n-6) significantly increased.

Figure 2 demonstrates the differences between incorporation of relative amounts of
selected fatty acids in the plasma cholesterol ester fraction and in the total phospho-
lipid fraction of isolated neutrophils before and during twelve weeks of fish oil sup-
plementation. Owing to technical problems the fatty acid composition of neutrophil
membrane phospholipids was calculated for only nine patients In both fractions
20:5,n-3 was significantly incorporated (p<0.01). In contrast with the increase of
22:6,n-3 in the plasma cholesterol ester fraction (p<0.01), the increment of relative
amounts of 22:6,n-3 in the neutrophil membrane phopholipids during fish oil supple-
mentation was not statistically significant. The 20:4,n-6 content in the neutrophil
membrane phospholipids was also not significantly altered during fish oil supplementa-
tion.

Figure 2 Differences between incorporation of relative amounts (mol%) of sclected fatty acids in the plasma cholesterol ester
fraction and in the total phospholipld fraction isolated from neutrophils before and after three months of fish oil
supplementation. Values are expressed as mean.
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p = plasma cholesterol ester fraction; m = neutrophil membrane phospholipid fraction; AA = Arachidonic acid (20:4,n-6);
EPA = Eicosapentacnoic acid (20:5,n-3); DHA=Docosahexaenoic acid (22:6,n-3)

DISCUSSION

The management of patients with RA is difficult. A variety of drugs, either alone or
in combination are used with varying success to suppress symptoms or modify disease
activity. In extensively treated patients, the number of side effects is considerable and
may disturb treatment. Physicians and patients have long been intrigued by the notion
that some foods or food related products can provoke or alleviate rheumatic symp-
toms®>*. It is also known that fasting has an antiinflammatory effect in RA*". A more
sophisticated approach is based on the fact that alteration of the dietary fatty acid
composition has been shown to modulate the production of eicosanoids®™**.
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Our study demonstrates significant improvement of clinical disease variables in
patients with RA during dietary fish oil supplementation. Although statistically
significant improvement was only achieved for joint swelling index and duration of
early morning stiffness, most clinical variables favoured fish oil over placebo. Based
on subjective clinical observations it can be estimated that most patients experienced
considerable relief on fish oil supplementation. Even more impressive was the im-
provement of patients assessment of disease activity. A readily available method to
assess subjective improvement, the visual analogue pain scale, did however not
demonstrate statistically significant alterations. Subjective improvements were also
observed during coconut oil treatment, therefore we conclude that the subjective al-
leviations are at least partially due to a placebo effect.

In contrast to the clinical disease variables, the changes in the laboratory paramet-
ers of inflammation were not statistically significant. Our findings are in agreement
with the results of other clinical studies on dietary n-3 fatty acid supplementation in
RA?33  However a recent report*® showed a significant decrease of mean plasma
fibrinogen levels during a six weeks daily supply of 14 g fish oil (3.5 g 20:5,n-3,) in
healthy volunteers. In our trial 6 g fish oil (2.04 g 20:5,n-3) has no influence of statis-
tical importance neither on the mean plasma fibrinogen concentration nor on the
plasma levels of other acute phase proteins like CRP and SAA. A possible explana-
tion for these apparently conflicting findings might be a dose dependent effect of fish
oil on fibrinogen synthesis.

In spite of the lack of alterations in the levels of acute phase proteins, fish oil
supplementation results in changes in the leukotriene production of in vitro stimulated
neutrophils. A small production of LTBS was observed, concomitant with a decrease
of the mean LTB4 production. The slight production of LTBS is in accordance with
the small amounts of 20:5,n-3 incorporated in the total phospholipid fraction from
isolated neutrophils. A major question regarding the leukotrienes is whether any of
the induced alterations contribute to the result of clinical improvement during fish oil
administration. Since no correlations were found between changes in the leukotriene
production and the significantly altered disease variables, it seems unlikely that inhibi-
tion of the lipoxygenase pathway is the only cause of clinical improvement. Accordin-
gly to the pharmacologic potency of fish oil to modulate the formation of leukotrie-
nes, prostacyclin and prostaglandins, it should be considered that the effects of fish oil
may be the result of changes in the production of prostaglandins. In this context it is
interesting to note that even during the use of drugs that block prostaglandin synthe-
sis (NSAID) fish oil provides an additive beneficial effect.

In conclusion this study shows that administration of n-3 fatty acids is effective in
suppressing clinical symptoms of RA. Convincing biochemical evidence that n-3 fatty
acids may also act as a DMARD could not be obtained, however. Although a change
in neutrophil leukotriene production in vitro could be clearly shown, the question
remains whether the clinical effects can be accounted for by inhibition of the lipoxy-
genase pathway.
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Chapter 2a

OMEGA-3 POLYUNSATURATED FATTY ACIDS
INTERLEUKIN-1 AND TUMOR NECROSIS FACTOR

Jacob E Tulleken, Pieter C Limburg, Martin H van Rijswijk

LETTER TO THE EDITOR

Dear Sir,

Dr. Endres and coworkers assigned nine healthy volunteers to receive 18 g fish oil
concentrate (2.8 g eicosapentaenoic acid + 1.9 g docosahexaenoic acid)'. They found
a significant suppression of interleukin-1 (IL-1) and tumor necrosis factor (TNF)
produced in vitro by stimulated peripheral blood mononuclear cells. Suppression of
IL-1 and TNF persisted even for as long as 10 weeks after cessation of dietary
omega-3 (n-3) supplementation. This observation is an important addition to the
evidence that n-3 polyunsaturated fatty acids may be of benefit in inflammatory
conditions, like rheumatoid arthritis.

The authors suggest that the decreased IL-1 production might be the result of
decreased synthesis of leukotriene B4 and the generation of the fish oil derived,
almost inactive, metabolite leukotriene B5. Unfortunately, dr Endres and colleagues
did not report alterations in leukotriene production. Recently we studied the clinical
and biochemical effects of dietary n-3 polyunsaturated fatty acid administration in
patients with rheumatoid arthritis®. In our double blind placebo controlled, crossover
trial with 12 weeks treatment periods, 16 patients with active though stable rheumato-
id arthritis (American Rheumatism Association criteria) were randomly allocated to
receive 2.04 g eicosapentaenoic acid and 1.32 g docosahexaenoic acid or placebo
(coconut oil) administered in 12 capsules daily. Fish oil produced a statistically
significant improvement in clinical disease variables but the biochemical measures of
disease activity remained unchanged. Furthermore suppression of the generation of
leukotriene B4, by in vitro stimulated neutrophils with calcium ionophore following
fish oil administration was observed whereas small quantities of leukotriene BS5
became detectable Within eight weeks after cessation of fish oil administration
leukotriene B4 and leukotriene B5 formation were returned to pre-diet production
levels (Table 1).

Table 1 In vitro production of leukotriene B4 and leukotriene BS by isolated neutrophils of 14 patients with
rheumatoid arthritis during dietary fish oil supplementation.

Variable Before n-3 After n-3 8 weeks after
supplement supplement supplement

Leukotriene B4 149 (12) 123 (10)° 181 (13)

Leukotriene BS 0(0) 13 (2)°* 0(0)

Values are expreased as ng/10” neutrophils. ® p<0.05; ** p<0.01.
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Our results indicate that a decreased IL-1 and TNF production at 10 weeks after
cessation of fish oil administration are apparently not the result of alterations of S-
lipoxygenase metabolites. To our point of view an other at the moment unknown
mechanism should be considered.

Since IL-1 is perceived to be one of the key mediators in rheumatoid arthritis
decreased production of this cytokine as a result of dietary n-3 fatty acids supplemen-
tation may be of practical importance in the treatment of patients with rheumatoid
arthritis. Thus the observations of the authors are worthy of further study.
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Chapter 3

VITAMIN E STATUS DURING DIETARY FISH OIL
SUPPLEMENTATION IN RHEUMATOID ARTHRITIS

Jacob E. Tulleken, Pieter C. Limburg, Frits A.J. Muskiet,
Martin H. van Rijswijk

SUMMARY

The primary objective of this study was to determine whether it is the fish
oil itself or the alpha-tocopherol that is added to the fish oil preparations
(to prevent peroxidation) that is responsible for the beneficial effects of
dietary supplementation with fish oil in patients with rheumatoid arthritis
(RA). One group of RA patients took fish oil supplements and another
group took alpha-tocopherol-enriched coconutoil supplements (placebo con-
trols), both for 3 months. Clinical and laboratory indices of RA activity in
relation to cellular and plasma vitamin E levels were assessed at the begin-
ning and at the end of the trial. The results of the study provide evidence
that the beneficial effects of fish oil supplementation cannot be ascribed to
the anti-oxidizing properties of alpha-tocopherol perse.

INTRODUCTION

Dietary supplementation with fish oils, rich in omega-3 (n-3) polyunsaturated fatty
acids (PUFA), may lead to a considerable relief of pain in patients who have rheum-
atoid arthritis (RA)“. The suggested mechanism involved is the enrichment of n-3
PUFA in the phospholipid fraction of cell membranes and the concomitant decrease
in n-6 PUFA, thereby reducing the content of precursor for the 4-series leukotrienes
and the 2-series prostaglandins. Fish oil preparations, however, are enriched in alpha-
tocopherol, which prevents the peroxidation of PUFA. It is conceivable that the an-
tioxidizing properties of alpha-tocopherol may interfere with the process of inflam-
mation by reducing the free radical-mediated cellular lipid peroxidation.

Thus the question has been raised whether the antiinflammatory effects of fish oil
are due to the action of n-3 PUFA or the alpha-tocopherol only. Therefore we com-
pared the effects of dietary fish oil supplementation with the effects of alpha-tocophe-
rol-enriched coconut oil supplementation in RA patients. Clinical disease variables
were studied in relation to cellular and plasma vitamin E levels in these patients.

PATIENTS AND METHODS
Patients:
Twenty eight patients who met the American Rheumatism Association criteria for RA

participated in the study. All but one had clinically active disease, as defined by the
presence of at least 2 of the following criteria: duration of early morning stiffness
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> 45 minutes, at least six tender joints, swelling in at least three joints and CRP>6
mg/l. Concurrent treatment for RA consisting of nonsteroidal anti-inflammatory and
disease modifying anti-rheumatic drugs were required to be stable for at least three
months prior to the study as well as during the study. Informed consent was obtained
from all patients.

Methods:

Supplementation with fish oil and coconut oil/alpha-tocopherol:

The patients were randomly assigned by the pharmacy department of the hospital to
receive either the fish oil supplement or the coconut oil supplement (placebo control
group). The supplements were given as 12 identically appearing capsules/day for a
total duration of three months. To prevent identification of the coconut oil fish flav-
our was added to the capsules. Both oil supplements were a gift from Aerofako,
Amersfoort, The Netherlands. The fish oil capsules mainly contained 20:5,n-3 (31
mol%) and 22:6,n-3 (22 mol%) fatty acids (ethyl esters), resulting in a daily supply of
204 g 20:5,n-3 and 1.32 g 22:6,n-3. The total dose of the fish oil supplement on a
daily basis for each patient was 6 g. The coconut oil capsules mainly contained 8:0
(63 mol%) and 10:0 (36 mol%) fatty acids’. The alpha-tocopherol content of the fish
oil capsules was 5 micromol/ml oil (12.9 mg alpha-tocopherol daily) and that of the
coconut oil capsules 4 micromol/ml oil (10.3 mg alpha-tocopherol daily). Alpha-toco-
pherol was the only tocopherol that was added to the capsules. Patients were asked
to adhere to their dietary habbits. Each patient kept a daily food diary.

Clinical protocol:

Clinical evaluation consisted of: gripstrength of each hand (kPa); Ritchie articular
index®; the total number of swollen and tender joints; duration of early morning stiff-
ness (in minutes); pain score on a visual analogue scale VAS, 0-10, from no pain to
worst ever). For the degree of tenderness a scale of 0-3 was used (joint pain index;
(JPI) 0 = no tenderness, 1 = mild, 2 = moderate, 3 = severe) and a scale of 0-2
was used to assess the degree of swelling (joint swelling index; (JSI) 0 = none, 1 =
mild, 2 = severe) of selected joints. The follow up time was three months with clini-
cal check ups every month. Blood samples were collected during each visit.

Laboratory tests:

Standard laboratory tests were performed including a complete blood cell count,
erythrocyte sedimentation rate (ESR), plasma C-reactive protein (CRP), IgM-
rheumatoid factor (IgM-Rf), serum total cholesterol and triglycerides. Vitamin E lev-
els in plasma, erythrocytes and capsules were determined by high performance liquid
chromatography with fluorescent detection, essentially as described by others®’. Plasma
and erythrocyte alpha-tocopherol equivalent was calculated using the formula: alpha-
tocopherol + (0.1 x gamma-tocopherol).

Statistical analysis:

The Mann-Whitney U test was used to compare the groups at baseline, after treat-
ment and changes from baseline. p Values less than 0.05 were considered significant.
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RESULTS

Table 1 shows that the two groups were similar in patient characteristics at study
entry.

Table 1 Patient characteristics at study entry

Fish oil Control
Age (mean(range))® 52.0 (29.0-66.0) 58.0 (43.0-68.0)
Males/females 112 212
Duration of disease® 18.0 (6.0-30.0) 20.0 (3.048.0)
Curreot Medication®®
NSAID 12 12
Gold 1
d-Penidillamine 7 6
Antl-maslarials agents 3 4
None 1 -

The clinical and laboratory indices of disease activity of both groups preceding the
supplementation protocol are presented in Table 2. At study entry, plasma CRP and

Table 2 Clinical and Jaboratory indices of disease activity of patients with RA before and during a three month period of dietary
fish oil or coconut oil/alpha-tocopherol supplementation. Median (range).

Fish oil Control
Before After Before After Inter
group p

ESR (mm) 36.0 (8.0-74.0) 21.0 (7.0-60.0) 62.0 (2.0-82.0) 53.0 (6.0-86.0)
CRP* (mgN) 8.0 (3.0-54.0) 14.0 (1.0-52.0) 27.0 (4.0-110.0) 18.0 (3.0-101.0)
IgM-Rf* (IU/ml) 40.0 (7.0-750.0)  43.0 (5.0-650.0) 135.0 (28-1500) 170.0 (38.0-1700)
JPI 27.0 (3.0-103.0) 6.0 (0.0-49.0) 21.0 (5.0-52.0) 20.0 (4.0-48.0) <0.05
Rltchie 18.0 (3.0-49.0) 6.0 (0.0-49.0) 15.5 (5.0-27.0) 11.5 (4.0-29.0) <0.05
Pain (n) 18.0 (2.0-42.0) 8.0 (0.0-42.0) 21.0 (4.0-27.0) 14.0 (4.0-34.0)
JSI 7.0 (0.0-26.0) 4.0 (1.0-16.0) 6.0 (2.0-14.0) 4.0 (1.0-16.0)
Swelling (n) 6.0 (0.0-24.0) 3.0 (1.0-16.0) 5.0 (2.0-13.0) 4.0 (1.0-16.0) <0.05
Gripstrength

R(kPa) 0.2 (0.0-1.2) 0.3 (0.0-1.3) 0.2 (0.0-1.3) 0.2 (0.0-1.3)

L(kPa) 0.3 (0.0-0.8) 0.4 (0.0-0.8) 0.2 (0.0-1.2) 0.2 (0.1-2.0)
Stiffness (min) 60.0 (0.0-60.0) 30.0 (0.0-120) 45.0 (0-120.0) 60.0 (0.0-180)
VAS 40 (0.5-6.1) 2.4 (0.0-7.4) 4.4 (14-8.0) 38 (0.5-8.1)

§ Intergroup p denotes the level of significance for the change from basellne in the fish oil group versus change from basellne in
the placebo group. ® p<0.05, significantly different for comparison of groups at baseline.

IgM-Rf levels were significantly lower in the fish oil group in comparison with the
control group as a result of the randomization protocol. One patient in the fish oil
group discontinued the supplementation study within one week of treatment, not tole-
rating the size and number of the capsules. Both supplements caused short term
(days), mild gastro-intestinal discomforts (nausea, ructus, diarrhea). One patient
developed a rash and pruritus during coconut oil supplementation.

Disease activity:

At the end of the study data for 13 fish oil and 14 coconut oil supplemented patients
were available for evaluation. Although some clinical improvement ocurred in the
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control group, the clinical improvement with fish oil was greater than that with
coconut oil/alpha-tocopherol (see also Table 2). The laboratory indices of disease ac-
tivity did not change in the fish oil group, nor in the control group.

Plasma and erythrocyte vitamin E status parameters:
Presupplementation values of vitamin E status parameters in plasma and erythrocytes
were similar in both groups and were within the normal range. (Table 3)

Table 3 Vitamin E status parameters in patients with RA before and after a three month period of dietary fish oil or coconut
oll/alpha-tocopherol supplementation.

Variable Fish oil Coconut oil Intergroup
Before After Before After P

PLASMA

alpha-T 24.8 (21.6-35.0) 27.1 (21.2-53.6) 26.6 (16.2-44.6) 30.8 (18.1-49.4)

gamma-T 3.9 (0.8-5.7) 238 (0.2-4.8) 28 (1.0-59) 2.6 (1.0-6.8)

alpha-T eq 25.1 (21.9-35.4) 274 (21.7-54.1) 26.8 (16.5-44.9) 30.9 (18.4-49.7)

alpha-T eq/ftl 3.9 (26-49) 43 (2.6-7.3) 39 (2.6-5.4) 4.2 (3.5-6.8)°

ERYTHROCYTES

alpha-T 6.5 (4.1-9.8) 7.6 (6.1-8.9) 64 (4.7-1.5) 9.2 (6.2-10.9)° <0.01

gamma-T 11 (0.1-19) 11 (0.7-2.0) 1.0 (0.4-19) 15 (0.7-1.7)*°

alpha-T eq 6.6 (4.299) 7.6 (6.1-9.0) 6.5 (4.8-1.5) 9.3 (63-11.0)° <0.01

¢ p<0.01 and ** p<0.05 versus before coconutoil/alpha-tocopherol supplementation. Intergroup P for the between treatment
group comparison of after treatment values in erythrocytes. T: tocopherol; alpha-T eq: alpha-tocopherol equivalent; tl=total lipid-
(=serum cholesterol + triglycerides); For plasma alpha-T, gamma-T, alpha-T eq in micromol/l, plasma alpha-T eq/tl in mmol/mol
and erythrocyte alpha-T, gamma-T and alpha-T eq in micromol/10*? erythrocytes.

Despite a slightly lower daily intake (2.6 mgr) of alpha-tocopherol in the control
group the patients showed significant increases of several vitamin E status parameters
when compared with the fish oil group (Table 3). In both groups no correlations were
found between changes in disease activity and vitamin E status.

DISCUSSION

In controlled studies, we and others have previously reported that fish oil supplemen-
tation is effective in suppressing clinical symptoms in patients with active RA*™. Con-
comitant with the clinical improvements there is a decreased production of the pro-
inflammatory arachidonic acid derived metabolites and an increase of the functionally
attenuated n-3 PUFA derived analogs. In general, alpha-tocopherol is added to the
fish oil capsules to prevent unwanted lipid peroxidation. To our knowledge little or no
attention has been given to whether it is the n-3 PUFA, alpha-tocopherol, or the
combination of both that is responsible for the antiinflammatory effects of dietary fish
oil supplementation. Therefore, the primary objective of this trial was to determine
whether the fish oil or the alpha-tocopherol affects joint symptoms, by adding similar
amounts of alpha-tocopherol to supplements given to both the experimental and the
control group.

Consistent with the results of previous trials and despite a notable increase of the
cellular vitamin E status parameters in the control group, the current study
demonstrates that dietary supplementation with the fish oil is superior to alpha-toco-
pherol enriched coconut oil in producing clinical benefit in RA. This was most clear
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with respect to the number of swollen joints, joint pain index and Ritchie articular
index. Thus our data reinforce the conclusion that the n-3 PUFA, rather than the
anti-oxidizing properties of the encapsuled alpha-tocopherol, are mainly responsible
for the improvement of joint symptoms during fish oil supplementation in patients
with RA. It should be emphasized, however, that a potentiating effect of the anti-oxi-
dant on the anti-inflammatory effects of the n-3 PUFA can not be excluded.

Since the degree of unsaturation of cell membranes increases the risk for lipid per-
oxidation and the generation of toxic free radicals the alpha-tocopherol requirements
depends on the amount of PUFA consumed. Recent studies, however, showed no
changes in plasma parameters of vitamin E status during supplementation of alpha-
tocopherol enriched fish oil in normal controls and hyperlipidemic patients** In
accordance with these studies, our data indicate that despite the substantially in-
creased intake of n-3 PUFA, the amount of alpha-tocopherol added to the fish oil
capsules was sufficient to prevent deficiencies in cellular and plasma levels of vitamin
E. Unlike the situation in the control group, however, no statistically significant in-
crease in vitamin E status parameters occurred in the fish oil treatment group. It re-
mains to be determined whether this has to be explained by an increased expenditure
of alpha-tocopherol due to peroxidation of n-3 PUFA in the tissues.

In summary, this study confirms the beneficial clinical effect of dietary fish oil sup-
plementation in patients with RA. This effect cannot be ascribed to the anti-oxidizing
properties of alpha-tocopherol in the fish oil capsules per se.
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Chapter 4

NONSTEROIDAL ANTIINFLAMMATORY DRUG
DEMAND DURING FISH OIL TREATMENT
IN RHEUMATOID ARTHRITIS

Jacob E. Tulleken, Pieter C. Limburg, Wieke Wassenaar,
Martin H. van Rijswijk.

SUMMARY

Dietary fish oil supplementation provides a beneficial effect on joint symp-
toms in rheumatoid arthritis (RA). Before we embark upon prescribing fish
oil to large groups of patients emphasis should be given to detennine its
place in regular treatment for RA. Should it be used as adjunctive therapy
or is it potent enough to replace more conventional treatment regimens? To
answer this question we undertook a double blind, placebo controlled trial
to investigate whether fish oil consumption could reduce indomethacin
usage without deterioration of joint symptoms in 22 patients with RA. After
a nine weeks run-in period the patients were randomly allocated to receive
either fish oil (2.04 g 20:5,n-3 and 1.32 g 22:6,n-3) or coconut oil (control
group) for twelve weeks. We report here a minor effect on the requirement
of indomethacin in those patients who received fish oil (-19%, p<0.05),
whereas no effect was observed in those patients who received placebo

(-8%, NS). Between group comparison of percentages revealed no statistical-
ly significant differences in usage of indomethacin. No worsening of symp-
toms or alterations in the acute phase parameters were observed in both
groups. We conclude that three months of fish oil supplementation could
not significantly reduce indomethacin demand in RA patients.

INTRODUCTION

Dietary fish oil supplementation modifies the fatty acid composition of the membrane
phospholipid fraction of platelets', erythrocytes', mononuclear cells’, neutrophils’ and
others. The main long chain omega-3 polyunsaturated fatty acids (n-3 PUFA) in fish
oil, eicosapentaenoic acid (EPA;20:5,n-3) and docosahexaenoic acid (DHA;22:6,n-3),
competitively inhibit the formation of arachidonic acid (AA;20:4,n-6) derived metabo-
lites of the cyclooxygenase and lipoxygenase pathway. Fish oil has considerable sup-
pressing effects on thromboxane A2 (TXA2)‘, prostaglandin E2 (PGE2)* and leuko-
triene B4 (LTB4)’ synthesis, while enhancing the production of weak, n-3 PUFA deri-
ved agonists like TXA3% PGE3’ and LTB5%. This may result in anti-thrombotic and
anti-inflammatory effects of fish oil as has been evaluated in cardiovascular diseases
and in chronic inflammatory disorders like rheumatoid arthritis (RA). We and
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others have demonstrated that daily fish oil consumption provides an additional sup-
pressing effect on joint symptoms in RA patients continuing their regular treatment
with non steroidal antiinflammatory drugs (NSAID) and ’disease modifying’ anti-
rheumatic drugs (DMARD)*** One of the mechanisms by which NSAID exert their
effect is the inhibition of the production of prostaglandins whereas the production of
leukotrienes remains unaffected. The ability of n-3 PUFA to affect both the cyclo-
oxygenase and the lipoxygenase pathway should, theoretically, provide the possibility
to reduce NSAID demand in RA patients. Therefore, we undertook a prospective
double blind, placebo controlled trial to investigate whether fish oil consumption
could reduce the need for indomethacin, as a model for other NSAID, in RA
patients.

PATIENTS AND METHODS

Patients:

Twenty six patients who met the American Rheumatism Association criteria’ for RA
were asked to participate in the study. All fulfilled at least 3 of the following criteria
for disease activity: duration of early momning stiffness>45 minutes, at least 6 tender
joints, swelling in at least 3 joints and a C-reactive protein (CRP) level>6 mg/liter.
Concurrent treatment for RA consisting of NSAID and DMARD was required to be
stable for at least three months prior to the study. During the study the use of
DMARD was kept constant. Informed consent was obtained from all patients.

Clinical protocol:

At the start of the trial regular NSAID treatment was discontinued and replaced by
indomethacin suspension (5 mg/ml) and if necessary complemented with indomethacin
suppository (25, 50 or 100 mg). The patients were required to discontinue any medic-
ation with analgesic capacities, other than indomethacin during the entire study. Furt-
hermore they were encouraged to decrease their indomethacin usage without deterior-
ation of joint symptoms. The daily usage of indomethacin was noted in a diary. Clini-
cal evaluation was done every three weeks and consisted of: grip strength of each
hand (kPa); Ritchie articular index”; the total number of swollen and tender joints;
duration of early morning stiffness (in minutes); pain score on a visual analogue pain
scale (VAS, 0-10, from no pain to worst ever). For the degree of joint pain (joint
pain index) a scale of 0-3 was used (0O=no tenderness, 1=mild, 2=moderate,
3=severe) and a scale of 0-2 (O=none, 1=moderate, 2=severe) was used to assess
the degree of swelling of selected joints (joint swelling index).

Supplementation with fish oil and coconut oil:

After nine weeks (run-in period), the patients were randomly allocated on a numeri-
cally order of entry scheme by the pharmacy department of the hospital to enter
either the fish oil or the control group for a 12 weeks treatment period. The patients
in the fish oil group were treated with 12 fish oil capsules daily, primarily containing
20:5,n-3 (31 mol%) and 22:6,n-3 (22 mol%) fatty acids (ethyl esters), resulting in a
daily supply of 2.04 g 20:5,n-3 and 1.32 g 22:6,n-3. The total daily dosage of fish oil
for each patient was 6 g. Patients in the control group received the same amount of
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identical appearing capsules with coconut oil primarily containing caprylic acid (63
mol%) and capric acid (36 mol%)’. To prevent identification of the coconut oil, fish
flavour was added to the capsules. Both oil supplements were a gift from Aerofako,
Amersfoort, The Netherlands. Compliance was monitored by pill counts. Patients were
asked to adhere to their regular dietary habits. Each patient kept a daily food diary.

Laboratory tests:

Standard laboratory tests were performed every visit including a complete blood cell
count, erythrocyte sedimentation rate (ESR), plasma C-reactive protein (CRP) and
IgM-rheumatoid factor (IgM-Rf).

Data processing and statistical analysis:

The mean indomethacin requirement was calculated over a seven day period (three
days before the day of visit, the day of visit and three days after the day of visit to
the hospital). A standard paired analysis of data was conducted to study the change
from baseline, using the Wilcoxon test. The Mann Whitney U test for unpaired data
was used for comparison of groups at baseline and after treatment. P values less than
0.05 were considered significant.

RESULTS

Two patients in the fish oil group were withdrawn from the study because of non-
compliance. In the control group one patient withdrew not tolerating the size and
number of the capsules and one withdrew for personal reasons not related to her
participation in the study. Both supplements caused short term (days), mild gastro-
intestinal discomforts (nausea, ructus, diarrhea). At the end of the study data for 11
fish oil and 11 coconut oil supplemented patients were available for evaluation (Table

1).

Table 1 Patient characteristics at study entry.

Fish oil treated Control

Age, years

Mean 55 54

Range (44-63) (43-66)
Males/females 1710 3B
Disease duration, years

Mean 16 16

Range (6-31) (5-27)
Current medication

Nonsteroidal antiinflammatory

drugs 1 1

Gold 1 3

D-penicillamine 4 4

Antimalarial agents 4 2

The clinical and laboratory indices of disease activity of both groups before and after
the supplementation protocol are presented in Table 2. ESR and plasma CRP levels
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were significantly lower in the group who received fish oil supplements compared to
the control group, as a result of the randomization protocol.

Table 2 Laboratory and clinical indices of disease activity of patients before and after study.

Fish oil treated Control
Before After Before After

ESR (mm)°** 17.0 (5.0-76.0) 24.0 (9.0-74.0) 56.0 (36.0-107) 54.0 (30.-98.0)
CRP (mgfiter)** 6.0 (6.0-94.0) 6.0 (6.0-56.0) 44.0 (11.0-70.) 30.0 (9.0-83.0)
IgM-Rf (IU/ml) 130.0 (35.0-650) 180.0 (28.0-900) 48.0 (9.0-550.) 55.0 (8.0-450.)
Joint pain index 23.0 (2.0-68.0) 21.0 (0.0-62.0) 220 (7.092.0) 17.0 (0.0-68.0)
RAI 13.0 (2.0-25.0) 15.0 (0.0-36.0) 180 (7.0-42.0) 14.0 (0.0-39.0)
Painful joints 12.0 (2.0-31.0) 11.0 (0.0-36.0) 13.0 (5.0-42.0) 13.0 (0.0-34.0)
Joint swelling index 2.0 (0.0-22.0) 4.0 (0.0-17.0) 4.0 (0.0-20.0) 3.0 (0.0-11.0)
Swollen joints 2.0 (0.0-20.0) 4.0 (0.0-16.0) 4.0 (0.0-18.0) 3.0 (0.0-11.0)
Grip strength (kPa)

right hand 0.3.(0.1-0.8) 0.3 (0.1-1.1) 0.2 (0.0-0.4) 0.2 (0.0-0.5)

left hand 0.3 (0.1-0.8) 0.2 (0.1-1.1) 0.2 (0.0-1.2) 0.2 (0.0-14)
Stiffness (minutes) 60.0 (0.0-180) 30.0 (0.0-240) 30.0 (0.0-180) 15.0 (0.0-180)
VAS 2.5 (0.5-4.3) 2.3 (0.7-3.7) 2.7 (0.5-7.8) 1.3 (0.0-8.0)

® Values are the median (range). ESR = erythrocyte sedimentation rate; CRP = C-reactive protein; IgM Rf = IgM rheumatoid
factor; RAI = Ritchie articular index; VAS = visuai analogue scale. ** p<0.01, for comparison of groups before treatment.

During the nine weeks run-in period the usage of indomethacin of all patients fell
from: (median(range)) 70(18-150) mg/day to 56(25-157) mg/day but the difference was
not significant. The influence of fish- and coconut oil supplementation on the in-
dividual usage of indomethacin in the following 12 weeks is shown in Figure 1. The
patients were required to translate, if possible, any improvement of joint symptoms
during fish oil or coconut oil treatment into a diminished indomethacin usage. The
use of indomethacin fell to 81% (40-107) (p<0.05, from baseline) in the fish oil treat-
ed group and to 92% (0-130) (NS) in the control group. Between group comparison
of percentages revealed no statistically significant differences (95% confidence limits
for the difference between medians: -17 to 31, 2-alpha=0.62, beta=0.07).
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DISCUSSION

The 20:4,n-6 derived prostaglandins and leukotrienes are potent local mediators of
joint complaints and joint destruction in RA. Dietary n-3 PUFA, while increasing the
20:5,n-3 and 22:6,n-3 content of cell membrane phospholipids, competitively inhibit
the formation of the proinflammatory metabolites PGE2 and LTB4. Recently, a 51%
decrease of PGE2 release was measured in the supernatant of stimulated mono-
nuclear cells of healthy volunteers who had received 4.6 g 20:5,n-3+22:6,n-3 daily for
six weeks®. Previous investigators reported promising results of addition of fish oil or
plant fatty acids to the diet in suppressing joint symptoms in RA patients. Belch et
al® have shown that treatment with evening primrose oil, rich in gamma-linolenic acid
(18:3,n-6), with or without 20:5,n-3 (240 mg) could allow some RA patients to reduce
or even stop their NSAID. Evening primrose oil raises the di-homo-gamma-linolenic
acid content in cell membrane phospholipids which is the precursor of PGEL1, a pros-
taglandin with antiinflammatory properties. The combined therapy of the 18:3,n-
6/20:5,n-3 group does not permit, however, a conclusion upon the effect of 20:5,n-3
on the required dosage of NSAID in RA.

We report here a minor effect on the requirement of indomethacin in those
patients who received fish oil, whereas no effect was observed in those patients who
received placebo. In contrast with our previous studies, using the same amount of
dietary fish oil as a supplement to anti-rheumatic drugs, no significant alterations in
clinical parameters of disease activity were observed®. This is not surprising since in
the current study, patients were required to translate any improvement of joint sympt-
oms into a diminished indomethacin usage. It is tempting to attribute the lack of a
meaningful effect of 3.4 g/day of 20:5,n-3+22:6,n-3 for twelve weeks on indomethacin
demand to the small sample size. However, the chance of a type II statistical error
was approximately 7%, indicating the low impact of the sample size on the outcome
of the study. Possibly, the fish oil-induced inhibition of the PGE2 production? is not
enough to achieve similar clinical effects as indomethacin does. However, referring to
the fact that indomethacin exerts some non prostaglandin dependent effects as well",
it is possible that fish oil does not exert such effects and hence cannot replace in-
domethacin. Recently, it was reported that clinical improvement was more commonly
observed after 24 weeks of treatment while using higher dosages of fish oil than we
have used thus far®. The additional benefit was disappointing however, and it seems
doubtful whether such a treatment schedule will lessen the need for NSAID. Especial-
ly when the high dosages of fish oil are provided in the semi-synthetic fatty acid ethyl
ester (EE) form. Recent studies have assessed a marking diminished absorption of
fish oil fatty acid EE, compared to fish oil in its natural, lower concentrated tri-
glyceride form®™*. If so, this may raise doubts about the ’therapeutic’ advantage of
*high’ dose fish oil fatty acid EE. We emphasize the need for studies comparing the
effects of fish oil EE and fish oil TG in RA.

The current available data provide little evidence that fish oil supplementation will
lessen the need for indomethacin in RA patients. It is important to note however,
that fish oil supplementation does possess potential antiinflammatory properties to
affect RA disease activity. Among such effects are decreased L'TB4 production and
LTB4 mediated reactions such as chemotaxis and adhesion of both neutrophils’ and
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monocytes”. In addition, plasma levels of interleukin-1 correlate with ESR levels in
RA patients® and fish oil supplementation has been shown to suppress the macro-
phage interleukin-1 production*. At present the exact meaning of these effects associ-
ated with fish oil supplementation is not clear, since in none of the trials it was repo-
rted that the ESR, rheumatoid factor titer, or the plasma levels of haemoglobin and
CRP were altered. Large studies over more extended treatment periods are required
to draw definitive conclusions on the ability of fish oil to favourably alter the progres-
sion and prognosis of the disease. Awaiting the results of such studies, we suggest that
fish oil should not be considered as a substitute for nowadays NSAID and DMARD.
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Chapter §

A COMPARISON BETWEEN THE EFFECTS OF
FISH OIL FATTY ACID ETHYL ESTERS AND
FISH OIL TRIGLYCERIDES IN RHEUMATOID ARTHRITIS

Jacob E. Tulleken, Pieter C. Limburg, Frits A.J. Muskiet,
Karin M. Kazemier, Martin H. van Rijswijk.

SUMMARY

Using a twelve weeks, double blind, study design we com pared the efficacy of
’high’ dose fish oil fatty acid ethyl ester (EE) and ’low’ dose fish oil tri-
glyceride (TG) preparations for altering fatty acid compositions of plasma
cholesterol esters and neutrophil phospholipids, neutrophil leukotriene produc-
tion and disease activity in 29 patients with rheumatoid arthritis. The ’high’
dose fish oil fatty acid EE preparation resulted in a daily supply of 2.04 g
eicosapentaenoic acid (20:5,n-3) and 1.32 g docosahexaenoic acid (22:6,n-3).
’Low’ dose TG supplementation resulted in a daily supply of 1.08 g 20:5,n-3
and 0.72 g 22:6,n-3. Despite the difference in the actual amount of 20:5,n-3
and 22:6,n-3 present in the capsules, both fish oil preparations were equally
effective in incorporation of 20:5,n-3 in plasma cholesterol esters and neutro-
phil phospholipids, inhibition of in vitro neutrophil leukotriene B4 production
and induction of leukotriene BS formation, and in suppressing joint symptoms.
The relative amount of arachidonic acid in plasma cholesterol esters and
neutrophil phospholipids was minimally changed by both fish oil preparations.
This study reveals that, apart from the actual amount of fish oil fatty acids
present in the capsules, the chemical forn in which they are provided (EE or
TG) is of importance to the induced clinical and laboratory effects in rheuma-
toid arthritis.

INTRODUCTION

Dietary fish oil supplementation has been used as a treatment modality to suppress
inflammation in patients with rheumatoid arthritis (RA)**. The main long chain omega-
3 polyunsaturated fatty acids (n-3 PUFA) in fish oil, eicosapentaenoic (20:5,n-3) and
docosahexaenoic (22:6,n-3) acids competitively inhibit the formation of the cyclo-
oxygenase and lipoxygenase metabolites of arachidonic acid (20:4,n-6). Fish oil has con-
siderable suppressive effects on prostaglandin E2 (PGE2)’ and leukotriene B4
(LTB4)**¢ synthesis, and enhances the production of less active, n-3 PUFA derived, met-
abolites like PGE3” and LTB5™*. It is assumed that the relief of joint symptoms in RA
patients during fish oil supplementation is accounted for by altered production of pros-
taglandins and leukotrienes*?. In a placebo controlled trial, Kremer et al. were the first
to demonstrate clinical improvements with a daily dose of 4.5 g n-3 PUFA'. We have
shown similar effects at supplementation of 3.4 g n-3 PUFA/day*. Recently it was dem-
onstrated that improvement of joint symptoms was more common when RA patients
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were supplemented with 90 mg n-3 PUFA/kg/day compared with supplementation of 45
mg n-3 PUFA/kg/day®. The additional clinical benefit of the higher dosage was disap-
pointing however, whereas there was no significant difference between the two dosages
to affect mononuclear L'TB4 synthesis. This suggests that both dosages altered the fatty
acid composition of the mononuclear membrane phospholipid fraction to the same ex-
tent. As this fraction reflects precursor availability for leukotriene synthesis, the findings
raise doubts about the advantage of ’high’ dose fish oil supplementation. The fish oil
fatty acids in the studies discussed above were administered in the semi-synthetic ethyl
ester (EE) form, which allows much higher concentrations of n-3 PUFA compared to
the relative amounts in the naturally occurring fish oil triglycerides (TG). Whether the
clinical and laboratory effects are dependent on the chemical form of n-3 PUFA has not
been well characterized yet. Recent studies have assessed a diminished absorption of
fish oil EE- compared to fish oil TG preparations®. If so, this may raise doubts about
the therapeutic advantage of ’high’ dose fish oil fatty acid EE over ’low’ dose fish oil
preparations in their natural TG form. In the present double blind study we compared
the efficacies of ’high’ dose fatty acid EE- and ’low’ dose TG fish oil preparations in
altering the fatty acid compositions of plasma CE and neutrophil PL, leukotriene produ-
ction, and disease activity in patients with RA.

PATIENTS AND METHODS

Patients and study design:

Twenty-nine patients with RA (Table 1), as defined by the American Rheumatism As-
sociation® criteria, participated in the study. Prior treatment was required to be stable
for at least three months and continued to be so during the study. Patients were asked
to adhere to their usual dietary habits and to keep a food diary. Informed consent was
obtained. To ensure that the patients had stable disease

Table 1 Bascline characteristics and dietary compositions of the patients randomly assigned to receive either *high’
dose fish oil fatty acid EE or ’low’ dose fish oil TG supplementation.

'HIGH’ DOSE EE 'LOW DOSE TG

Age mean(range)*® 60 (37-75) 59 (31-80)
Sex (Male:Female) 5:10 4:10
Duration of disease® 16 (5-39) 22 (5-28)
mean(range)
Current Medication®*®

NSAID 10 1

Gold 1 3

d-Penicillamine 5 6

Anti-malarials 1 1

None 4 2
Composition_of diets ***
Energy intake (kcal/day) 1790 (378) 1889 (485)
Fat (energy %) 36 (8) 40 (5)
Carbohydrates (encrgy %) 45 (10) 4 (7)
Proteins (encrgy %) 16 (4) 14 (3)
P/S ratio 05 (03) 05 (02)

® years; ** number of patients; *** values arc presented as mean +SD. Compositions of the diets were calculated from 3-dsy
fiood diaries recorded by the patients; differences were not statistically significant between groups.
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activity a six weeks run-in period was used for premonitoring relevant clinical signs and
symptoms. At week six the patients were randomly assigned to receive either ’high’ or
’low’ dose of fish oil for twelve weeks, followed by a six weeks wash out period. The
code of randomization was maintained in the pharmacy department of the hospital.

Supplementation of the fish oil preparations:
The total fatty acid compositions of the supplements are given in Table 2.

Table 2 Fatty acid compositions of the fish oil preparations (mol/100 mol).

Fatty acids 'LOW' DOSE TG 'HIGH' DOSE EE
SAFA 30.86 7.68
10:0 0.15 012
12:0 0.39 0.02
14:0 874 0.49
16:0 18.32 2.65
18:0 288 3.86
20:0 0.16 0.38
22:0 0.10 013
24:0 0.10 -
MUFA 267 2498
16:1,n-7 9.53 0.81
18:1,n-7 3.90 4.26
20:1,n-7 0.20 0.50
18:1,n-9 9.08 9.40
20:1,n-9 1.59 434
22:1,n-9 0.32 0.68
24:1,n-9 0.59 0.51
22:1,n-11 0.32 448
PUFA 4243 67.34
18:3,n-3 0.77 1.02
18:4,n-3 3.20 337
20:4,n-3 0.85 1.99
20:5,n-3 18.62 31.68
22:5,n-3 2.39 3.80
22:6,n-3 1276 21.51
18:2,n-6 132 151
18:3,n-6 022 0.16
20:2,n-6 0.19 045
20:3,n-6 0.19 0.31
20:4,n-6 144 0.99
22:4,n-6 0.18 0.16
22:5,n-6 0.30 0.39
n-3 38.59 63.37
n-6 384 397

The fish oil supplements were given daily as 12 identically appearing capsules contain-
ing 500 mg oil/capsule for a total duration of three months. Both supplements were
generously provided by Aerofako, The Netherlands. The *high’ dose fish oil fatty acid
EE preparation resulted in a daily supply of 2.04 g 20:5,n-3 and 1.32 g 22:6,n-3 and a
total of 6 g oil. The ’low’ dose TG preparation contained about half the amount of fish
oil fat as present in the ’high’ dose capsules. This resulted in a daily supply of 1.08 g
20:5,n-3 and 0.72 g 22:6,n-3 and a total of 6 g oil. The alpha-tocopherol content of both
types of fish oil capsules was 5 micromol/ml oil.
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Clinical evaluation:

Clinical evaluation was done every other week. It consisted of the documentation of du-
ration of early morning stiffness (in minutes), Ritchie articular index", joint pain index
(on a four point scale: 0=absent, 1=mild, 2=moderate, 3=severe), joint swelling index
(on a three point scale: O=absent, 1=moderate, 2=severe), and visual analogue pain
scale (VAS; on a ten point scale from 0 = no pain to 10 = worst ever)). Grip strength
was measured using a manometer (kPa).

Laboratory evaluation:

Laboratory evaluation of peripheral blood parameters was performed every two weeks.
It comprised determinations of a complete blood cell count (Coulter counter), eryth-
rocyte sedimentation rate (ESR), and the assays of the plasma levels of IgM-rheuma-
toid factor (IgM-Rf)*, C-reactive protein (CRP)"” and fibrinogen™.

Assessment of in vitro production of leukotrienes:

At the ends of the run-in, supplementation and wash out periods neutrophils were iso-
lated from 30 ml of peripheral blood and resuspended to a final concentration of 10’
cells/ml. After 10 min. stimulation with 10 umol/l calcium-ionophore A23187 the releas-
ed leukotrienes were measured by high performance liquid chromatography using a C18
column®”,

Determination of oil supplement fatty acid composition:

Analyses of both medium and long chain fatty acids in the fish oil capsules were per-
formed by a capillary gas chromatographic quantification technique, as described previo-
usly®.

Determination of plasma CE fatty acid composition:

After preparation of a plasma total lipid extract and isolation of the CE fraction by
amino propyl-silica columns, its fatty acid composition was determined by capillary gas
chromatography".

Determination of neutrophil PL fatty acid composition:

At the ends of the run-in and supplementation periods lipids from neutrophils were ex-
tracted with chloroform/methanol. The total PL fraction was isolated by high perfor-
mance liquid chromatography, essentially as described previously™®. Its fatty acid com-
position was determined by capillary gas chromatography with flame ionization detection
using an apolar stationary phase®.

Data processing and statistical analyses:

The values are presented as median(range) unless otherwise indicated. A standard anal-
ysis of data was conducted to study the change from baseline, using the Wilcoxon test.
Comparison of changes from baseline between groups was assessed using the Mann-
Whitney U test for unpaired data. The p value for each of the response variables was
considered significant if less than 0.05. The Spearman correlation coefficient was calcu-
lated to determine relationships between variables.
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RESULTS

Thirty two patients entered the trial at the beginning of the six weeks run-in period. At
the end of this period three patients were excluded from further study because of in-
creased clinical disease activity, necessitating a change of ’disease modifying anti-rheum-
atic drugs’. The food diary revealed no differences in the macronutrient compositions of
the diet between groups (see Table 1). Both fish oil supplements initially induced ap-
parently similar, short term, gastro-intestinal discomforts (nausea, ructus and diarrhea).
All participants endured the fish oil supplementation without any specific problems.

Clinical evaluation:
Table 3 shows the effects of the two fish oil preparations on clinical disease parameters,

Table 3 The effect of two fish oil dosages on clinical and laboratory disease parameters, before, after twelve weeks and the foliow-
ing six weeks wash-out period in patients with rheumatoid arthritis.

'LOW DOSE TG "HIGH’ DOSE EE
JPI before 170 (1.0-85.0) 19.0 (0.0-122.0)
after 4.0 (0.0-84.0)° 11.0 (2.0-70.0)*°
wash-out 8.0 (0.0-66.0) 12.0 (10-78.0)°
Js1 befare 30 (0.0-15.0) 5.0 (0.0-280)
after 30 (0.0-12.0) 2.0 (0.0-14.0)°°°
wash-out 5.0 (0.0-8.0) 6.0 (0.0-16.0)
Grip str. R (kPa) before 03 (0.0-08) 02 (0.0-12)
after 03 (0.009) 0.2 (0.0-1.2)
wash out 03 (0.009) 03 (0.0-1.2)
Grip str. L (kPa) before 03 (0.0-09) 02 (0.0-1.1)
after 04 (00-12) 0.2 (0.0-10)
wash-out 03 (0.0-12) 02 (0-12)
Stiffness (min) before 170 (0.0-120.0) 45.0 (0.0-1200)
after 00 (0.0-120.0) 15.0 (0.0-60.0)°**
wash-out 0.0 (0.0-120.0) 150 (0.0-60.0)°°°
Ritchie Index befare 11.0 (10-35.0) 9.0 (0.0-60.0)
after 40 (0.039.0)°° 8.0 (2.0-48.0)
wash-out 7.5 (0.0-31.0)°°° 9.0 (1.0-410)
VAS before 45 (0.09.0) 45 (08-80)
after 2.8 (0.09.0)°* 3.0 (05-8.0)
wash-out 44 (0-79) 4.0 (0.8-69)
ESR (mm) befare 410 (2.0-84.0) 31.0 (14.0-90.0)
after 400 (4.080.0) 35,0 (8.0-105.0)
wash-out 42,0 (2.0-80.0) 350 (9.0-102.0)
CRP (mgh) befare 100 (6.0-55.0) 130 (6.0-56.0)
after 11.0 (6.0-34.0) 16.0 (6.0-65.0)
wash-out 6.0 (6.064.0) 230 (6.0-71.0)
Flbrinogen (gfl) befare 39 (2.2-50) 43 (2348)
after 3.5 (184.4)* 40 (22-54)
wash-out 34 (164.6)* 41 (22-52)
1gM-RE (TU/ml) befare 600 (3.0-850.0) 48.0 (3.0-900.0)
after 55.0 (3.0400.0) 50.0 (3.0-1000.0)
wash-out 40.0 (3.0-900.0)° 40.0 (3.0-900.0)
Haemoglobin (g/l) before 129.0 (91.0-172.0) 1270 (95.0-160.0)
after 128.0 (101.0-170.0) 133.0 (90.0-151.0)**
wash-out 128.0 (101.0-174.0) 130.0 (92.0-145.0)°**
Platelets (10%1) before 2940 (157.0-568.0) 259.0 (198.0458.0)
after 254.0 (139.0-517.0)° 264.0 (166.0-470.0)
wash-out 283.0 (154.0-521.0) 282.0 (172.0437.0)

® p< 0.01; ** p< 0.03; *°*°® p< 0.05 significant from the level before dietary n-3 supplementation. JPI = Joint pain index
JSI = Joint ewelling index; Grip str. = Grlp strength, R = right hand, L = left hand.
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as established at the ends of the run-in, supplementation and wash out periods. When
treatment endpoints were compared with baseline values, both ’high’ dose EE and ’low’
dose TG fish oil supplementations resulted in clinical improvements. The difference bet-
ween absolute changes (week 18-week 6) in clinical disease variables between the two
fish oil preparations, did not achieve statistical significance. Six weeks after discontinua-
tion of fish oil supplementation comparison of clinical parameters with the end of the
run-in period values revealed significant improvements in joint pain index and duration
of early morning stiffness in the ’high’ dose fish oil fatty acid EE group. In the ’low’
dose fish oil TG group the decrease of the Ritchie articular index persisted in the six
weeks wash-out period.

Laboratory evaluation:

The effect of the two fish oil dosages on laboratory parameters at the ends of the run-
in, supplementation and wash out periods are also shown in Table 3. 'Low’ dose fish oil
TG supplementation resulted in a moderate decrease in plasma fibrinogen levels
(p<0.05) that persisted in the wash out period, and in a fall in the median number of
platelets from 294 x 10%1 at baseline to 254 x 10°1 (p<0.02). 'High’ dose fish oil fatty
acid EE supplementation led to a slight increase in serum haemoglobin levels (p<0.03).

Neutrophil membrane fatty acid composition:

Table 4 depicts the fatty acid composition of the total PL fractions of isolated neutro-
phils at the ends of the run-in and supplementation periods of both fish oil supple-
ments. Owing to technical problems, the fatty acid composition of neutrophil membrane
PL was measured for 11 out of 15 patients in the ’high’ dose fish oil EE group and 13
out of 14 patients in the ’low’ dose fish oil TG group. The remaining patients of both
groups were, however, comparable in terms of demographic data, use of medications
and dietary habits. Except for 24:1,n-9 in the ’high’ dose group neither saturated
(SAFA) nor monounsaturated fatty acids (MUFA) were affected by either of the fish
oil supplements. Only the ’high’ dose fish oil fatty acid EE led to a significant increase
of 22:6,n-3 (p<0.01), whereas both supplements increased the relative amounts of
20:5,n-3 (p<0.01) and 22:5,n-3 (p<0.01). Neutrophil PL of the ’high’ dose fish oil fatty
acid EE group did not incorporate significantly more 20:5,n-3 than those in the ’low’
dose fish oil TG group. In both groups, incorporation of the n-3 PUFA notably oc-
curred at the expense of the n-6 PUFA, like 20:3,n-6 and 22:4,n-6. The relative amount
of 20:4,n-6 was minimally decreased in the 'low’ dose group only (p<0.01). Comparison
of absolute or percentage treatment effects revealed no significant difference in the ef-
ficacies of both supplements to alter the fatty acid composition of neutrophil PL.
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Table 4 Fatty acid composition of the neutrophil total phospholipid fraction before and after twelve weeks of supplementation of
two different fish oil preparations in patients with rheumatoid arthritis. The fatty acids are presented as mol/100 mol.

'HIGH’ DOSE EE

before

after

'LOW DOSE TG

before after
SAFA 579 (51.3-75.9) 57.8 (49.0-73.7)
14:0 1.8 (0.3-3.3) 18 (1.2-3.3)
16:0 34.3 (22.5-47.9) 34.1 (27.4-41.9)
18:0 20.7 (17.7-32.2) 222 (173-314)
24:0 1.3 (0.8-1.7) 1.2 (0.9-1.7)
MUFA 279 (13.3-32.0) 28.0 (15.9-33.5)
18:1,n-7 2.4 (1.0-3.0) 24 (1.14.0)
18:1,n-9 22.6 (11.1-26.2) 229 (13.1-27.7)
241,09 26 (1.2-42) 2.8 (1.6-32)
PUFA 15.0 (10.7-17.1) 13.3 (10.4-22.3)
18:3,n-3 0.3 (0.280.5) 0.3 (0.10.5)
20:5,n-3 0.1 (0.0-0.3) 0.6 (0.4-1.4)°
22:5n-3 0.4 (0.2-0.8) 0.8 (0.5-1.3)*
22:6,n-3 0.6 (0.3-1.8) 0.6 (0.3-15)
18:2,n-6 73 (3.6-10.6) 6.8 (3.9-11.0)
20:3,n-6 038 (0.6-1.1) 0.6 (0.3-0.7)°
20:4,n-6 4.2 (3.1-6.4) 35 (216.2)*
22:4,n-6 0.8 (0.5-13) 0.4 (0.2-0.6)°*
PUFA/SAFA 03 (0.1-0.3) 0.2 (0.10.5)
n-3 15 (0.9-2.3) 24 (1.8-38)°
n-6 13.2 (8.4-15.8) 11.0 (8.2-18.5)*°
n-7 2.4 (1.0-3.0) 24 (1.14.0)
n-9 254 (12.2-29.3) 25.5 (14.8-30.5)
DBI 0.7 (0.5-0.8) 0.7 (0.5-1.0)

58.6 (51.9-72.3)
18 (12:32)
34,9 (31.0-47.1)
203 (17.3-25.6)
13 (0.7-19)
257 (16.4-33.5)
19 (14-2.8)
21.7 (13.2-28.3)
26 (1.5-4.8)
14.7 (8.4-19.0)
0.3 (020.6)
0.1 (0.1- 03)
05 (0.208)
0.6 (0.2-16)
6.9 (4.0-10.2)
0.7 (0.5-0.9)
39 (27-5.5)
0.7 (05-1.2)
03 (0.1-0.4)
1.4 (0.7-2.9)
129 (1.7-17.1)
19 (14-28)
24.4 (14.8-314)
0.7 (0.5-08)

612 (51.6672)
17 (13- 29)
36.0 (31.0-44.5)
20.4 (17.5-246)
13 (0.8-16)
22.6 (19.7-34.0)
17 (14-2.7)
19.1 (16.2-288)

21 (17-31)°*°
14.4 (10.1183)
0.3 (0.2-0.4)
0.8 (0.4-1.3)°
0.7 (02-10)°
0.7 (04-1.6)°
7.4 (3.6-10.1)
0.5 (04- 0.7)°
39 (29- 5.6)
04 (02-0.7)°
03 (02-0.3)
27 (144.1)°
124 (7.3-155)
17 (14-2.7)
21.2 (18.1-31.9)
0.7 (0.6-0.8)

®*p< 005 ** p <002 **°* p < 0.05, significant from the levei before supplementation. DBI=double bond index.

Figure 1 Fatty acid desaturation and chain elongation path-

way for linoleic (18:2,n-6) and linolenic (18:3,n-3) acids.

18:2n-6 18:3,n-3
A 6 ocesaturase
18:3n-6 18:4n-3
elongase
20:3n-6 20:4n-3
A 5 oesaturase
20:4n-6 20:5,n—-3
elongase
22:4n-6 22:5n-3
A4 oesatuase
22:5n-6 22:é.n—3

Median values of some fatty acid pro-
duct/precursor ratios, relating to desatur-
ase and chain elongation activities (see
Figure 1) in neutrophil PL at the ends
of the run-in and supplementation
periods of both fish oil preparations, are
shown in Table 5.

Table S Median values for fatty acid product/precursor ratios
in neutrophil phospholipids of patients with RA before and
at the end of supplementation of ‘low’ dose TG or ‘high’
dose fish oil fatty acid EE.

Before After
Ratios ‘LOW' DOSE TG
20:3,n-6/18:2,n-6 0.10 0.09*
20:4,n-6/20:3,n-6 571 5.82
22:4,06/20:4,n-6 0.19 0.12*

'HIGH’ DOSE EE
20:3,n-6/18:2,n-6 0.11 0.07°
20:4,06/20:3,0-6 595 7.07°
22:4,n-6/20:4,n6 0.17 0.09°

® p<0.01, versus presupplementation values
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In vitro lenkotriene production:

The effects of supplementation of the two fish oil preparations on the production of
LTB4 and LTBS by neutrophils are shown in Table 6. Comparison of treatment effects
of both dosages showed a slightly more pronounced suppression of LTB4 production
(p<0.01, 90% confidence limits= 11 to 47, for the difference between medians) during
low’ dose fish oil TG supplementation then during ’high’ dose fish oil fatty acid EE
supplementation. In 5 patients LTBS production was detectable before the start of the
oil supplements. Comparison of treatment effects revealed no significant differences in
the efficacies of both dosages to increase LTBS production. Six weeks after discontinua-
tion of fish oil supplementation both LTB4 and LTBS5 production had restored to the
levels at the end of the run-in period in most patients. The changes in clinical disease
variables did not correlate with changes in leukotriene production.

Table 6 The effects of the two fish oil preparations at the ends of the run-in, supplementation and wash out periods on in vitro
leukotriene production (ng/107 cells, 10 min) by neutrophlls isolated from the blood of patients with rheumatoid arthritis.

Variables Before After Wash-out
'LOW’ DOSE TG

Leukotriene B4 180.0 (155.0-237.0) 146.0 (94.0-204.0) 180.0 (116.0-231.0)

Leukotriene BS 0.0 (0.0-6.0) 17.0 (9.0-24.0)* 2.0 (0.0-11.0)°*°
*HIGH’ DOSE EE

Leukotriene B4 186.0 (120.0-241.0) 160.0 (132.0-246.0)* 175.0 (140.0-234.0)

Leukotriene BS 0.0 (0.0-4.0) 19.0 (9.0-28.0) 4.0 (0.0-10.0)*°

® p<0.01, ** p<0.05 versus presupplementation values.

Plasma CE fatty acid composition:
Table 7 depicts the fatty acid composition of the plasma CE fraction at the ends of the
run-in and supplementation periods of either *high’ dose fish oil fatty acid EE and ’low’

Table 7 Selected fatty acids (mol/100 mol) in the plasma CE fraction during supplementation with two different fish oil preparations.

'LOW’ DOSE TG 'HIGH’ DOSE EE

Before After Before After
SAFA 16.8 (13.8-22.6) 17.5 (13.7-21.6) 17.1 (13.9-20.1) 18.9 (14.5-22.7)*
14:0 1.2 (0.6-1.6) 1.2 (05-2.0) 1.2 (0.6-1.8) 1.3 (0.6-2.0)
16:0 13.8 (2.0-19.9) 15.0 (12.0-18.4)°° 14.0 (12.0-16.7) 154 (12.8-19.7)*
18:0 1.6 (1.0-2.1) 15 (1.1-19) 1.5 (1.0-2.6) 17 (1.1-20)
MUFA 21.7 (15.9-31.8) 21.6 (17.2-30.9) 21.2 (16.6-313) 221 (16.7-28.8)
16:1,n-7 2.8 (0.8-9.0) 2.7 (1.5-7.1) 3.2 (24-59) 2.7 (2.0-4.8)°°
18:1,n-7 13 (L1-14) 15 (1.2-1.7) 13 (11-1.7) 14 (1.2-22)°*°
18:1,n-9 17.4 (13.2-21.7) 17.4 (138-22.6) 16.1 (12.3-24.0) 17.5 (13.0-21.9)
PUFA 60.8 (52.3-70.3) 60.7 (51.6-67.7) 61.4 (48.7-67.7) 59.1 (48.8-67.0)
18:3,n-3 0.5 (0.1-1.3) 0.6 (0.4-1.4) 0.6 (0.4-0.9) 0.6 (0.3-1.1)
20:5,n-3 0.5 (0.3-2.0) 4.0 (3.06.2)* 0.5 (0.3-1.7) 4.4 (2682)°
22:6,n-3 0.4 (0.1-1.1) 0.7 (0.1-1.5)°*° 0.4 (0.2:0.7) 0.8 (0.2-1.4)*
18:2,n-6 52.7 (44.5-61.9) 47.9 (41.7-56.6)* 52.8 (41.5-59.5) 47.0 (37.4-57.1)°
18:3,n-6 0.5 (0.3-1.1) 0.3 (0.2-0.9)° 0.6 (0.4-1.2) 0.4 (0.2-0.8)°
20:3,n-6 0.6 (0.5-0.9) 0.5 (0.30.7) 0.7 (0.4-1.4) 0.5 (0.2-0.7)
20:4,n-6 5.6 (3.6-6.7) 5.2 (4.0-6.7) 5.2 (3.6-1.3) 5.4 (3.9-7.1)
PUFA/SAFA 35 (24-5.1) 3.5 (2.64.9)°° 3.5 (24-49) 3.1 (2.24.6)°
n-3 15 (1.0-3.2) 5.3 (4.08.0)° 1.5 (1.0-3.3) 5.7 (3.7-10.3)*
n-6 59.2 (50.3-68.9) 54.2 (46.8-62.3)° 59.8 (47.2-66.0) 52.9 (43.663.1)°
n-7 4.2 (2.0-10.1) 4.2 (2783) 4.4 (3.672) 4.1 (3.6-6.8)
DBI 16 (15-1.7) 1.7 (15-1.8)° 16 (1.4-1.7) 17 (1.5-1.9)

® p < 0.01; ** p < 0.05; significantly different from the level before n-3 supplementation.
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dose fish oil TG. Changes in relative amounts of n-3 and n-6 PUFA in the plasma CE
were more pronounced than those observed in the neutrophil membrane PL. Relative
amounts of 20:4,n-6 were not significantly altered by either of the fish oil preparations.
In agreement with the findings in the neutrophil PL both dosages were equally effective
in increasing the n-3 PUFA content in the plasma CE fraction.

DISCUSSION

This trial confirms previous observations that dietary fish oil supplementation is effec-
tive in suppressing joint symptoms in RA patients**. From a clinical point of view,
the lack of a concurrent control group makes interpretation of the induced changes in
joint symptoms difficult. However, in earlier, placebo controlled, studies the beneficial
clinical effects of the currently used ’high’ dose fish oil EE were significantly greater
than the ones achieved with placebo*. Comparison of the clinical data with those ob-
tained from an historical control group confirmed the benefit of both fish oil prepara-
tions over placebo® (data not shown). Whether the clinical and laboratory effects are
dependent on the chemical form of n-3 PUFA has not been well characterized. Several
studies have shown the therapeutic effectiveness of supplementation of fish oil fatty
acids in the EE form>. We report here that a TG fish oil preparation, while containing
half the amount of n-3 PUFA/capsule, is almost equally effective in changing clinical
disease parameters as a ’high’ dose fish oil EE preparation. The lack of a dose respon-
se relationship on clinical disease variables between the two fish oil preparations in the
current study is not surprising in the light of the induced changes in the fatty acid com-
positions of neutrophil PL and plasma CE. The neutrophil PL and plasma CE fractions
of the ’high’ dose fish oil fatty acid EE group did not incorporate more 20:5,n-3 than
the ones in the ’low’ dose TG group. Considering the incorporation of n-3 PUFA into
plasma CE as an indicator of gastro-intestinal absorption, our findings suggest a diminis-
hed bioavailability of fish oil fatty acid EE when compared with fish oil TG prepara-
tions. This is in agreement with several trials that showed diminished absorption of
20:5,n-3 and 22:6,n-3 in EE form compared with those administered in TG form**2 In
contrast, others have demonstrated that fish oil TG and EE preparations that contained
equal amounts of n-3 PUFA enriched plasma lipids with 20:5,n-3 to the same extent®.
Our findings raise doubts on the extra profit of highly concentrated fish oil EE prepara-
tions in comparison with lower concentrated fish oil preparations in the natural TG
form. It is not clear to what extent the apparently diminished bioavailabilty of the EE
is influenced by the daily "background” diet. Recently, it was reported that the absorp-
tion of fish oil EE is dependent upon the amount of co-ingested fat®. In addition, once
absorbed, the n-6 PUFA and n-3 PUFA compete for the same binding site on the sn-
2 position of the glycerol moiety in PL*. In this context the dietary intake of linoleic
acid (18:2,n-6) may affect the incorporation of n-3 PUFA in cel membranes and thereby
its efficacy to alter eicosanoid synthesis. In the present study all patients completed a
food diary. It appeared, however, to be an insensitive method to detect delicate differen-
ces in dietary fat intake between the two treatment groups, and could not be used to
explain the observed membrane PL and plasma CE fatty acid profiles.

Like in plasma CE, the incorporation of n-3 PUFA in neutrophil PL occurred notab-
ly at the expense of n-6 PUFA, although the relative amounts of 20:4,n-6 were minimal-
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ly changed. Similar results were obtained by others®® who showed that daily ad-

ministration of 1 to 6 g fish ail did not seriously alter the relative amounts of 20:4,n-6
in neutrophils, erythrocytes or platelets. However, not all studies are consistent®. In ex-
perimental models, it has been established that there is marked retention of 20:4,n-6 in
certain phospholipids during essential fatty acid deficiency®. The 20:4,n-6 in neutrophil
PL originates principally from microsomal desaturation and elongation of dietary 18:2,n-
6 (Figure 1). Dietary long chain n-3 PUFA interfere with n-6 PUFA metabolism by re-
ducing delta-6 desaturase activity, thus affecting the rate limiting step in the conversion
of 182,n-6 to 20:4,n-6". Analogously, the decreased 20:3,n-6/18:2,n-6 ratio in the
neutrophil PL fractions noticed in the present study suggests a diminished delta-6 desat-
urase and/or chain elongation activity. The fact that, despite diminished conversion of
18:2,n-6, the relative concentrations of 20:4,n-6 remained stable may partially be ex-
plained by increased retroconversion of 22:4,n-6 to 20:4,n-6. Like 22:6,n-3 for 20:5,n-
3%, the 22:4,n-6 appears to be a reservoir for 20:4,n-6*. We do realize that the alleged
changes in enzyme activities are based upon product/precursor ratios and are therefore
highly speculative. Further studies in which enzyme activities are measured to elucidate
essential fatty acid modification in tissues during dietary fish oil supplementation are
warranted.

The changes in fatty acid composition of neutrophil PL induced by both fish oil pre-
parations resulted in a moderate decrease in LTB4 production, concomitant with the
generation of small amounts of 20:5,n-3 derived LTBS5. As shown before?, but in con-
trast to others' no correlations were found between changes in the in vitro leukotriene
production and changes in clinical disease variables. Possibly, this is to be explained by
the unphysiological way of stimulation of neutrophils to produce leukotrienes and the
difficulty to assess the degree of patient’s joint pain and swelling. Nevertheless, it is ge-
nerally assumed that relief of joint symptoms in RA patients during fish oil supplemen-
tation is accounted for by altered production of leukotrienes and prostaglandins and
mediated reactions. As yet no information is available on the optimum dose of fish oil
required to modulate eicosanoid synthesis. In the study of Kremer and coworkers* there
was no significant difference between ’high’ (90 mg n-3 PUFA/kg/day) and ’low’ (45 mg
n-3 PUFA/kg/day) dose fish oil EE supplementation to decrease mononuclear LTB4 syn-
thesis. The results of our study reveal that this may be explained by diminished bioavail-
ability of the EE preparation. It is suggested that in ’dose finding’ studies, the n-3 PUFA
should be applied in TG form.
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Chapter 6

THE EFFECT OF DIETARY ENERGY PERCENTAGE
OF FAT AND ITS P/S RATIO ON INCORPORATION
OF N-3 PUFA AND LEUKOTRIENE PRODUCTION
DURING FISH OIL SUPPLEMENTATION IN
HEALTHY YOLUNTEERS

Jacob E. Tulleken, Pieter C. Limburg, Frits A.J. Muskiet,
Karin M. Kazemier, Immie K. Boomgaardt, Martin H. van Rijswijk

SUMMARY

The effect of low (25% of energy) and high (35% of energy) fat diets with
either low (<0.4) or high (>1.0) polyunsaturated/saturated fatty acid (P/S)
ratios on fatty acid compositions of plasma cholesterol esters and neutrophil
Pphospholipids, and leukotriene production was studied in 4 groups of heal-
thy volunteers supplemented with 6 g fish oil daily for 4 weeks. Except for
three subjects, eicosapentaenoic acid (20:5,n-3) content markedly increased
from baseline in the plasma cholesterol ester fraction and to a lesser extent
in the neutrophil phospholipid fraction. The increase in the plasma choleste-
rol ester fraction was inversely related to the dietary intake of linoleic acid.
At supplementation endpoints, the 20:5,n-3/20:4,n-6 ratio in both plasma
cholesterol esters and neutrophil phospholipids was highest in the groups
consuming diets with a low P/S ratio. In vitro leukotriene B5 production by
neutrophils, did not differ between groups and there was no consistent sup-
pression of LTB4 production in this 4 week study. It is suggested that re-
duction of the dietary linoleic acid intake during fish oil supplementation
provides possible means to facilitate the accumulation of 20:5,n-3 in the
plasma cholesterol ester fraction.

INTRODUCTION

Dietary fish oil supplementation improves joint symptoms in patients with rheumatoid
arthritis'®. Eicosapentaenoic (20:5,n-3) and docosahexaenoic (22:6,n-3) acids are the
main long chain n-3 polyunsaturated fatty acids (n-3 PUFA) in fish oil. By virtue of
increasing the 20:5,n-3 and 22:6,n-3 contents of cell membrane phospholipids dietary
n-3 PUFA competitively inhibit the formation of arachidonic acid (20:4,n-6) derived
cyclooxygenase metabolites like thromboxane A2° (TXA2) and prostaglandin E2’
(PGE2). In the lipoxygenase pathway it has been shown that fish oil supplementation
leads to decreased leukotriene B4 (LTB4) production**** and thereby affects LTB4
mediated reactions like: macrophage interleukin-1 production*’” and chemotaxis and
adhesion of both neutrophils® and monocytes’. The shift in the synthesis of pros-
taglandins and leukotrienes may be useful in patients with chronic inflammatory disor-
ders, like rheumatoid arthritis.
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PUFA of the n-3 series compete with n-6 PUFA for enzymes involved in fatty acid
chain elongation, desaturation and eicosanoid synthesis. Animal studies have shown
that the effect of fish oil supplementation on the synthesis of eicosanoids increases
when combined with diets at low linoleic- (18:2,n-6) to saturated fatty acid ratios'*"".

We studied the effect of low (25% of energy) and high (35%) fat diets at low
(<0.4) or high (>1.0) polyunsaturated/saturated fatty acid (P/S) ratios on fatty acid
compositions of plasma cholesterol esters (CE) and neutrophil phospholipids (PL),
and leukotriene production in four groups of healthy volunteers during dietary fish oil
supplementation.

MATERIALS AND METHODS

Participants, experimental diets and study design:
26 apparently healthy persons (13 females and 13 males) volunteered to participate in
the study. There was no history of metabolic or chronic disease, present drug use or
unusual dietary habbits. The subjects were randomly allocated to one of the following
four dietary groups:

Group I: dietary fat= 25% of energy, P/S<0.4.

Group II: dietary fat= 25% of energy, P/S>1.0.

Group III: dietary fat= 35% of energy, P/S<0.4.

Group IV: dietary fat= 35% of energy, P/S>1.0.
A nutritionist estimated the subjects’s usual dietary food intake by a 24 hour-recall
method. Subsequently, we pursued to put each participant on an eucaloric dietary
intake regimen which was calculated from the recommended energy intake for age,
size and usual activity level, as advised by the Dutch recommended daily allowances®.
The micronutrients for which food data are available were calculated to meet the
criteria given in the same report. Reduction of the energy percentage of fat was com-
pensated for by increasing that of carbohydrates, without concomitant changes in per-
centage energy from proteins.

After a three weeks run-in period, in which the participants adhered to their pre-
scribed diets, they were additionally supplemented with 12 fish oil capsules per day,
for four weeks. The fish oil capsules were generously provided by Aerofako,
Amersfoort, The Netherlands. They mainly contained 20:5,n-3 (31 mol/100 mol fatty
acids) and 22:6,n-3 (22 mol/100 mol fatty acids) in their ethyl ester form, resulting in
a daily supply of 2.04 g 20:5,n-3 and 132 g 22:6,n-3 and a total of 6 g oil. Their total
fatty acid composition is given in Table 1.

Blood sampling:

Moming fasting blood samples were collected at the start and at the end of the fish
oil supplementation period. Standard laboratory tests were performed, including a
complete blood cell count (Coulter counter, model S-plus III; Coulter Electronics Ltd,
Luton Bedforshire, UK), serum total cholesterol and triglycerides by Sequential Multi-
ple Analyzer plus Computer, (Technicon, Tarrytown, NY, USA) and high density
lipoprotein-cholesterol (HDL-C) by Monotest (Boehringer Mannheim, Germany) after
precipitation of low density lipoprotein cholesterol (LDL-C) and very low density
lipoproteins by a mixture of magnesium acetate and phospotungstic acid. LDL-C lev-
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els were calculated®. The apolipoproteins (Apo-Al and Apo-B) were determined by
an immunoturbidimetric method (Boehringer Mannheim, Germany) using a Multi-
Stat-I centrifugal analyzer (Instrumentation Laboratories, IJselstein, The Netherlands).

Table 1 Fatty acid composition (mol/200 mol)

of the fish ol supplement. Assessment of in vitro production of
SAFA 7.68 leukotrienes by neutrophils:
o o Neutrophils were isolated from 30 ml
12:0 0.02 of peripheral blood and resuspended to
b b a final concentration of 10’ cells/mL.
18:0 386 After stimulation with 10 uM cal-
29 o ciumionophore A-23187 the released
MUFA 2498 leukotrienes were measured by high
16:1,n-7 0.81 i
18107 426 pe.rformance ]quI? chromatography
20:1,07 050 using a C18 column®
18:1,0-9 9.40
20:1,0-9 434 R .
zz:l,:.g 0.68 Determination of neutrophil PL fatty
24:1,0-9 0.51 i ition:
2ra11 a8 acid coml'ms1.tu.m. '
PUFA 61.34 Neutrophil lipids were extracted with
igfi-:-g ;g_zl chloroform/methanol. The total
204n-3 1.99 phospholipid fraction was isolated by
20:5,0-3 31.68 HPLC, (essentially as described
2:5,0-3 380 . o . .
2:6n-3 21.51 previously®*. The fatty acid composi-
}gftn-g g-g tion was determined by capillary gas
zo;:::a 045 chromatogrlaphy using an apolar statio-
20:3,n-6 0.31 na hase’.
20:4,0-6 0.9 P
2:4,n6 016
25,06 039 Determination of plasma CE fatty acid
o ol composition:
9 1:.3: After preparation of a plasma total
n-11 14,

lipid extract and isolation of the CE

fraction by amino propylsilica columns, its fatty acid composition was determined by
capillary gas chromatography®.

Statistical analysis:

Data are presented as median (range), unless otherwise indicated. To study the chan-
ge from baseline, we used the Wilcoxon test for paired data. The Kruskall-Wallis one
way analysis of variance was used to compare the between group differences at base-
line and after treatment and to compare the between group changes from baseline.
The p value for each of the response variables was considered significant if less than
0.05. The Spearman correlation coefficient was calculated to investigate relationships
between variables.
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RESULTS

The groups were comparable with regard to age, height and body weight. (Table 2.)
This table also shows the daily energy intake and the energy percentages from car-
bohydrates, fat and protein, not including the fish oil supplement, during the study.
All persons completed the 7 weeks study. At the end of the study, body weight of
subjects in groups I and II, consuming the low fat diets (25% of energy) decreased
from 75 (63.5-90) to 71 (61-86) kg, p<0.01. There was no change in body weight in
the subjects of groups IIl and IV (from 70.5 (57.5-93) kg at the beginning to 70.5
(57.5-88) kg at the end of the study) who consumed the high fat diets (35% of ener-

gyY)-

Table 2 Subject cbaracteristics and dictary composition, not including the fish oil supplement, of the four groups during the

seven-week study.

I

1

(25%, P/5<0.4) (25%, P/5>1.0)

i)l
(35%, P/5<0.4)

v

(35%, P/5>10)

Participants (n) 6

Age (years) 29 (23-34)
Height (cm) 174 (165-185)
Weight (kg)  73.5 (67-85.5)
Energy (kJ) 5420 (4330-7690)
Carbohydr.(%) 51 (48-60)

Fat (%) 26 (25-27)
Protein (%) 23 (14-27)
Alcohol (%) 0 (04)
Linoleic acid (g) S (4-8)
P/s* 0.4 (0.3-0.5)

29 (21-34)

185 (162-189)
78 (63.5-90)
6086 (5170-9260)
52 (50-57)
25 (2326)
20 (20-25)
2 (05)
15 (11-22)

11(1-2)

29 (24-53)
179 (166-189)
70.3 (57.5-93)
9920 (6890-10780)
42 (3752)
37 (37-40)
16 (11-20)
3 (0-11)
10 (6-13)
0.3 (02-04)

6
35 (3042)
178 (178-181)
71 (61-85)
7730 (7140-9500)
46 (44-52)
35 (3337)
15 (9-18)
0.4 (04)
25 (2032)

1(1-11)

Age, height and weight were recorded at the beginning of the study. * P/S denotes the molar ratio of dietary poly-

unsaturatedAaturated fatty acids.

The effects of dietary fish oil supplementation on plasma lipid levels are summarized
in Table 3. Plasma triglyceride concentrations decreased in three groups although only

Table 3 Effects of fish oil supplementation on scrum lipids and apolipoproteins.

1 I I v

Cholesterol (mmol/L)

before 35 (28-5.2) 55 (346.7) 5.4 (43-1.1) 4.9 (4.0-52)

after 42 (32:62)° 5.2 (386.2) 51 (41-19) 45 (4.1-5.4)
HDL-C (mmol/L)

before 11 (0.9-16) 11 (0.9-18) 1.2 (0.8-1.6) 11 (0.9-15)

after 11 (0.7-18) 09 (0.7-12) 12 (09-2.4) 12 (0.9-1.6)
LDL-C (mmol/L)

beforc 2.0 (14-2.9) 34 (1.94.6) 3.6 (2.84.7) 33 (27-34)

after 25 (18-39)°° 3.7 (244.5) 3.6 (18-6.0) 2.9 (2.5-3.9)
Triglycerides (mmol/L)

beforc 09 (0.5-1.7) 1.2 (09-22) 1.1 (0.7-32) 09 (0.7-1.7)

after 0.8 (0.5-0.9) 1.2 (0.6-2.0) 0.8 (0.6-1.5)°** 0.7 (0.7-0.9)
Apo-Al (g/L)

before 14 (1.2-16) 1.6 (13-18) 1.5 (15-1.5) 13 (1.3-14)

after 1.5 (1.4-19) 1.4 (13-16) 1.6 (1.6-1.9) 14 (13-14)
Apo-B (gL)

before 0.5 (0.34.6) 0.7 (0.6-1.0) 0.7 (0.5-1.1) 0.7 (0.50.8)

after 05 (0.4-0.7) 0.7 (0.5-0.8) 0.7 (04-1.0) 0.5 (0.50.7)

® p< 0.05; ** p<0.03; versus before dietary fish oil supplementation.
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for group III the level of significance was achieved. Total plasma cholesterol was
altered in group I, owing to its increase in the LDL fraction. HDL-C and apo-
lipoproteins A1l and B were not altered.

Fatty acid composition of plasma cholesterol esters:
The fatty acid compositions of plasma CE are shown in Table 4. After treatment
there was a significant rise in the relative amount of 20:5,n-3 in all groups, whereas

Table 4 Fatty acid composition (medians) of the plasma cholesterol ester fraction before and after four weeks of dietary fish oil
supplementation (mol/100 mol).

Fatty acids 1 1 m v Intergroup P
SAFA before 17.2 13.1 153 16.9
after 19.2 ¢ 178 ¢ 17.7 * 17.8 <0.05
14:0 before 0.6 0.3 0.7 0.5
after 0.7 09° 0.9 0.7
16:0 before 14.2 114 12.8 14.2
after 169 * 155 ¢ 152 ° 15.4 <0.05
18:0 before 1.8 13 1.6 1.9
after 1.6 1.8 1.6 16°
MUFA before 25 20.7 25.0 19.5 <0.05
after 259 * 184 245 20.0 <0.05
16:1,n-7 before 2.7 27 35 22
after 34 25 3.0 2.6
18:1,n-7 before 1.7 15 1.6 14
after 21° 16 1.7° 15
18:1,n-9 before 173 17.0 19.5 159 <0.05
after 202° 146 ° 19.9 16.0 <0.01
PUFA before 623 66.2 593 634
after 554 ° 63.7 56.9 °© 61.9 <0.05
18:2,n-6 before 523 55.6 520 56.9
after 46.1 * 54.6 494 ° 534 <0.01
18:3,n-6 before 05 0.6 0.6 0.5
after 02° 04 ° 03 ° 03
20:3,n-6 before 0.7 0.7 0.7 0.7
after 05° 05° 04° 04°
20:4,n-6 before 6.2 6.7 5.1 4.6 <0.05
after 45 ° 49 ° 38° 37
18:3,n-3 before 0.5 04 0.7 04 <0.01
after 0.5 04 0.6 03 <0.01
20:5,n-3 before 0.5 03 0.6 0.2 <0.05
after 29° 24° 25° 21°
22:6,n-3 before 0s 05 0.6 0.6
after 0.7 0.7 0.6 0.5
P before 3.6 5.0 4.0 3.7
after 28° 36° 32° 3.4 <0.05
n-3 before 15 13 21 1.2 <0.01
after 40 ° 35° 38° 30°
n6 before 60.6 64.5 515 621
after 517 ¢ 603 * 538 ° 58.6 <0.01
n-7 before 4.4 4.0 51 35
after 5.6 42 4.7 4.0
n-9 before 173 17.0 19.5 15.9 <0.01
after 202° 146 * 19.9 16.0 <0.01
DBI before 1.6 17 1.6 1.6
after 1.6 1.7 1.6 1.6
EPA/AA!  before 0.0 0.0 0.1 0.0
after 07° 0S5 * 0.7° 05° <0.01

Intergroup P: analysls of variance for the comparison between all groups. ® p<0.05, versus before dietary fish oil supplementa-
tion. SAFA: saturated fatty acids, MUFA: monounsaturated fatty acids, DBl:double bond Index, EPA/AA denotes 20:5,n-3/20:4,n-
6. 1: data In mol/mol.
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no significant change occurred in that of 22:6,n-3. The loss of body weigth as was
observed in some subjects of group I and II had no impact on the increase of relative
amounts of 20:5,n-3 in plasma CE during fish oil supplementation. In general, the rise
of n-3 PUFA occurred at the expense of n-6 PUFA. Figure 1 shows the relationship
between changes in the relative amounts of 20:5,n-3 in the plasma cholesterol ester
fraction and the dietary intake of 18:2,n-6 (in energy % fat).

Figure 1
Relationship between changes in the relative amounts of 20:5,n-3 in the plasma cholesterol ester fraction at the end of the four
weeks fish oil supplementation and the dietary intake of 18:2,n-6 expressed as energy% of fat. r=-0.410, p<0.05.
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Fatty acid composition of neutrophil phospholipids:

The fatty acid composition of neutrophil phospholipids is shown in Table 5. Except
for 20:2,n-6, between group comparison of data at baseline revealed no significant
differences. Upon fish oil supplementation, a significant rise in 20:5,n-3 occurred in all
groups. For 22:6,n-3 this occurred in group I only. At treatment endpoints the groups
differed significantly in the relative amounts of 182,n-6 and 20:2,n-6, 22:5,n-3 and
total n-6 PUFA, and in the 20:5,n-3/20:4,n-6 ratio.

68



Table 5 Fatty acid composition of the neutrophil total phospholipid fraction before and after four weels of dietary fish oil
supplementation (mol/100 mol).

Fatty acids 1 II 1 v Intergroup P
SAFA before 53.6 59.1 573 59.0
after 54.4 633 609 56.6
14:0 before 1.7 14 15 15
after 12 15 11 13
16:0 before 311 331 328 344
after 306 327 348 31.8
18:0 before 19.0 206 19.9 2.1
after 19.7 237 215 17.4
MUFA before 311 254 280 245
after 315 29 26.1 258
18:1,n-7  before 26 15 24 20
after 27 18 20 17
18:1,n-9  before 24.0 20.1 2.7 19.7
after 249 19.1 209 21.0
PUFA before 15.0 15.4 15.6 17.2
after 13.6 15.6 125 17.7
18:2,n6  before 6.9 6.9 6.7 9.8
after 6.2 7.6 6.0 10.1
20:2n6  before 0.7 0.6 0.6 0.9 <0.05
after 0.5 °® 0.6 0.5 0.9 <0.05
20:3n6  before 0.7 0.9 0.9 0.8
after 0.6 0.7 0.6 ° 0.7
20:4,n-6 before 41 38 4.6 34
after 32° 28 32° 3.5
22:4n6  before 08 0.8 09 0.7
after 0.5 05 04 ° 0.5
18:3,n-3  before 0.4 03 03 0.2
after 04 03 03 03
20:5,n-3  before 0.2 0.0 01 0.1
after 06 * 04° 05° 05°
22:5n-3  before 03 03 0.6 0.2
after 0.7 05 0.5 08 <0.05
22:6n-3  before 03 05 0.5 03
after 05° 0.7 0.5 0.5
Ps before 03 0.2 03 03
after 03 0.2 0.2 03
n-3 before 13 1.0 14 0.7
after 20° 19° 19° 20°
n-6 before 131 144 14.0 16.6
after 11.5 13.5 10.5 15.6 <0.05
DBI before 08 0.7 08 0.7
after 0.7 0.7 0.6 0.8
EPA/AA!  before 0.0 0.0 0.0 0.0
after 0.2 0.1 0.2 0.1 <0.05

Intergroup P: analysis of variance for the comparison between all groups. ® p<0.05, versus before dietary fish oil supplementa-
tion. (For technical reasons the neutrophil PL fatty acid composition of group IV could be measured for 3 subjects only). SAFA:
saturated fatty acids, MUFA: monounsaturated fatty acids, DBI:double bond index, EPA/AA denotes 20:5,n-3/20:4,n-6. 1: data in

mol/mol.

Pooling of fatty acid data on the basis of dietary P/S ratio:

Figure 2 shows the individual relative amounts of 20:5,n-3 together with the individual
20:5,n-3/20:4,n-6 ratio for the plasma CE fraction before and after fish oil supplemen-
tation, when the fatty acid data were pooled on the basis of dietary P/S ratio. The
relative amounts of 20:5,n-3 and the 20:5,n-3/20:4,n-6 ratio increased both in the pool-
ed P/S<0.4 and in the P/S>1.0 group during fish oil supplementation. Between group
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comparison revealed that the ratio was higher in the P/S<0.4 group after fish oil
supplementation (p<0.05).
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Figure 2 Individual relative amounts of 20:5,n-3 together with individual 20:5,n-3/20:4,n-6 ratios for the plasma cholesterol ester
fraction before and after dietary fish oil supplementation. The data are derived from pooled values from persons consuming diets
with P/S matios of <0.4 (groups I+I1I) and >1.0 (groups II+IV). p<0.05, denotes the between group comparison of median after
treatment values.

Figure 3 shows the individual relative amounts of 20:5,n-3 together with individual
20:5,n-3/20:4,n-6 ratios for the neutrophil PL fraction before and after fish oil sup-
plementation, when the fatty acid data were pooled on the basis of dietary P/S ratio.
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Figare 3 Individual relative amounts of 20:5,n-3 together with individual 20:5,n-3/20:4,n-6 ratios for the plasma neutrophil phos-
pholipid fraction before and after fish oil supplementation. The data are derived from pooled values from persons consuming
diets with P/S matios of <0.4 (groups I+1II) and >1.0 (groups II+IV). p<0.05, denotes the between group comparison of median
after treatment values.
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The relative amounts of 20:5,n-3 and the 20:5,n-3/20:4,n-6 ratio increased both in the
pooled P/S<0.4 and in the P/S>1.0 group during fish oil supplementation. Between
group comparison revealed that after treatment the 20:5,n-3/20:4,n-6 ratio was slightly
higher in the PS<0.4 group (0.16), compared with the P/S>1.0 group (0.14) (p<0.05)
When the groups were pooled by energy% fat no such trends were observed in neith-
er the plasma CE fraction nor in the neutrophil PL fraction (data not shown).

In vitro eicosanoid production:
The effect of fish oil supplementation on in vitro leukotriene production by neutro-
phils in the different groups is shown in Table 6. The formation of LTB4 was sup-
pressed in most groups, but significant differences were only achieved in groups I and
IV. In all groups, a similar, significant, rise in the in vitro LTB5 production was noted
during fish oil supplementation.

Table 6 Neutrophil leukotriene production before and after four weeks of dietary fish oil supplementation.

I Il 111 v
Leukotriene B4
before 159.0 (142.0-205.0) 174.0 (150.0-221.0) 159.0 (106.0-205.0) 174.0 (152.0-210.0)
after 137.0 (100.0-157.0)° 186.0 (123.0-221.0) 127.0 (111.0-221.0) 137.0 (103.0-168.0)*
Leukotriene BS
before 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0)
after 8.0 (5.0-9.0)°° 6.0 (2.0-12.0)°*° 9.0 (5.0-15.0)*° 6.0 (2.0-9.0)*°
Leukotriene BS/leukotriene B4
before 0.0 (0.00-0.00) 0.0 (0.00-0.00) 0.0 (0.00-0.00) 00 (0.0-0.0)
after 0.05 (0.03-0.07) 0.04 (0.01-0.06) 0.05 (0.03-0.06) 0.05 (0.03-0.06)

Leukotrienes are presented as ng/10” neutrophila. * p<0.05, ** p<0.01, versus before dietary fish oil supplementation.

Pooling of eicosanoid data on the basis of dietary P/S ratio revealed that after treat-
ment, the LTBS/LTB4 ratio tended to be higher in the PS<0.4 groups (0.07 (0.02-
0.11)) than in the in the PS>1.0 group (0.04 (0.00-0.06)), although the difference was
not significant (p=0.07).

DISCUSSION

We studied the laboratory effects of dietary fish oil supplementation in healthy volun-
teers consuming diets at different energy percentage fat and P/S ratios. The results
demonstrate that the increase in the relative amounts of 20:5,n-3 in plasma CE frac-
tion is inversely related to the dietary intake of 18:2,n-6. and that the 20:5,n-3/20:4,n-6
ratios in plasma CE and neutrophil PL are higher in subjects consuming the low
(<0.4) P/S diets, when compared with those consuming the high (>1.0) P/S diets.
These results corroborate the conclusions of Sawazaki et al® and those drawn from
some animal studies™".

The inverse relationship of n-3 and n-6 PUFA incorporation in body lipids is the
result of competition of these fatty acids for enzymes that catalyze the synthesis of
cell and plasma lipids. For example in the liver, 20:5,n-3 competes with 18:2,n-6 for
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the sn-2 position of locally synthesized phosphatidylcholine®. When the latter is secre-
ted from the liver in the form of lipoproteins it serves as a substrate for the lecithin-
cholesterol acyltransferase (LCAT) mediated transesterification of cholesterol in plas-
ma. Competition between dietary 18:2,n-6 and 20:5,n-3 may additionally occur at the
level of intestinal acyl-CoA cholesterol acyltransferase (ACAT), which produces CE
from intestinally absorbed cholesterol. These CE are added to the plasma when
chylomicrons reach the circulation.

It should, however, be emphasized that the dependency of 20:5,n-3 incorporation
on dietary 18:2,n-6 is weak and differences in 20:5,n-3/20:4,n-6 ratio between the low
and high P/S groups were small. Moreover, three persons failed to show an increase
in the relative amounts of 20:5,n-3 in the plasma CE fraction. The latter is considered
to reflect the dietary fatty acid composition consumed during the last three weeks™. It
therefore seems that other factors additionally influence 20:5,n-3 incorporation during
fish oil supplementation. One of these may be the efficacy of intestinal absorption of
n-3 PUFA' which is subject to larger variation when administered in its ethyl ester
form (as in this study) than in its natural triglyceride form>®*, Diminished intestinal
absorption may have hampered accumulation of 20:5,n-3 in plasma CE in three sub-
jects (Figure 1). A second factor that may affect the accumulation of 20:5,n-3 in cell
and plasma lipids is the large amount of previously absorbed 18:2,n-6 that is stored in
adipose tissue. This pool becomes mobilized in the fasting state. It has been e.g. dem-
onstrated that prevention of free fatty acid mobilization by an 48 hour continuous
enteral hyperalimentation with carbohydrates alone leads to a decrease of plasma and
erythrocyte 18:2,n-6%. Persons living in industrialized countries consume high amounts
of 18:2,n-6 and relatively small amounts of n-3 PUFA, which consequently leads to a
high 18:2,n-6/n-3 PUFA ratio in their adipose tissue. The turnover rate of fatty acids
in this large triglyceride pool is about 300-600 days¥, which implies that a change in
dietary fat intake will not accomplish a new steady state within about three years.
Both the actual intake of 18:2,n-6 and the large 18:2,n-6 pool in adipose tissue may
help to explain why in the, mostly short term, high dose fish oil supplementation stud-
ies the relative amounts of 20:5,n-3 and 20:4,n-6 in plasma and cell lipid have rarely
reached the level as measured in Eskimo natives”. The latter ’consume’ a high n-3/n-6
PUFA ratio for a life time period.

The increase of relative amounts of 20:5,n-3 in the neutrophil PL fraction was less
pronounced compared to the increase in the plasma CE fraction. It might be argued
that a 4 weeks fish oil supplementation period is too short to obtain appreciable al-
terations in the fatty acid composition of neutrophil PL. However, at the end of the 4
weeks treatment period the relative amounts of 20:5,n-3 in neutrophil PLs proved
comparable with those found in RA patients during a 12 weeks supplementation
period. One might speculate that, in comparison with plasma CE, at least in short
term trials, the neutrophil PL fraction is relatively resistent to incorporation of 20:5,n-
3 and that the neutrophil preferentially incorporates n-6 PUFA. It is also possible
that n-3 PUFA slowly incorporate into the fatty acid pool that serves as a reservoir to
the synthesis of neutrophil membrane phospholipids during cell proliferation and mat-
uration. Elucidation of the underlying mechanism is of importance to achieve optimal
effects of fish oil supplementation in e.g. RA, since the relative amounts of 20:4,n-6
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and 20:5,n-3 reflect precursor availability for the production of L'TB4 and LTBS, re-
spectively.

In this trial dietary fish oil has been shown to have a moderate suppressing effect
on LTB4 synthesis in most groups, while enhancing the production of small amounts
of LTBS. The lack of clear differences in leukotriene production between the ex-
perimental groups is not surprising in view of the observed changes in the fatty acid
composition of neutrophil PL.

In summary, dietary intake of 18:2,n-6 appears to interfere with the accumulation
of 20:5,n-3 in the plasma CE fraction during fish oil supplementation in healthy volu-
nteers. Further research is warranted to establish a desirable ratio of dietary n-3/n-6
PUFA, to affect eicosanoid production and thereby eicosanoid mediated reactions.
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Chapter 7

LONG CHAIN OMEGA-3 POLYUNSATURATED FATTY ACIDS
IN RHEUMATOID ARTHRITIS

Jacob E. Tulleken, Pieter C. Limburg, Frits A.J. Muskiet,
Martin H. van Rijswijk

Polyunsaturated fatty acids:

Polyunsaturated fatty acids play important roles in the structural and metabolic functions
of cellular membranes. Mono- and poly (PUFA) unsaturated fatty acids can be charac-
terized by the number of carbon atoms from the last double bond up to and including
the terminal methyl group of the carbon chain. PUFA with three (n-3 fatty acids) or six
(n-6 fatty acids) carbon atoms in that position can not be de novo synthesized by the
human body and hence are designated essential fatty acids.

Vegetable oils are main sources of dietary n-6 PUFA, of which linoleic acid (18:2,n-6)
is the quantitatively most important species. Some terrestrial plants contain alpha-linolen-
ic acid (18:3,n-3) in the chloroplast membrane but cold water fish and refined fish oils
are the richest sources of n-3 PUFA. The main members of the n-3 PUFA series found
in fish oils are eicosapentaenoic (EPA; designated 20:5,n-3) and docosahexaenoic (DHA;
22:6,n-3) acids.

Arachidonic acid (20:4,n-6) is an important constituent of cell membrane phospholip-
ids (PL). Its dietary intake is low, since there are no major sources in regular foods. Cell
membranes are therefore largely dependent upon dietary 18:2,n-6 as a precursor for the
biosynthesis of 20:4,n-6 by microsomal desaturation and chain elongation.

Eicosanoids:
Eicosanoids is the designation for oxygenation products of long chain PUFA, of which
20:4,n-6 is the most important. Eicosanoids play an essential role in human hemostasis,
immune response, and tissue perfusion but may also be involved in the pathogenesis of
disease’. The formation of eicosanoids occurs through two different enzymatic pathways,
i.e: the cyclooxygenase pathway, leading to the production of prostaglandins, throm-
boxanes and prostacyclins; and the lipoxygenase pathway, leading to the production of
leukotrienes. The rate-limiting step in the formation of eicosanoids is the release of
20:4,n-6 from membrane PL by a phospholipase. Activation with physiologic stimuli of
different cell types leads to the activation of phospholipase A2. A similar effect occurs
when cells are stimulated by an unphysiologic stimulus like calciumionophore A-231872
In human leukocytes prostaglandin E2 (PGE?2) is the predominant cyclooxygenase pro-
duct of 20:4,n-6. PGE2 possesses both pro- and anti-inflammatory effects. It increases
vascular permeability and blood flow at the site of inflammation, it induces fever, and
has a synergetic activity with bradykinin in provoking pain. PGE2 inhibits cell prolifera-
tion and the production of interleukin-1 (IL-1)* and tumor necrosis factor (TNF)".
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Leukotrienes of the 4 series are produced from 20:4,n-6 via the lipoxygenase pathway.
They are potent lipid mediators which play an important role in allergic and inflam-
matory reactions’. For instance, leukotriene B4 (LTB4), mainly produced by neutrophils
and monocytes, is a strong chemotactic agent’. Furthermore by potentiating the produc-
tion of -1’ and gamma-interferon®* LTB4 is involved in the regulation of cytokine syn-
thesis as well.

Dietary fish oil supplementation in rheumatoid arthritis:

With the increasing insight into the 20:4,n-6 metabolism it was obvious to investigate
whether chronic inflammatory conditions, like rheumatoid arthritis (RA) can be in-
fluenced by adding a substantial amount of fish oil to the diet. In theory, its high conten

of long chain n-3 PUFA could be a valuable supplement to the usual treatment modalit-
ies in RA. By virtue of increasing the 20:5,n-3 and 22:6,n-3 contents of cell membrane
PL, dietary n-3 PUFA competitively inhibit the formation of 20:4,n-6 derived cyclo-
oxygenase and lipoxygenase metabolites (PGE2 and LTB4) whereas the production of
weak, n-3 PUFA derived metabolites, such as TXA3", PGE3" and LTB5"" is enhanced.

Fish oils have been shown to suppress inflammation in both animals** and in patients
with RA. In a placebo-controlled trial, Kremer et al.' were the first to demonstrate that
the daily ingestion of fish oil capsules containing 2.7 g 20:5,n-3 and 1.8 g 22:6,n-3, resul-
ted in a decrease of the mean time to the onset of fatigue and the number of tender
joints in patients with RA. We reported a reduction of joint pain and swelling, as well as
the duration of early momning stiffness during daily administration of 3.4 g of 20:5,n-
3+22:6,n-3 for twelve weeks". Others have reported similar beneficial clinical effects in
controlled”® and uncontrolled settings®. Recently it was demonstrated that improvement
of joint symptoms was more common when RA patients were supplemented with 90 mg
n-3 PUFA/kg/day compared with supplementation of 45 mg n-3 PUFA/kg/day”. The
additional clinical benefit of the higher dosage was dissapointing, however, and there was
no significant difference between the two dosages to decrease mononuclear LTB4 syn-
thesis. This suggests that both dosages altered the fatty acid composition of the mono-
nuclear membrane phospholipid fraction to the same extent since this fraction reflects
precursor availability for leukotriene synthesis.

The fish oil fatty acids in the discussed studies were administered in the semi-synthetic
ethyl ester (EE) form, which allows much higher concentrations of n-3 PUFA when com-
pared with their relative amounts in the naturally occurring fish oil triglycerides (TG).
However, recent studies have assessed a diminished absorption of EE preparations, com-
pared with fish oil TG preparations®®. If so, this may raise doubts about the therapeutic
advantage of ’high’ dose fish oil fatty acid EE over ’low’ dose fish oil preparations in
their natural TG form. In a twelve weeks, double blind study design we compared the
clinical and laboratory effects of *high’ dose fish oil fatty acid EE (3.4 g 20:5,n-3+22:6,n-
3/day) and ’'low’ dose fish oil TG preparations (1.7 g 20:5,n-3+ 22:6,n-3/day) in 29
patients with RA®. Both fish oil preparations were equally effective in the incorporation
of 20:5,n-3 in plasma CE and neutrophil PL, inhibition of in vitro neutrophil LTB4
production and augmentation of LTBS5 formation, and suppression joint of symptoms.
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Thus, apart from the ictual amount of fish oil fatty acids present in the capsules, the
chemical form in which they are provided (EE or TG) may be of importance to the
magnitude of the induced clinical and laboratory effects. It is suggested that in future
’dose finding’ studies, the n-3 PUFA should be applied in TG form.

Dietary long chain n-3 PUFA interfere with n-6 PUFA chain elongation and desatura-
tion by reducing delta-6 desaturase activity and thereby affecting the rate limiting step in
the conversion of 18:2,n-6 to 20:4,n-6*. Analogously, we observed a decreased 20:3,n-
6/18:2,n-6 ratio in the neutrophil PL fractions, suggesting diminished delta-6 desaturase
and/or chain elongation activity. Surprisingly, the relative amounts of 20:4,n-6 in neutro-
phil PL only showed minor changes during dietary fish oil supplementation. Similar
results were obtained by others®® who showed that daily administration of 1 to 6 g fish
oil did not seriously alter the relative amounts of 20:4,n-6 in neutrophils and platelets.
However, not all studies are consistent in this respect. The fact that, despite diminished
conversion of 18:2,n-6, the relative amounts of 20:4,n-6 remain stable may partially be
explained by increased retroconversion of 22:4,n-6 into 20:4,n-6. Like 22:6,n-3 for 20:5,n-
3, the 22:4,n-6 appears to be a reservoir for 20:4,n-6®. In animal studies, it has been
established that there is marked retention of 20:4,n-6 in certain PL during essential fatty
acid deficiency®. These data may indicate that the presence of 20:5,n-3 rather than the
reduction of the 20:4,n-6 content in cell membrane PL is mainly responsible for the al-
terations in cell function during dietary fish oil supplementation.

In most human trials, dietary fish oil supplementation has been shown to induce a
moderate reduction (about 20%) of the in vitro neutrophil LTB4 production, while the
LTBS production moderately increased from undetectable amounts up to 10% of LTB4.
A major question regarding the leukotrienes is whether any of the induced alterations in
their production contribute to the observed clinical improvements during fish oil
supplementation. No correlations were found between changes in leukotriene production
and alterations in clinical disease variables in this respect™’ although not all studies are
consistent’. It seems unlikely that inhibition of the lipoxygenase pathway is the only
cause of clinical improvement. As fish oil modulates the formation of both leukotrienes
and prostaglandins, it is possible that the effects of fish oil may be a result of changes in
the production of prostaglandins. Recently, the question has been raised whether the
anti-inflammatory effects of fish oil are due to the action of n-3 PUFA or should in fact
be ascribed to the addition of alpha-tocopherol only. The fish oil preparations have to be
enriched with alpha-tocopherol to prevent peroxidation of their PUFA. It has been ar-
gued that the antioxidizing properties of alpha-tocopherol may interfere with the process
of joint inflammation by reducing the free radical-mediated cellular lipid peroxidation.
However, in a placebo controlled trial we have shown that the beneficial effects of fish
oil supplementation cannot be ascribed to the encapsuled amount of alpha-tocopherol
per se.

It is interesting to note that even during the use of non steroidal antiinflammatory
drugs (NSAID), fish oil provides an additive beneficial effect. One of the mechanisms by
which NSAID exert their effect is a strong inhibition of the production of prostaglandins
whereas the production of leukotrienes remains unaffected. The ability of n-3 PUFA to
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competitively inhibit both the production of cyclooxygenase- and lipoxygenase metabolit-
es of 20:4,n-6 should, theoretically, provide the possibility to reduce NSAID demand in
RA patients. Belch et al” have shown that treatment with evening primrose oil, rich in
18:3,n-6, with or without 20:5,n-3 (240 mg/day) did allow some RA patients to reduce, or
even stop their usage of NSAID. Evening primrose oil raises the 20:3,n-6 content of cell
membrane PL. It is the precursor of PGEl, a prostaglandin with antiinflammatory
properties. The data from the combined treatment group (18:3,n-6+20:5,n-3) do not
allow a conclusion with regard to the sole effect of 20:5,n-3 on the required dosage of
NSAID. Therefore, we undertook a double blind, placebo-controlled trial to investigate
whether fish oil consumption (3.4 g 20:5,n-3+22:6,n-3 for 12 weeks) could reduce the
usage of indomethacin in patients with RA. Only minor effects on indomethacin demand
was established for those patients who received fish oil, whereas no effects were ob-
served in those patients who received placebo®. It is unclear why the relief of joint pain
during the use of indomethacin cannot be mimicked by the use of fish oil. Recently, in
healthy volunteers who ingested 4.6 g/day of 20:5,n-3+22:6,n-3 for six weeks, a 51% dec-
rease of PGE2 release was measured in the supernatant of stimulated mononuclear
cells*. It is possible that the fish oil-induced reduction of the PGE2 production is not
sufficient to achieve similar clinical effects as observed during the use of a strong cyclo-
oxygenase inhibitor like indomethacin. However, referring to the fact that indomethacin
exerts some non prostaglandin dependent effects as well®, it is also possible that fish oil
does not exert such effects and hence cannot replace indomethacin. What ever the prec-
ise reason, one might conclude that the used treatment schedule of fish oil cannot lessen
the need for NSAID in RA. This may raise the question whether fish oil has ’disease
modifying’ properties? Fish oil has the rather unique quality to inhibit the 20:4,n-6 deri-
ved products of the lipoxygenase pathway. Since leukotrienes are actively involved in
inflammation, a reduced LTB4 production may have consequences for the processes of
joint destruction in RA. By virtue of reducing the LTB4 production, dietary fish oil sup-
plementation leads to diminished chemotaxis and adhesion of neutrophils® and
monocytes®. In addition, plasma levels of IL-1 correlate with erythrocyte sedimentation
rate (ESR) levels in RA patients” and fish oil supplementation has been shown to sup-
press the macrophage IL-1 production®®. Surprisingly, in none of the trials it was repor-
ted that the ESR, rheumatoid factor titer, or the plasma levels of hemoglobin and C-
reactive protein were altered during fish oil supplementation. Thus, the clinical relevance
of the fish oil induced inhibition of IL-1 and TNF production in RA patients remains to
be established and, indeed, no objective evidence has been obtained that fish oil sup-
plementation will favourably alter the course of the disease.

The results of the aforementioned short term period trials indicate that fish oil EE
should be considered as a supplement to rather than a substitute for nowadays anti-rheu-
matic drugs. We suggest, however, that large studies over more extended periods are
required to draw definitive conclusions on the ability of fish oil, preferrably in TG form,
to favourably alter the progression and prognosis of the disease. Furthermore, animal
studies have shown that the effect of fish oil supplementation on the synthesis of eicosa-
noids increases when combined with diets at low 18:2,n-6 to saturated fatty acid ratios™.
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If so, a discussion of the role of 18:2,n-6 on the efficacy of dietary fish oil supplementa-
tion to alter the fatty acid composition of cell and plasma lipids and consequently eicosa-
noid synthesis and mediated reactions as well may be useful.

Possible interactions between dietary 18:2,n-6 and 20:5,n-3:

The n-6 PUFA and n-3 PUFA compete for the same binding site on the sn-2 position of
the glycerol moiety in tissue PL. In the liver, 20:5,n-3 competes with 18:2,n-6 for the sn-2
position of phosphatidylcholine® that serves as a substrate for the lecithin-cholesterol
acyltransferase (LCAT) mediated formation of plasma CE. Competition between dietary
18:2,n-6 and 20:5,n-3 may also occur at the level of the acyl-CoA cholesterol acyltransfer-
ase (ACAT) mediated formation of CE in the intestine. Evaluating the biochemical ef-
fects of dietary fish oil supplementation during the consumption of different energy% fat
and polyunsaturated/saturated fatty acid (P/S) ratios in healthy volunteers, we demonstra-
ted that the change in the relative concentration of 20:5,n-3 in plasma CE is inversely
related to the dietary intake of 18:2,n-6*. However, the dependency of 20:5,n-3 incorpor-
ation on dietary intake of 18:2,n-6 was weak. It therefore seems that other factors addi-
tionally influence incorporation during fish oil supplementation. One of these may be the
chemical in form in which the fish oil fatty acids are provided (EE or TG). Secondly,
besides competing with dietary 18:2,n-6, absorbed 20:5,n-3 will have to compete with a
large amount of previously absorbed 18:2,n-6 that is stored in adipose tissue and that
becomes mobilized in the fasting state. Persons living in industrialized countries consume
high amounts of 18:2,n-6 and relatively small amounts of n-3 PUFA, which consequently
leads to a high 18:2,n-6/n-3 PUFA ratio in their adipose tissue. The turnover rate of
fatty acids in this large, triglyceride pool is about 300-600 days* which implies that chan-
ges in dietary fat intake will not accomplish a new steady state within a period of at
least three years. Both the actual intake of 18:2,n-6 and the large 18:2,n-6 pool in
adipose tissue may help to explain why in the mostly short term, high dose fish oil sup-
plementation studies, the relative amounts of 20:5,n-3 and 20:4,n-6 in plasma and cell
lipid have rarely reached the level as measured in Eskimo natives®. The latter ’consume’
a high n-3/n-6 PUFA ratio for a life time period®. The increase of relative amounts of
20:5,n-3 in the neutrophil PL fraction during dietary fish oil supplementation is much less
pronounced than changes in the plasma CE fraction”. We have observed that after 4
weeks of fish oil supplementation in healthy volunteers, the relative amounts of 20:5,n-3
in neutrophil PL were comparable to those achieved in patients with RA during
supplementation with similar amounts of fish oil over a 12 weeks period”. One might
speculate that the neutrophil PL fraction is, at least in short term studies, relatively resis-
tent to incorporation of 20:5,n-3 and has a preference to incorporate n-6 PUFA over n-3
PUFA. On the other hand it is possible that n-3 PUFA slowly incorporate into the fatty
acid pool that serves as a reservoir to the synthesis of neutrophil membrane
phospholipids during cell proliferation and maturation. The elucidation of the underlying
mechanism is of importance to the achievement of optimum effects of dietary fish oil
supplementation in RA since the relative amounts of 20:4,n-6 and 20:5,n-3 in neutrophil
PL reflect precursor availability for the synthesis of LTB4 and LTB5 respectively.
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Side effects:

At the dosage levels used in most clinical studies, only short term, moderate discomforts
were observed. Nausea, ructus, and diarrhea were mostly mentioned. However, some
potentially harmful adverse reactions to high dietary fish oil intake have also been repor-
ted. These include increased airway hyperresponsiveness in aspirin intolerant asthma
patients*, exacerbation of induced arthritis in some rat strains® and metabolic deteriora-
tion in type II diabetes®. Thus, it is likely that some physiologic and pathologic processes
may be sensitive to modulation by these compounds.

Furthermore, when prescribing fish oils emphasis should be given to the next points:
First, large doses of n-3 PUFA, given as cod liver oil may induce vitamin A, and D toxi-
city and increase cholesterol ingestion. Second, currently used dosages (up to 10 g/day)
would add 380 KJ/day to the usual dietary energy intake which could lead to unwanted
obesity. Third, n-3 PUFA administration may enhance lipid peroxidation. The added
amount of antioxidant, mostly alpha-tocopherol, may not be adequate. Fourth, one study
described that daily ingestion of 135 g mackerel paste in healthy male volunteers in-
creased total plasminogen activator inhibitor activity. This could be a risk for reinfarction
in myocardial infarction patients®. Fifth, in some studies a platelet count fall was ob-
served during fish oil supplementation® Sixth, fish oil supplementation may induce
prolonged bleeding times and reduced platelet function, consequently this may be
associated with bleeding diathesis®. Seventh, it has been shown, recently, that daily inges-
tion of 2.1 g 20:5,n-3 for six weeks depressed phagocytosis and humoral responses
(enzyme release and circulating immunoglobulin levels) in a human volunteer”. Blonk et
al.® observed, however, no significant changes in the ability of leukocytes to kill staphylo-
coccus aureus. Discussion is still going on this point. In general, it can be argued that
some concern about the long term safety is warranted, especially in situations when fish
oil supplements are used without medical supervision.

Conclusion:

In conclusion, dietary fish oil supplementation has been shown to provide an additive
beneficial effect during the use of anti-rheumatic drugs and may thus be helpful to red-
uce joint pain in RA patients. In view of the described effects a complete remission of
symptoms is not to be expected. Large studies over extended periods are required to
draw definitive conclusions on the ability of fish oil to favourably alter the progression
and prognosis of the disease. Until such studies have been carried out we suggest that
fish oil should not be considered as a substitute for nowadays NSAID and slow acting
anti-theumatic drugs.
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SUMMARY

Dietary fish oil supplementation leads to suppression of arachidonic acid derived
eicosanoid synthesis in several types of cells. Since eicosanoids are actively involved in
the process of inflammation this may have consequences for chronic inflammatory
disorders. This thesis evaluates the clinical and laboratory effects of fish oil sup-
plementation in patients with rheumatoid arthritis.

In the first part of Chapter 1 a brief introduction is given to the signs, symptoms,
course, prognosis, the model of tissue destruction and treatment of rheumatoid
arthritis. In the second part of this chapter the metabolism of polyunsaturated fatty
acids (PUFA) and the transformation of some PUFA into various cyclooxygenase and
lipoxygenase products is described. In the third part the aim of this thesis is formu-
lated.

In chapters 2, 3, 4, and 5 the effects of dietary fish oil supplementation on clinical
and laboratory parameters in patients with rheumatoid arthritis are presented.

In Chapter 2, we describe the clinical and laboratory effects of dietary fish oil
supplementation in sixteen patients. A randomized, double blind, placebo-controlled
crossover design with twelve week treatment periods was used. Treatment with anti-
rheumatic drugs (NSAID and DMARD) was continued throughout the study period.
Placebo consisted of fractionated coconut oil flavoured with fish aroma. In com-
parison with placebo, a daily supply of fish oil led to significant improvements of
various clinical disease variables without influencing the usual laboratory parameters
of inflammation. A minor production of LTB5 was observed, concomitant with a
decrease of the mean L'TB4 production by in vitro stimulated neutrophils. The minor
production of L'TBS was in accordance with the low amounts of eicosapentaenoic acid
incorporated into the neutrophil membrane phospholipid fraction. No correlations
were found between changes in the leukotriene production and the significantly
altered disease variables.

Chapter 24 offers a letter to the editor regarding the persistent suppression of
interleukin-1 and tumor necrosis factor produced by ex vivo stimulated mononuclear
cells of healthy volunteers 10 weeks after cessation of fish oil supplementation. More
studies are needed to confirm this issue, but we suggest that this ’hangover’ effect is
not the result of inhibition of LTB4 production.

Alpha-tocopherol is added to the fish oil capsules to prevent unwanted peroxida-
tion of PUFA. To our knowledge little or no attention has been paid to whether the
n-3 PUFA themselves, alpha-tocopherol, or the combination of both are responsible
for the anti-inflammatory effects of dietary fish oil supplementation. In Chapter 3 we
compared the effects of dietary fish oil supplementation with the effects of alpha-
tocopherol enriched coconut oil. Clinical disease variables were studied in relation to
cellular and plasma vitamin E levels. Twenty eight patients were randomly allocated
to either the fish oil or the coconut oil (placebo control) group. The follow up time
was three months with clinical check ups every month. Although some clinical
improvement ocurred in the control group, the improvement with fish oil was greater
than that with coconut oil/alpha-tocopherol. We concluded that the n-3 PUFA, rather
than the anti-oxidizing properties of the encapsuled alpha-tocopherol, are mainly
responsible for the improvement of joint symptoms during fish oil supplementation in
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patients with rheumatoid arthritis.

One of the mechanisms by which NSAID exert their effect is the inhibition of the
production of prostaglandins whereas the production of leukotrienes remains unaf-
fected. The ability of n-3 PUFA to affect both the cyclooxygenase and the lipoxygena-
se pathway should, theoretically, provide the possibility to reduce the NSAID demand
in patients with rheumatoid arthritis. In Chapter 4 the results of a double blind,
placebo controlled trial to investigate whether fish oil consumption could lessen the
need for indomethacin, as a model for NSAID, is discussed. The use of indomethacin
fell to 81% (p<0.05) in the fish oil treated group and to 92% (NS) in the control
group. Between group comparison revealed no statistically significant differences in
lessening the need for indomethacin during fish oil and placebo treatment. The
precise reason for this phenomenon is difficult to ascertain. Possibly the fish oil
induced inhibition of prostaglandin production is not enough to achieve the effects as
induced by a strong cyclooxygenase inhibitor like indomethacin. It is also possible that
fish oil does not exert the effects of indomethacin that are independent of prostaglan-
din inhibition.

In most studies, fish oil preparations are provided in the semi-synthetic ethyl ester
form which allows much higher concentrations of eicosapentaenoic acid than fish oil
in triglyceride form. The ethyl ester form is however not natural to the human diet.
Whether the induced effects of fish oil supplementation are dependent on the
chemical form in which the n-3 PUFA are provided has not been well characterized
yet. In Chapter 5 we compared the efficacy of *high’ dose fish oil fatty acid ethyl ester
(3.4 g eicosapentaenoic acid + docosahexaenoic acid) and ’low’ dose fish oil triglyceri-
de (1.7 g eicosapentaenoic acid + docosahexaenoic acid) preparations for altering
fatty acid compositions of plasma cholesterol esters and neutrophil phospholipids,
neutrophil leukotriene production and disease activity in 29 patients. We showed that
a fish oil triglyceride preparation while containing half the amount of n-3 PUFA was
equally effective in suppressing joint symptoms as a ’high’ dose fish oil ethyl ester
preparation. This was not surprising since both dosages altered the fatty acid content
of plasma cholesterol esters and neutrophil phospholipids to the same extent. In
addition both fish oil preparations were equally effective in inhibition of in vitro
neutrophil LTB4 production and induction of LTBS5 formation. Our findings indicate a
diminished bioavailability of fish oil fatty acid ethyl esters. We suggest that apart from
the actual amount of fish oil fatty acids present in the capsules, the chemical form in
which they are provided is of importance in the induced clinical and laboratory effects
in rheumatoid arthritis.

Animal studies have shown that the effect of fish oil on eicosanoid synthesis
increases when combined with diets at low linoleic acid to saturated fatty acid ratios.
Chapter 6 presents the effect of low fat (25% of energy) and high fat (35% of
energy) diets with either low (<0.4) or high (>1) polyunsaturated/ saturated fatty acid
(P/S) ratios on fatty acid compositions of plasma cholesterol esters and neutrophil
phospholipids, and leukotriene production in 4 groups of healthy volunteers supple-
mented daily with 6 g fish oil for 4 weeks. This study revealed that the increase in
the relative amounts of eicosapentaenoic acid in plasma cholesterol esters was
inversely related to the dietary intake of linoleic acid and that the eicosapentaenoic
acid/arachidonic acid ratio in plasma cholesterol esters and neutrophil phospholipids
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are higher in subjects consuming low P/S diets when compared with those consuming
high P/S diets. Alterations in leukotriene production did not importantly differ
between groups. This reflects the similar incorporation of eicosapentaenoic acid in the
neutrophil phospholipid fraction of all participants. Whether neutrophil phospholipids
slowly incorporate eicosapentaenoic acid or preferentially incorporate n-6 PUFA
remains to be established. Further study to establish a desirable ratio of dietary n-3/n-
6 PUFA to affect eicosanoid production and thereby eicosanoid mediated reactions is
warranted.

In Chapter 7 an overview is given of our work and the work of others on fish oil
supplementation in rheumatoid arthritis.

CONCLUSION

In this thesis the clinical and laboratory effects of dietary fish oil supplementation in
patients with rheumatoid arthritis are described. The supplement is well tolerated and
provides an additive beneficial effect in suppressing joint symptoms during the use of
anti-theumatic drugs without altering the acute phase parameters of inflammation. By
virtue of increasing the relative amounts of eicosapentaenoic acid in neutrophil
membrane phospholipids there is a decrease in the production of proinflammatory
arachidonic acid derived LTB4 while, concomitantly, small amounts of the functionally
attenuated eicosapentaenoic acid derived LTBS becomes detectable. It is however
unlikely that changes in the production of leukotrienes are the only cause of clinical
improvement. It should be considered that the effects of fish oil are the result of a
combined inhibition of the lipoxygenase and cyclooxygenase pathway. The amount of
vitamin E that is present in the capsules seems of little importance for the clinical
benefit, but is necessary to prevent unwanted lipid peroxidation.

Although the relief of joint pain was appreciated by most patients it could not
markedly lessen their need for NSAID. Referring to the low incorporation of
eicosapentaenoic acid in neutrophil membrane phospholipids, it seems crucial to
analyze the efficacy of fish oil supplementation in rheumatoid arthritis in long term
clinical trials. The apparently diminished bioavailability of fish oil in its semi-synthetic
ethyl ester form suggests that it is attractive to use fish oil in its natural triglyceride
form in these trials. The interference of n-6 PUFA with the accumulation of eico-
sapentaenoic acid in cell and plasma lipids argues for further research to establish a
desirable dietary n-3/n-6 PUFA ratio to optimize the influence on eicosanoid
production and mediated reactions. Awaiting the results of such studies we suggest
that fish oil should not be considered as a substitute for NSAID and DMARD in
rheumatoid arthritis.
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SAMENVATTING

Toevoeging van visolie aan het dagelijks menu, ofwel diétaire visolie suppletie
beinvloedt de samenstelling van de celmembraan. Tijdens een ontstekingsproces
worden uit vetzuren van de celmembraan de z.g.n. eicosanoiden gevormd die o.m.
verantwoordelijk zijn voor pijn en de stijfheid die bij een gewrichtsontsteking
optreden. Veranderingen van de vetzuursamenstelling van de celmembraan o.iv.
verandering in de vetsamenstelling van de voeding kunnen leiden tot wijziging in de
produktie van deze eicosanoiden. Aangezien eicosanoiden ook betrokken zijn bij het
onderhouden (=chronisch worden) van ontstekingsprocessen kan beinvloeding van de
eicosanoid produktie gevolgen hebben voor chronische ontstekingsziekten zoals
reumatoide artritis.

Dit proefschrift beschrijft de invloed van di€taire visolie suppletie op de klinische
en biochemische maatstaven van ontstekingsactiviteit bij pati€nten met reumatoide
artritis.

Hoofdstuk 1. In het eerste deel van Hoofdstuk 1 is een kort overzicht gegeven van
de huidige inzichten in het ontstaan, de verschijnselen, het beloop, en de behandeling
van reumatoide artritis. In het tweede deel komt het metabolisme van meervoudig
onverzadigde vetzuren en de vorming van cyclo-oxygenase en lipoxygenase produkten
aan de orde. Het derde deel van Hoofdstuk 1 omvat de vraagstelling van dit
proefschrift.

In de hoofdstukken 2 t/m 5 worden de effecten van di€taire visolie suppletie bij
patiénten met reumatoide artritis beschreven.

Hoofdstuk 2. Hierin beschrijven wij de effecten van diétaire visolie suppletie op de
klinische en biochemische ernst van de ontsteking bij 16 patiénten. Het onderzoek
was placebo gecontroleerd en dubbelblind opgezet met behandelingsperioden van 12
weken. Het gebruik van anti-reumatica werd gedurende het gehele onderzoek
onveranderd voortgezet. Wij vonden dat visolie vergeleken met placebo, een statis-
tisch significante en klinische relevante verbetering gaf terwijl daarentegen de
uitslagen van een aantal biochemische indicatoren van ontstekingsactiviteit geen
essenti€le wijzigingen vertoonden. In overeenkomst met de geringe inbouw van het
eicosapentaeenzuur in de celmembraan (phospholipide fractie) van neutrofiele
granulocyten werd een geringe in vitro produktie van leukotrieen B5 meetbaar terwijl
gelijktijdig de leukotrieen B4 produktie significant was afgenomen. Hoewel verander-
ing in de produktie van leukotriénen in de tijd parallel liep met de klinische verbeter-
ing van de gewrichtsklachten bleek er geen evenredig verband te bestaan tussen de
omvang van de veranderingen.

Hoofdstuk 24 wordt gevormd door de reactie op een artikel in een tijdschrift.
Daarin stond vermeld dat er 10 weken na staken van diétaire visoliesuppletie, bij
gezonde vrijwilligers, nog steeds een verminderde produktie van interleukine-1 en
tumor necrose factor door ex vivo gestimuleerde monocyten aantoonbaar was. Op
grond van onze gegevens kan dit verschijnsel niet worden verklaard door een
aanhoudende remming van de leukotrieen B4 produktie.

Hoofdstuk 3. Vitamine E (alpha-tocopherol) wordt standaard aan de visolie
capsules toegevoegd om peroxidatie van lipiden te voorkomen. Over het algemeen is
er in de literatuur weinig of geen aandacht besteed aan het feit of de visolie
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(omega-3 vetzuren) zelf, het vitamine E of de combinatie van beide verantwoordelijk
is voor de klinische verbeteringen. In Hoofdstuk 3 wordt een vergelijking gegeven van
de effecten van di€taire visolie suppletie enerzijds en de effecten van met alpha-
tocopherol verrijkte cocosnootolie (placebo, controle groep) anderzijds, op de
klinische ziektevariabelen en de vitamine E spiegels bij 28 patiénten met reumatoide
artritis. Het dubbelblinde, placebo gecontroleerde onderzoek kende een behan-
delingsduur van drie maanden. Alhoewel er in de controle groep ook enige klinische
verbetering zichtbaar was, was de verbetering in de visolie groep meer uitgesproken.
Wij concludeerden dat niet vitamine E maar de omega-3 vetzuren voornamelijk
verantwoordelijk zijn voor de afneming van gewrichtsklachten van de pati€énten tijdens
diétaire visolie suppletie.

Hoofdstuk 4. De uitwerking van een NSAID omvat o.a. een reductie van pijn,
zwelling en stijfheid van gewrichten waarbij remming van de produktie van pros-
taglandines is aangetoond. Visolie kan zowel de cyclo-oxygenaseroute (prostagla-
ndines) als de lipoxygenaseroute (leukotri€énen) beinvloeden en biedt derhalve
theoretisch de mogelijkheid om het gebruik van pijnstillers te reduceren. In Hoofdstuk
4 beschrijven wij de resultaten van een placebo gecontroleerd, dubbelblind onderzoek
naar de effecten van diétaire visolie suppletic op de NSAID (indomethacine)
behoefte. Na 3 maanden behandeling daalde het gebruik van indomethacine in de
visolie groep doch het verschil was niet statistisch significant t.o.v. de placebo groep.
Een verklaring hiervoor zou kunnen zijn dat de door visolie geinduceerde remming
van de prostaglandine produktie onvoldoende is om het NSAID gebruik te reduceren.
Het is echter eveneens voorstelbaar dat indomethacine op een andere manier dan
alleen via remming van de cyclo-oxygenaseroute het ontstekingsproces beinvloedt en
dat visolie niet over een dergelijke eigenschap beschikt.

Hoofdstuk 5. In veel onderzoek naar de effecten van di€taire visolie suppletie
worden de vetzuren in de semi-synthetische, ethylester vorm aangeboden. De
ethylester vorm kan een aanzienlijk hogere concentratic omega-3 vetzuren bevatten
dan visolie in de natuurlijke triglyceride vorm. Of de gunstige klinische effecten van
visolie afhankelijk zijn van de vorm waarin de vetzuren worden aangeboden was
echter tot op heden onvoldoende onderzocht. In Hoofdstuk 5 worden de effecten van
een ’hoge’ dosering visolie ethylesters (12 capsules = 3,4 gram omega-3 vetzuren/dag)
vergeleken met de effecten van een ’lage’ dosering visolie in de natuurlijke
triglyceride vorm (12 capsules = 1,7 gram omega-3 vetzuren/dag). We bestudeerden
de invloed op de ziekte-activiteit, vetzuursamenstelling van de celmembraan van
neutrofiele granulocyten en plasma cholesterolesters terwijl eveneens in vifro de
leukotriénen produktie van neutrofiele granulocyten werd bepaald. Het blijkt dat de
’lage’ dosering visolie triglyceriden, even effectief is in het doen afnemen van
gewrichtsklachten, als een ’hoge’ dosering visolie ethylesters. Dit is in overeenstemm-
ing met de waarneming dat beide visolie preparaten de vetzuursamenstelling van
plasma cholesterolesters en de celmembraan van neutrofiele granulocyten alsmede de
ex vivo leukotriénen produktie in dezelfde mate bleken te veranderen. Deze resultaten
suggereren een verminderde biologische beschikbaarheid van visolie vetzuur
ethylesters t.o.v. visolie vetzuren in de natuurlijke triglyceride vorm. Derhalve conclu-
deren wij dat behalve de hoeveelheid ook de vorm waarin de visolie vetzuren worden
aangeboden bepalend is voor het effect.
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Hoofdstuk 6. Eerder dierexperimenteel onderzoek heeft aangetoond dat de invloed
van visolie op de produktie van eicosanoiden kan worden vergroot wanneer het
supplement wordt gegeven in combinatiec met een ’achtergrond-dieet’ gekenmerkt
door een lage verhouding tussen onverzadigde en verzadigde vetzuren (P/S ratio). In
Hoofdstuk 6 wordt bij vier groepen gezonde vrijwilligers, tijdens di€taire suppletie van
6 gram visolie gedurende 4 weken, de invloed bestudeerd van de vetsamenstelling van
het ’achtergrond’ dieet (25 vs 35 energie procenten vet; P/S<0.4 en P/S>1). Gekeken
werd naar het effect op veranderingen in de vetzuursamenstelling van plasma
cholesterolesters, celmembraan van neutrofiele granulocyten alsmede de ex vivo
leukotriénen produktie. Het bleek dat de stijging van de eicosapentaeenzuur con-
centratie in de plasma cholesterolester fractie omgekeerd evenredig was aan de
diétaire linolzuurinname. Bovendien was bij vrijwilligers die een "achtergrond" dieet
met een P/S ratio <0.4 hadden gevolgd, de eicosapentaeen/arachidonzuur ratio in de
plasma cholesterolester fractie groter dan bij degenen die een P/S ratio >1.0 hadden.
Dit werd -in mindere mate- ook voor de celmembraan van neutrofiele granulocyten
gevonden. Het verschil in de vetsamenstelling van het dieet tijdens visolie suppletie
was echter niet van invloed op de veranderingen in de leukotri€énen produktie. Dit
kan verklaard worden doordat de inbouw van eicosapentaeenzuur in de phospholipide
fractie van neutrofiele granulocyten, tussen de groepen onderling niet significant
verschilde. Of dit komt doordat de neutrofiele granulocyt de omega-3 meervoudig
onverzadigde vetzuren slechts heel langzaam opneemt dan wel doordat preferentieel
omega-6 meervoudig onverzadigde vetzuren worden ingebouwd is niet onderzocht.

Hoofdstuk 7. Hierin wordt een overzicht gegeven van de rol van visolie bij de
behandeling van reumatoide artritis.

CONCLUSIE

In dit proefschrift wordt de invloed van di€taire visolie suppletie op de klinische en
biochemische ontstekingsactiviteit bij pati€énten met reumatoide artritis beschreven.
Het supplement heeft een gunstig effect op gewrichtsklachten terwijl het geen invloed
heeft op de biochemisch gemeten ernst van de ontsteking. Visolie wordt over het
algemeen goed verdragen en kan een aanvulling zijn op de gebruikelijke medicamen-
teuze behandeling van reumatoide artritis. Toevoeging van visolie aan het menu leidt
tot incorporatie van omega-3 vetzuren in de celmembraan van o.a. neutrofiele
granulocyten. Wanneer eicosapentaeenzuur deel uit maakt van de celmembraan is er
na activering van neutrofiele granulocyten ex vivo een verminderde leukotrieen B4
produktie aantoonbaar, terwijl tevens een produktie ontstaat van een minder krachtig
pro-inflammatoir werkzame leukotrieen BS5. Door het ontbreken van een duidelijke
correlatie lijkt het onwaarschijnlijk dat de subjectieve klinische verbeteringen louter
veroorzaakt worden door de gewijzigde produktie van leukotriénen. Het is eveneens
voorstelbaar dat het klinische effect van visolie tot stand komt via een gecombineerde
beinvloeding van zowel de lipoxygenase- als de cyclo-oxygenaseroute. Vitamine E is
aanwezig in de capsules om peroxidatie van de meervoudig onverzadigde vetzuren te
voorkomen, maar lijkt van ondergeschikt belang voor het bereiken van het gunstige,
klinische effect. Ondanks het feit dat visolie vooral pijn, zwelling en stijftheid van de
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gewrichten vermindert is het na drie maanden niet mogelijk gebleken om de dosering
van NSAID’s te verlagen.

In het licht van de relatief geringe inbouw van het eicosapentaeenzuur in de
celmembraan van neutrofiele granulocyten is verder onderzoek naar de optimale duur
van de behandeling gewenst. De ogenschijnlijk verminderde biologische beschikbaar-
heid van visolie vetzuur ethylesters suggereert dat in een dergelijkk onderzoek de
visolie bij voorkeur in de natuurlijke, triglyceride vorm gebruikt dient te worden.
Mogelijkerwijs leidt een reductie van de diétaire linolzuur inname tot een toename
van de inbouw van eicosapentaeenzuur in cellen en de daaraan gerelateerde
veranderingen in het arachidonzuur metabolisme tijdens visoliesuppletie. Het vaststel-
len van een ideale diétaire omega-3/omega-6 meervoudig onverzadigde vetzuur ratio
is daarvoor evenwel noodzakelijk. In afwachting van de resultaten van bovengenoemd
onderzoek mag geconcludeerd worden dat diétaire visolie suppletie niet zozeer als
vervanging maar veeleer als aanvulling op de ontstekingsremmende, anti-reumatische
medicamenten gezien en gebruikt kan worden.
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