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Compensatory changes in the lipid composition of the erythrocyte
membrane

Circulating lipoproteins can influence
the lipid composition of erythrocyte
membranes and consequently mem-
brane function. Owen and co-workers
described this phenomenon in a recent
TIBS article! and also speculated
that erythrocytes are able to com-
pensate for changes in lipid composition
and membrane function. We would like
to present experimental evidence which
supports the speculations of Owen ef al.

Table I. Lipid composition of erythrocytes from rabbits

observed that an increased intake of
cholesterol as the only dietary variable
increased the C:PL ratio of erythro-
cytes. Table I shows that this effect was
associated with a decrease and increase in
the relative percentage of stearic acid
(18:0) and linoleic acid (18:2) in
erythrocyte phospholipids. In another

trial*, healthy human subjects added

15 ml of cod-liver oil to their daily diet.
It was found that a marked increase in

C:PL ratio PL fatty acids (mol %)

18:0 182
Controls (n=7) 121 £ 016 265 + 2.0 55 + 44
Cholesterol-fed (n=6) 140 £ 005 237 = 21 91 + 34

Rabbits were fed diets with (0.2%, wiw) or no cholesterol for 43 days®.

Table 1. Mean lipid composition of erythrocytes from patients with LCAT deficiency

C:PL SM:PC PL fatty acids (mol %)
ratio ratio 182 204
Healthy subjects’ 0.82 0.75 103 183
Hereditary LCAT deficiency® 0.91 0.26 15.7 135
Secondary LCAT deficiency® 1.05 0.54 104 14.4

The lipid fluidity of the erythrocyte
membrane affects several functional
properties of the membrane such as
flexibility, receptor activity and oxygen
transport>.  Determinants of lipid
fluidity are the fatty acid composition of
the lipids, the nature and ratios of the
phospholipid classes and the choles-
terol:phospholipid (C:PL) ratio. An
increase in the degree of unsaturation of
phospholipid (PL) fatty acids increases
the lipid fluidity, whereas an increase in
the sphingomyelin:phosphatidyl choline
(SM:PC) ratio and in the C:PL ratio
decreases the membrane lipid fluidity?.
Several observations support the possi-
bility that compensatory changes control-
ling homeostasis of the lipid fluidity can
occur.

In an experiment® with rabbits we

the polyunsaturated -3 fatty acid,
eicosapentaenoic acid (20:5), was
accompanied by a significant decrease in
the polyunsaturated -6 fatty acid,
linoleic acid (18:2), in erythrocyte
phosphatidylcholine. No change in the
C:PL ratio of erythrocytes was observed.
These experiments suggest that induc-
tion of a change in the lipid composition
which tends to alter fluidity of the ery-
throcyte membrane is counteracted by a
change with an opposite effect on
fluidity.

Table II shows that in patients with
hereditary plasma lecithin—cholesterol
acyl transferase (LCAT) deficiency
there is an increase in the erythrocyte
C:PL ratio and a decrease in the pro-
portion of arachidonic acid (20:4) in
PL>. These changes in lipid composition
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are counteracted by changes which
increase lipid fluidity, namely a de-
creased SM:PC ratio and an increased
proportion of linoleic acid in phospho-
lipids (Table II). In patients with LCAT
deficiency secondary to liver disease,
the increased erythrocyte C:PL ratio
and decreased content of 20:4 fatty acid
in phospholipids are associated with a
lowered SM:PC ratio, but the percen-
tage of 18:2 fatty acid in phospholipids is
not increased. Possibly liver disease res-
tricts the ability of erythrocytes to
compensate for changes in their lipid
composition (see Ref. 1).

There is no doubt that the lipid
fluidity of cell membranes can be
altered by diet’ and by LCAT defic-
iency>S. We have presented evidence
however, that compensatory mech-
anisms are present to minimize changes
in erythrocyte membrane fluidity and
(probably as a result of this effect) to
stabilize membrane function.
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