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Cholesterol and Linoleic Acid: a forgotten cooperation?
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Summary. This mini review proposes a reflection on the role of cholesterol in its cooperation with oxygen and

linoleic acid. The authors deal with the logics of membrane mobility, where the concentrations of cholesterol

and linoleic acid exert a strong influence on the dynamics of the greater or lesser entry of oxygen and, there-

fore, on the impact in the determinism of oxidative phenomena.
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Introduction

In the last decades, cholesterol has been the sub-
ject of many investigations because of its alleged role
in ischemic heart disease: it is primarily involved in the
maturation of the brain, in regulating the mobility of
cell membranes, in the production of basic substances
for the organism such as vitamin D and sex hormones.
Guidelines have been created that have increasingly
reduced the safety levels of circulating cholesterol to
prevent cardiovascular diseases. Now, it seems that a
total cholesterol of 180 mg / dl is considered safe. The
following observations are not addressed to this new
limit as a criticism, but they want to remind of some
metabolic and not well-known functions of cholesterol
in trying to balance bimolecular dynamics in the mem-
brane. Cholesterol guarantees the membrane integrity
and therefore allows the membranes to carry out their
physiological function.

Cholesterol-Oxygen ratio

International literature shows an interesting re-
lationship between cholesterol and the progressive
increase of oxygen during evolution, i.e. cholesterol
becomes important with the transition from prokary-

otic to eukaryotic cell, and in particular it increases
its concentration in cell membranes when the oxygen
concentration increases (1). In support of this theory,
it has been shown that in the metabolic pathway of
cholesterol production, starting from squalene, there is
a gradual concentration of oxygen accompanying the
metabolic pathway of cholesterol synthesis until the fi-
nal stage (2). This “friendly” relationship between cho-
lesterol and oxygen led to the formulation of a further
hypothesis, i.e. cholesterol has antioxidant properties.
The hypothesis of the antioxidant role of cholesterol is
more evident because of its correlation with the pro-
duction of reactive oxygen species (ROS) and the func-
tion of ion channels. It has been shown that the deple-
tion of cholesterol is associated with increasing of ROS
production inside and outside of the cell. This seems
to be mediated by NADPH oxidase, which generates
hydrogen peroxide. The latter is then released into the
extra cellular space, thus facilitating its passage in the
cytoplasm through the membrane. In the case of a re-
duction of membrane cholesterol, ROS increase tran-
siently for a short time, and this enables the increase
of intracellular calcium and the spontaneous exocytosis
(3). This would explain the importance of the role of
ROS only in the initial stage of induction of exocytosis,
e.g., for neurotransmitters. Moreover, a reduced con-
centration of cholesterol in the membranes can lead to
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intensifying the mechanisms of phagocytosis and it is
likely that the prolongation of this effect is caused by
the activity of the protein kinase, ion channels, pumps
and membrane fluidity. It is known that the conditions
of the membrane mobility (viscosity and fluidity) affect
the exposure of serotonin receptors, deeply involved in
Mood Disorders (4). Other relationships that choles-
terol has with oxygen are well described in reference to
red blood cells, mitochondria, retina and brain (5-7).
As far as concerns red blood cells, the literature reports
that an increase of cholesterol in the membrane corre-
sponds to a reduction of the oxygen transport, a clear
evidence of the oxygen-cholesterol ratio (8). With re-
gard to mitochondria, which contain reduced amounts
of cholesterol compared to plasma membranes, an in-
crease of the cholesterol can significantly reduce the
mitochondrial respiration (9). It should not be for-
gotten, however, that substances inhibiting cholesterol
synthesis inhibit also the coenzyme Q10, which is a
fundamental component of mitochondrial respiration.
A further confirmation of the relationship between
cholesterol and oxygen concerns the cells of the lens,
where a high concentration of cholesterol is usually
found. Cholesterol helps to protect the cells of the lens
from an excessive concentration of oxygen (10).

It is interesting to remember that the brain is
equipped with a self-synthesis of cholesterol, with a
very long half-life (6 months-5 years) and that the
disposal of cholesterol through the blood brain barrier
happens through its oxidation (11). Also in this case,
there is an evident relationship between cholesterol
and oxygen in maintaining cholesterol homeostasis.

Cholesterol and Linoleic Acid

Some research studies showed that there is a com-
mon characteristic in ischemic cardiovascular disease
and mood disorders: a reduction of linoleic acid in the
platelet membranes (12-16). This evidence, which sig-
nificantly influences the adjustment of the mobility of
the membrane, and that is mainly due to the charac-
teristics of the melting point of linoleic acid, leads to a
reflection on the relationship between linoleic acid and
cholesterol, since the latter is a decisive element in the
expression of membrane mobility.

Linoleic acid, given its greater molecular size
among all the other fatty acids, is the one that occupies,
within the membrane lipid bilayer, the greatest space,
and since the increasing number of cholesterol mol-
ecules within the membrane stabilizes the serotonin
receptors, the same could apply to the Linoleic Acid
when it decreases. Another, possible, hypothesis of the
cooperation between cholesterol and linoleic acid (17).
In this regard, we should remember that cholesterol
protects the linoleic acid from the membrane oxida-
tion. An example (18) is shown in the phosphatidyl-
choline fraction, since it is one of the richest in linoleic
acid among the various biological districts of the body.
Another interesting interaction between cholesterol
and linoleic acid regards the mechanism of activation
of endothelial cells triggered by linoleic acid (19). Also
in this case, the presence of adequate amounts of cho-
lesterol would have the ability to control the effects of
linoleic acid in endothelial cells through a mechanism
of protection from oxidative and pro inflammatory ef-
fects. It seems that this mechanism, which functions
through signaling pathways that cause the activation
of endothelial cells, is due to the amount of cholesterol.
A moderate increase of cholesterol, therefore, appears
to be beneficial.

The low concentration of linoleic acid recorded
in platelets and the deep involvement of these cells in
coronary heart disease (14,15) could mean, surpris-
ingly, not that the low concentration of linoleic acid
is an accidental marker of the phenomenon, but that
it could be rather a defense mechanism that the body
creates to reduce the phenomenon of activation of en-
dothelial cells by linoleic acid.

Recent papers show some interesting aspects of
the linoleic acid as a possible element of symmetry
breaking of the brain and of evolutionary interest: all
living beings have a very small (close to zero) brain
concentration of the linoleic acid (essential fatty acid)
during their whole life, from fetus to 80 years of age
(20,21).

Other interesting scientific peculiarities about li-
noleic acid involve hibernating animals, fasting reptiles
and the brain of different animal species and of the
human being (22,23).

It has been shown that if a hibernating animal
does not have a sufficient amount of linoleic acid in
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brown adipose tissue, at the end of the torpor it could
suffer a cardiac arrest. This is because of the effects that
the reduced concentration of the linoleic acid in cardio
myocytes has on calcium pumps of the endoplasmic
reticulum, promoting an accumulation of calcium in
the cytosol (24).

Recently, another relationship between linoleic
acid and cholesterol (HDL) has been shown (25)
about the strong link between the product of lipid per-
oxidation 4HNE (4-Hydroxynonenal), its potential
precursor, i.e. linoleic acid, and HDL cholesterol. It
seems that 4HNE increases proportionally to a reduc-
tion of HDL.

These observations tend to show that the organ-
ism has a specific need to maintain a balance between
cholesterol and membrane fatty acids where these two
elements are critical for the membrane mobility, the
Gs alpha protein, the cytoskeleton and the ion chan-
nels’ flow (26-29).

Conclusion

We need to reflect on the concept of homeostasis
and reinterpret the phenomenon “cholesterol” which,
in the collective imagery, is only seen as negative.

We need a re-reading of all the cholesterol func-
tions, which is not mainly epidemiological and ideo-
logical but that considers, more precisely, what should
be the real limits of the cholesterol level in blood and
in cell membrane. The level should be compatible with
the fulfillment of the cholesterol’s important functions
that are essential for the proper management of the

body balance, and therefore for our health (30).
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