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Several unrelated diseases show plasma and tissue
fatty acid patterns characteristic of those seen in
Essential Fatty Acid Deficiency Disease (EFADD). A
common feature occurring in all these diseases is
oxidative stress. We hypothesize that reactive oxygen
species or products of oxidative damage, particularly
those derived from lipids, act as signal molecules to
alter desaturase enzymes and induce the fatty acid pat-
terns characteristic of EFADD.
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OXIDATIVE STRESS AND PATTERNS OF
ESSENTIAL FATTY ACID DEFICIENCY

Free radicals have been implicated in almost
every disease state (reviewed in 1). A major ques-
tion, therefore, is whether they play causative or

consequential roles. In the latter context it should
be remembered that almost any form of tissue
damage is accompanied by increased free radical
activity.!

Oxidative stress occurs when an imbalance is
brought about between the generation of mole-
cules involved in oxidative reactions and the
body’s ability to remove them.®! Their formation
may exceed normal protection, or protection may
fail to cope with normal levels of them. Oxidative
stress often triggers an adaptive gene response
whereby new proteins are upregulated to cope
with the additional stress. These proteins are col-
lectively known as oxidative stress and heat shock
proteins. If oxidative stress persists, oxidative
molecular damage is inevitable with every
biological molecule at risk. Lipids, proteins, and
DNA are modified in a way usually characteristic
of the oxidising species. The most intensively
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studied of these oxidations is the peroxidation of
polyunsaturated fatty acids (PUFAs). The more
double bonds the PUFA has the more susceptible
to peroxidation it becomes, fragmenting to a
plethora of primary peroxidic and secondary alde-
hydic products. The extreme susceptibility of
PUFAs to oxidation might in itself be protective by
sacrificially removing the free radicals with which
they react. It is interesting to note that PUFA-
containing molecules such as phosphatidylcholine
(lecithin) have long been used as antioxidants by
the food industry (see Waters 1971).1!

Many years ago™ we suggested that the prod-
ucts of lipid peroxidation, resulting from tissue
damage, may serve as signal molecules for regen-
eration or repair. It is interesting to extend this
speculation to the desaturase enzymes. Depending
on the level of oxidative stress, desaturase
enzymes might be ‘activated’ or ‘inactivated” by
products of PUFA peroxidation. Could the loss of
3 and w6 PUFAs by oxidative stress-induced per-
oxidation provide the signal for A9—desaturase
activity? To understand the background to this
proposal we give a brief introduction to fatty acids
and essential fatty acid deficiency.

FATTY ACIDS AND ESSENTIAL FATTY
ACID DEFICIENCY

There are two main types of fatty acids, namely
saturated and unsaturated; the former containing
no double bonds. Fatty acids are named after their
parent hydrocarbons with the addition of the suf-
fix “oic”. For unsaturated fatty acids the position
of the double bond is indicated by either: (A) des-
ignate the terminal COOH group as C1 and count
back to the methyl end of the fatty acid. Using this
system oleic acid can be defined as A9, 10 octa-
decenoic acid. (B) In the second system the termi-
nal methyl group is designated as » (omega) and
the first carbon having a double bond is counted.
Using this system oleic acid is 18: 1 w 9. The natu-
rally occurring fatty acids we shall be describing
here are either w3, w6, w7 or w9. In 1929 George

and Mildred Burr,!® at the University of
Minnesota, published their studies which showed
that dietary fat was essential for the survival of
mammals. In the absence of fat, rodents devel-
oped a deficiency disease which could be pre-
vented, or cured, when certain polyunsaturated
fatty acids, particularly linoleic acid, were present.
They, therefore, coined the term “essential fatty
acids” and observed and described essential fatty
acid deficiency (for a review see Holman, 1966).)
Symptoms of essential fatty acid deficiency
(EFAD) in rats were most noticeable from dimin-
ished growth rates and lower body weights
(although the weight of certain individual organs
actually increased) and from the development of
dermatitis (reviewed in 7). Animals fed fat-free
diets generally showed a loss in plasma and tis-
sue, particularly in liver, of hexaenoic and pen-
taenoic acids and extremely low levels of linoleic
acid, whereas 20:3 (w-9), often called mead acid,
oleic, and palmitoleic (w7) acids usually increased.
Human studies of low-fat intakes show similar
changes in fatty acids with often a high incidence
of respiratory tract complications.

From the pioneering work of Burr and Burr it
is clear that saturated fatty acids and fatty acids
of the w9 and w7 families are unable to maintain
the health of mammals, and diets, therefore,
require the addition of w3 and, or, w6 fatty acids.
Because mammals lack A;»- and A,s-desaturases
they have to obtain their w3 or w6 fatty acids from
dietary origin. For this reason, as previously dis-
cussed, they are called “essential fatty acids”.

FATTY ACID DESATURASES

The body can synthesize fatty acids such as
palmitic acid (16:0) from acetyl-S-CoA derived
from carbohydrate, or some aminoacids, and the
chain length can be increased by an elongase
enzyme system to form stearic acid (18:0) and
longer-chain saturated fatty acids. Long-chain
polyunsaturated fatty acids (PUFAs) can be
made from stearic acid by a group of enzymes
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known as desaturases which allow double bonds
to be introduced. Thus, A9-desaturase introduces
a double bond between the 9th and 10th carbon
from the COOH end, and other desaturases are
named in a similar way. Restrictions to the intro-
duction of double bonds above C-¢, by the desat-
urases, means that only members of the w9 and
w7 PUFA families can be endogenously formed
biosynthetically (reviewed in 8).

DISEASES WITH FATTY ACID PATTERNS
CHARACTERISTIC OF ESSENTIAL FATTY
ACID DEFICIENCY

To support our hypothesis we have listed in
Table I several conditions in which some form of
oxidative stress can lead to changes in fatty acid
patterns characteristic of EFAD. A9-desaturase
can convert palmitic and stearic acids respec-
tively into 16:1 w7 and 18:1 w9 fatty acids, and so
it seems likely that this enzyme is in some way
sensitive to oxidative stress. The increased syn-
thesis of oleic acid during situations of oxidative
stress is often significant and probably represents
an adaptive response to loss of PUFAs. Large
increases in oleic acid, however, may not neces-
sarily be beneficial to the host since this fatty acid
is frequently used to induce experimental acute
lung injury.”1% It is interesting to note that respi-
ratory problems are a common feature of
induced EFAD. Finally, is it possible that ‘essen-
tial fatty acid deficiency disease is itself a classical
example of an oxidative stress disease?
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