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Polyunsaturated fatty acids can be divided into two categories, essential (EFA) and non-
essential. For the purpose of the present review the EFA are defined as linoleic (18:2w6)
and linolenic (18:3w3) acids and their respective derivatives. The non-essential fatty acids
include trans-isomers resulting from the hydrogenation of fats. Kummerow (1986) has
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suggested that trans-isomers are undesirable constituents of human diets. The EFA are an
example of a class of nutrients which in small amounts are indispensible and in larger
amounts can modify disease processes. The present review discusses new developments
concerning the role of polyunsaturated fatty acids in nutrition and attempts to explain their
physiological functions.

ESSENTIAL FATTY ACIDS

DIETARY SOURCE OF EFA

Linoleic acid (18:2w6) is the predominant polyunsaturated fatty acid in most culinary
vegetable oils. y-Linolenic acid (18:3w6) is a minor constituent except in linseed, soya-bean
and rapeseed oil; it is the major fatty acid in chloroplasts and so is also supplied by green
leafy material. a-Linolenic acid (18:3w3) is found in a few obscure vegetable oils such as
evening primrose (Oenothera biennis), borage (Borago officinalis) and blackcurrant (Ribes
nigrum) seed oils (8, 20 and 15% of total fatty acids respectively). The fatty acid
composition of fat from simple-stomached animals reflects the composition of their dietary
fat. Thus pigs fed on maize oil will deposit fat high in 18:2w6. The fat from ruminants
always has a low content owing to biohydrogenation of dietary polyunsaturated fatty acids
in the rumen. The phospholipids and cholesterol esters from animals tissues contain
derivatives of 18:2w6 and 18:3w3, notably arachidonic acid (20:4w6), eicosapentaenoic
acid (20: 5w3) and docosahexaenoic acid (22: 6w3). Eggs and offal especially, liver and brain,
contain significant amounts of C,,,, polyunsaturated fatty acids but the highest
concentrations are found in fish and fish oils. Fish oils also contain C,,_,; polyunsaturated
fatty acids with up to four double bonds.

Average adult intakes of 18:2w6 in the United Kingdom are approximately 10 g/d
(about 4% of the energy intake), 18:3w3 intakes are in the region of 0-5-1-5 g/d (Roshanai
& Sanders, 1984; Thomson et al. 1988). Mediterranean countries such as Italy and Greece,
where olive oil is the main culinary oil, also have similar intakes (Keys, 1970). Intakes are
considerably greater in the United States, where the intake of 18:2w6 has risen markedly
since the late 1960s (Hunter & Applewhite, 1986). Most human diets only contain small
amounts of 20:4w6, about 0-1 g daily obtained from the consumption of offal, meat and
eggs. O’Dea & Sinclair (1982) found considerable amounts of 20:4w6 in the tropical
seafood diet consumed by Australian aboriginees. The intake of 20:5»3 and 22:6w3
depends on the consumption of offal and fish. The diets of Greenland Eskimos provide 5
and 6 g 20:5w3 and 22:6w3 respectively/d (Bang & Dyerberg, 1980), whereas Japanese
fishermen consume approximately half these amounts (Hirai er al. 1980). A number of
studies have investigated the effects of 20:503 and 22: 603 using a fish-oil concentrate calied
MaxEPA (Seven Seas Health Care), which contains 1-8 g 20:5w3 and 1-2 g 22:6w3 /10 g;
the oil is low in vitamin A and contains additional vitamin E and antioxidants.

EFA DEFICIENCY
Essential fatty acid deficiency (EFAD) in the rat is characterized by a scaly dermatitis, poor
growth, an increased voluntary food intake and reproductive failure (Table 1). These
symptoms result from defects in the structure of lipids or from an inability to form sufficient
quantities of active eicosanoids (prostaglandins, thromboxanes, prostacyclins, leuk-
otrienes).

Fatty acids with cis double bonds at C-6 C-9 from the terminal methyl group possess
EFA activity (Fig. 1). Synthetic odd-chain fatty acids with w5 or »7 unsaturation also show
some activity. Columbinic acid 18:3w6-cis,9-cis,13-trans is able to restore growth and cure
the dermal symptoms but as it cannot be converted into prostaglandins it does not correct
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Table 1. Symptoms of essential fatty acid deficiency in the rat

Symptom Cured by:

Somatic functions Poor growth Linoleic or linolenic
Impaired energy utilization
Structural abnormalies in membranes

Skin Scaly dermatitis Linoleic
Increased transepidermal water loss

Kidney Abnormal papilla, apical necrosis, haematuria Linoleic

Reproduction Testicular degeneration Linoleic
Impaired parturition

Platelet Impaired aggregation Linoleic

Immunity Increased susceptibility to infection, decreased Linoleic

inflammatory response

Linoleic acid 18 : 2w6-cis, 9-cis

CH3

V\/\J\:/v\/\/\com

6 9

Linolenic acid 18 : 3w3-cis, 6-¢is, 9-cis

Mammals cannot insert double bonds here but they can here
Columbinic acid 18 : 3w6-cis, 9-cis, 13-trans

CH3 13
AV VA NIVA NI a VA Y V2 Ve
6 9 )
Fig. 1. Structure of polyunsaturated fatty acids with essential fatty acid activity.

those symptoms that are dependent upon prostaglandin production such as reproduction,
haemostasis and inflammation (Houtsmuller, 1981).

Linoleic acid (18:2w6) cures all the symptoms but a-linolenic acid (18:3w3) only restores
the growth. Arachidonic (20:4w6) and y-linolenic (18:3w6) acid are 3 and 1-5 times more
potent respectively than 18:2w6 in curing EFAD in the rat (Rivers & Frankel, 1981).

A requirement for 18:2w6 has been established in all species studied. Between 0-5 and
1% of the energy intake provided as 18:2w6 will prevent classical EFAD, and 18:3w3
provided at 0-5% of the energy intake will restore growth in EFA-deficient rats
(Pudelkewicz et al. 1968). EFA requirements are greater in male than in female rats.
Linoleic acid may be conserved for its essential function more efficiently in females due to
abnormal effects on fatty acid-binding proteins (Hagve & Christophersen, 1987).

Classical EFAD does not occur naturally in man consuming self-selected diets but can
occur under abnormal circumstances such as in infants fed on skimmed milk, kwashiorkor,
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Essential Non-essential
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Docosahexaenoic
Fig. 2. Metabolism of polyunsaturated fatty acids.

chronic fat malabsorption, total parenteral nutrition and in patients receiving nasogastric
feeds (Yamanaka et al. 1980). Total parenteral nutrition can result in rapid EFAD because
high glucose concentrations inhibit lipolysis and so isolate the patient from the store of
18:2w6 in adipose tissue. Intravenous lipid emulsion or cutaneous application of safflower
oil can be used to prevent EFA.

METABOLISM OF EFA
Neither linoleic (18:2w6) nor linolenic (18:3w3) acid can be synthesized in mammalian
tissues but both can undergo further desaturation and chain elongation to give two series
of derivatives, the w6 and w3 series (Fig. 2). Competitive inhibition occurs between the w3
and w6 series of polyunsaturated fatty acids and the balance of derivatives is determined
by the ratio, 18:2w6:183w3 in the diet.

Species differences exist in the capacity to convert the parent EFA to their longer-chain
derivatives. The cat is unable to synthesize 20:4w6 in sufficient quantities and has a dietary
requirement for 20:4w6. It lacks A6 desaturase and can only form 20:4w6 from 18:2w6 via
an alternative pathway involving A8 desaturation of 20: 2w6 (MacDonald et al. 1984). It has
been argued that the activity of A6 desaturase may be low in man under certain conditions
and that this ‘metabolic block’ may be overridden by consuming 18:3w6 (Manku et al.
1982). Studies of vegans, whose diets are devoid of derived EFA, suggest that the
conversion of 18:2w6 to 20:4w6 occurs readily in man but that of 18:3w3 into 22:6w3 may
be limited by a slow rate of A4 desaturation (Sanders et al. 1978). The proportion of 22:6w3
in plasma phospholipids was not increased by additional 18:3w3 in the diet (Sanders &
Younger, 1981). Moreover, dietary 20: 5«3 fails to increase the proportion of 22:6w3 in
plasma and erythrocyte phospholipids (Von Schacky & Weber, 1985).

The extent to which the parent EFA are converted to more unsaturated derivatives also
depends on the affinity of the parent fatty acid for other metabolic pathways. Chain-length
and degree of unsaturation influence the rate of oxidation of polyunsaturated fats and
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affinity for acyl transferases. The rate of oxidation of fatty acids decreases with increasing
chain length. Linoleic is oxidized at a faster rate than y-linolenic or 20:4w6. However,
18:3w3 is oxidized at a faster rate than 18:2w6, this may be because 18:3w3 is not readily
incorporated into phospholipids and 20:4w6 and 22:6w3 are avidly incorporated into
phospholipids and are poor substrates for f-oxidation. It has become clear that the
consumption of preformed derivatives of EFA have different effects from the consumption
of the parent EFA.

In the absence of EFA from the diet, oleic acid which can be synthesized de novo is
converted to eicosatrienoic acid (20:3w9) (Fig. 2). The presence of 20:3w9 is regarded as
the hallmark of EFA deficiency. The ratio, 20:3w9/20:4w6 (triene : tetraene ratio) has been
used as a biochemical indicator of EFA deficiency. Holman et al. (1979) initially suggested
that a ratio of greater than 0-4 was indicative of deficiency, but now suggests that a ratio
of 0-2 be taken as the upper limit of normality. The ratio, 20:3w9/20:4w6 in plasma
phospholipids is probably the most sensitive measure of 18:2w6 status (Press et al. 1974).
There are instances when the measurement ratio is inappropriate; for example, when the
formation of 20:3w9 is limited owing to inactivity of the necessary desaturase or when
significant amounts of dietary w3 polyunsaturated fatty acids are present in the diet.

EICOSANOIDS

The terms eicosanoid and docosanoid are used to describe products resulting from the
enzymic oxidation of C,, and C,, polyunsaturated fatty acids respectively. Esterified fatty
acids must first be liberated before they can act as substrates for eicosanoid synthesis.
Liberation of substrate from phospholipids occurs when tissues are stimulated or damaged.
It appears that initially substrate is derived from the phosphatidyl inositol fraction.
Hydroperoxide formation may then amplify eicosanoid biosynthesis and stimulate the
release of further substrate from other phospholipid pools. Circulating free fatty acids may
also be substrates for eicosanoid synthesis. This might explain why the consumption of
20:4w6 leads to a rapid increase in basal prostaglandin production (Seybeth et al.
1975).

Arachidonic acid is the major eicosanoid precursor in most tissues (Fig. 3) but
dihomogamma-linolenic (20:3w6) and adrenic (22:4w6) acids also give rise to pro-
staglandins in some tissues. Generally hydroxy fatty acids derived from 20:4w6 are
chemotactic towards leucocytes. Leukotriene B4 is leucotactic, leukotrienes C,, D,, and
E, (the sulphidopeptide leukotrienes) are synonymous with the slow-releasing substance of
anaphylaxis (SRS-A). Eicosanoids with opposing actions produced in different locations
are involved in tissue homoeostasis. As a rule eicosanoids are produced, degraded and have
their action locally. Several hormones stimulate the production of eicosanoids. For
example, angiotensin II stimulates the production of PGE, and TxH, by renal glomeruli
(Lefkowith & Schreiner, 1987). Eicosanoid metabolites of 20:4w6 have been shown to be
involved in the regulation of intraocular pressure, bone calcification, cell-mediated
immunity, insulin release, renal function, reproduction, haemostasis and inflammation
(Moncada & Vane, 1979; Poyser, 1981; Lewis, 1983).

Much of our understanding about prostaglandins has been derived from the study of
anti-inflammatory drugs, such as aspirin and indomethacin, whose mechanism of action is
the inhibition of cyclo-oxygenase. Certain polyunsaturated fatty acids can inhibit the
production of eicosanoids from 20:4w6. For example 20: 53 besides acting as a substrate
also acts as a competitive inhibitor of cyclo-oxygenase and 5-lipoxygenase. Some naturally
occurring polyunsaturated fatty acids are more potent cyclo-oxygenase inhibitors than
indomethacin, in particular 18:3w9-cis,11-trans,14-cis (Nugteren & Christ-Hazelhof, 1987).
This might explain the toxicity of some plants to animals.

https://doi.org/10.1079/NRR19880007 Published online by Cambridge University Press


https://doi.org/10.1079/NRR19880007

62 T. A. B. SANDERS

Arachidonic
acid 20 : 406

Inhibited by

NSAID antioxidants

Hydroxy fatty acids
12-HETE
Hyd;(;?;sroxy Peroxidase ) 15-HETE
12,15-DIHETE

Thromboxane

TxA2 Leukotrienes

Prostacyclin

PGi 2
Prostaglandins Leukotriene LTA4 i
Glutathione-S-transferase
Prostaglandin E2 V< TT—
Prostaglandin F2a Leukotriene LTB4 Leukotriene LTC4

Prostaglandin D2 * GGTP

Leukotriene LTD4
Leukotriene LTE4

Fig. 3. Conversion of arachidonic acid into eicosanoids. HETE, hydroxyeicosatetraenoic acid;
DIHETE, dihydroxyeicosatetraenoic acid ; NSAID, non-steroidal anti-inflammatory drugs; GGTP, y-
glutamyl transpeptidase (EC2.3.2.2).

EFA AND REPRODUCTIVE FUNCTION

Rats fed on EFA-deficient diets show testicular degeneration which can be prevented by
dietary 18:2w6 but not by w3 fatty acids (Leat et al. 1983). Semen contains relatively high
concentrations of prostaglandins PGE, and PGE, (Poyser, 1981). Prostaglandin PGE,
prevented infertility in rats fed on an EFA-deficient diet (Hafiez, 1974). As PGE, and
PGF, are inactive this probably explains why w3 EFA as the only source of dictary EFA
cannot support normal testicular development in the male.

EFA-deficient animals are unable to give birth to their young owing to an inability to
produce sufficient prostaglandin F,, which causes uterine contractions. Reproductive
function in the rat cannot be restored with 18:3w3. This is because prostaglandins PGE,
and PGF, are relatively inactive. 18:3w3 on the other hand is able to sustain normal fetal
growth throughout pregnancy (Leat & Northrop, 1981). There is no evidence to suggest
that the consumption of fish oil leads to fetal abnormalities. Decreased prostaglandin E,
production by the uterus and delayed parturition have been reported in animals fed on fish
oil as the only source of fat (Leaver et al. 1986). Premature birth is associated with a high
risk of perinatal death. Increased rates of prostagiandin PGE, production are associated
with premature birth. The onset of labour can be delayed by compounds that inhibit the
formation of PGE,. Prostaglandin PGE, can be used to induce labour. Prolonged gestation
and increased birth weight have been observed among the population of the Faro Isles and
it has been argued that this may be due to the consumption of 20:5w3 and 22:6w3 during
pregnancy (Olsen et al. 1987).
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Table 2. Physiological properties of eicosanoids derived from arachidonic (20:4w6) and
eicosapentaenoic (20:5w3) acid

20:4w6 20:5w3
Platelet TxB,, PGH, TxA,, PGH,
Proaggregatory Weakly proaggregatory
vasocontrictor Weak vasocontrictor
Endothelium PGI, PGI,
Anti-aggregatory Anti-aggregatory vasoldilator
vasodilator
Uterus PGE,, PGF, PGE,, PGF, '
Powerful smooth muscle Weak smooth muscle
contractor contractor
Neutrophil LTB, LTB,
Strongly chemotactic Weakly chemotactic
Lung LTC,, LTD, LTC;, LTD,, LTE,
Bronchoconstrictor Bronchoconstrictor

TxA,, TxB,, TxA,, TxB,, thromboxanes; PGH,, PGH,, cyclic endoperoxide; PGI,, PGI;, prostacyclins;
PGE,, PGE,, PGF,, PGF,, prostaglandins; LTB,, LTB,, LTC,, LTC,, LTD,, LTD,, LTE,, LTE,, leukotrienes.

EFA AND HAEMOSTASIS

The role of prostaglandins in haemostasis is relatively well understood (Moncada & Vane,
1979). Thromboxane TxA, is the major prostaglandin produced by activated platelets. This
compound stimulates platelet aggregation and causes vasoconstriction. Prostacyclin
PGT, produced by the vascular endothelium antagonizes the effects of thromboxane
TxA, and therefore localizes platelet aggregation to the site of injury.

Linoleic acid deficiency leads to a decrease in the proportion of 20:4w6 in platelets. This
is accompanied by a decreased capacity to synthesis thromboxane and the inhibition of
second-phase platelet aggregation. Dietary 18:2w6 restores thromboxane production and
normalizes second-phase platelet aggregation. Further increasing the intake of 18:2w6
above that required to correct EFA deficiency leads to further increases in thromboxane
A, production and thrombotic tendency; although at very high intakes of 18:2w6 (more
than 15% of energy intake) thrombotic tendency is reduced. Thus, in the range of human
intakes at 2-10% of energy intake, an increase in dietary 18:2w6 leads to an increase in
thromboxane A, production and thrombotic tendency (Sanders, 1983).

It has been argued that the w3 fatty acids play an important role in modulating the
production of active eicosanoids from the w6 series (Leaf & Weber, 1988). Significant
reductions in thromboxane A, production can be obtained with moderate intakes of fish
oils containing 20: 503 and 22:6w3. The partial replacement of arachidonic with 20: 503 in
membrane lipids decreases the production of active eicosanoids in two ways: (1) by leading
to the generation of less-active eicosanoids derived from 20: 53 (Table 2); (2) by inhibiting
the formation of eicosanoids from 20:4w6 (22:6w3 contributes to this effect by acting as an
inhibitor of cyclo-oxygenase). It has also been claimed that dietary 22:6w3 is retroconverted
to 20:503 and transformed into prostacyclin PGI, (Fischer et al. 1987).

Template bleeding time is prolonged and leukotriene B, and thromboxane A, production
are decreased by intakes of 20:5w3 and 22:6w3 in excess of 3-5 g/d (Sanders, 1987). The
prolongation of template bleeding time is not related to a decrease in platelet counts or
changes in the levels of clotting factors. Some but not all controlled trials have reported a
slight reduction in blood pressure with fish-oil supplements (Norris et al. 1986). Unlike
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treatment with non-steroid anti-inflammatory drugs, the protective prostacyclin PGI, is
not decreased in man following fish-oil supplements (Knapp et al. 1985). Prostacyclin PGI,
has also been reported in fish-eating populations.

EFA AND CARDIAC FUNCTION

EFA deficiency results in electrocardiographic abnormalities notably a notching in the
QRS complex. This symptom indicates impaired electrical conduction and can be corrected
by either dietary 18:2w6 or 18:3w3 (Caster & Ahn, 1963). Cardiocytes only form small
amounts of prostaglandins and do not exhibit lipoxygenase activity (Hohl & Rosen, 1987).
Consequently it appears that the impaired conduction defect is due to a deficit of structural
lipid rather than an inability to produce eicosanoids. It is possible to manipulate the
proportions of 18:2w6, 20:4w6 and 22:6w3 in cardiac phospholipids by diet. Jenkins &
Ewan (1967) reported cardiomyopathy in rats fed on cod-liver oil, which was attributed to
lipid peroxides in the oil. The myopathy was mitigated by additional selenium or vitamin
E. Hulan et al. (1977) suggested that the high level of 22:6w3 in the hearts of rats fed on
low-erucic-acid rapeseed oil was related to their high risk of myocardial fibrosis. Kramer
et al. (1985) showed that increasing the intake of saturated fat reduced the incidence of
lesions in rats without influencing the proportion of 22:6w3 in cardiac lipids. The
myocardial necrosis observed in animals fed on low-erucic-acid rapeseed oil may well be
related to damage caused by lipid peroxides.

Prostacyclin PGI, is the main prostaglandin produced by the isolated heart and this is
produced by the vascular tissue. Ten Hoor ef al. (1980) showed that increasing the dietary
intake of 18:2w6 led to an increase in cardiac prostacyclin production and coronary flow
and that these effects could be abolished by aspirin or indomethacin. Animals fed on fish
oils containing 20: 503 and 22:6w3 or linseed oil, containing 18:3w3, showed a decreased
capacity to produce prostacyclin (Ten Hoor et al. 1980). At that time it was argued that
prostaglandins were cardioprotective. The wisdom of this view may be questioned by the
following observations: the rates of prostacyclin and thromboxane production are greater
in patients with atherosclerosis (Knapp et al. 1985); mortality from coronary heart disease
(Antiplatelet Trialists’ Collaboration, 1988) can be decreased by the prophylactic use of
aspirin.

During an ischaemic episode, arachidonic acid is released from membrane phospholipids
and is rapidly converted to eicosanoids by the vascular endothelium, platelets and
leucocytes. The release of these compounds into the coronary venous effluent during
ischaemia plays a profound role in determining the outcome of the ischaemic attack. The
infusion of 20:4w6 into the coronary circulation perfused with buffer leads to a biphasic
response: the initial response is vasoconstriction accompanied by a decreased coronary
flow followed by vasodilation and an increase in coronary flow. The initial response is
probably caused by the formation of PGH, which is an intermediate in the synthesis of
PGl,. Infusion of either 18:2w6 or 22:6w3 decreases the vasoconstrictor response induced
by 20:4w6 (Talesnik, 1986).

Lepran et al. (1981) showed that a diet rich in 18:2w6 reduced mortality from coronary
artery ligation in rats but that this effect was reversed by indomethacin, which implies that
prostaglandins were affording protection. However, the experimental drug BW755, which
blocks both cyclo-oxygenase and lipoxygenase pathways, is cardioprotective in ex-
perimental coronary occlusion. Leukotriene B, is believed to be responsible for the massive
accumulation of leucocytes in an infarcted area and its formation can be inhibited by
BW755 (Mullane et al. 1984). Consequently, the abolition of the protective effect of 18:2w6
with indomethacin might be due to the diversion of 20:4w6 down the lipoxygenase
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pathway. Infarct volume is reduced following experimental myocardial infarction in dogs
fed on menhaden oil (Culp et al. 1980). Recent studies of experimental myocardial
infarction in rats show that fish oil decreases cardiac damage to greater extent than maize
oil (Hock et al. 1987). This effect could not be obtained in animals fed on an EFA-deficient
diet, which suggests that the fish oil was exerting a protective effect.

Charnock and colleagues (Abeywardena et al. 1987 a. b) have shown that susceptibility
to cardiac arrhythmia is influenced by fat intake. Animals fed on sheep fat show a higher
incidence of cardiac arrhythmia than those fed on sunflower oil (high in linoleic) or on tuna
oil (high in 22:6w3) (Abeywardena et al. 1987 a). The animals fed on the sheep-fat diet were
not EFA deficient and produced more prostacyclin and thromboxane than did the
sunfiower-oil-fed animals (Abeywardena et al. 1987 b). The tuna oil, as expected, produced
the lowest levels. If the main role of EFA in cardiocytes is structural then it might be
advantageous for this role to be fulfilled by 22:6w3 rather than 20:4w6, as the latter
exacerbates myocardial ischaemia. The influence of mackerel oil on cardiac lipids and
function has recently been studied in pigs (Hartog er al. 1987) and no adverse effects on
cardiac function were observed. Further studies are required to determine whether fish oil
protects against reperfusion injury.

EFA AND MEMBRANE LIPIDS

Many cells in culture do not require EFA in order to grow (Spector et al. 1982). However,
polyunsaturated fatty acids are required for the structural integrity of tissues. Houtsmuller
(1973) found that 18:2w6, 20:4w6 or 22:6w3 would correct the mitochondrial membrane
abnormalities of EFA deficiency. It seems that derivatives of both w6 and w3 series can
perform some of the membrane functions of EFA. Yet there may be functions that are
specific to one series or another.

Unlike triglyceride structure which is clearly dependent on dietary intake, modification of
membrane phospholipid-fatty acid composition is regulated. There are marked differences
in the composition of phospholipid species within the same animal and there is specificity
by different phospholipids for certain polyunsaturated fatty acids. However, the balance
between the w6 and w3 fatty acids in membranes is determined mainly by the balance in the
diet.

Changes in the balance between w6 and w3 fatty acids may effect the physical properties
of the membrane as well as the activity of membrane-bound enzymes (Bernsohn & Spitz,
1974; Morson & Clandinin, 1986). The incorporation of 20:5w3 into erythrocyte
membranes has been shown to decrease the deformability of the membrane (Terano et al.
1983).

THE ROLE OF LINOLEIC ACID IN SKIN

EFA deficiency is characterized by a scaly skin and an increased rate of transepidermal
water loss. The increased energy intake and expenditure in EFA deficiency can partially be
explained by high transepidermal water loss and can be prevented by keeping the animals
in a high humidity environment. Linoleic acid has a unique role in the skin. This is
supported by the observation that 18:2w6 prevents scaly skin and increased transepidermal
water loss in EFA-deficient cats (MacDonald er al. (1983). Different mechanisms may be
involved in causing these two symptoms.

The scaly dermatitis is a consequence of epidermal proliferation and is reflected by an
increased rate of DNA synthesis (Sherertz, 1986). It can be corrected by dietary or topical
linoleic or 20:4w6 but not by w3 EFA or trans-isomers of 18:2w6. It is believed that the
scaly dermatitis is caused by an inability to form a 13-hydroxy linoleic acid (Elliot et al.
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1985a; Nugteren & Kivits, 1987) which is believed to be involved in the regulation of the
differentiation of skin cells.

Sphingolipids rich in 18:2w6 appear necessary for forming and maintaining the
extracellular lamellae in the stratum compactum which are considered to be the barrier
against water loss. Early reports suggesting that these lamellae were absent in EFA
deficiency have recently been contradicted (Wertz et al. 1987). Acylglucosyl ceramides
(AGC) produced in the stratum granulosum contain .18:2w6 as their major fatty acid
esterified onto the w-hydroxyl group of C,,_,, acyl side chain. The AGC are converted to
acyl ceramides and to acyl acids as they migrate from the stratum granulosum to stratum
compactum. The acyl acids and polyoxyacyl ceramides make up the lipid material in the
lamellae. In EFA deficiency 18:2w6 is replaced by 18:1w9 in these lipid fractions. The
increased transepidermal water loss can be corrected by dietary or topically applied linoleic,
columbinic and 20:4w6 but not by 18:3w3 (Houtsmuller & Van der Beek, 1981; Hansen &
Jensen, 1985). The evidence suggests the permeability barrier is not dependent on the
formation of a lipoxygenase product (Elliot et al. 1985b). However, derivatives of the
lipoxygenase pathway may be responsible for the normal differentiation of cells that lead
to the synthesis of these lipids (Nugteren & Kivits, 1987). Until recently it was uncertain
why 20:4w6 when applied topically to EFA-deficient rats normalizes the transdermal water
loss. It was suggested that dietary 20:4w6 would displace 18:2w6 from membrane lipids
and make it available for AGC synthesis (Hansen & Jensen, 1985). Hansen et al. (1986)
have shown that retroconversion of 20:4w6 to 18:2w6 occurs in the EFA-deficient rat.

USE OF EFA IN THE TREATMENT OF SKIN DISORDERS

Several cutaneous disorders characterized by epidermal proliferation, scaliness and
inflammation may be influenced by the dietary intake of polyunsaturated fats. Some
patients with atopic eczema have been observed to improve after treatment with 18:2w6
{Sherertz, 1986). More recently evening primrose oil, which also contains y-18:3w3, has
been claimed to be of benefit in atopic eczema (Wright & Burton, 1982). It has been
suggested 18:3w6 would be chain elongated in skin and converted to PGE,, which has anti-
inflammatory effects (Chapkin et al. 1987), because epidermal tissue cannot convert 20:3w6
to 20:4w6. Psoriasis shares with EFA deficiency abnormalities in the stratum corneum and
barrier function. However, the levels of 20:4w6 and its metabolites are elevated in psoriatic
skin. Topical application of 18:2w6 does not improve the clinical lesions nor reduce
transepidermal water loss (Sherertz, 1986) but the administration of fish oil (MaxEPA, in
excess of 10 g/d) leads to a mild improvement in the disorder (Bittiner e al. 1988). Fish-
oil supplements may also be of value in preventing the hyperlipidaemia associated with
retinoid therapy in skin disease (Marsden, 1987).

INFLUENCES OF EFA ON THE IMMUNE SYSTEM AND THE
INFLAMMATORY RESPONSE

Eicosanoids play an important role in the regulation of the immune system. Cell-mediated
immunity (CMI) is impaired in EFA deficiency and the severity of several autoimmune
disorders is ameliorated by low intakes of 18:2w6 or high intakes of 20:5w3 and 22:6w3
(Robinson et al. 1985). The relationship between 18:2w6 intake and CMI may follow a bell-
shaped curve with both low and high intakes being immunosuppressive (Mertin &
Stackpoole, 1981). The immunosuppressive effect of high intakes of 18:2w6 is abrogated by
splenectomy and inhibited by indomethacin or antisera to prostaglandin E, (Mertin &
Stackpoole, 1981). The injection of 18:2w6 into animals increases the production of
suppressor cells in the bone marrow (Young et al. 1987).

Eicosanoids are mediators of inflammation, in particular they cause leucocyte migration
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and oedema. The inhibition of their formation is the mode of action of most non-steroidal
anti-inflammatory drugs. The inflammatory response to carrageenan injection is reduced in
EFAD and is corrected by 18:2w6 but not by columbinic acid (Houtsmuller, 1981). The
inflammatory response to carrageenan is also decreased by dietary 20: Sw3. It is of interest
that although the heroic attempt of Brown to induce EFA deficiency failed, it cured his
migraine (Brown et al. 1938). This may have been due to decreased production of
eicosanoids. Fish-oil supplements, which also decrease the production of eicosanoids, have
been claimed to be of value in the treatment of migraine (McCarren et al. 1985). Kremer
et al. (1987) claim that fish-oil supplements are of therapeutic value in the management of
rheumatoid arthritis. However, like aspirin fish-oil supplements can exacerbate asthma,
probably by increasing the production of SRS-A (Ritter & Taylor, 1988).

One major side effect resulting from the use of non-steroidal anti-inflammatory drugs
such as aspirin is gastric ulceration. Prostaglandins derived from 20:4w6 have a powerful
cytoprotective effect on the gastric mucosa. It has been argued that the fall in peptic ulcer
in the United States and other Western countries might be related to an increase in the
intake in 18:2w6 over the past decade (Hollander & Tarnawski, 1986).

ESSENTIALITY OF w3 FATTY ACIDS
A requirement for fatty acids of the w3 series has been clearly established for certain insects
and for certain fish (Tinoco, 1982). The position of w3 fatty acids in mammalian nutrition
was until recently in limbo. There were several reasons for this: the lack of a demonstrable
deficiency syndrome; the apparent normal growth and reproduction of rats fed on diets
lacking 18:3w3. However, it may not be necessary to demonstrate the existence of a
deficiency disease syndrome to establish the essentiality of a nutrient in the diet.

In all mammalian species 22:6w3 is concentrated in the retina and in the brain. The
highest concentrations are found in the rod-outer segment which contain 40-50 mol/100
mol as 22:6w3. Brain and synaptic endings are similarly enriched in 22:6w3. Recently,
elongated homologues of 22:6w3 notably 32:6w3 have been found in retinal phosphatidyl
cholines (Aveldano, 1987).

The rod-outer segment is responsible for transducing photons to electrical signals.
Rhodopsin is an integral membrane protein and accounts for 90% of the protein in
vertebrate rods. Its molecule spans the disc membrane bilayer and is half imbedded within
it. Activation of rhodopsin leads to a conformational change and the high fluidity and
flexibility of the disc membrane appears necessary for this dynamic behaviour. The
hypothesis that the role of 22:6w3 in the membrane was to increase fluidity has not been
supported by studies of model membranes (Dratz & Deese, 1986). Indeed, these workers
found that phosphatidyl cholines containing 22: 6w3 had an unexpectedly high melting point
(22:6w3 is believed to exist in a helical conformation in membrane). It has been argued that
this may produce greater flexibility and compressibility and therefore lower resistance to
conformational change in rhodopsin. It has also been suggested that the high 22:6w3
content may increase the permeability of the disc to ions involved in neural signalling.

Wheeler et al. (1975) reported a reduction in electroretinogram amplitude in rats
deprived of 18:3w3. Leat e al. (1986) were unable to confirm this finding in rats or guinea-
pigs. Impaired visual acuity and an abnormal retinogram have been reported in monkeys
deprived of 18:3w3. These changes were accompanied by marked reductions in the
proportion of 22:6w3 in retinal and cerebral cortex phospholipids and its replacement with
22:5w6. The biochemical changes were shown to be reversible by supplementing the diet
with fish oil (MaxEPA). However, the electroretinogram recordings did not recover,
suggesting that the functional abnormalities were irreversible (Neuringer & Connor, 1987).
Behavioural abnormalities and impaired learning ability have been reported in rats
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(Lamptey & Walker, 1976; Yamamoto et al. 1987) and monkeys (Fiennes et al. 1973)
deprived of 18:3w3.

Although the arguments for a specific role for the w3 fatty acids in man are persuasive,
the reported cases (Holman er al. 1982; Bjerve et al. 1987a, b) of deficiency are not
convincing.

Bjerve et al. (1987b) reported on two patients who had been fed by gastric tube. The
patients developed thin atrophic skin with dermatitis on the shoulders which responded to
supplements of cod-liver and soya-bean oil. Bjerve (1987 a) also reported another patient
who was treated with 0-1 ml ethyl linolenate orally. It is claimed that the patient’s skin
condition improved after 5 d. However, these patients showed low levels of 18:2w6 in their
plasma phospholipids, suggesting that their dietary intake of 18:2w6 was extremely low.
Their energy intakes were extremely low, so the conclusion drawn by the authors that these
patients were not suffering from 18:2w6 deficiency because they were obtaining more than
0-5% of their energy intake from 18:2w6 does not seem justified. The study would have
been more convincing had the subjects first been treated with dietary linoleate, in view of
the known functions of 18:2w6 in the skin.

If 22:6w3 is indispensible then the essentiality of 18:3w3 hinges on the extent to which
it can be converted to 22:6w3. Man can convert 18:3 to 20: 503 but the capacity to convert
18:3 to 22:6w3 does appear limited (Sanders ef al. 1978 ; Sanders & Younger, 1981). This
might imply that preformed dietary 22:6w3 is more important that 22:6w3 derived from
18:3w3.

The development of brain and retina occurs in utero and in infancy. It is relevant
therefore to consider the metabolism of w3 fatty acids in infants. Under natural conditions
human milk supplies the infant with w3 fatty acids. It has been argued that these fatty acids
provided by breast-milk play an important role in meeting the essential fatty acid
requirements of the human infant (Crawford & Sinclair, 1972). The fatty acid composition
of human milk is variable and depends on the maternal dietary intake. On average, 18:3w3
provides 0-4% of the energy intake. Human milk contains significant amounts of
docosahexaenoic (22:6w3). In vegans despite higher levels of 18:3w3 in their breast-milk
the proportion of 22:6w3 was lower (0-2 v. 06 %) than in omnivores (Sanders ef al. 1978).
The proportion of 22:6w3 in breast-milk is increased following the consumption of fish oil
(Harris et al. 1984). The levels of 22:6w3 in erythrocyte lipids of breast-fed infants born to
vegan mothers are considerably lower than those found in infants breast-fed by omnivores
(Sanders et al. 1978). Lower proportions of 22:6w3 in the erythrocyte phospholipids of
infants fed on cow’s milk formula have also been reported (Sanders & Naismith, 1979).

Putnam et al. (1982) compared the influence on erythrocyte lipids of infant milk formulas
containing similar amounts of linoleic and 18:3w3 as breast-milk. The breast-fed infants
had levels of 22:6w3 twice as high as those given the infant formula. The authors attributed
this difference to the contribution made by 22:6w3 in the breast-milk. The postnatal fall in
22:603 in plasma phospholipids can only be prevented by dietary 22:6w3 and not by
dietary 18:3w3; an amount equivalent to that in breast-milk was effective when dispersed
in the feed (Liu et al. 1987).

EFA AND CANCER
Several workers have suggested that increasing the intake of polyunsaturated fatty acids
may increase risk of cancer by increasing exposure to lipid peroxides. Fatty acid peroxides
are only weakly mutagenic (MacGregor et al. 1985), but carbonyl compounds resulting
from the oxidation of fat such as malonaldehyde are both mutagenic and carcinogenic
(Shamberger et al. 1974). However, Se deficiency which leads to the accumulation of fatty
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acid peroxides inhibits tumour growth (Reddy & Tanaka, 1986) and additional vitamin E
in the diet has no effect.

Tumeur growth may be promoted by dietary 18:2w6. Ip (1987) has shown that the yield
of chemically induced mammary tumours increases in a dose-dependent manner with up
to 4% of the energy intake as 18:26. Further increases in 18:21:6 intake did not further
promote tumour growth. Treatment of rats with indomethacin decreased tumour growth
in animals fed on 4 or 12% of energy intake as 18:2w6 compared with 0-5% of energy
intake as 18:2w6. These findings would imply that the prostaglandins promote tumour
growth. High intakes of 20:5w3 and 22:6w3 inhibit tumour growth in several animal
models (Karmali, 1987).

EFA AND CARDIOVASCULAR DISEASE

Sinclair (1956) first proposed that atherosclerosis was related to an inadequate intake of
EFA or an inappropriate value for essential:saturated fatty acids in the diet.
Epidemiological studies show a relationship between the proportion of 18:2w6 in adipose
tissue and risk of coronary heart disease (CHD) (Wood et al. 1987). Similar observations
have been made between low levels of 20: 503 in platelets and CHD. The predictive power
of these measurements still held when corrected for other known risk factors. CHD is rare
among populations that have high intakes of 20: 5w3 and 22: 5w3 (Dyerberg & Bjerregaard,
1987; Hirai et al. 1980). Kromhout et al. (1985) in a prospective study showed that fish
consumption was associated with a decreased risk of CHD. However, the amount of
20:5w3 and 22:6w3 provided by the fish was very small.

EFA AND PLASMA LIPOPROTEIN CONCENTRATION

Fatty liver is a common finding in EFAD. However, in part this can be attributed to the
high sucrose content of the diet, which leads to increased hepatic triglyceride synthesis. It
has been argued that EFA are required for the normal transport of lipids. Plasma lecithin
acyl transferase (EC 2.3.1.43), an enzyme involved in the formation of cholesterol
esters shows high specificity for 18:2w6 (Myant, 1981). Patients with EFAD show
abnormal liver function which is corrected by intravenous fat emulsions but not by
topically-applied safflower oil (Miller ef al. 1987).

Many studies have shown that the substitution of 18:2w6-rich oils for saturated fats in
the diet leads to a reduction in plasma cholesterol concentrations. In part this effect can be
attributed to a reduction in saturated fatty acid intakes because similar reduction in low-
density-lipoprotein (LDL)-cholesterol can be obtained with oils rich in oleic acid (Mattson
& Grundy, 1985). Cortese et al. (1983) argue that high intakes of 18:2w6 decrease the
synthetic rate of LDL. Others have suggested that 18:2w6 leads to a slight increase in the
fractional catabolic rate of LDL (Illingworth et al. 1981).

Fish oils rich in eicosapentaenoic acid (20:5#3) and docosahexaenoic acid (22:6w3)
lower plasma triglycerides and cholesterol but mainly in the very-low-density-lipoprotein
(VLDL) fraction (Goodnight er al. 1982). Linseed oil, which is rich in linolenic acid
(18:3w3), does not have the same effect at comparable dosages (Sanders & Roshanai, 1983).
The consumption of fish-oil supplements (20 g/d) slightly increases high-density-
lipoprotein-cholesterol concentrations and markedly lowers plasma triglyceride con-
centrations in both normal and hypertriglyceridaemic subjects by reducing the synthesis of
both VLDL-triglyceride and -apoprotein B (Sanders, 1987).

Very-high intakes of fish oil (90-120 g/d) do lower the concentration of both LDL-
cholesterol and LDL-apoprotein B by decreasing the rate of LDL synthesis (Illingworth
et al. 1984). Such high intakes also prevent the rise in plasma cholesterol obtained with
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dietary cholesterol (Nestel, 1986). However, the reduction in LDL pool size is smaller than
would be predicted from the decrease in synthesis. Moreover, despite the reduced LDL
pool size there was no increase in the fractional catabolic rate of LDL. This might imply
down regulation of the LDL receptors by fish oils. Indeed Wong & Nestel (1987) have
reported decreased binding of LDL to Hep G2 cells treated with 20: 5w3. With lower intake
of fish oils (15 g/d) or oily fish providing 3-5 g w3 fatty acids there is a tendency for LDL-
cholesterol and LDL-apoprotein B concentration to rise (Sullivan et al. 1986). In patients
with type V hyperlipoproteinaemia {Phillipson et al. 1985), LDL-cholesteroi levels rise even
at high intakes (a phenomenon seen with most forms of triglyceride-lowering therapy). A
likely explanation is that a moderate intake of fish oil decreases hepatic triglyceride
synthesis so that smaller than normal VLDL particles are secreted (Sullivan ez al. 1986).
These small particles are known to be more readily converted to LDL than the larger
triglyceride-rich ones. Moderate intakes of fish-oil concentrates are not useful for the
treatment of hypercholesterolaemia. However, they offer a safe and effective means of
treatment of hypertriglyceridaemia resulting from excessive VLDL synthesis, especially in
patients with type III and type V hypoliproteinaemias.

EFA AND EXPERIMENTAL ATHEROSCLEROSIS
The severity of experimental atherosclerosis is influenced by the type rather than the
quantity of fat in the diet (Mahley, 1982). When vegetable oils such as sunflower-seed oil
are substituted for butterfat or lard, this is accompanied by less atherosclerosis. However,
results in animals have been notoriously variable.

Polyunsaturated fatty acids from fish oils inhibit atherogenesis in pigs, dogs and
monkeys even in the presence of hypercholesterolaemia. It seems that fish oil offers
protection against atherosclerosis by a mechanism that overrides the influence of plasma
lipoproteins. Protection may be afforded by changes in eicosanoid metabolism that
favourably influence macrophage function (Leaf & Weber, 1988). Studies to evaluate
whether fish oil prevents restenosis following coronary angioplasty in man are in
progress.

TRANS-FATTY ACIDS

DIETARY SOURCES OF TRANS-FATTY ACIDS

A wide variety of polyunsaturated fatty acids are found in plants, containing conjugated,
acetylinic and trans-double bond structures as well as cyclopropenoid and substituted fatty
acids, but these are not normal constituents of human diets. Trans-isomeric unsaturated
fatty acids are formed during the industrial and biological hydrogenation of unsaturated fats
and are found in ruminant fats and margarines and shortenings. C,, trans-monounsaturated
fatty acids are the major frans-isomers found in partially hydrogenated vegetable oil and
ruminant fats, trans-polyunsaturated fatty acids are only found in trace amounts.
Hardened marine oils contain a mixture of geometrical and positional isomers of C,, ,,
monounsaturated fatty acids and di- and tri-unsaturated fatty acids (British Nutrition
Foundation, 1987).

The average intake of zrans-fatty acids in the United Kingdom is estimated to be 7 g/d,
ranging from 5 to 27 g/d, mainly in the form of monounsaturated fatty acids (British
Nutrition Foundation, 1987). The mean intake of trans-fatty acids in the United States is
similar except that unlike the United Kingdom, they are derived entirely from vegetable oil
(Hunter & Applewhite, 1986).
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METABOLISM OF TRANS-FATTY ACIDS

Generally trans-fatty acids are incorporated to a limited extent into phospholipids and
cholesterol esters and remain mainly in the triglyceride fraction. Their metabolism is similar
to that of saturated and cis-monounsaturated fatty acids. Trans-monounsaturated fatty
acids have a similar conformation to saturated fatty acids owing to the geometry of the
trans-double bond. Trans-fatty acids are utilized for energy production similar to their
corresponding cis-isomers. Although trans-isomers appear to be metabolized at a slower
rate by mitochondrial g-oxidation than their corresponding cis-isomers, their overall rates
of oxidation are similar. Trans-isomers are also oxidized by the peroxisomal oxidation
system. In common with C,, ,, cis-monounsaturated fatty acids, the corresponding trans-
isomers are initially poorly oxidized until the peroxisomal oxidation system becomes active
(Christophersen et al. 1982). Trans-fatty acids are usually poor substrates for desaturation,
but at very-high intakes act as inhibitors. Trans,trans-linoleic acid can partially inhibit the
conversion of linoleic to 20:4w6 (Beare-Rogers, 1983). This might account for the
relatively-higher value for linoleic: 20 : 46 in tissues from animals fed on frans-isomers with
adequate amounts of 18:2w6. Alternatively, it may reflect an increased rate of peroxisomal
oxidation of 20:4w6 induced by diet (Dommes et al. 1981).

Holman (1985) and his colleagues have shown that frans-isomers of 20:4w6 can be
formed and have argued that these might be converted into prostaglandins. Many of the
isomers lack the structural requirements for prostaglandin synthesis. It has yet to be shown
whether pharmacologically active metabolites are produced under normal physiological
conditions.

The feeding of trans,trans-linoleic acid to rats brings about a modest reduction in the
proportion of 20:4w6 in platelets. The reduction in the proportion of 20:4w6 is modest and
considerably less than can be brought about by feeding eicosapentaenoic acid (20:5w3).
Trans-trans-linoleic acid slightly reduced serum thromboxane B, concentrations but serum
concentrations of 6-keto-prostaglandin F,_,, which is the stable metabolite of prostacyclin
I,, were unaffected (Bruckner et al. 1983). The fall in serum thromboxane production is
consistent with a reduction in arachidonic concentrations in platelets. However, these
changes were not physiologically significant because bleeding times were not altered.
Recent studies indicate that it is necessary to decrease the proportion of 20:4w6 in the
phosphatidyl inositol fraction before changes in cell function mediated by prostaglandins
can occur. The proportion of 20:4w6 in phosphatidyl inositol appears to be conserved
when the proportion of 20:4w6 falls in other lipid fractions (Hornstra, 1982). Zevenbergen
(1987) reported that thromboxane A, and prostacyclin PGI, formation by platelets or aorta
was not altered in rats fed on partially hydrogenated soya-bean oil when the animals were
supplied with an amount of 18:2w6 sufficient to prevent classical EFA deficiency.

TOXICOLOGICAL STUDIES OF TRANS-ISOMERS
Few studies have examined the influence of purified trans-fatty acids and knowledge about
their effects has been derived from observations with diets containing hydrogenated fats.
The interpretation of such studies necessitates allowing for other variables such as the
intake of saturated fatty acids and EFA. Generally trans-fatty acids do not possess EFA
activity and like cis-monounsaturated fatty acids can exacerbate EFAD in the rat (Aaes-
Jorgensen, 1958), but no effects are noted in animals fed on more than 1% of the energy
as 18:2w6. The safety of industrially hydrogenated vegetable oils has been comprehensively
reviewed by Federation of American Societies for Experimental Biology (1985) and
Zevenbergen (1987) and that of industrially-hydrogenated fish oils by Barlow & Duthie
(1984). Long-term feeding studies have never shown adverse effects of rrans-fatty acids on
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longevity, reproductive performance, growth or revealed any consistent abnormalities on
histopathological examination of many organs. Nor have any mutagenic and teratogenic
effects been noted.

Partially hardened marine oils may lead to an acute myocardial lipidosis in rats and in
primates, the severity depending on the concentration of C,, ,, monounsaturated fatty
acids (both cis and trans) in the diet (Svaar, 1982). Lipidosis is usually only seen when
C,.22 Monoenes account for more than 5% of the energy intake. Long-term feeding studies
indicate that adaptation to high intakes of C,, ,, monounsaturated fatty acids does occur
in rodents but that myocardial lipidosis persists in primates (Schiefer et al. 1982). However,
the amounts provided by British diets are considerably less than 5% of the energy intake.

TRANS-FATTY ACIDS AND CANCER

Associations between the incidence of cancer of the colon, breast and prostate with the use
of industrial hydrogenated vegetable fats in various areas inside the United States have
been reported (Enig et al. 1978). However, there is good evidence that trans-fatty acids are
not carcinogens and studies using different tumour models in mice and rats have shown no
effect of zrans-fatty acids on tumour promotion (Federation of American Societies for
Experimental Biology, 1985; Hunter et al. 1985).

TRANS-FATTY ACIDS AND CARDIOVASCULAR DISEASE
Kummerow (1986) and Booyen et al. (1988) have argued that trans-fatty acids may be
involved in the causation of CHD. Thomas er al. (1981) claimed that the level of trans-fatty
acids in adipose tissue was associated with the incidence of CHD in various regions of the
United Kingdom. The work of Thomas et al. (1981) can be criticised on methodological
grounds and because no allowance was made for other risk factors or for the differences
in prosperity between the varying regions. Moreover, case-controlled studies have failed to
show that patients with CHD have higher levels of trans-fatty acids in their adipose tissue
than those who are free from the disease (Thomas et al. 1987).

A number of studies have evaluated the influence of trans-fatty acids on plasma
cholesterol concentrations in man (Anderson et al. 1961 ; Mattson et al. 1975; Vergroesen
& Gottenbos, 1975; Laine et al. 1982). The majority of these studies have used industrially
hardened vegetable oils, only one study has employed partially hydrogenated marine oils
(de Tongh et al. 1965). Trans-polyunsaturated fatty acids do not lower plasma cholesterol
concentration as do all cis-polyunsaturated fatty acids. Elaidic acid 18:1 A9-frans has an
equivalent effect on plasma cholesterol to oleic acid 18:1 A9-cis. Trans-fatty acids provided
as partially hydrogenated vegetable oils consumed in amounts ranging from 3 to 14%
energy have little influence on plasma cholesterol concentrations in man. The apparent lack
of influence of trans-fatty acids on plasma cholesterol concentrations may well be related
to their chain length. For it is well known that only C,, ,, saturated fatty acids have a
hypercholesterolaemic effect.

Early studies suggested that industrially hydrogenated fats were more atherogenic than
beef tallow. However, the experimental diets used were deficient in 18:2w6. Later studies,
which used diets that supplied an adequate intake of 18:2w6, showed there was no increase
in the incidence of atherosclerosis (Gottenbos, 1983). Kritchevsky (1982) concludes that
trans-fatty acids, resulting from the industrial hydrogenation of vegetable oils when fed in
amounts up to 14% of the energy intake are not atherogenic. Partially hydrogenated fish
oils do not appear to be atherogenic in primates (Mueller ez al. 1982; Schiefer, 1982).
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CONCLUSIONS

Although small amounts of EFA in the diet are necessary, their importance in human diets
is probably related to the effects exerted by higher intakes and by the relative balance
between the w6 and w3 series. It is not possible to delineate an optimum intake or an ideal
balance of EFA without first defining the criteria by which they are to be measured. These
criteria may well differ for different groups. For example, a high capacity to produce
prostaglandins may be undesirable in patients with CHD, but would be desirable in a
woman in labour. Further work is needed to catalogue the biological effects of dietary
polyunsaturates and their interactions with other dietary constituents.

The plethora of studies carried out to demonstrate harmful effects from the consumption
of trans-fatty acid have failed to provide any convincing evidence that the current
consumption of trans-fatty acids in biologically or industrially hydrogenated fats poses a
risk to health. In view of the lack of evidence supporting an association between the
consumption of trans-isomers and atherosclerosis, it might seem perplexing why the
Department of Health and Social Security (1984) recommended including trans-fatty acids
with saturated fatty acids. However, the latter report (Department of Health and Social
Security, 1984) preceded the major Federation of American Societies for Experimental
Biology (1985) review on the subject and it was believed at that time that frans-unsaturated
fatty acids were metabolized in a similar manner to saturated fatty acids. However, unlike
saturated fatty acids, frans-monounsaturated fatty acids are not hypercholesterolaemic in
man or prothrombotic in animals (Hornstra, 1982). Considerably less is known about the
effects of partially hydrogenated fish oil than of hydrogenated vegetable oils and more
research in this area is required.
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