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Abstract: Rats were fed a semisynthetic diet containing
either sunflower oil or soya oil. Half the litter fed with
sunflower oil diet was changed to a soya oil diet when
the pups were 15 days old (during active myelination).
Fatty acid analysis was then performed on subcelilular
fractions of the animals fed (a) soya oil, (b) sunflower oil,
and (c) soya oil replacing sunflower oil from the 15th day,
to determine the speed of the recovery. All material from
animals fed sunflower oil showed an important reduction
in docosahexaenoic acid (22:6 n-3), compensated by an
increase in docosapentaenoic acid (22:5 n-6), whereas ar-
achidonic acid (20:4 n-6) was not affected. In all fractions
examined, when sunflower oil was replaced by soya oil

in 15-day-old pups the recovery started from the very first
day but lasted more than 2 months (this recovery was
determined by the increase of 22:6 n-3 up to the normal
value and decrease of the 22:5 n-6). In addition a delay
was found for myelin recovery, starting only from the 25th
day. Key Words: Mitochondria— Microsomes—
Myelin—Synaptosomes—n-3 Fatty acids— Diet—Poly-
unsaturated fatty acids. Youyou A. et al. Recovery of
altered fatty acid composition induced by a diet devoid
of n-3 fatty acids in myelin, synaptosomes, mitochondria,
and microsomes of developing rat brain. J. Neurochem.
46, 224-228 (1986).

Polyunsaturated fatty acids are essential in the
mammal, and thus are derived from the diet
(Holman, 1968). Accumulation of arachidonic acid
(20:4 n-6) and cervonic acid (22:6 n-3) is important
in the growing brain (Sun, 1972; Alling et al., 1974;
McKenna and Campagnogni, 1979; Samulski and
Walker, 1982; Marilla et al., 1982) and essential fatty
acid requirements during pregnancy and lactation
are very important as far as brain development is
concerned (Crawford et al., 1981). Alteration in the
linoleic (n-6) or linolenic (n-3) series in the diet can
trigger dramatic alterations in brain (Menon and
Dhopeshwarkar, 1981). These alterations are some-
times paralleled with changes in physical properties
of membranes, alteration in activities of enzymes,
receptors, carrier-mediated transport, and even al-
terations in cellular interactions (for a review see
Stubbs and Smith, 1984). Th& ratio of linoleic acid
to linolenic acid greatly affects the pattern of tissue
lipids (Svennerholm et al., 1972). Reduced amount
of linolenic acid in the diet triggered a dramatic de-
crease of n-3 fatty acids, mainly 22:6 n-3, compen-

sated by an increase in 22:5 n-6 in phosphatidyleth-
anolamines (Nouvelot et al., 1983a,b); in a com-
parison of 60-day-old animals fed soya oil or sun-
flower oil, the n-3/n-6 fatty acid ratio was reduced
by 16-fold in oligodendrocytes and 12-fold in
myelin, two-fold in neurons, and six-fold in synap-
tosomes, and three-fold in astrocytes (Bourre et al.,
1984). Recently, an n-3 essential fatty acid defi-
ciency syndrome was proposed as a dominant dis-
ease of modernized societies (Rudin, 1982) and a
specific n-3 deficiency was described in humans
(Holman et al., 1982).

MATERIALS AND METHODS

Rats were fed a semisynthetic diet containing either
sunflower oil (poor in linolenic acid) or soya oil (rich in
linolenic acid) as previously described (Bourre et al.,
1984) with slight modifications: soya and sunflower oils
were used at 1.87% and 1.5% respectively. Three days
after delivery, the litters were adjusted to 10 animals. At
15 days, half the animals fed sunflower oil were fed soya
oil from then on. In these animals, the n-3-deficient diet
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was thus substituted by an n-3 normal diet. After weaning
(21 days), the young rats received the same diet as their
mother. Three groups of four rats were used for each
subcellular preparation.

Myelin was prepared according to Norton and Poduslo
(1973). synaptosomes according to Hajos (1975) with
slight modifications (Morand et al., 1982), microsomes
according to Eichberg et al. (1964) with slight modifica-
tions (Pollet et al., 1973), and mitochondria according to
Eichberg et al. (1964) with slight modifications (Patur-
neau-Jouas et al., 1976). The purity of the fractions as
determined by electron microscopy. marker enzymes, ra-
dioimmunoassay of specific proteins, rocket electropho-
resis, electrophoresis, and lipid analysis has been pub-
lished in our preceding papers (Bourre et al., 1973, 1984;
Paturneau-Jouas et al., 1976).

Lipids were extracted by sonication in chloroform/
methanol 2:1 (vol/vol) (Folch et al., 1957; Pollet et al.,
1978) and transmethylated (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).

RESULTS

Myelin

Myelin from sunflower oil-fed rats presented a
dramatic reduction in 22:6 n-3 (25% and 34% of the
control in 15- and 60-day-old animals); this reduc-
tion was compensated by an increase in 22:5 n-6
(380% and 800% in 15- and 60-day-old animals).
When sunflower oil was replaced by soya oil in the
diet of 15-day-old pups, the recovery started only
when the animals were 25 days old and reached the
control value at the 90th day. The recovery in 22:6
n-3 occurred exclusively between the 21st and 28th
days; after 28 days, the level of 22:6 n-3 was con-
stant. However on the 28th day, the amount of 22:6
n-3 was only 50% of the control (soya oil-fed ani-
mals). The total recovery obtained at 90 days was
not due to an increase of 22:6 n-3 in experimental
animals but to a normal and physiological decrease
in control (soya oil-fed) animals. Thus recovery was
passive, in contrast with microsomes and synapto-
somes (see below). Thus, although animals were
actively myelinating between the 15th and 30th
days, this newly formed myelin is still poor in n-3
fatty acids, confirming that there is a delay between
lipid synthesis and myelin assembly.

The decrease in 22:5 n-6 was delayed to the 21st
day and was rapid from then on until the 35th day.
It took 2.5 months to reach the control value. Thus
in myelin developmental evolutions of 22:6 n-3 and
22:5 n-6 were not symmetrical.

Synaptosomes ;

The amount of 22:6 n-3 was drastically reduced
(34% and 30% of the control in 15-and 60-day-old
animals) in sunflower oil-fed rats. The reduction in
n-3 fatty acids was compensated for by an increase
in n-6 fatty acids, mainly 22:5 n-6 (480 and 600% of
the control in 15- and 60-day-old animals).

In agreement with previous studies (Bourre et al.,
1984; Morand et al., 1982), the polyunsaturated
fatty acid content varied between 15 days and adult:
22:6 n-3 increased and arachidonic acid decreased.
When sunflower oil was replaced by soya oil in the
diet of 15-day-old pups, the recovery started rapidly
after changing the diet (increasing amount of 22:6
n-3 and decreasing amount of 22:5 n-6) but it took
2!/2 months to reach the normal value. Such a delay
was unexpected, as synaptosomes are supposed to
have a high metabolic activity, thus a rapid turnover
of membrane components. Moreover the recovery
was an active process as in soya oil-fed animals the
relative amount of 22:6 n-3 increased during devel-
opment, in contrast with myelin.

Microsomes

The amount of 22:6 n-3 was reduced (17% and
27% of the controls in 15- and 60-day-old animals,
respectively) and conversely 22:5 n-6 was increased
(440% and 800% at the 15th and 60th days, respec-
tively). The ratio n-3/n-6 was reduced seven- and
fivefold at the 15th and 60th days. When sunflower
oil was replaced by soya oil in the diet of 15-day-
old animals, the recovery started from the very first
day, but it took more than 2 months for 22:6 n-3 to
reach the control value. As for synaptosomes, the
process was active, as the amount of 22:6 n-3 in-
creased during development in control animals
(soya oil-fed). The decrease in 22:5 n-6 was delayed
up to the 21st day. After the change in the diet, there
is a difference between 22:6 n-3 which increases
immediately, and 22:5 n-6, which decreases after 5
days.

Mitochondria

As for the other subcellular fractions, the most
significant difference between mitochondrial fatty
acids obtained from animals fed soya oil or sun-
flower oil was found in the polyunsaturated fatty
acids. 22:6 n-3 was reduced (approximately 26% of
the control at any age) and 22:5 n-6 was increased
(420% and 950% of the control in 15- and 60-day-
old animals). The ratio n-3/n-6 was reduced approx-
imately by sixfold in mitochondria from sunflower
oil-fed rats. When sunflower oil was replaced by
soya oil in the diet of 15-day-old pups, the recovery
started from the very first day of changing the diet
(increasing amount of 22:6 n-3 and decreasing
amount of 22:5 n-6), but for mitochondria it took
more than 2 months to reach the control value. As
for microsomes, 22:6 n-3 increased immediately
after changing the diet but the decrease in 22:5 n-6
was delayed for a few days.

DISCUSSION

When the diet is deficient in n-3 fatty acid (sun-
flower oil) phospholipids (Nouvelot et al., 1983
a,b), brain cells (Bourre et al., 1984) and brain sub-
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FIG. 1. Levels of 22:6 n-3 and 22:5 n-6 in myelin, synaptosomes, microsomes, and mitochondria ot sunflower oil (@), soya oil
(W) fed rats, and soya oil replacing sunflower oil from 15-day-old rats (O). See Results for details.
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cellular fractions (Bourre et al., 1984 and this study
for microsomes and mitochondria) contained very
reduced amounts of cervonic acid (22:6 n-3) and
increased amounts of 22:5 n-6. Adrenic 22:4 n-6 and
arachidonic 20:4 n-6 were poorly affected. Similar
results have been obtained with animals that were
maintained on a fat-free diet supplemented with lin-
oleic acid (Trapp and Bernsohn, 1977).

As arachidonic content and the total percent of
polyunsaturated fatty acid are not altered in lino-
lenic acid deficiency, it could be suggested that
phospholipids are normally esterified with arachi-
donic acid, and that only 22:6 n-3 acid was replaced
by 22:5 n-6. Moreover fatty acid changes in dif-
ferent phospholipids could be different as it is ex-
pected that polyunsaturated fatty acids in different
types of phospholipids may exhibit different rates
of metabolism (Sun et al., 1975).

The finding that the speed of recovery was very
slow, whatever the subcellular fraction, was unex-
pected. For myelin, synaptosomes, microsomes,
and mitochondria, it took more than 2.5 months to
obtain the normal content of 22:6 n-3. As it is gen-
erally accepted that myelin has a very slow turnover
and that other subfractions have a much faster turn-
over these results could mean that there are phos-
pholipids in membranes of all subcellular fractions
that contain 22:6 and that exhibit a very slow turn-
over. Another explanation could be that the limiting
factor is the transfer of 22:6 through the blood-
brain barrier, the amount that is transported during
recovery being insufficient. Uptake and transport
of linolenic (Dhopeshwarkar and Mead, 1973;
Cohen and Bernsohn, 1973) and docosahexaenoic
{Sinclair, 1975) acids through the blood-brain bar-
rier system have been demonstrated. Cultures of
brain cells in chemically defined media have sug-
gested that brain uses 22:6 preferably to its pre-
cursor linolenic acid (Bourre et al., 1983). A third
explanation could be that the rate-limiting factor is
the in situ synthesis of n-3 fatty acids fom linolenic
acid, due to low desaturase activities.
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