Journal of Neurochemistry
Raven Press, New York
© 1984 International Society for Neurochemistry

Alterations in the Fatty Acid Composition of Rat Brain
Cells (Neurons, Astrocytes, and Oligodendrocytes) and of
Subcellular Fractions (Myelin and Synaptosomes) Induced

by a Diet Devoid of n-3 Fatty Acids

*J. M. Bourre, tG. Pascal, 1G. Durand, *M. Masson, *O. Dumont, and *M. Piciotti

*Unité de Neurotoxicologie, INSERM U. 26, Hépital Fernand Widal, Paris; and 1I.N.R.A.; CN.R.Z.,
Jouy-en-Josas, France

Abstract: Rats were fed through four generations with a
semisynthetic diet containing 1.0% sunflower oil (6.7 mg/
g n-6 fatty acids, 0.04 mg/g n-3 fatty acids). Ten days
before mating, half of the animals received a diet in which
sunflower was replaced by soya oil (6.6 mg/g n-6 fatty
acids, 0.8 mg/g n-3 fatty acids) and analyses were per-
formed on their pups. Fatty acid analysis in isolated cel-
lular and subcellular material from sunflower-fed animals
showed that the total amount of unsaturated fatty acids
was not reduced in any cellular or subcellular fraction
(except in 60-day-old rat neurons). All material from an-
imals fed with sunflower oil showed an important reduc-
tion in the docosahexaenoic acid content, compensated
(except in 60-day-old rat neurons) by an increase in the
n-6 fatty acids (mainly C22:5 n-6). When comparing 60-

day-old animals fed with soya oil or sunflower oil, the
n-3/n-6 fatty acid ratio was reduced 16-fold in oligoden-
drocytes, 12-fold in myelin, twofold in neurons, sixfold
in synaptosomes, and threefold in astrocytes. No trienes
were detected. Saturated and monounsaturated fatty
acids were hardly affected. This study provides data on
the fatty acid composition of isolated brain cells. Key
Words: Neurons— Astrocytes—Oligodendrocytes—
Myelin— Synaptosomes-—n-3 Fatty acids— Diet. Bourre
J. M. et al. Alterations in the fatty acid composition of
rat brain cells (neurons, astrocytes, and oligodendro-
cytes) and of subcellular fractions (myelin and synapto-
somes) induced by a diet devoid of n-3 fatty acids. J.
Neurochem. 43, 342-348 (1984).

Deficiency in essential fatty acids (EFA), initiated
before birth and continued until 1 year, induces ex-
tensive modifications in rat brain. For instance,
brain weight is decreased, total lipid and phospho-
lipid concentrations are diminished, and the fatty
acid composition of phospholipids, especially eth-
anolamine phosphoglyceride, a major phospholipid
in membranes, is considerably modified (White et
al., 1971). A number of other parameters are mod-
ified by EFA deficiency (McKenna and Campag-
noni, 1979; Samulski and Walker, 1982). EFA defi-
ciency induces alterations in the fatty acid compo-
sitions of various subcellular fractions (Paoletti and
Galli, 1971; Sun, 1972; Svennerholni;et al., 1972),
and intrauterine growth retardation due to malnu-

trition caused by vascular ligation induces modifi-
cation in the polyunsaturated fatty acid composi-
tions of neurons and oligodendrocytes; astrocytes
are affected to a much lower extent (Bourre et al.,
1981; Morand et al., 19815, 1982). Nevertheless it
is difficult to assess the specific roles of dietary lin-
oleic (18:2 n-6) and linolenic (18:3 n-3) acids, as
most studies were performed with a reduction of
both acids. Actually, the ratio of linoleic acid to
linolenic acid greatly affects the pattern of tissue
lipid distribution (Svennerholm et al., 1972) and an
increase of the linolenic acid level in the diet pro-

duces a decrease in n-6 fatty acids and an increase |

in n-3 fatty acids (Lamptey and Walker, 1976). Sim-
ilar observations were made when long-chain fatty
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TABLE 1. Diet composition

TABLE 2. Fatty acid composition of oils and diets

Sunflower oil diet Soya oil diet
Casein 225 225
DL-Methionine 1.6 1.6
Vitamins 10 10
Minerals 40 40
Cellulose , 20 20
Corn starch 464.4 461.9
Saccharose 229 229
Sunflower oil 10 —
Soya oil — 12.5

Values are expressed in g/kg. Vitamins are the ‘‘vitamin diet
fortification mixture’’ (United States Biochemical Corporation,
Cleveland, OH). Mineral mixture is CaHPO, + 2H,0 (38%);
K,HPO, (24%); CaCO; (18.1%); NaCl (7%); MgO (2%);
MgSO, - 7TH,0 (9%); FeSO, - TH,0 (0.7%); ZnSO, - H,0 (0.5%);
MnSO, - H,0 (0.5%); CuSO, * 5H,0 (0.1%); NaF (0.1%); K1
(0.08%); CoCO; (0.08%); Al,(SO,); K,S0, - 24H,0 (0.02%);
Na,Se0; - SH,0 (0.001%).

acids, instead of their precursors, were added to the
diet (Galli et al., 1971). On the other hand, when
the amount of EFA in the diet is changed the
amount of polyunsaturated fatty acid remains
nearly constant. Recent studies using two diets dif-
fering only in the level of 18:3 have determined the
respective effects of linolenic and linoleic acids in
the diet on rat brain phospholipids during devel-
opment (Nouvelot et al., 1983).

The specific role of 18:3 n-3 has hardly been ex-
amined. Deprivation of this fatty acid during preg-
nancy and during the life span of the progeny
caused learning impairment in the rat (Lamptey and
Walker, 1978) and biochemical abnormalities were
found even in the fetus (Samulski and Walker,
1982). Recently, it was proposed that the dominant
disease of modernized societies consisted of an n-3
essential fatty acid deficiency syndrome (Rudin,
1982). Since manipulation of maternal dietary fat
during gestation modifies the fatty acid profile in
the newborn and the learning capacity in the older
progeny, the aim of the present investigation was to
determine the changes occurring in brain cells and
major subcellular elements in rats fed a diet defi-
cient in 18:3 n-3 only, but having a normal intake of
18:2 n-6.

MATERIALS AND METHODS

Animals

Wistar rats were fed through four generations with a
semisynthetic diet containing only 1% lipid (sunflower
oil, poor in linolenic acid). Ten days before mating, one
group (half of the animals) was fed the same diet, and
another group was fed a diet in which sunflower oil was
replaced by 1.25% soya oil, rich in linolenic acid (Table
2). Taking into account the composition of the diet (Table
1) and the occurrence of minute amounts of lipids in the
protein source, the two diets contained 1.1% and 1.35%
lipids, respectively. The sunflower oil diet contained ap-
proximately 675 mg n-6 fatty acids and 4 mg n-3 fatty

Soya Sunflower
Fatty acid Oil ~ Diet Oil Diet
Cl14:0 tr 0.2 tr 0.2
C16:0 10.1 10.3 59 6.4
C17:0 0.1 0.1 tr 0.1
C18:0 3.8 3.8 4.9 5.0
C18:1 n-9 22.6 22.7 17.6 17.8
C18:2 n-6 55.4 54.7 70.0 68.2
C18:3 n-3 6.7 6.5 0.1 0.2
C20:0 0.4 0.4 0.3 0.4
C20:1 n-9 0.3 0.2 0.2 0.2
C22:0 0.4 0.4 0.8 1.0
C22:5n-3 tr 0.3 tr 0.2
C24:0 0.2 0.4 0.2 0.3

Values in percent of identified fatty acids. Each value is the
average of a duplicate analysis on three separate samples. Tr,
Trace amount.

acids/100 g; the soya oil diet contained 665 mg n-6 fatty
acids and 83 mg n-3 fatty acids/100 g. Since animals fed
either diet ate similar amounts of food, they ate the same
amount of n-6 fatty acids. Soya oil-fed rats received ap-
proximately 21 times more n-3 fatty acids than animals
that were fed sunflower oil. Both groups of rats received
similar amounts of n-6 fatty acids. Pregnancy was normal
in all animals, but delivery was difficult in animals fed
with sunflower oil; a number of pups and mothers died
(Francois et al., 1980). Three days after delivery the lit-
ters were adjusted to eight animals. After weaning, the
young rats received the same diet as their mothers. An-
imals were killed at 15 or 60 days. Three groups of four
animals were used for each cellular or subcellular prep-
aration.

Previous investigations (White et al., 1971) showed that
substitution of a control diet for the EFA-deficient diet,
after different periods of deficiency, induced an increase
in the content of polyunsaturated fatty acids in the brain.
Thus, when sunflower oil was replaced by soya oil 10
days before mating, the pups were considered as off-
spring of nondeficient animals.

Cellular and subcellular fractionation

Neurons, astrocytes (Norton and Poduslo, 1971), and
oligodendrocytes (Chao and Rumsby, 1977) were pre-
pared by sieving and sucrose gradient with minor modi-
fications (Morand et al., 1979). Purity of the cell prepa-
rations was assessed by morphological criteria after ex-
amination of the cells under a phase-contrast microscope
(Morand et al., 1979). Moreover, basic protein was mea-
sured by radioimmunoassay (Delasalle et al., 1980) and
glial fibrillary acid protein (GFA) was quantitated by the
use of a rocket electrophoresis technique (Jacque et al.,
1978).

Myelin was prepared (Norton and Poduslo, 1973) and
its purity was checked by electron microscopy (Baumann
et al., 1973), marker enzymes [2’,3'-cyclic nucleotides 3'-
phosphodiesterase; Bourre et al. (1982)], and protein
analysis (Bourre et al., 1978). Synaptosomes were pre-
pared (Hajos, 1975) by a slight modification of the Hajos
technique (Morand et al., 1982). Purity was checked by
electron microscopy and lipid analysis (Y. Maurin, un-
published results; Morand et al., 1982). Synaptosomes
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TABLE 3. Neuronal fatty acids

15-Day-old animais

60-Day-old animals

Fatty acids Soya Sunflower Soya Sunflower

C14:0 2.1 1.3 3.1 1.8
C16:0 28.8 26.2 24.3 31.5¢
C16:1 n-9 0.6 0.7 1.0 0.4
C16:1 n-7 1.1 0.9 1.2 0.8
C18:0 18.0 18.6 18.9 24.4¢
C18:1 n-9 12.8 12.9 15.5 15.2
C18:1 n-7 2.2 2.6 1.1 2.2
Ci8:2 n-6 3.1 2.5 5.9 2.14
C20:0 0.4 0.2 2.4 1.0
C20:1 n-9 0.4 0.5 1.0 0.6
C20:4 n-6 15.1 16.4 10.3 7.84
C22:0 0.2 0.3 tr 0.8
C22:1 n-9 0.5 0.5 tr 0.2
C22:4 n-6 2.1 2.7 1.0 1.8
C22:5 n-6 2.2 6.4¢ 2.2 4.7¢
C22:5n-3 2.2 2.2 1.8 1.5
C24:0 tr 0.5 1.0 0.8
C22:6 n-3 8.2 4.6° 8.3 2.4¢
C24:1 n-9 tr tr tr tr
n-3 + n-6 329 34.8 30.5 20.34
n-3/n-6 Ratio

This study 0.46 0.24 0.50 0.24

Morand et al. (1981a) 0.47 —_

Morand et al. (1982) 0.41 0.43

Cohen and Bernsohn (1973) — 0.46

Values are expressed as percent of identified fatty acids. (n-3) + (n-6): sum of linoleic
and linolenic series. Each value is the average of a duplicate analysis on three separate

samples. Tr, Trace amount.
ap < 0.0l

were submitted to an osmotic shock with distilled water.
Synaptosomal membranes were pelleted by centrifuga-
tion, lyophilized, and stored at —30°C.

Transmethylation and gas-liquid chromatography

Lipids were extracted by sonication in chloroform-
methanol, 2:1 vol/vol (Folch et al., 1957; Pollet et al.,
1978) and methylated (Morrison and Smith, 1964). Fatty
acid methylesters were separated by GLC on an open
tubular capillary column coated with FFAP (0.30 mm in
diameter, 45 m long), using a flame-ionization detector.
Identification of fatty acids was performed with commer-
cial standards by means of relative retention times. Areas
were calculated with an integrator 1ICAP 10 (LTT,
France).

RESULTS AND DISCUSSION

. Purity of preparation
The purities of cellular and subcellular prepara-
tions were published previously. In brief, the
neuron preparation was 93% pure, on the basis of
morphological criteria (Raine et al., 1971) that were
assessed under a phase-contrast microscope
(Morand et al., 1979). The remaining material con-
sisted of membrane fragments and some unidenti-
fied cells. Astrocytes were 88% pure (contamina-
tion was essentially due to clumps of astrocytes and

membrane fragments).
Oligodendrocytes were 84% pure (contamination
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consisted of some red blood cells; other unidenti-
fied cells possibly were small neurons and mem-
brane fragments). As determined by radioimmu-
noassay, the basic protein was not detected in neu-
rons and astrocytes, but only in oligodendrocytes.
GFA protein was present only in astrocytes, as de-
termined by rocket electrophoresis.

Synaptosomes were examined by electron mi-
croscopy. They were not contaminated by myelin.
Basic protein was absent. Myelin specific complex
lipids (cerebrosides and sulfatides) were not de-
tected. Moreover, this study shows that synapto-
somes were free of saturated and monounsaturated
very long chain fatty acids (for instance, lignoceric
and nervonic acids that are specific to myelin mem-
brane).

In electron microscopic appearance, the myelin
preparation compared favorably with that of other
reports (Baumann et al., 1973), and the number of
lamellae as well as the periodicity were normal. The
protein profile of myelin was in agreement with pre-
viously published gel electrophoreses (Bourre et
al., 1978) in its resolution of basic proteins, proteo-
lipid protein, and Wolfgram proteins. The activity
of the myelin-specific enzyme 2’,3’-cyclic nucleo-
tide 3'-phosphohydrolase was 2,110 and 309 pmol/
h/mg protein in myelin and homogenate respec-
tively, in agreement with many reports.
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TABLE 4. Synaptosomal fatty acids

15-Day-old animals

60-Day-old animals

Fatty acids Soya Sunflower Soya Sunflower

C14:0 1.0 1.8 0.7 0.4
C16:0 25.7 24.8 24.3 24.0
C16:1 n-9 1.4 1.7 tr tr
C16:1 n-7 1.7 2.4 1.8 1.5
C18:0 19.7 18.1 249 24.9
C18:1 n-9 13.4 12.9 16.2 15.2
C18:1 n-7 3.4 3.6 3.7 39
C18:2 n-6 1.6 2.1 0.5 0.5
C20:0 — — — —
C20:1 n-9 — — tr tr
C20:4 n-6 18.7 18.9 12.2 13.5
C22:0 — — — —
C22:1 n-9 — — — —
C22:4 n-6 2.6 3.0 2.3 2.9
C22:5 n-6 22 8.34 0.9 9.84
C22:5 n-3 — — — —
C24:0 — — —
C22:6 n-3 8.5 1.9¢ 12.5 3.4¢
C24:1 n-9 — — — —
n-3 + n-6 33.6 34.2 28.4 30.1
n-3/n-6 Ratio

This study 0.34 0.06 0.78 0.13

Morand et al. (1982) 0.59 — 0.83 —

Same remarks as in footnote to Table 3. Saturated, all saturated fatty acids; monounsat-
urated n-9, all monounsaturated fatty acids of the oleic acid series; monounsaturated n-7,
all monounsaturated fatty acids of the (n-7) series.

Neurons and synaptosomes

The most significant difference between neuronal
fatty acids obtained from animals fed soya oil or
sunflower oil was found in the polyunsaturated fatty
acids (Table 3).

In the brains of 60-day-old rats fed sunflower oil,
the total amount of unsaturated fatty acids was di-
minished by 33%, but was not reduced in the 15-
day-old animals. The dramatic reduction in 22:6 n-
3 fatty acid in the neurons of sunflower oil-fed rats
was not compensated by an increase in n-6 fatty
acids. Alteration was greater in 60-day-old animals
than in 15-day-old animals.

In agreement with our previous studies (Morand
et al., 1981b, 1982) the saturated/monounsaturated
fatty acids ratio in control animals (soya oil) de-
creased during development (3.5 and 2.5 in 15- and
60-day-old animals, respectively). The n-3/n-6 ratio
decreased in neurons of sunflower-fed rats by 50%
in both age groups (Table 3). Neurons from soya oil-
fed animals could be accepted as controls, since the
values obtained were similar to previously reported
results. Animals that were fed a standard commer-
cial diet and soya oil diet showed similar fatty acid
profiles.

In synaptosomes (Table 4), alterations were much
more important when compared with the neuronal
perikaryon. Although the total amount of polyun-
saturated fatty acid was not altered in synapto-

somes of sunflower oil-fed rats of both age groups,
the amount of 22:6 n-3 was drastically reduced. The
n-3/n-6 ratio decreased approximately sixfold in
both age groups. The reduction in n-3 fatty acids
was compensated by an increase in n-6 fatty acids.

Saturated and monounsaturated fatty acids were
not altered in synaptosomes of rats fed sunflower
oil. .
The finding of more important alterations in syn-
aptosomes than in neurons is at variance with re-
sults that we previously obtained in intrauterine
growth retardation (Morand et al., 1982). In the
neurons obtained following malnutrition induced by
vascular ligation, the alterations in polyunsaturated
fatty acids were important, but the alterations in
synaptosomes were less prominent. Thus the alter-
ations observed in intrauterine growth retardation
are unlikely to be related to a deficiency in essential
fatty acids only.

Oligodendrocytes and myelin

The total amount of polyunsaturated fatty acids
decreased in oligodendrocytes of sunflower oil-fed
rats by approximately 9% in 60-day-old animals;
22:6 n-3 fatty acid decreased drastically in oligo-
dendrocytes of sunflower oil-fed rats; 22:5 n-6 in-
creased (Table 5); and the n-3/n-6 ratio decreased
16-fold. Saturated and monounsaturated fatty acids
were not affected. The occurrence of saturated and
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TABLE 5. Fatty acid composition of oligodendrocytes

J. M. BOURRE ET AL.

60-Day-old animals

Fatty acids Soya Sunflower

C14:0 3.9 6.5
Cl16:0 17.8 20.1
C16:1 n-9 tr tr
Cl16:1 n-7 6.4 9.4
C18:0 18.4 16.6
C18:1 n-9 17.3 16.2
C18:1 n-7 5.6 4.5
C18:2 n-6 2.7 2.9
C20:0 1.0 0.8
C20:1 n-9 1.9 1.8
C20:4 n-6 9.3 7.4
C22:0 0.3 0.3
C22:1 n-9 2.4 2.2
C22:4 n-6 tr tr
C22:5 n-6 3.5 8.4¢
C22:5n-3 tr tr
C24:0 1.3 1.4
C22:6 n-3 5.1 0.1¢
C24:1 n-9 1.6 1.5
n-3 + n-6 20.6 18.8
n-3/n-6 Ratio

This study 0.33 0.02

Morand et al. (1981a) — —

Morand et al. (1982) 0.72 —

Cohen and Bernsohn (1973) 0.32 —

See footnote to Table 3.

monounsaturated very long chains probably reflects
their location in the plasma membrane together with
other components previously found in the plasma
membrane of oligodendrocytes (Poduslo, 1975). In
myelin, a membrane derived from oligodendro-
cytes, the changes were very similar, with a very
important decrease in 22:6 n-3 (Table 6). The levels
of saturated and monounsaturated fatty acids did
not change in myelin of sunflower oil-fed rats. The
saturated/monounsaturated fatty acid ratio might be
an index of development: it decreased with age (2.1
and 0.9 in 152 and 60-day-old animals, respectively),
in agreement with our previous studies (Morand et
al., 1982). In the myelin of 60-day-old rats fed sun-
flower oil, the n-3/n-6 fatty acid ratio was reduced
by a factor of 12.

Our results are in agreement with the very long-
chain saturated and monounsaturated fatty acid
concentrations calculated from Abe and Norton
(1979).

Astrocytes

The total amount of polyunsaturated fatty acids
was not affected in astrocytes of sunflower oil-fed
rats, regardless of age. However, the amount of
22:6 n-3 was reduced, and, conversely, the n-6 fatty
acids were increased (Table 7). The n-3/n-6 ratio
was more reduced in young animals than in old (six-
and threefold decrease, respectively). Saturated

TABLE 6. Fatty acid composition of myelin

15-Day-old animals

60-Day-old animals

Fatty acids Soya Sunflower Soya Sunflower

C14:0 1.2 1.6 0.3 0.4
C16:0 24.5 24.9 8.0 8.3
Ci16:1 n-9 1.6 1.8 tr tr
C16:1 n-7 0.6 1.1 0.8 0.7
C18:0 22.0 20.3 20.2 20.1
C18:1 n-9 14.5 12.2 35.7 31.9
C18:1 n-7 3.0 3.1 4.3 4.1
C18:2 n-6 0.8 0.8 0.4 0.3
C20:0 0.8 0.9 2.3 2.6
C20:1 n-9 1.5 1.7 0.8 0.9
C20:4 n-6 11.6 12.0 8.6 8.8
C22:0 1.0 0.7 2.1 2.3
C22:1 n-9 1.1 2.3 0.4 0.5
C22:4 n-6 3.6 3.5 2.6 3.5
C22:5 n-6 2.2 7.67 0.2 2.4¢4
C22:5n-3 — — — —
C24:0 2.1 0.9 6.0 6.5
C22:6 n-3 5.8 2.39 1.4 0.2¢
C24:1 n-9 2.1 2.3 6.2 6.8
n-3 + n-6; 24.0 26.2 13.2 15.2
n-3/n-6 Ratio

This study 0.32 0.09 0.12 0.01

Morand et al. (1981a) 0.41 — — —

Morand et al. (1982) — — 0.11 —_

Cohen and Bernsohn (1973) — — 0.1 —

See footnote to Table 4.
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TABLE 7. Fatty acid composition of astrocytes

15-Day-old animals

60-Day-old animals

Fatty acids Soya Sunflower Soya Sunflower

C14:0 1.4 1.5 0.9 2.3
Cl16:0 31.6 32.0 29.5 33.0
C16:1 n-9 0.4 0.5 tr tr
Cl16:1 n-7 0.6 0.5 0.3 0.2
C18:0 18.6 17.8 23.8 21.0
C18:1 n-9 12.2 13.2 12.5 9.7
C18:1 n-7 1.9 2.2 1.5 1.0
Cl18:2 n-6 1.4 1.1 1.2 3.8
C20:0 0.3 0.3 0.5 1.7.
C20:1 n-9 3.4 1.14 0.9 0.5
C20:4 n-6 10.1 13.5 10.3 8.3
C22:0 0.3 0.4 0.1 1.2¢
C22:1 n-9 0.4 0.5 tr 0.3
C22:4 n-6 2.4 2.7 2.7 2.1
C22:5 n-6 2.7 9.49 2.5 8.6
C22:5 n-3 1.3 tr 0.7 tr
C24:0 0.4 0.2 0.5 0.6
C22:6 n-3 10.6 3.1¢ 12.1 5.7¢
C24:1 n-9 tr tr tr tr
n-3 + n-6 28.5 29.8 29.5 28.5
n-3/n-6 Ratio

This study 0.72 0.12 0.76 0.25

Morand et al. (1981a) 0.75 — 0.67 —

Morand et al. (1982) 1.0 — — —

Cohen and Bernsohn (1973) — —_ 0.57 —

See footnote to Table 3.

and monounsaturated fatty acids were not different
in neurons from animals fed either type of diet. The
saturated/monounsaturated fatty acid ratio in-
creased during development, in contrast with our
previous findings (Morand et al., 1982).

In conclusion, the sunflower oil diet triggered
dramatic alterations in the polyunsaturated fatty
acid composition of brain cells. Oligodendrocytes
were affected more than neurons and astrocytes.
The important decrease in 22:6 n-3 fatty acid was
largely counterbalanced by an increase in the 22:5
n-6 fatty acid except in neurons. It was expected
that 20:4 n-6 would not be dramatically affected by
either diet. Myelin and synaptosomes were affected
via their precursors (oligodendrocytes and neurons,
respectively).

EFA deficiency leads to a rise in the n-9 triene
levels, resulting in an increase of the triene/tetraene
ratio (Paoletti and Galli, 1972); we did not detect
this effect in rats fed sunflower oil, as a normal
amount of n-6 fatty acids in the diet probably pro-
vides sufficient unsaturated fatty acids to maintain
the unsaturation index in the phospholipids.

The values obtained with animals fed soya oil can
be considered as controls and they compare favor-
ably with our previous studies. However, there are
some differences, mainly in the levels of saturated
and unsaturated fatty acids. These discrepancies
might reflect differences in the diets, since these
fatty acids originate from synthesis in the brain and

blood stream, and from the diet (Dhopeshwarkar
and Mead, 1973, Sinclair, 1975; Bourre, 1980).

Our results raise the question of the functional
significance of the alterations in the fatty acid pat-
tern in brain cells and subfractions induced by di-
etary deficiencies in n-3 fatty acids.
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