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Blood samples were collected from 48 atopic eczema
patients and 33 normal subjects in Bristol, and from
434 normal individuals worldwide. In the plasma
phospholipids in the atopic eczema patients, the con-
centrations of linoleic acid and the ratio of linoleic
acid to its metabolites were significantly elevated as
compared with both sets of controls. In the atopic
eczema patients there were major abnormalities in
the red cell phospholipids with saturated and mono-
unsaturated fatty acids being significantly elevated
and the concentrations of most essential fatty acids
being significantly reduced. Patients with atopic ec-
zema thus show abnormalities related both to desat-
uration of essential fatty acids and to their incorpora-
tion into red cell membranes.
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Hansen (1) in the 1930s first reported that patients
with atopic eczema (AE) had low concentrations of
total essential fatty acids (EFAs) in the blood. He
later demonstrated that, in patients fed large
amounts of linoleic acid, blood linoleic acid concen-
trations were normal, whereas those of arachidonic
were reduced (2). It was subsequently shown that
dietary linoleic acid was converted to arachidonic
acid by the pathway shown in Fig. 1.

Over 40 years after the initial observations by
Hansen, the issue of EFAs in AE was reopened.
Adults with AE from Bristol were found to have
fatty acid levels very different from those in normal
Canadian controls (3.4). Linoleic acid levels were
somewhat above normal, while the levels of major
linoleic acid metabolites, especially arachidonic acid
were below normal. The concentrations of the main
dietary n-3 fatty acid alpha-linolenic acid were also
at the upper range of normal while the concentra-
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tions of its metabolites were below normal. These
observations raised the possibility that there might
be a deficit in 6-desaturation in AE leading to nor-
mal or above normal levels of the main dietary
EFAs, linoleic and alpha-linolenic acids, with below
normal levels of their metabolites.

A number of investigators have repeated these
measurements. Strannegard et al. (5) in children
with AE found similarly abnormal EFA levels which
were even further from the normal range than the
adults. Linoleic acid was highly significantly ele-
vated. Strannegard et al. also related umbilical cord
blood linoleic acid concentrations to IgE as a mea-
sure of risk of developing an atopic disorder. There
was a significant positive relationship between cord
blood linoleic acid and IgE concentrations, indicat-
ing that a fatty acid abnormality may be present
prior to the development of an overt skin disorder.
EFAs are found both in adipose tissue and in human
milk. Wright et al. (6,7) found that in mothers of
children with AE, linoleic acid concentrations were
normal or elevated in milk, while its metabolites
were reduced. Similar findings were obtained in the
adipose tissue of patients with atopic eczema.

Schalin-Kiirrilé et al. (8) compared 25 adults with
AE and 7 controls and could find no differences in
plasma EFA levels. However, the controls had EFA
concentrations which were different from those seen
in a much larger normal Finnish population (9).
When the AE patients are compared with this much
larger number of Finnish controls, then again the
eczema patients show above-normal linoleic acid
levels and subnormal levels of its metabolites. In the
USA. Bamford et al. found no difference in linoleic
acid metabolite concentrations between adults with
AE and normal controls. However, children with
AE did have subnormal levels of arachidonic acid
(10).

Thus, with some exceptions. the data point to the
concept that the main dietary EFAs are above nor-
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Table 1. The concentrations (mg/100 mg lipid) of fatty acids in the plasma phospholipid fraction of various

groups of individuals.

The results are shown as means + SD. The Canadian controls, the old eczema patients and the Bristol controls have been
previously reported (4,11) but are shown here for comparison purposes. Stastistical comparison of the new Bristol eczema
patients with the Bristol controls and the worldwide controls were made by Student’s t-test.

Canadian controls

Bristol controls World controls AE, Bristol, old AE, Bristol,
new

n-6 EFAs
18:2 21.5+2.8 26.8t3.4 25.7+4.1 24.5+3.4 30,844 3
18:3 0.2£0.1 T Tr Tr Tr
20:3 3.1+1.6 2.910.5 2.6+0.6 2.6%0.5 2.8+0.8
20:4 11.4+1.7 11.1£0.6 10.8+2.2 6.8+1.1 10.7£1.8
22:4 0.7+£0.3 0.340.1 0.3£0.2 0.440.2 0.3+0.2
22:5 1.1+£0.7 0.3+£0.2 0.2+0.2 0.1+0.1 0.2+0.4
18:2/metabolites 1.30 1.84 1.85 2.47 2.20%®
n-3 EFAs
18:3 0.3x0.5 0.2+0.2 0.2x0.3 0.4+0.2 0.3+0.2
20:5 1.0+0.4 1.6+0.8 1.4+1.1 0.84+0.6 1.4+0.6
22:5 0.94+0.3 1.1+0.3 1.0£+0.9 0.7£0.2 0.8+0.4
22:6 3.5+£0.9 4.3+1.0 4.5+1.7 2.4£0.6 3.5+1.9
Others
16:0 25.8+1.7 26.7+2.3 26.842.3 30.1+1.9 26.842.0
18:0 1.6+1.3 9.1£2.0 10.0x2.9 13.5+1.8 8.8+2.5
18:1 13.542. 12.1£1.3 13.7+3.2 14.1+1.3 11.1+1.4
n 50 33 434 41 48

“ significantly different from Bristol controls at p < 0.05 or les. " significantly different from worldwide controls at p <

0.05 or less.

mal or in the upper part of the normal range in
patients with AE, while their metabolites are below
normal. This raises the possibility that 6-desatura-
tion may in some way be impaired.

It i1s nearly a decade since interest in Hansen's
work was renewed. During this time, in response to
information about coronary heart disease risk, the
intake of linoleic acid has increased with no compa-
rable increase — and possibly even a reduction — in
saturated fats. High linoleic acid intakes might influ-
ence the concentrations of linoleic acid metabolites.
We therefore felt it appropriate to repeat the earlier
studies, comparing EFA concentrations in a new
series of AE patients from Bristol with those in
samples from Bristol controls (11) and also from a
much larger number of worldwide controls and those
from the original Bristol sample of eczema patients.
In addition we looked at the fatty acid levels in
phospholipids from red cell membranes.

PATIENTS AND METHODS

Blood samples were taken from 48 patients with AE, at-

tending the Dermatology Clinic at the Bristol Royal In-
firmary. All patients had been referred by their general
practitioners as having eczema of such a severity as to
require specialist attention. All had the clinical features of
typical atopic dermatitis, accompanied by a personal or
family history of atopic disorders. Blood samples were also
taken from 33 individuals in Bristol who, as far as could be
ascertained, were in normal health, who were not taking
recreational or therapeutic drugs and who had no personal
or family history of atopy (11). Finally blood samples were
taken from 434 normal individuals in 13 different European
populations (four in the USA, three in Britain, two in
Canada and one each in Denmark, Ireland, Norway and
Finland). Plasma samples were available from all individu-
als and red blood cell samples from 26 of the new AE
patients, from 32 of the Bristol controls and from 279 of the
normal individuals collected elsewhere.

All the samples were sent frozen by air from their place
of collection to the Efamol Research Institute in Kentville,
Nova Scotia, Canada. There they were analysed for their
fatty acid composition as previously described (12). In
brief, total lipids were extracted and the phospholipid class
was separated by thin-layer chromatography. The phos-
pholipid band was then scraped off the plates, trans-methy-
lated and the resulting fatty acid methyl esters analysed by
gas chromatography. The results of the Bristol controls
have been reported in another context (11) but are de-
scribed here for the first time in relation to atopic eczema.
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Table II. The concentrations (mg/100 mg lipid) of
fatty acids in the red cell phospholipid fraction of
various groups of individuals.

The results are shown as mean + SD. The groups are as in
Table I. Statistical comparisons of the new Bristol eczema

patients and the Bristol and worldwide controls were made
by Student’s r-test.

Bristol World AE, Bristol,
controls controls new
n-6 EFAs
18:2 15:2:463:2 14.7+3.0 12:9%3:285
20:3 1.7+0.5 1.6£0.5 1.3£0.7¢
20:4 17.9+4.2 15.4£4.0 10.5+4 .9
22:4 2.240.8 22+1.0 1.5%1.1
22:5 0.8+0.8 0.6+0.9 0.6+0.6
n-3 EFAs
18:3 0.2+0.5 0.1+0.2 0.2%0.2
20:5 1.4£0.5 1.2+0.9 0.6+0.5%
22:5 2.6+0.8 2.3+0.8 L1+1.0:0
22:6 6.3+1.5 6.2+2:3 2.0+1.8%
Others
16:0 22.0+4.0 22.9+3.8 31.4%£6.9%
18:0 11.1+2.5 12.842.9 13.9£3.1°
18:1 15.0+2.2 15.842.3 19.7+2 8%
Unsaturation
index 193.3 178.4 119.5
n=32 n=279 n=26

* significantly different from Bristol controls at p < 0.05
or less. " significantly different from worldwide controls
at p << .05 or less. The unsaturation index was
calculated by multiplying the concentration of cach fatty
acid by the number of double bonds it contains and
adding up the result.

RESULTS

The results of the analyses of plasma phospholipids
are shown in Table I. This compares the original
Bristol AE patients and Canadian controls studied 8
years ago, the new Bristol AE patients, the new
Bristol controls, and the much larger series of world-
wide controls.

As compared with the previous Bristol AE sam-
ple. the new sample shows significantly higher levels
of linoleic acid, arachidonic acid and eicosapentae-
noic acid and significantly lower levels of the sat-
urated fatty acid, stearic acid (18:0) and the mono-
unsaturate, oleic acid (18:1). These changes are
what might be expected if patients had started con-
suming a diet richer in polyunsaturated fat and with
a reduced saturated fat element.
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The only fatty acid in the new AE sample that was
significantly different from all the control samples
was linoleic acid, was markedly higher in the AE
patients. Arachidonic acid and docosahexaenoic
acid tended to be lower in the AE patients than in
both sets of new controls, but not significantly so.
The ratio of linoleic acid to its metabolites was sig-
nificantly greater in the AE patients than in both sets
of controls.

The analyses of red cell phospholipids in the new
AE patients and in the Bristol and worldwide con-
trols are shown in Table II. Red cell fatty acids were
not analysed in the earlier set of AE patients. The
differences between the patients and both sets of
controls are very large for some of the fatty acids.
The two main saturated fatty acids, palmitic and
stearic (16:0 and 18:0), and the mono-unsaturate,
oleic (18:1n-9), are all highly significantly elevated
(p < 0.001 or less) in the AE patients as compared
with both sets of controls. Linoleic acid (18:2n-6), in
contrast to the position in plasma is significantly
lower in the AE patients. Levels of dihomogammali-
nolenic acid (DGLA, 20:3n-6), adrenic acid
(22:4n—6) and especially arachidonic acid (20:4n—6),
eicosapentaenoic acid (EPA, 20:5n-3), docosapen-
taenoic acid (DPA, 22:5n-3) and docosahexaenoic
acid (22:6n-3) are all significantly reduced in the AE
patients as compared with both sets of controls.
Thus the AE patients show a general elevation in
saturates and mono-unsaturates and a general reduc-
tion in essential fatty acids, changes which would be
expected to be associated with increases in mem-
brane microviscosity and reduced cellular flexibility.

DISCUSSION

With regard to plasma phospholipids, the new set of
atopic eczema patients were less different from both
sets of normal controls than the original set. The
changes between the new and the previous set of AE
patients are consistent with increased consumption
of polyunsaturated fatty acids and a reduced con-
sumption of saturated fats. Linoleic acid levels, and
the ratio of linoleic acid to its metabolites were sig-
nificantly higher in the AE patients than in either set
of controls. This abnormality in the ratio of linoleic
acid to its metabolites is consistent with previous
observations in plasma, milk and adipose tissue
(3-7).

The explanation for the increased ratio of linoleic
acid to its metabolites is uncertain. One possibility is



n-6 EFAs n-3 EFAs
Linoleic 18:2n-6 18:3n-3 Alpha-linolenic
(LA) delta-6-desaturase (ALA)
Gamma-linolenic  18:3n-6 18:4n-3
(GLA)
Dihomogamma- 20:3n-6 20:4n-3

linolenic (DGLA)

lﬂelta-5- desaturasel

Arachidonic 20:4n-6 20:5n-3 Eicosapentaenoic
(AA) ¢ ¢ (EPA)
Adrenic 22:4n-6 22:5n-3
delta-4-desaturase
22:5n-6 22:6n-3  Docosahexaenoic
(DHA)
Fig. 1.

that in atopy there might be reduced 6-desaturation
activity as previously suggested (3, 4, 12, 13). If this
were s0, then by-passing the 6-desaturation step and
providing gamma-linolenic acid (GLA. Fig. 1) di-
rectly, should have a therapeutic effect. GLA in the
form of evening primrose oil (Epogam) does indeed
have clinical therapeutic actions in atopic eczema
(14). It has also been shown to produce smoothing of
the typical rough skin of AE patients as measured by
the objective technique of profilometry (15, 16).

The abnormalities in the AE patients in red cell
phospholipid fatty acids were much more servere
than those seen in the plasma. There was a general
reduction in the concentrations of almost all the
polyunsaturates and a general increase in concentra-
tions of saturates and mono-unsaturates. As a result
the unsaturation index of the membrane phospholi-
pids (Table I1) was dramatically reduced in the AE
patients as compared with both sets of controls. The
unsaturation index of membrane phospholipids is
very closely negatively correlated with the micro-
viscosity of the membrane (r = 0.98, 17). Thus al-
though microviscosity was not studied in this study,
it is to be expected that the microviscosity of the red
cell membrane will be substantially increased in pa-
tients with AE. This will make red cells less fluid and
less able to flow easily through capillaries, including
those of the skin.

The red cell abnormalities suggest that something
more is at fault in AE than a simple deficit of 6-
desaturation. The reductions in red cell EFA levels
were much more profound than the reductions in the
corresponding plasma phospholipids. In particular,
whereas linoleic acid levels were elevated in the
plasma, they were below normal in the red cell mem-
branes, suggesting defective incorporation of EFAs
into the membrane. As yet, very little is known
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about factors regulating membrane incorporation of
fatty acids.

These results extend the previous observations
and again indicate that fatty acid metabolism is ab-
normal in atopic eczema. More work is required to
define the precise nature of that abnormality.
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