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A detailed study of the fatty acid composition of each of the lipids present in plasma and
red blood cells of 62 healthy subjects of our area (Barcelona and surrounding counties), by
coupling thin-layer and gas chromatography techniques has been made. The results are pre
sented as normative data for comparison with those found in pathological situations. No sig
nificant sex differences were found. With increasing age, there was a tendency for the pro
portion of linoleic acid to decrease. Correlation analyses between the fatty acid composition
of different lipids suggested that the interchange of fatty acids between plasma and cells mainly
affects the phosphatidylcholine of the latter.

Key words: Fatty acids, Plasma, Red blood cells, Thin-layer chromatography, Gas
chromatography.

Polyunsaturated fatty acids (FA) are
important constituents of the plasma and
membrane lipids. Alterations in their lev
els have been directly related to several
pathologic conditions (6, 8) and suggested
as risk factors in cardiovascular disease (3,
11, 13). In spite of this, there are only a
few studies dealing with the FA compo
sition of plasma and cell lipids in large
groups of normal individuals on a free diet
(2, 9, 14).
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** Departamento de Ciencias Fisiologicas, Uni
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As the first part of a project to inves
tigate the FA abnormalities in different
diseases, we have worked out an appro
priate methodology by using thin-layer
and gas chromatography techniques, and
analyzed in detail each of the plasma and
red blood cell (RBC) lipids of 62 healthy
subjects from our area, including the city
of Barcelona and surrounding counties.

Materials and Methods

Thirty male and 32 female subjects were
included in the study. The mean age of the
group was 38.2 years, ranging from 17 to
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59 years. They were all in good health,
followed a regular free-diet including veg
etable oils, had a low or no intake of al
cohol, and denied taking any drug. In all
cases, the plasma lipid profile (cholesterol,
HDL-cholesterol and triglycerides) was in
the normal range.

Venous blood was collected from an an-
tecubital vein, in the morning, after an
overnight fast. Blood was anticoagulated
with EDTA, and centrifuged at 1500 g for
30 min, within an interval of 2 hours. The
plasma was separated off and the RBC
washed three times with a double volume
of isotonic saline solution. Lipids were ex
tracted with 2-propanol (1:5 v/v) (7). One
ml of the sample was added slowly to 4 ml
of the solvent, then shaken during 30 min
and centrifuged at 1500 g for 15 min. This
procedure gave a similar yield of extrac
tion when compared with the more pop
ular chloroform-methanol method (5) in
the same samples. The extracted solutions
were kept in glass vials, after blowing N2,
at-20° C.

The lipid fractions were separated by
thin-layer chromatography on silica gel
Woelm plates (22). Extracts of plasma (0.5
ml) and of RBC (1 ml) were applied in a
narrow line 1 cm from the bottom of the
plate, and developed three times on the
same dimension. Plasma samples were de
veloped twice with a solvent mixture of
n-hexane/ 1,2-dichloroethane / methanol/
formic acid (16:14:8:1 v/v/v/v) up to 12
cm from the origin, and a third time with
1,2-dichloroethane up to 18 cm. For RBC
samples, the second system was a mix
ture of ethyl acetate/2-propanol/water
(30:21:9 v/v/v), up to 14 cm. The sepa
rated lipid classes were made visible by
spraying with dichlorofluorescein and
viewed under UV light at 366 nm. Their
identification was made by comparison
with pure lipids (Sigma) separated in par
allel on the same plate.

The distinct bands were scraped off, the
lipids converted to methyl esters of FA by
boiling in 2 ml of 14 % boron trifluoride/ 

methanol (15), and then extracted with
n-pentane (5 ml) and an isotonic ClNa so
lution (2 ml) by vigorous shaking. The
upper phase was evaporated under a N2
stream and redissolved in CS2 (50 pl). All
the solvents used were of HPLC grade.
The resulting FA methyl esters were sep
arated and measured using a Hewlett-
Packard 5830A gas chromatograph with a
2 mm x 3 m glass column packed with
15 % Silar C on Chromosorb P-AW 100-
120 mesh. The carrier gas was N2 at a flow
of 20 ml/min. Oven temperature was pro
grammed to rise from 180° to 200°C at
0.5°C/min and then maintained isother
mal for 50 min. The flame ionization de
tector was supplied with H2 at a flow of
42 ml/min and synthetic air at 300 ml/
min. Injector and detector temperature
was 250°C. Retention times and peak
areas were computed by a Hewlett-Pack
ard 18850CA terminal. The different FA
methyl esters were identified by compar
ison with standard mixtures (Applied Sci
ence Co., Nu-Chek Prep Inc.). The pro
file of one of these mixtures is shown in
figure 1. The analysis grade, obtained
from comparison between the known
composition of a standard mixture and the
percentage composition found, was
98.2 %. Statistical analysis included anal
ysis of variance and Pearson correlation
tests.

Results
The FA composition of eight lipid frac

tions of the plasma and seven of the RBC
are shown in tables I and II, respectively.

There were no significant differences
between male and female subjects, so that
both sexes are grouped together. On the
other hand, some changes were found in
relation to age; the most consistent was a
significant tendency for the proportion of
linoleic acid in the phosphatidylcholine,
triglycerides and cholesteryl esters of the
plasma, and in the phosphaditylcholine,
phosphatidylserine and phosphatidyl-
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— 40.67 - 22:0
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44.23 - 22:1c

Fig. 1. Gas chromatographic analysis of a mixture of pure fatty acid methyl esters.

ethanolamine of the RBC to decrease with
increasing age.

The correlation analyses between the
FA composition of the plasma and of the
RBC lipids are shown briefly in Table III.
The main significant trends related the
oleic and linoleic acids of phosphatidy
lcholine, triglycerides and cholesteryl es
ters of the plasma with the same FA of the
phosphatidylcholine of the RBC. Few sig
nificant correlations were observed be
tween the FA of the plasma lipids and
those of the other RBC lipids.

Discussion

The major purpose of this study was to
establish control values for our population 

against which to compare FA profiles in
different pathological circumstances. The
combination of thin-layer and gas chro
matographic techniques of high resolution
has allowed us to perform a detailed anal
ysis of the FA composition of each of the
lipid fractions present in plasma and RBC
from a healthy population in our area. The
original development systems described
allow a clear separation by unidimensional
thin-layer chromatography of all the Epid
classes present in biological samples, and
in sufficient amounts for preparative anal
ysis (22). Frequently the FA composition
is studied in a total, unfractionated sample
or only from the major lipid classes,
which does not give information on some
minor components, particularly some
phospholipids, that may play an impor-
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Table III. Relationship between the fatty acids of
the phosphatidylcholine of the RBC and the fatty

acids of the plasma lipids.
All the correlation coefficients shown are statistically

significant at a p<0.005 level.

Plasma
RBC Phosphatidylcholine

18:1 18:2 20:3

Phosphatidylcholine
18:1 0.61 -0.41
18:2 -0.40 0.56
20:3 0.56

Triglycerides
16:1 -0.34
18:1 0.66 -0.43
18:2 -0.52 0.59

Cholesteryl esters
16:1 0.35 -0.43 0.34
18:1 0.65 -0.49
18:2 -0.53 -0.49

tant physiopathological role in certain dis
eases.

The percentage FA composition of
most lipids analyzed is in good agreement
with results from other investigators for
the plasma (9, 14, 17, 18) and the RBC (4,
10, 16). Differences are substantial for
some of the phospholipids present in low
amounts in the samples. This is probably
due to methodological differences. In
complete separation by thin-layer chro
matography, and an especial interest in the
analyses and identification of some partic
ular FA, as those of long chain, may con
tribute to the disagreements. In most in
stances, however, the differences between
studies may be attributed to the charac
teristics of the population. Sex is not an
important source of variation (9, 14) ex
cept during childhood (20, 21). In adults,
the lipid FA composition changes slightly
in relation to age; this is mainly shown by
a progressive decrease of linoleic acid and
an increase of oleic and arachidonic acids
with increasing age (9). However, the
most important factor contributing to var
iation is the composition of the diet (2,
17). The type of FA in the diet influences 

the FA profile of the plasma lipids, par
ticularly of the triglycerides (1, 23) and,
over a longer term, the cell membrane lip
ids (12, 16). The relatively high consump
tion of polyunsaturated lipids from vege
table oifs and low intake from fish sources
in our country has to be taken into ac
count.

The FA status has been analyzed much
more frequently in plasma or serum, than
in cell or tissue samples. The RBC con
stitute a convenient element because they
are easily available and relatively stable
due to their low metabolic activity (16).
The RBC lipids are modified mainly by
interchange with the plasma lipoproteins.
Changes are substantial for phosphatidyl
choline and low for sphingomyelin and
acidic phospholipids (19), as shown indi
rectly by the correlations of FA in plasma
and RBC (Table III). The usefulness of
cell membrane analysis is that variations in
the phospholipids and in their FA pro-

Sortions affect membrane function and
uidity (19), factors related to the risk of

thrombosis and vascular disease.
The results reported are useful for com

parison with data from patients with dif
ferent diseases from our environment.
However, because of the changes in com
position of the diet, the study of a control
group is always recommended for a reli
able comparison in other geographical
areas.

Resumen

Se estudia, mediante tecnicas de cromatografia en
capa fina y en fase gaseosa, la composicion en acidos
grasos de cada uno de los lipidos presentes en el plas
ma y en los hematies de 62 sujetos sanos de nuestra
area (Barcelona y comarcas colindantes). Los resul-
tados aportan los valores correspondientes a una
poblacion normal y permiten la comparacion con los
dates obtenidos en diversas situaciones patologicas.
En los analisis efectuados no se observaron diferen-
cias significativas entre sexos. Con el aumento de
edad se registra una tendencia a disminuir la pro-
porcion de acido linoleico. Las correlaciones entre la 
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composition cn acidos grasos de los diversos lipidos
sugiercn quc cl intercambio entrc plasma y cclulas
afecta principalmcnte a la fosfatidilcolina de estas ul
timas.

Palabras clave: Acidos grasos, Plasma, Eritrocitos,
Cromatografia cn capa fina, Cromatografia en fase

gaseosa.
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