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Summary. The 'essentiality' of (co-6) and (co-3) fatty acids in mammals is well known. Nevertheless, some important 
points remain unclear concerning their implication in physiology. After a short discussion about the definition of 
essential fatty acids deficiency, this brief overview deals with some of these points, pointing out some of the unresolved 
questions. 
Different subjects are approached concerning the (co-6) and (co-3) fatty acids metabolism: desaturases, eicosanoids, 
production, as well as some of their metabolic effects on cell membranes, intestinal function, glucose and lipid 
metabolism, haemorheology. 
Key words. Essential fatty acids; deficiency; metabolism; mammals. 

For the past ten years, a growing interest has been fo- 
cused on the unsaturated fatty acids (FA), mainly on the 
polyunsaturated fatty acids (PUFA) and especially on 
those of the (co-3) and (co-6) series (co indicates position- 
ing of double bonds). Many data have been published, 
mostly concerning their effects on lipid metabolism and 
on prevention of coronary heart disease. It is therefore 
not useless to remind us that some of the PUFA are 
essential fatty acids (EFA). 
As always, the most difficult task resides in defining 
words. What is the meaning of'essential '? Some FA have 
been called 'essential' for two reasons: firstly, because 
their absence provokes an impairment of the quality of 
health; secondly, because the organism is unable to syn- 
thesize them, and must obtain them from the diet. In fact, 
the word 'essential' is sometimes used wrongly. Epidemi- 
ological data have shown that, in order to prevent coro- 
nary heart disease and atherosclerosis, it is necessary to 
consume a certain daily amount of PUFA. However, 
some PUFA are not 'essential' but, like other nutrients, 
may be very useful in preventing illness. 
'Essential' means more than 'useful'. It means that these 
PUFA are required to establish the physiological condi- 
tions of normal body development and to achieve physi- 
ological functioning. It also means that these PUFA have 
to be present in the diet. Some aspects of 'essentiality' are 
still questionable, as shown by Lands ~5. 

Obviously, it is not within the scope of this short 
overview to describe deeply and exhaustively the physio- 
logical effects of (co-3) and (co-6) PUFA, which are still 
under discussion. Our aim is just to point to some of 
them. 

EFA deficiency 

Clinical and biological symptoms of (o~-6) FA deficiency 
have been well known since the discovery of EFA by Burr 
and Burr t2 and their first use in human therapy by 
Hansen 15.26. A general review of EFA deficiency in hu- 
mans was written by Holman 32, and experimental defi- 
ciency was studied by Collins et al. 16 and by Wene et al. s8 
using either intravenous feeding with a fat-free solution, 
or nasogastric drip feeding with a fat-free diet. 
Less is known about deficiency of the (~o-3) FA in man. 
In 1982, Holman 33 observed visual and cerebral distur- 
bances in a 6-year-old girl who had an abdominal shot 
wound, who was fed intravenously a formula low in 
(co-3) fat and high in (~o-6) fat. The symptoms quickly 
disappeared after a sufficient amount of (a~-3) FA was 
supplied. Bjerve 4 has recently reported (~o-3) FA defi- 
ciency in 9 patients who had been on drip-feeding for 2.5 
to 9 years, who received only 0.02-0.09 % of their energy 
as (~o-3)FA. He observed 'a  scaly sandy haemorrhagic 
dermatitis, haemorrhagic folliculitis of the scalp, growth 
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retardation and impaired wound healing'. Since all pa- 
tients had extensive brain damage, accurate evaluation of 
the effect of (0)-3) FA deficiency on brain functioning was 
impossible. A dietary supplementation using alpha-lin- 
oleic acid at 0.2 0.3% of total energy removed all the 
symptoms of deficiency. 
Two questions concerning these deficiencies remain un- 
solved. The first question is a practical one: which are the 
first and most sensitive clinical or biological symptoms of 
a beginning EFA deficiency? The second is more theoret- 
ical: does a relative EFA deficiency really exist? It is well 
known that the symptoms of deficiency in rats may be 
exacerbated by environmental factors, e.g. decreased rel- 
ative humidity, restriction of water intake, increased in- 
take of sugar or saturated fat 30.31, 45, 73, 83, or increased 
intake of cholesterol or trans-fatty acids, an unusual ami- 
no acid content of the diet, or iron or pyridoxine deficien- 
cy 73. It is now accepted that requirements increase under 
some physiological conditions like old age, pregnancy 
and growth, or during reproductive activity in males 74. 

EFA and intestinal function 

Unlike the saturated fatty acids, that are included in 
chylomicrons through the lymphatic pathway, most of 
the PUFA pass directly through the cytosol and the baso- 
lateral membrane and enter the portat venous system si. 
The structure of the intestinal brush border membranes 
can be modified by the supply of fats. 
PUFA deficiency increases the production of eicosa- 
trienoic acid and the triene/tetraene ratio in enterocytes. 
Villosities and crypts decrease in size while microvillosi- 
ties increase in size. The cholesterol and phospholipid 
content of the border membranes in unchanged. The 
degree of unsaturation decreases but the unsaturation 
index is unchanged. Biophysical studies have shown that 
the lipid matrices of vesicles are more rigid than those of 
controls 14. These structural changes appear to influence 
intestinal functions. For instance, eicosapentaenoic acid 
(20:5 (0)-3)) reduces the jejunal uptake of glucose s~ 82 
whereas alpha-linolenic acid (18: 3 (0)-3)) induces the op- 
posite effect. The (20: 5 (0)-3)) FA does not seem to mod- 
ify the absorption of cholesterol, but has various effects 
on the absorption of medium and long chain FA 80. 
In vitro absorption of cholesterol by intestinal everted 
sacs and brush border vesicles may be influenced 79 or 
may not be influenced 65 by a saturated, unsaturated or 
control diet. In vivo, effects obtained using vegetable oils 
are difficult to explain, as the low amount of phytosterols 
in these oils has a moderate inhibiting effect on intestinal 
cholesterol absorption 65. 
Many questions concerning the effects of different fats 
on the absorption of nutrients and concerning the mech- 
anisms of the brush border membrane adaptation to var- 
ious conditions and to the fat composition of the diet 
remain unanswered. Neither do we know whether the 
experimental results obtained in rats and pigs are signif- 

icant for humans and for the conventional food habits of 
m a n .  

Factors influencing the delta desaturases 

The activities of the desaturases, which are mainly locat- 
ed in the endoplasmic reticulum, are modulated by nutri- 
tional and hormonal factors: 

Modulation by nutrients 
A large amount of data have yielded contradictory re- 
sults. These may be explained by differences in experi- 
mental protocols with regard to the quantity of nutrient 
intake or the measurements of desaturase activ- 
ity lo. 38.51. 

The delta-9-desaturase activity is increased by the re- 
placement of starch by simple carbohydrates or by satu- 
rated fatty acids: it is also increased by cholesterol or 
protein intake. Conversely, desaturase activity is de- 
creased by linoleic and arachidonic acids, triolein, (0)-3) 
PUFA, ethanol, and fasting. The effect of trans-trans 
(18:2 (0)-6)) FA has not been elucidated; the effect of the 
replacement of simple carbohydrates by starch is under 
discussion. 
The delta-6-desaturase activity is increased by protein 
intake and decreased by many factors, e.g. linoleic and 
arachidonic acids, triolein, (0)-3) PUFA, trans-trans 
(18:2 (0)-6)) FA, cholesterol, ethanol, zinc and fasting. 
The delta-5-desaturase activity is increased by the re- 
placement of saturated FA or triolein, by starch intake 
and by protein intake, and decreased by cholesterol and 
ethanol. Whether activity is increased by fasting or by 
linoleic and arachidonic acids is still under discussion. 

Modulation by fatty acids 
PUFA inhibit the desaturation of other fatty acids by 
competing at the delta-6 and delta-5-desaturase lev- 
el6.9.29,37. It has been well demonstrated that an in- 
creased intake of linoleic acid produces a decrease in the 
level of (0)-3) PUFA [20:5 (0)-3);22:5 (0)-3);22:26 (0)-3)] 
in the adipose tissue of rats receiving 1% of their energy 
as linolenic acid. Conversely, an increased intake of lino- 
lenic acid strongly decreases the content of (0)-6) PUFA 
in the adipose tissue. However, the mechanisms of these 
effects are not completely elucidated. For instance, vari- 
ous dietary fats have different effects on the biosynthesis 
of arachidonic acid but induce only slight changes of the 
arachidonic level in tissue lipids 7s. The influence of fats 
on the delta-6-desaturase system is probably of less im- 
portance than the competition of the various fatty acids 
for the various other fatty acid metabolic pathways. As 
Zevenberger and Houtsmuller say about trans-fatty 
acids, alpha-linolenic acid, oleic acid: 'Whether a low 
arachidonic acid biosynthesis must be regarded as an 
undesirable effect of these fatty acids or is of no physio- 
logical significance is still under debate.' Finally, the di- 
etary (0)-3) FA do not change the FA composition of 
phospholipids of different cells and tissues in the same 
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way; this fact must be taken into account when one 
evaluates the effects of supplementation with them on the 
whole body 9o. 

Modulation by hormones 
The activities of these three desaturases are also depen- 
dent on insulin; the effect of insulin on the gene tran- 
scription of delta-9-desaturase has been proved in the 
adipose tissue of diabetic rats 22. The stimulating action 
of simple carbohydrates (glucose and fructose) is due to 
both insulin and carbohydrates acting on the biosynthe- 
sis of this desaturase 39, 61. Epinephrine and thyroxine 
also increase the delta-9-desaturase activity. 
Delta-6 and delta-5-desaturase activities are stimulated 
by insulin but only delta-6-desaturase activity is stimulat- 
ed by thyroxin. Glucagon, epinephrine and glucocorti- 
coids decrease the delta-6-desaturase activity: glucagon 
and epinephrine decrease the delta-5-desaturase activity. 
The mechanisms of these effects are unclear 50. Circadian 
variations in the activity of desaturases are also insuffi- 
ciently documented. 

Modulation by aging 
It is generally accepted that the delta-6-desaturase activ- 
ity declines with age. This has been demonstrated in the 
rat testis 2. The onset of this decline varies from organ to 
organ: it happens earlier in the testis (3rd to 4th week) 2 
than in the liver (end of 1st year) sS. This decline can be 
observed in microsomes 19. Therefore the supplementa- 
tion of the diet with gamma-linolenic acid (GLA, 18:3 
(~o-6)) has been proposed for elderly subjects: indeed, the 
intake of relatively small amounts of GLA (360 rag/day) 
produces an increase in dihomogamma-linolenic (20:3 
(o~-6)) and in arachidonic acid blood levels 53 
Is it advisable to short-circuit the delta-6-desaturase? 
The cellular accumulation of aging pigment (lipofuchsin) 
may be due to the peroxidation of membrane fatty 
acids 4~ Peroxidation reactions, which seem to be 
more important in older than in younger age-groups, 
produce free radicals. The rate of peroxidation was 
found to increase with the degree of unsaturation of the 
FA 89. The right balance between (co-6) and (~o-3) FA in 
the diet seems to be an important factor in lipid peroxida- 
tion. Studies of the effects of various types of fats on the 
lipid peroxidation status of the heart in rats have shown 
that the ~o-6/~o-3 ratio of the diet is probably of greater 
significance than the polyunsaturated/saturated ratio for 
the heart lipid peroxidation status 55. Supplementation 
with GLA could constitute a potential hazard and might 
even accelerate the aging process. Moreover, when di- 
etary antioxidants such as vitamin E are low in the diet, 
increased autooxidation and lipid peroxidation may pro- 
duce an increased level of carcinogenic products. 
As energy intake averages 6.69 MJ (1600 kcal) in the 
elderly, vitamin E intake is low. One may thus wonder 
whether a supplementation with GLA might not produce 
a short-term beneficial but a long-term detrimental ef- 

fect. Furthermore, data on the (~o-6) FA status of the 
elderly population are lacking as no important survey of 
healthy people in older age-groups has touched on this 
problem. A recent Norwegian survey of 735 subjects 
aged 12-89 measured plasma level of phospholipid FA 
and showed that the absolute concentrations of palmitic, 
stearic, oleic, linoleic, dihomogammalinolenic, arachi- 
donic, eicosapentaenoic, docosapentaenoic and docosa- 
hexaenoic acids increased from the third to the fifth 
decade of life, but that these levels remained fairly con-' 
stant from the fifth to the ninth decade. Alpha-linoleic~ 
acid levels did not change. When the results were ex- 
pressed relative to 100 g of FA, it was shown that 
palmitic, stearic and linoleic acids decreased from the 3rd 
to the 5th decade while dihomogammalinolenic and 
arachidonic acid remained unchanged and the long-chain 
(~o-3) FA increased. The availability of the (~o-3) fatty, 
acids is very slighty modified by the aging process. It thus 
appears that there is still a great need for additional 
research and epidemiological studies before we are able 
to make proposals to supplement the diets of elderly 
people with PUFA or to short-circuit the delta-6-desat- 
urase with GLA. The latter is contra-indicated in epilep- 
sy and several other disorders, and we do not know about 
its action on psychiatric disorders that are common in the 
elderly, i.e. senile dementia, depression or manic-depres- 
sive disease s, 89. We thus need additional research on the 
decline of delta-6-desaturase with aging in man, especial- 
ly on organ-specific decline, and the data available nowa- 
days are clearly insufficient. 

Effects on cell membranes 

A large amount of data concerning the effects of (~o-3) 
and (~o-6) PUFA on cell membranes is now available but, 
in this brief overview, we will only discuss some of the 
points 15. The significance of the heterogeneous distribu- 
tion of (09-3) FA among various species of warm-blooded 
animals and among various organs and tissues within 
different species is still unknown 72, v6. Why, for instance, 
are (~o-3) FA so abundant in the nervous system, in reti- 
nal photoreceptors and in the human and primate testis? 
Why is the optimal tissue level of arachidonic acid in 
different tissues obtained at different levels of intake of 
linoleic acid? 
What is the upper limit for (09-3) supplementation for the 
brain? In rats, a fish-oil diet given for 8 weeks increased 
the (~o-3) series and decreased the (~o-6) series in the 
brain. The effects of this supplementation can be differ- 
ent on the liver: 10% fish oil in the diet increased the 
(22:6 (~o-3)) FA content of the liver, whereas 14% de- 
creased it. The margin is very narrow 7. In order to assess 
experimental results correctly, we must also take into 
account the fact that the consequences of deficiency or 
supplementation of (~o-3) or (~o-6) FA appear very slowly 
in the nervous system (over several months). 
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Finally, what is the effect of (0)-3) FA supplementation of 
the mother on the foetus and on the newborn, since it 
increases (0)-3) long-chain PUFA in human milk? 

Production of eicosanoids 

Up to now, PUFA requirements have been evaluated in 
relation to symptoms of PUFA deficiency or to the 
triene/tetraene blood level ratio. A new concept is emerg- 
ing, according to which PUFA requirements could be 
studied in terms of eicosanoid biosynthesis 47. This new 
concept might account for the fact that (0)-3) FA seem 
lees essential than (0)-6) FA, as they give rise less rapidly 
to eicosanoids. 
Dietary intake of (0)-3) and (0)-6) FA changes the PUFA 
content of the non-essential fatty acid (NEFA) pool and 
the ratio of highly unsaturated fatty acids (HUFA). Sec- 
ondarily to the rhythmicity of food intake, the (0)-3) and 
(0)-6) ratio varies according to a circadian rhythm. In the 
pool of NEFA in the cells, the ratio of eicosanoid precur- 
sors and antagonists varies in a similar way 47. (0)-6) FA 
are more quickly oxidized by cyclooxygenase than (0)-3) 
FA. The rate of synthesis of (0)-6) prostaglandins can be 
slowed by their precursor dihomogammalinoleic acid, or 
by the (0)-3) fatty acid eicosapentaenoic acid (timmodon- 
ic acid), an alphalinoleic acid derivate, or, as recently 
demonstrated, by two docosapolyenoic acids: adrenic 
acid (docosatetraenoic acid) and its derivate (docosapen- 
taenoic acid) 4r These various inhibiting actions reduce 
the potential production of arachidonic metabolites so 
that the latter can be more rapidly inactivated 44'46,4s. 
Dietary manipulations with various fats produce changes 
in the following: after 48 h, in the blood spectrum of fatty 
acids and thromboxane A 2 production; after 7 days, in 
the urinary excretion of prostanoid metabolites; after 8 
weeks, in the phospholipid FA composition and 
prostaglandin production in tissue and organs a7 
The effects in man of a high (0)-3) FA intake on this 
subtle regulation, and the physiological significance of 
the numerous metabolic interactions between ei- 
cosanoids, are still unknown. In a normal state, the 
biosynthesis of eicosanoids in the tissues is suppressed 
and a burst of biosynthesis occurs only when provoked 
by a stimulation (when oxygenase activities are stimulat- 
ed by hydroperoxides) 47. 
Some in vivo and in vitro experimental data support the 
hypothesis that the production of eicosanoids declines 
with age. The ability to produce prostaglandins decreases 
with age in rats13; prostaglandin 12 is diminished in 
aged cultures of human endothelial cells 6o or of smooth 
muscle rat cells ~3; the ability of the vascular tissue to 
produce prostacyclin is reduced with age in the pig 41. 
Experimental data on the synthesis of thromboxane A 2 

in aging are contradictory 3, 85. The loss of the ability of 
prostaglandin-synthetase to convert free arachidonic 
acid is probably one of the causes of this decline, since the 
stimulation of aged cells by ascorbic acid restores this 
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capacity to the level of that of young cells 59, 6o. There 
could also be a shift in the production of prostaglandins 
with a 50 % reduction of prostaglandins 02 and E2) , and 
a doubling of the synthesis of thromboxane A 2 and 
prostaglandin PGF2, 59, 6o 

Metabolic effects 

The (0)-3) and (0)-6) FA have numerous effects on meta- 
bolic activities. We have chosen to review those where 
there are still open questions. 

Glucose metabolism 
(0)-3) FA seem to increase the sensitivity of tissues to 
insulin in man v7 and in rat 86. However, the oral glucose 
tolerance test is not modified in man by (0)-3) FA, where- 
as the IV glucose tolerance test shows that the insulin 
response increases without changing the shape of the 
blood glucose curve a, which seems to disagree with the 
preceding data. In man, the addition of (0)-3) FA (eicosa- 
pentaenoic and docosahexaenoic acids) to the test-meal 
significantly increases the blood and insulin response 
curve in comparison with that obtained using (0)-6) PU- 
FA or saturated fatty acids; it also increases, although 
not significantly, the secretion of gastric intestinal 
polypeptide (GIP) 49. 
The effects of (0)-6) PUFA on glucose metabolism are 
due to the action of arachidonic acid metabo- 
lites23,42, 66, 67. It is widely accepted that arachidonic 
acid metabolites do not change basal insulin levels in 
man. Prostaglandins of the E~ group (PGE~ and E2) 

inhibit glucose-induced insulin secretion, but PGE~ in- 
creases the first phase of insulin secretion stimulated by 
non-glucose secretagogues like arginine 56'5v. Arachi- 
donic acid metabolites are produced in the pancreatic 
islets. Products that are able to inhibit cyclooxygenase 
induce insulin secretion and improve glucose homeosta- 
sis, while those that inhibit the lipoxygenase reduce in- 
sulin secretion resulting from the action of glucose and 
most other secretagogues 66. It therefore appears that 
(0)-3) and (0)-6) PUFA act more like fine modulators of 
glucose metabolism and insulin secretion than like strong 
insulin secretagogues. 

Lipid metabolism 
The literature on the effects of PUFA on lipid 
metabolism is extensive. For the past 40 years, attention 
has been focused on (0)-6) FA, and more recently on 
(0)-3) PUFA. It is accepted that (0)-6) FA, mainly gamma 
linolenic acid, decrease blood cholesterol levels specifi- 
cally in LDL, more weakly in HDL and VLDL, and 
reduce the blood levels of Apo B and Apo A. Several 
mechanisms have been proposed to account for this hy- 
polipidemic action. These mechanisms can operate 
simultaneously, but it seems that their relative impor- 
tance varies with the type of lipid disorder involved. The 
most important mechanism seems to involve changes in 
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the fluidity of lipoproteins and cell membranes, although 
further research is needed to clarify these points. 
The hypolipidemic effect of (0)-3) FA has been exten- 
sively studied. (0)-3) FA decrease the synthesis of 
VLDL is, 68. Eicosapentaenoic and docosahexaenoic 
acid seem to have the strongest effects. Linolenic acid is 
less potent. A slight increase in HDL 2 cholesterol is relat- 
ed to docosahexaenoic acid and a high intake of this acid 
can increase HDL levels. LDL cholesterol is unaffected 
by these acids and by linolenic acid, and the reduction in 
blood cholesterol is due to the decrease in VLDL vl 
However, in hypertriglyceridemic patients this effect 
wanes after one month. As for (0)-6) PUFA, additional 
mechanisms contribute to the hypolipidemic effect of 
(0)-3) FA 11'21'24'27'69'87. We now have a good knowl- 
edge of the hypolipidemic effects of (0)-3) and (0)-6) PU- 
FA; however, further human research is needed in order 
to evaluate the intake of these PUFA that is right for the 
maintenance of normal blood lipid levels but is free of 
deleterious side-effects. 

Haemorheological effects 

The beneficial haemorheological effects of (0)-6) FA have 
been well demonstrated for several years 24, 52, 6z, 64, 70 
Although we understand the principle mechanisms of 
this action, many problems remain unsolved: the 
modulation of this effect by the quantity of (0)-6) FA 
intake, the interactions between the various blood 
cells, the physiological significance of the lipoxygenase 
pathway and of phospholipid transacylation during 
activation 43. More recently, a large number of studies 
have dealt with the haemorheological effect of (0)-3) 
FA t1,24,2s'a5,63,s7 The FA increase the fluidity of 
blood 20 by changing the deformability of red blood cells, 
probably because they are incorporated into the ceil 
membrane; the fall in plasma viscosity would be due to 
changes in lipid and fibrinogen 3~. The synthesis of 
thromboxane A 2 is reduced because alpha linolenic acid 
inhibits the synthesis of arachidonic acid from linolenic 
acid, and the production of eicosanoids from arachidonic 
acid, by competing for cyclooxygenase. Alpha linolenic 
acid also competes with arachidonic acid for its incorpo- 
ration into the 2-position of the phosphoglyceride mole- 
cule (where the cyclooxygenase substrates are located) 11. 
Despite an impressive amount of research, the precise 
mechanisms of action of (09-3) PUFA on blood rheology 
remain unclear, as does the modulation of their regula- 
tion in relation to the (0)-3) FA intake. 
Other unresolved and controversial problems remain 
concerning the physiological effects of (0)-3) and (0)-6) 
FA: their action on the immune system, on specific or- 
gans and tissues such as the heart, the arteries, the kid- 
ney, the nervous system and the skin, and also their 
possible side effects on the biliary tract and their putative 
promotion of cancer. 

The data reported and discussed above show that a large 
amount of additional research is necessary before we can 
justify dietary advice to the general population and be- 
fore we can safely use these fatty acids in therapeutic 
diets. 

1 Alig, J., and Stacpole, P.W., Effects of dietary e)-3 fatty acids on 
glucose-insulin dynamics in normal subjects. Diabetes 109 A, suppl. 1 
(1988) abstr. 435. 

2 Ayala, S., Gaspar, G., Brenner, R. R., Peluffo, R., and Kanau, W., 
Fate of linoleic, arachidonic and docosa-7,10, 13, 16-tetraenoic acids 
in rat testicles. J. Lipid Res. 14 (1973) 296 305. 

3 Bills, T. K., Smith, J. B., and Silver, M. J., Metabolism of 14C arachi- 
donic acid by human platelets. Biochim. biophys. Acta 424 (1976) 
303-314. 

4 Bjerve, K. S., e)-3 deficiency in man. J. int. Med. 225, suppl. 1 (1989) 
171-175. 

5 Bjerve, K. S., Fougner, K. J., Midthjell, K., and Bonaa, K., 0)-3 fatty 
acids in old age. J. int. Med. 225, suppl. 1 (1989) 191-196. 

6 Blond, J. P., Poisson, J. P., and Lemarchal, P., Influence de l'acide 
linol~ique alimentaire sur la conversion des acides linolrique et gam- 
ma-linol~nique en arachidonate chez la rat in vivo. Archs int. Physiol. 
Biochem. 86 (1978) 741-754. 

7 Bourre, J. M., Bonneil, M., Dumont, O., Piciotti, M., Nalbone, G., 
and Lafont, H., Effects of dietary fish oil alter the brain polyunsatu- 
rated fatty acid composition. Biochim. biophys. Acta 960 (1988) 458 
461. 

8 Bourre, J. M., Youyou, A., Durand, G., and Pascal, G., Slow recovery 
of the fatty acid composition of sciatic nerve in rats fed a diet initially 
low in ~o-3 fatty acids. Lipids 22 (1987) 535-538. 

9 Brenner, R. R., The desaturation step in the animal biosynthesis of 
polyunsaturated fatty acids. Lipids 6 (1971) 567-575. 

10 Brenner, R. R., Nutritional and hormonal factors influencing desatu- 
ration of essential fatty acids. Progr. Lipid Res. 20 (1981) 41 47. 

11 Budowski, P., e)-3 fatty acids in health and disease. Wld Rev. Nutr. 
Diet. 57 (1988) 214 274. 

12 Burr, G. O., and Burr, M. M., A new deficiency disease produced by 
the rigid exclusion of fat from the diet. J. biol. Chem. 82 (1929) 
345- 367. 

13 Chang, W. C., Murota, S. I., Nakao, J., and Orimo, H., Age-related 
decrease in prostacyclin biosynthetic activity in rat aortic smooth 
muscle cells. Biochim. biophys. Acta 620 (1980) 159-166. 

14 Christon, R., Daveloose, D., Meslin, J. C., Viret, J., and Leger, C. L., 
Modifications structurales et fonctionnelles de la bordure en brosse 
entrrocytaire en fonction de l'apport alimentaire d'acides gras polyin- 
saturrs essentiets. Colloque Biomenbranes-Nutrition CNRS-CNER- 
NA Paris Abstract, 1989. 

15 Clandinin, M. T., Field, C. J., Hargreaves, K., Morson, L., and Zsig- 
mond, E., Role of diet fat in subcellular structure and function. Can. 
J. Physiol. Pharmac. 63 (1985) 546 556. 

16 Collins, F.D., Sinclair, A. J., Royle, J. P., Coats, D.A.,  Maynard, 
A. T., and Leonard, R. F., Plasma lipids in human linoleic acid defi- 
ciency. Nutr. Med. 13 (1971) 150 167. 

17 Croft, K. D., Codde, J. P., Beilin, L. J., and Vandongen, R., Dietary 
modification of eicosanoid synthesis. A time course study. Prog. Lipid 
Res. 25 (1986) 181-184. 

18 Daggy, B., Arost, C., and Bensadoun, A., Dietary fish oil decreases 
VLDL production rates. Biochim. biophys. Acta 920 (1987) 2932300. 

19 De Gomez-Dumm, I., and Brenner, R. R., Oxidative desaturation of 
alpha linolenic, linoleic and stearic acids in human liver microsomes. 
Lipids 14 (1974) 315 317. 

20 Ernst, E., Effects of ~o-3 fatty acids on blood rheology. J. int. Med. 
225, suppl. 1 (1989) 129 132. 

21 Field, E. J., Allbright, E. J., and Mathm', S. N., Effect of dietary co-3 
fatty acids on HMG-CoA reuctase and ACAT activities in liver and 
intestine of the rabbit. J. Lipid Res. 28 (1987) 50 58. 

22 Gellhorn, A., and Benjamin, W, The effect of insulin on monounsat- 
urated fatty acid synthesis in diabetic rats, the stability of the informa- 
tional RNA and on the enzyme system concerned with fatty acid 
desaturation. Biochim. biophys. Acta 116 (1966) 460-466. 

23 Giugliano, D., Di Pinto, P., Torella, R., Frascolla, N., Sacomanno, F., 
Passariello, N., and D'Onofi'io, E, A role for endogenous 
prostaglandin E in biphasic pattern of insulin release in humans. Am. 
J. Physiol. 245 (1983) E591 E597. 



Reviews Experientia 47 (1991), Birkh~iuser Verlag, CH-4010 Basel/Switzerland 177 

24 Goodnight, S.H., Harris, W.S., Connor, W.E., and Illingworth, 
D. R., Polyunsaturated fatty acids, hyperlipidemia and thrombosis. 
Arteriosclerosis 2 (1982) 87 113. 

25 Hansen, A. E., Serum lipid changes and therapeutic effect of various 
oils in infantile eczema. Proc. Soc. exp. Biol. Med. 31 (1933) 160 161. 

26 Hansen, A. E., Adam, D. J. D., Wiese, H. E, Boelsche, A. R., and 
Haggard, M. E., Essential fatty acid deficiency in infants, in: Essential 
Fatty Acids. p. 216. Ed. H. M. Sinclair. Heinemann, London 1958. 

27 Harris, W. S., Fish oils and plasma lipid and lipoprotein metabolism 
in humans: a critical review. J. Lipid Res. 30 (1989) 785 807. 

28 Herold, P. M., and Kinsella, J. E., Fish oil consumption and decrease 
risk of cardiovascular disease: a comparison of findings from animal 
and human feeding trials. Am. J. clin. Nutr. 43 (1986) 566-598. 

29 Holman, R. T., Nutritional and metabolic interrelationships between 
fatty acids. Fedn Proc. 23 (1964) 1062-1067. 

30 Holman, R.T., Essential fatty acid deficiency, in: Progress in the 
Chemistry of Fats and other Lipids, vol. 9, pp. 555 585. Ed. 
R. T. Holman. Pergamon Press, Oxford 1971. 

31 Holman, R. T., Biological activities of and requirements for polyun- 
saturated fatty acids, in: Progress in the Chemistry of Fats and other 
Lipids. vol. 9, pp. 607-682. Ed. R. T. Holman. Pergamon Press, Ox- 
ford 1971. 

32 Holman, R. T., Essential fatty acid deficiency in Humans, in: CRC 
Handbook Series in Nutrition and Food, vol. 3, Section E, pp. 335 
338. Ed. M. Recheigl. CRC Press, Boca Raton, 1978. 

33 Holman, R. T., Johnson, S. B., and Hatch, T., A case of human lino- 
lenic acid deficiency involving neurological abnormalities. Am. J. clin. 
Nutr. 35 (1982) 617-623. 

34 Hostmark, A. T., Bjerkedal, T., Kieruft; P., Flaten, H., and Ulshagen, 
K., Fish oil and plasma fibrinogen. Br. reed. Ji 297 (1988) 180-181. 

35 Houwelingen, A. C. V., Hennissen, A. A. H., Verbeek-Schippers, F., 
Simonsen, T., Kester, A. D. M., and Hornstra, G., Effect of a moder- 
ate fish intake on platelet aggregation in human platelet-rich plasma. 
Thromb. Haemost. 59 (1988) 507 513. 

36 Jackson, R. L., Kashyap, M. L., Barnhart, R. L., Allen, C., Hogg, E., 
and Glueck, C. J., Influence &polyunsaturated and saturated fats on 
plasma lipids and lipoproteins in man. Am. J. clin. Nutr. 39 (1984) 
589 597. 

37 James, A. T., The specificity of mammalian desaturases. Adv. exp. 
Med. Biol. 83 (1977) 51-74. 

38 Jeffcoat, R., The biosynthesis of unsaturated fatty acids and its con- 
trol on mammalian liver. Essays Biochem. 15 (1979) 1 -36. 

39 Joshi, V. C., and Aranda, L. P., Hormonal regulation of the terminal 
enzyme of microsomal stearyl-coenzyme. A desaturase in cultured 
avian liver explants. Role of insulin. J. biol. Chem. 254 (1979) 11 783 
11 786. 

40 Katz, M. L., Stone, "v~ L., and Dratz, E.A., Fluorescent pigment 
accumulation in retinal pigment epithelium of anti-oxidant-deficient 
rats. Invest. Ophthalm. Visual Sci. 17 (1978) 1049 1058. 

41 Kent, R. S., Kitchell, B. B., Shand, D. G., and Whorton, A. R., The 
ability of the vascular tissue to produce prostacyclin decreases with 
age. Prostaglandins 2I (1981) 483-490. 

42 Konturek, S. J., Mikos, E. M., Krol, R., Wierzbicki, Z., and Dobrzan- 
ska, M., Effect of methylated prostaglandin E2 analogue on insulin 
secretion in man. Prostaglandins 15 (1978) 591-601. 

43 Lagarde, M., Metabolism of fatty acids by platelets and the functions 
of various metabolites in mediating platelet function. Prog. Lipid Res. 
27 (1988) 135-152. 

44 Lagarde, M., Gualde, N., and Rigaud, M., Metabolic interactions 
between eicosanoids in blood and vascular cell. Biochem. J. 257 (1989) 
313 320. 

45 Lands, V~ E. M., Renewed questions about polyunsaturated fatty 
acids. Nutr. Rev. 44 (1986) 189-195. 

46 Lands, V~ E. M., Differences in ~o-3 and co-6 eicosanoids precursors, 
in: Advances in Prostaglandin, Thromboxane and Leukotriene Re- 
search, vol. 19, pp. 602-605. Eds B. Samuelson, P. Y. K. Young and 
E Sun. Raven Press, New York 1989. 

47 Lands, W. E. M., 0)-3 fatty acids as precursors for active metabolic 
substances: dissonance between expected and observed events. J. int. 
Med. 225, suppl. 1 (1989) 11-20. 

48 Lands, V~ E. M., Letellier, P. R., Rome, L. H., and Vanderhoek, J. Y., 
Inhibition of prostaglandins biosynthesis. Adv. Biosci. 9 (1973) 15- 
27. 

49 Lardinois, C. K., Starich, G. H., and Mazzaferri, E. L., Polyunsatu- 
rated fatty acids augment insulin secretion. J. Am. Coll. Nutr. 6 (1987) 
507 515. 

50 Lemarchal, P., Les acides gras polyinsaturbs en 0)-3. Cah. Nutr. Diet. 
20 (1985) 97 102. 

51 Lemarchal, P., La r6gulation hormonale et nutritionnelle des d+sat- 
urases. Cah. Nutr. Diet. 24 (1989) 99-106. 

52 Mc Gregor, L., Morazian, R., and Renaud, S., Effect of dietary 
linoleic acid on platelet function in the rat. Thromb. Res. 20 (1980) 
499 507. 

53 Manku, M. S., Morse-Fisher, N., and Horrobin, D. F., Changes in 
human plasma essential fatty acids levels as a result of administration 
of linoleic acid and gamma-linolenic acid. Eur. J. clin. Nutr. 42 (1988) 
55-60. 

54 Murota, S. S., and Morita, I., Prostaglandin synthetizing system in rat 
liver: changes with aging and various stimuli. Adv. Prostaglandin, 
Thromboxane, Leukotriene Res. 8 (1980) 1495-1506. 

55 Nalbone, G., Leonard, J., Termine, E., Portugal, H., Lechene, P., 
Pauli, A. M., and Lafont, H., Effects offish oil, corn oil and lard diets 
on lipid peroxidation status and glutathione peroxidase activities in 
rat heart. Lipids 24 (1989) 179 186. 

56 Pek, S., Tai, T.Y., and Elster, A., Stimulatory effects of 
prostaglandins El, E2 and F2 alpha on glucagon and insulin release 
in vitro. Diabetes 27 (1978) 801-809. 

57 Pek, S., Tai, T.Y.., Elster, A., and Fajans, S.S., Stimulation by 
prostaglandin E2 of glucagon and insulin release from isolated rat 
pancreas. Prostaglandins 10 (1975) 493-502. 

58 Peluffo, R., and Brenner, R. R., Influence of dietary protein on 6 and 
9 desaturation of fatty acids in rats of different ages and in different 
seasons. J. Nutr. 104 (1973) 296-305. 

59 Polgar, P., and Taylor, L., Alterations in prostaglandins synthesis 
during senescence of human lung fibroblasts. Mech. Ageing Dev. 12 
(1980) 305-310. 

60 Polgar, P., and Taylor, L., Prostaglandins: Participants in cellular 
aging. Aging (Nutr. Geront.) 26 (1984) 119 139. 

61 Prasad, M. R., and Joshi, V. C., Purification and properties of hen 
liver microsomal terminal enzyme involved in stearyl-CoA desatura- 
tion and its quantification in neonatal chicks. J. biol. Chem. 254 
(1979) 6362 6368. 

62 Renaud, S., Dietary fatty acids and platelet function. Proc. Nutr. Soc. 
Aust.  10 (1985) 1 13. 

63 Renaud, S., Alpha-linolenic acid, platelet lipids and function, in: 
Dietary ~0-3 and ~0-6 Fatty Acids. Biological Effects and Nutritional 
Essentiality, pp. 263-271. Eds C. Galli and A.P. Simopoulos. 
Plenum Press, New York 1989. 

64 Renaud, S., and McGregor, L., Acides gras essentiels et membrane 
plaquettaire en relation avec l'agr6gation. Annl Nutr. Alim. 34 (1980) 
265 276. 

65 Reynier, M. O., Crotte, C., Chautan, M., Lafont, H., and Gerolami, 
A., Influence of unsaturated oils on intestinal absorption of choles- 
terol. Nutr. Res. 9 (1989) 663 671. 

66 Robertson, R. P., Arachidonic acid metabolite regulation of insulin 
secretion. Diabetes Metab. Rev. 2 (1986) 261 296. 

67 Robertson, R. P., and Chen, M., A role for prostaglandin E in defec- 
tive insulin secretion and carbohydrate intolerance in diabetes melli- 
tus. J. clin. Invest. 60 (1977) 747 753. 

68 Rustan, A.C.,  and Drevon, C.A.,  Eicosapentaenoic acid inhibits 
hepatic production of very low density lipoprotein. J. int. Med. 225, 
suppl. 1 (1989) 31 38. 

69 Rustan, A. C., Nossen, J. O., Christiansen, E. N., and Drevon, C. A., 
Eicosapentaenoic acid reduces hepatic synthesis and secretion of tria- 
cylglycerol by decreasing the activity of  acyl-coenzyme A: 1,2 diacyl- 
glycerolacyltransferase. J. Lipid Res. 29 (1988) 1417-1426. 

70 Sanders, T. A. B., Dietary fat and platelet function. Clin. Sci. 65 
(1983) 343 350. 

71 Sanders, T. A. B., 09-3 fatty acids and lipoproteins, in: Dietary o9-3 
and ~o-6 Fatty Acids. Biological Effects and Nutritional Essentiality, 
pp. 253-262. Eds C. Galli and A. P. Simopoulos. Plenum Press, New 
York 1989. 

72 Simopoulos, A., Executive summary, in: Dietary 0)-3 and e)-6 Fatty 
Acids. Biological Effects and Nutritional Essentiality, pp. 392. Eds 
C. Galli and A. P. Simopoulos. Plenum Press, New York 1989. 

73 Sinclair, A. J., Essential fatty acid requirements of different species. 
Proc. Nutr. Soc. Aust. 10 (1985) 41-48. 

74 Sinclair, H. M., Essential fatty acids in perspective. Hum. Nutr. Clin. 
Nutr. 38 C (1984) 245-260. 

75 Sprecher, H., Interactions between the metabolism of ~0-3 and o~-6 
fatty acids. J. int. Med. 225, suppl. I (1989) 5 9. 

76 Sprecher, H., 0)-3 and ~o-6 fatty acid metabolism, in: Dietary ~o-3 and 
~o-6 Fatty Acids. Biological Effects and Nutritional Essentiality, 
pp. 69 79. Eds C. Galli and A. P. Simopoulos. Plenum Press, New 
York 1989. 



178 Experientia 47 (1991), Birkhhuser Verlag, CH-4010 Basel/Switzerland Reviews 

77 Storlien, L. H., Kraegen, E. W, and Chisholm, D. J., Fish oil prevents 
insulin resistance induced by high fat feeding in rats. Science 237 
(1987) 885 888. 

78 Tappel, A. L., Fletcher, B., and Deamer, D., Effect of antioxidants 
and nutrients on lipid peroxidation fluorescent products and aging 
parameters in the mouse. J. Geront. 28 (1973) 415 424. 

79 Thomson, A. B. R., Keelan, M., Clandinin, M. T., and Walker, K., 
Dietary fat selectively alters transport properties of rat jejunum. J. 
clin. Invest. 77 (1986) 279-288. 

80 Thomson, A. B. R., Keelan, M,, Garg, M. L., and Clandinin, M. T., 
Dietary effects of 09-3 fatty acids on intestinal transport function. 
Can. J. Physiol. Pharmac. 66 (1988) 985-992. 

81 Thomson, A. B. R., Keelan, M., Garg, M. L., and Clandinin, M. T., 
Intestinal aspects of lipid absorption: a review. Can. J. Physiol. Phar- 
mac. 67 (1989) 179-181. 

82 Thomson, A. B. R., Keelan, M., Garg, M. L., and Clandinin, M. T., 
Influence of dietary fat composition on intestinal absorption in the 
rat. Lipids 24 (1989) 494 501. 

83 Trugnan, G., Thomas-Benhamou, G., Cardot, P., and Rayssiguier, Y., 
Short term essential fatty acid deficiency in rats. Influence of dietary 
carbohydrates. Lipids 20 (1985) 862 868. 

84 Vega, G. L., Groszek, E., Wolf, R., and Grundy, S. M., Influence of 
polyunsaturated fats on composition of plasma lipoproteins and 
apolipoproteins. J. Lipid Res. 23 (1982) 811-822. 

85 Vericel, E., Lagarde, M., Dechavanne, M., and Courpron, M., In- 
creased lipid peroxidation in platelets from elderly people (Abstract). 
Thromb. Haemost. 54 (1985) 553. 

86 Waldhausl, W, Ratheiser, K., Komjati, M., Nowotny, I., Pirich, K., 
and Viermapper, H., Improvement of insulin-induced glucose assimi- 
lation by fish oil in healthy man. Congress on health effects offish and 
fish oils, (Abstract). St John's Newfoundland, Canada 30/7-2/8, 
1988. 

87 Weaver, B.J., and Holob, B.J., Health effects and metabolism of 
dietary eicosapentaenoic acid. Prog. Food Nutr. Sci. 12 (1988) 111 
150. 

88 Wene, J. D., Connor, W E., and Den Besten, L., The development of 
essential fatty acid deficiency in healthy men fed fat-free diets intra- 
venously and orally. J. elin. Invest. 56 (1975) 127-134. 

89 Witting, L.A., and Horwitt, M. K., Effect of degree of fatty acid 
unsaturation in tocopherol deficiency induced creatinuria. J. Nutr. 82 
(1964) 19-33. 

90 Zevenbergen, J. L., and Houtsmuller, U. M. T., Effect of dietary fats 
on linoleic acid metabolism. A radiolabel study in rats. Biochim. 
biophys. Acta 1002 (1989) 312-323. 

0014-4754/91/020172-0751.50 + 0.20/0 
�9 Birkhfiuser Verlag Basel, 1991 

Supraphysiological dosages of vitamins and their implications in man 
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Summary. Some recent evidence on the benefits and hazards of elevated dosages of vitamins is summarized. Special 
emphasis is given on the safety of vitamins A, D, K1 and B 6 . Furthermore,  the possibly beneficial effects of vitamins 
for athletic performance as well as the preventive potential of antioxidative vitamins and of carotenoids against cancer 
are discussed. 
Key words. Vitamins; antioxidative vitamins and cancer; vitamins and athletic performance; carnitine; toxicity of 
vitamins A, E, K1, B 6. 

Everyone knows tha t  vitamins are essential for health 
and that a good supply is ensured if we eat the right food. 
Because people are often uncertain whether they are real- 
ly getting enough of each vitamin, they tend to supple- 
ment  their food with high-dosage vitamin pills or cap- 
sules. In  addition, many  vitamins have become known as 
having additional, beneficial effects. Even 'magic'  prop- 
erties have been claimed for them, if they are taken in 
large dosages. The question, therefore, arises: How much 
is enough, and what happens if large dosages are taken 
up - are they beneficial or toxic? In order to answer those 
questions, Stfihelin, Brubacher and myself organized a 
symposium on this topic in 1987, and this paper is based 
on the symposium book issued in 1989. It will, however, 
not  be possible to give a complete overview. After a short 
general introduction,  I will mainly discuss the oral up- 
take of supraphysiological dosages by healthy adults, 
and will not  include clinical cases where the supplementa- 
tion with vitamins is of importance. It will also not  be 
possible to cover all the vitamins. 

Recommended dietary allowances 

Before discussing supraphysiological dosages, it is neces- 
sary to give some thought to the difficulty of determining 
the so-called recommended dietary allowance (RDA). 
Each vitamin has many functions in our body. When the 
daily intake is reduced, the most sensitive function of 
each vitamin will be affected first, and if the insufficient 
uptake is continued, further functions will be impaired. 
Finally, the first signs of the specific vitamin deficiency 
disease will appear 4. In  order to make a recommendation 
for the daily intake we have to know the minimal require- 
ment for maximal protection for each vitamin-dependent 
function. This functional requirement shows a large indi- 
vidual variation, and a safety margin has to be defined 
when a country sets its RD A  values. It has, furthermore, 
to be taken into consideration that all vitamins can be 
stored in our bodies, but  the storage capacity for each 
vitamin is different. We therefore also have to take into 
account a storage requirement, i.e. a minimal  requirement 
to allow for adequate storage pools of each vitamin. 


