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ABSTRACT. The brain is the organ with the second greatest concentration of lipids; they are directly involved
in the functioning of membranes. Brain development is genetically programmed; it Is therefore necessary to
ensure that nerve cells receive an adequate supply of lipids during their differentiation and multiplication,
Indeed the effects of polyunsaturated fatty acid (PUFA) deficiency have been extensively studied; prolonged
deficiency feads to death in animals. Linoleic acid (LA) is now universally recognized to be an essential nutri-
ent. On the other hand, alpha-linolenic acid (ALNA) was considered non-essential until recently, and its role
needs further studies.

In our experiments, feeding animals with oils that have a low alpha-linolenic content results in all brain cells
and organelles and various organs in reduced amounts of 22:6(n-3), compensated by an increase In 22:5(n-6).
The speed of recuperation from these anomalies is extremely slow for brain cells, organelles and microvessels,
in contrast with other organs. A decrease in alpha-linolenic series acids in the membranes results in a 40%
reduction in the Na-K-ATPase of nerve terminals and a 20% reduction in 5’-nucleotidase. Some other
enzymatic activities are not affected, although membrane fluidity is altered. A diet low in ALNA induces
alterations in the electroretinogram which disappear with age: motor function and activity are little affected
but learning behaviour is markedly altered. The presence of ALNA in the diet confers a greater resistance to
certain neurotoxic agents, i.e. triethyl-lead.

We have shown that during the period of cerebral development, there is a linear refationship between brain

content of (n-3) acids and the (n-3) content of the diet up to the point where alpha-linglenic levels reacl; 200 mg

for 100 g food intake. Beyond that level there is a platean. For the other organs, such a5 the HVe¥, the re
ship is also linear up to 200 mg/100 g, but then there is merely an abrupt change in slope and not a plateau. By
varying the dietary 18:2(n-6) content, it was noted that 20:4n-6) optimum values were obtained at 150 mg/100 g
for all nerve structures, at 300 mg for testicle and muscle. 800 mg for the kidney, and 1200 mg for the liver, lung
and heart. A deficiency in ALNA or an excess of LA has the same main effect: an increase in 22:5(n-6) levels,

Taking into account that the relative metabolisms of man and the rat, their rates of development, the
difference between their brain/body weight ratios, and the similar fatty acid (FA) composition of their nerve
membranes, it is possible to affirm that results obtained in the rat are necessarily, and at the very least, valid
for man. For the brain and the other organs, the requirement in ALNA acid k’@” lll;ll”g foq& intake
(0.4% of calories), provided that LA requirements of 1200 mg/100 g food intake (2.4% of caly ! et

During pre and postnatal development, delta-6 desaturase in brain decreases dr; ) |
postnatal day 21 and remains nearly constant thereafier. In liver, the activity increases approxi nately 9-
between day 3 before birth and day 7 after birth. Then, i decreases slightly up to weaning and is approximately
constant up to 4 months. From then on delta-6-desaturase decreases with age (40% between 4 and 17 months).
The question remains whether the residual deita-6 desaturase activity after day 21 is sufficient to support the
turnover of brain membranes! If it is not, the very-long-chain FA would have to be synthesized by the liver. As
liver synthesis decreases during aging this source may be insufficient. It should be noted that cultured aerve
cells differentiate, multiply, take up and release neurotransmitters only if the medium contains 20:4(n-6) and
22:6(n-3), but not if it contains 18:2(n-6) and 18:3(n-3). Thaus, the FA that are essential for the brain could be
those with very long chains. They are probably synthesized in the liver from ALNA and LA. They can also be
furnished directly by the diet.

However a dietary excess of fish oil can prove to be sexic due to perturbation of the composition of cerebral
membranes. Pharmacological doses of fish oil do not alter FA composition of liver and brain, and do not
change protection against peroxidation. In contrast, increasing dietary fish oil in rat had the followiag
effects on brain lipids: 20:4(n-6) regularly decreased; cervonic acid was increased by 30% at high fish oil
concentration.
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PUFA in membranes are protected against peroxidation, mainly by vitamin E. In peripheral nervous system
during development and aging a highly significant correlation between vitamin E and (n-6) PUFA was ob-

served but not between (n-3) PUFA and vitamin E.

N
v

INTRODUCTION

A"

P 3.
Nervous tissue contains high ameunts of lipids which ",

play a role in modulating the structure. -fluidity and
function of brain membranes (1-3)." Brain' lipids contain .
polyunsaturated fatty acids (PUFA) derived.from dietary

essential linoleic (LA) and alpha-linolenic acids (ALNA).

More than one-third of the brain fatty acids (FA) are

polyunsaturated with a prevalence of acids containing -

very long chains (mainly arachidonic acid (AA) 20:4
(n-6), and cervonic acid. 22:6 (n-3)) (4-14). Essential

_FA deficiency is known to have dramatic effects on
various. organs. Long and highly unsaturated chains. in

pamcular AA. are the precursors of important l}or:monal

. substances. (prostaglandms and Ieul\otncnes) but thenr '

structural ‘role is also important (3) since they play a

major role in the structure and function of the membrane ‘

(L. 2-19). Thus. cither the dietary precursors FA are’
rapldly and complelely transformed into the longer
- chain FA after crossing the blood-brain. barrier. or the '

FA essentlal for the brain are in fact the very-long—chain
FA which are either ‘symheSIzed in the Incr or are pro- -

vided with the diet.
It must be taken into account that cerebral develop-

... Dervous membranes is ‘often very slow. Therefore,

dunng différentiation and muluplncanon cells require
adequate supplies of nurients. especially, hprds and par-
ticularly PUFA Saturated and monounsaturated FA are

miainly synthesnzed by nerve, tissue itself. via complex ’
mechanisms that differ accordmg to cell type and or-
_ ganelle (16). A l»pnd abnormalm would l¢ad to an altera-

tion in the function of membranes

. In fact. the PUFA. present in the membrancs are pot

N the dietary precursors (LA and ALNA) but in fact longer

.and more desaturated chains (mainly 20:4 (n-6) and 22: 6 ,
(n-3)). These control the composition of membranes and
hence their, fluidity and as a result. their enzymatic

actmty the binding between molecules and their re-

ceplors. ;ellular interactions. and the transpon ‘of nutri-
sents. As far as the nervous system is concerned. lhese

i ‘ FA can also mﬂuence certain clgctrophysnologlcal pa-

" rameters as well as leaming functions. Dietary PUFA
to a great extent determine membrane levels of these-
FA (3. 17) and are particularly important for ensuring
hannomous cerebral development (18). ‘There are many
reports on the’ mfluencc of PUFA on-the structure and
function of the nervous system (4-14, 19-35). However,
" PUFA of the (n-3) series-play a very special role in
“membranes, especially-in the nervous system: all cer-
ebral cells and organelles are extremely rich in these FA.
It is_therefore extremely important to know precisely

what quantity should be supplied by the diet, especially

during development.

". CONTROL OF THE COMPOSITION AND THE

FUNCTION OF NERVOUS MEMBRANES BY
" ALNA (14)

We have compared animals fed a diet containing a
normal amount of (n-6) FA but lacking (n-3) FA (a diet
containing sunflower oil) with animals fed a diet con-
taining both types of FA (a diet containing soybean oil).

® Diet deficient in (n-3): two groups of Wistar rats
- were fed for several generations with a semi-synthetic

* - diet containing either sunflower oil or peanut oil.
® Diet containing (n-3): two other groups of rats were

* fed diets containing either soybean oil or rapeseed oil.

'_ARapeseed oil- fed animals were compared with peanut-
. fed ammals. smbean animals with ‘sunflower animals.

" The brain cells and the intracellular organelles conserve

a normal total quantity of PUFA, but the various cell

typcs and organelles show a considerable deficit in

cervonic acid (22:6(n-3)) that is compensated for by an

' hal al d ‘ excess of docosapcnuenmc acid (DPA 22:5(n-6)) as
ment is genetically programmed. Moreover the renewal

of neurons and oligodendrocytes is nil. and that of

measured for whole brain and other organs (36. 3N
(Table 1). Companson of animals that have been fed for
60 days cither a sunflower diet or a soybean diet shows
(n-3/n-6) ratios of 1720 in the dict. 1/16 in the oligo-

‘dendrocytes. 1/12 in the myelin, 1/2 in the neurons. 1/6
.-in the synaptosomes and 1/3 in the astrocytes (24). The

importance of (n-3) FA has also been shown by a study
of phosphatldylethanolamnm in animals fed a peanut or
rapeseed oil diet (381 : ‘

E:nremely slow reco‘vetyll-‘lg. 1 ;

, In young "animals, afier swm:hhg from the (n-3)-defi-
cient (o the: (n-3)containing _ dier (39, 40), several
months were needed before brain cells and’ organelles

krecovc'red nom\al levels of 22:6(n-3) and lost the excess
- Table 1 Qummlgs o( 'ﬁ(n—h:\d 22: S(n-6) in lhe NEIVOUS Sysiem

of (n-3)-deficiept-dict animals
. 22:4n-3) 22:5(n-6)

Neurons : - -2 214

Synaprosomes n 1088
Oligodendrocytes - 10 240

Myelin - 14 1200
Astrocytes . 47 344
Mitochondria’ o] 917
Microsomes b 2 592
Retine 3 1280
Scistic nerve R moo '

Data from refs’ l4md’4 Expressedaspetceruqesonhenon-u-sb-
deficient animals. B
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Wave b'{pv)

Fig 1 Eléctroretinogram. -

22:5(n-6). This slow recovery was the same Whatevé_r
the cell or organelle. It was expected that. recuperation

would not be rapid in myelin, which has a slow turnover.
is very surprising that nerve terminals also L
have a very slow recovery  although turnover of their
membrane molecules is supposed to be somewhat rapld o
Thus, regulation of recuperauon occurs enher at the
level of synthesis of chain ends in the liver, or at the
transport across the blood-brain barriet. or at the level of )
the enzymatic activities of desaturation and elongauon
" It was very interesfing to note that cerebral mictovessel

But it

and caplllaries 41 also have a very slow tate of recu-

peration, even lhougli lhey are in’ conlacl ‘with plasma

lipoproteins of normal composmoh smce the lrver recu-
perates very mpldly @ weeks) ’ R

Fiiod

" _ALNA deﬁcie‘ncy:'alt‘ers enzymatic acuvuiqfrﬁ)

produced by simultancous deficiency in LA and ALNA

_is only corrected by the.addition of ALNA. fo. the diei,

showmg the very specrﬁe ‘effect of this acrd.
The very important enzyme that equlhbmes ions
during nerve impulse; Na-K-ATPase; is. reduced nearly

by half in.the nerve termu‘lals of aniimals fed an (n~3)-km

T
4

Table2 Effect o(dnel on: membrane orpmzahon fluorescence
polarization of DPH, TMA-DPH and PROP-DPH mmnerve’endmg
membranes

1

Probe

Soya Sunflower changes
DPH ~~  0333£0004 0320:0001* -4%

TMA-DPH 0.352 xo 001  035910002° +2% ,
Prop-DPH 0.360 +0001  03701£0003* ~ +3% R
Data from ref. 44 LT - T

Data are means + SD. Statistical significance: *p <0.01. °

deﬁc;ent diet compared with thosc fed the (n-3)-contain-

_ing diet. On the other hand, srmullaneous deficiency in
LA and ALNA leads to an’ incréase in '\’a K-ATPase

activity (33). lt consumes haif d\e energv usedey the
brain.

CNPase (a specra'l phosphodlesierase) which is spe-
cific for myelin, decreases as a result of ALNA defi-
ciency, even lhough the myelm ‘membran i is consldered
to be very rigid and not very metabolically active, The

" activity of another’ enzyme ace(ylchohne-esteraSe is
'~ also mddulated by dietary llplds (43) '

P : R

Membrane lluldlty chaugee

Fluldny in nerve-ending membranes is affected by the
diet, dependmg on the membmﬂe region. Feedmg the

* sunflower qil diet compared 10 the’ soybea.n il diet re-

sults in less Muidity in the Surface”polar past of the

Menibrane bound enzymz'mc activities can be altered by _ - membranes probed by TMA- or PROP-DPH but greater
PUFA. For instance, the activity of 5™-nucleotidase |s"
decreased by 30% in whole brain. bist ot in miyelin or mv
nerve terminals, signifying that its activity is probably
altered considerably in cell membranes. These results
are in agreement with those of Bernéohn'et al’(42) who

. have shown that a decrease in the, activity, of this enzyme

fluidity in the apolar’part of the- membranes (probed by

' dlphenalhexalnene (DPH)) (Table 2) (44).

Interestingly. ‘the fuidizing effect of e(hanol shown

,with DPH is also decreased sigmﬁcamly in animals fed

sunﬂower oil (Table 3) (44) Concomuanlly rats fed
sunflower ojl are mibre sensmve to- éthanol-induced
hypothermia, nllusmfmg the impottance of "diet to

 membrane ‘sensitivity and anifmal respionse 1o ethanol,

regardless of the éxact Ihébhanisms Compared 10 the
soya diet, the sunflower diet glves w'decrease in fluidity
in the polar part of the membrane probed by TMA- or
PROP-DPH (-3%) and ‘increase in lhe apolar part of the
membranepmbed by DPH (+4%). "

TableJ Hmduzhgefﬁcacyofe!hnolnmmendm
mmmddmmmmm

3. yooror &y

-« Probe S ML, Percentage
"DPH . 00085 £0.0010 ‘001524 000t2** _I8%
{ ~TMA-DPH 00088 +.0,0002 0,0080 £ 0.0012

Prop-DPH . 0.0087 £0.0003 0.0070 £ 0.0009
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Fig. 2 Leaming tests.

Electroretinogram is affected by alpha-linolenic
deficiency

In the retina, 22:6 (n-3) level is high (20). Prolonged
deficiency in PUFA induces changes in the distribution

of membrane FA in the retina which are associated with -
changes in the electroretinogram (5. 31). In 4-week-old -

animals. the threshold of detection (10 mV) of wave A
required a light stimulation 10 times stronger than that of
the non-(n-3)-deficient animals. In 6-week-old animals,
electroretinogram changes were less marked; in adult
animals. only the A wave remained abnormal (24). Thus,
in adult animals. although the biochemical abnormality
is still present, electroretinogram is partially returned to
normal. o

Learning tests are altered by alpha-linolenic
deprivation (Fig. 2) ' ‘

It has been previously shown that a simultaneous defi-

ciency in LA and ALNA affects the leamning capacities -

of animals (29), as'does a selective deficiency in ALNA
(45). Though motor activity and open field tests were
practically normal in animals fed the (n-3)-deficient diet.

' thelr leaming capacities were severely perturbed, as

shown by the shuttle box test. In the first session, ani-
mals fed the (n-3)-containing diet made a more rapid
assocjation between the light stimulus and the electric
shock, since they avoided on average 7 shocks out of
30, whereas (n-3)-deficient diet animals avoided only 2.
These differences diminished with further conditioning
and disappeared at the fourth session (24). Very interest-

" " ingly the extinction of learning capacities was signifi-
- cantly longer in animals deficient in dietary ALNA (46,
an. ,

’ Mortality in animals tested with the neurotoxic
.-agent triethyltin (24)

The LD50 of animals fed the soybean oil or sunflower
oil diets did not differ significantly (6.18 vs 6.02 ml/kg,
respectively). But the animals fed the sunflower oil diet
died more rapidly than did those fed the soybean oil diet.

MINIMUM REQUIREMENTS
Minimum dietary requirement of ALNA for
cerebral membranes (24)

We gave diets with intermediate levels of ALNA 3
weeks before mating to 12 groups of rats. Increasing the

~ amount of 18:3 (n-3) led to an overall increase in 22:6

(n-3) in 21-day-old pups, and inversely a decrease in
22:5 (n-6). In fact, in brain, levels of 22:6 (n-3) in-
creased linearly at an intake of 18:3 (n-3) that varied
from 0-200 mg/100 g diet and then reached a plateau
(the opposite was observed for 22:5(n-6)). In liver, kid-

' ney, lung, heart and muscle the same threshold was

found but the plateau was less pronounced (Fig. 3).

Minimum dietary requirement of LA (48)
3 weeks before mating; 12 groups of female rats were
%

% 226 () .
- T ‘ -%
"_‘-_;——-‘-"‘ m :
- Nerve :
endings :
Brain '
10+ 2
"Mynlin :.
) T 1 3 L] ]
LS 234 30 4 (65 601 183 (n-3) mg 100g diet
02 Os os u % colories

Fig. 3 Reluianhipbé!wundieuyALNAmdccnmicxidkvdhmﬁsm.
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fed different amounts of LA acid between 150 and
6200 mg/100 g food intake. Their male pups were killed
when 21 days old. LA levels remained very low in brain.
myelin, synaptosomes and retina. In contrast. 18:2(n-6)
levels increased in sciatic nerve. In heart, LA levels were
high, but were not related to dietary LA intake. Levels of
18:2(n-6) were significantly increased in liver. lung,
kidney and testicle and were even higher in muscle. On
the other hand, in heart a constant amount of 18:2(n-6)
was found at a low level of dietary 18:2(n-6). Constant
levels of AA (20:4(n-6)) were reached at 150 mg/100 g
diet in all nerve structures, at 300 mg/100 g diet in testi-
cle and muscle, at 800 mg/100 g diet in kidney. and at
1200 mg/100 g diet in liver, lung and heart. Constant
adrenic acid (22:4(n-6)) levels were obtained at 150, 900
and 1200 mg/100 g diet in myelin, sciati¢ nerve and

brain. rcspectlvcly Mlmmal levels were difficult to
determine. In all fractions examined, accumulation of
DPA (22:5(n-6)) was the most direct and specific conse-
quence of excess amounts of dietary 18:2(n-6). Tissue
eicosapen- taenoic acid (EPA) (20:5(n-3)) and 22:5(n-3)
levels were relatively independent of dictary 18:2(n-6)
intake, except in lung, liver and kidney. In several
organs (muscle. lung, kidney, liver, heart) as well as in
myelin, very low levels of dictary LA led to an increase
in 20:5(n-3). Dietary requirements for 18:2{n-6) varied
from 150-1200 mg/100 g food intake, depending on
the organ and the nature of the tissue FA. Therefore, the
minimum dietary requirement is estimated to be about
1200 mg/100 g (i.e. the level that ensures stable and con-
stant amounts of AA in the various tissues and brain
fractions examined) (Fig. 4).

Cerasl ’

20:4 (n-6)

2
0
]
0
s
0
¥ T L] L BN T L] LI - Tt
600 1500 3000 $500 6200 300 1500 3000 - 5500 6200
mg 18:2 n-6 / 100g diet mg 18:2 (n-6) / 100g diet
T 1 ) ] L) ¥ i ¥ 1§
3 2 ° E B n«¢
o % colodes ‘ % colorles
® 50 ewIpumy
b Raad ~

Fig. 4 Relationship between dictary LA and AA in tissues.
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ESSENTIAL FA FOR BRAIN CELLS IN

" CULTURE (49)

Fetal brain cells were dissociated from mouse cerebral

hemispheres taken on the 16th day of gestation to de-
_termine the biochemical and morphological effects ‘of

PUFA on fetal brain cells grown in a ¢chemically defined -

medium. After cells had grown in chemically defined
medium for 8 days. the proportion of PUFA in culturéd

‘ _cells was only one-half of that observed at day 0 and

~.about 1.5 times less than that of cells grown in serum-
supplememed medium. FA 20:3(n-9) was present m
cultured cells grown in either chemically defined or
~ serum-supplemented medium, demonstrating the defi-
ciency of essential FA. The reduced amount of PUFA

in cells grown in the chemically defined medium was

balanced by an increase in monounsaturated FA. The

saturated FA were not affected. When added at seeding

time. LA, ALNA. AA. or docosahexaenoic acid stimu-
lated the proliferation of small dense cells. In addition.

we observed that each of the four FA studied was in- -

corporated ‘into phospholipids. Adding FA of the (n-6)

i+ series increased the content of (n-6) FA in the cells. but -

- also provoked an increase in the (n-3) FA. Among sev-

eral combinations of FA. only 20:4 and 22:6. when
added to the culture in a ratio of 2/1. restored a FA pro- -

file similar to controls (i.e. in vivo tissue taken at posl-
natal day 5).

Very interestingly. it should be noted that cultured
nerve cells differentiate. multiply, take up and release

neurotransmitters only if the medium contains 20:4(n-6)

and 22:6(n-3), but not if it contains 18:2(n-6) and 18;
3(n-3) (49, 50). As a consequence hepatic desaturase
must be functional for transformation of dietary precur-
_sors into longer chains.

pmole/ mg prot/ min.
20 -

DELTA-6 DESATURASE IN BRAIN AND LIVER
DURING DEVELOPMENT AND AGING (Fig. 5)

Thus, delta-4 desaturase was measured in the mouse
brain and liver using LA acid as substrate. During pre
and postnatal development, delta-6 desaturase in brain

" decreased dramatically (12-fold) up to postnatal day 21

(51-54) and remained nearly constant thereafier. In
liver, the activity increased approximately 9-fold be-
tween day 3 before birth and day 7 after birth. Then it
decreased slightly up to weaning and was approximately
constant up to 4 months. From then on. delta-6 de-
saturase decreased with age (40% between 4 and 17
months). The mouse was chosen as model because it is
known that desaturating activity in mice is lower than
that in rats (55. 56) and thus is closer to that in humans,
taking into account the ratio of very-long-chain PUFA to
their precursors in the blood and liver.

Delta-6 activity in brain is very high during early de-

' velopment up to 7 days after birth. This cormesponds to

the period of neuronal and glial multiplication, the latter
event being at a peak at 3-5 days after birth in the
mouse. Early brain development requires large quanii-
ties of PUFA for membrane synthesis. Interestingly.
delta-6 activity does not peak during myelination, al-
though myelin contains large amounts of PUFA. The
same pattern was found for delta-9 desaturase activity
(57). Thus, PUFA required for myelination are either
accumulated in the oligodendrocytes before myelination
or possibly are supplied through the blood stream. This
is in contrast to the synthesis of saturated and mono-
unsaturated long-chain and very-long-chain FA which
peaks during myelination and is impaired in neurological

" dysmyelinating mutants (58). Interestingly. chain Jeng--

thening of EPA is less affected in these muants than
elongation of erucic and arachidic acids (59).

& -6 DESATURASE

Fig. § Delta-6 desaturase in brain and liver during development and aging. -
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Whether the residual delta-6 desaturase activity after
21 days is sufficient to support the tumover of brain

membranes, remains to be determined. If it is not, the

very-long-chain FA would have to be synthesized by the
liver. As liver synthesis decreases during aging this
source may be insufficient. It has been hypothesized that
one aspect of aging could be the reduced activity -of
delta-6 desaturase which would impede membrane re-
newal (60). Thus, regulation of desaturases must .be
carefully re-examined. - . . -

EFFECTS OF [NCREASING AMOUNT OF FISH
OIL (62-64) !
could be an important dietary factor of their pharmaco-

neglected).
We found that increasing dletan fish 01I in rat had

effects on brain lipids (Table 4): AA decreased progres- .
sively: EPA normally nearly undetectable. was present:
22:5(n-3) dramatically increased but remained below [%

of total FA: cervonic acid increased by 30%. at high fish

oil concentration. Saturated and -monounsaturated FA;
were not affected regardless of chain length. In;contrast,.
in the liver; nearly all FA (saturated. monounsaturated

and polyunsaturated) were -affected by high. dietary
content of fish oil, but liver function was normal: serum
vitamin A and E. glutathione peroxidase, alkaline phos-

phatase and transaminases were not affected. Total serum .
cholesterol. unesterified cholesterol and phosphatidyl- .

choline were slightly affected. In contrast. triacylglycerols
were dramatically reduced in propostion to the fish oil
content of the diet as previously shown.

Specifically for brain. Table 4 shows that "0 4(n-6)
decreased proportionately with increasing dletary fish oil
content (and decreasing com oil). We have previously
shown that 20:4(n-6) content is independent of dietary
LA content in excess of minimal level (0.3% of the calo-

) oy
Table 4 FA composition of total lipid (weight percent) of rat beain
afier variows diets

Diet composition

Salmon oil. £/100g - (K] 40 70 100
- Com oil. g/100g io 85 60 30 - -
{n-6/n-3) 75 100 30 0 ol

Brain fatty acids, weight %:

18:3(n-6) 09 .l 09 07 03
20:4(n-6) 102 Y9 8.5 7.7 78
22:4n-6) 3 27 7 10 27
22:5(n-6) 08 04 03 03 03
20:5(n-6) - - 0.1 02 03
22:5(n-3) 0.1 02 04 06.. 07
22:6(n-3) 121 123 158 146 156

Dana from wef. 63. Five groups of 12 male Wistar ras (IFFA-Credo,
1" Arbresle. France) weighing (90-200 g were housed two per cage.
AR groups received the same semi-synthetic diet for 8 weeks having
the same wtal amownt of lipids. but varying i fish oil (increasing
salmon oil was compensalted for by decreasing com oil).

: mlght be difficult. to rcversc

ries). this is largely true in all diets tested. Thus the
decrease of 20:4(n-6) in brain membranes is due only to
the increase of fish oil in the diet. While 22:4(n-6) was

. less affected than AA, 22:5(n-6) was reduced by about

60%. The high amount of dietary corn oil could increase
22:5(n-6). since its level in membranes parallels dietary
excess of LA (48) as well as thc dcﬁcnency in ALNA
(30.24).

It must be noted that EPA was. nearly undctecuble in
diet containing low amounts of fish oil, and increased in
diet containing 4% or more fish oil, but the content was

. still extremely Tow. even in the dlet containing a very
high amount of fish oil. In IO% ﬁsh onl diet, 22:5(n-3)

was increased 7-fold but the bram content was always

7 Ca e i‘)bclow mofmemlmmvzs(n-s)wasmased
Fish oils. directly providing very long (n-3) PUFA,

by about 30%.
Brain is not protected agamst a Iargc excess of very-

logical role (however the toxlcologlcal role must not be . " long-chain (n-3) PUFA, which i mcrease thc (n 3/n-6) ra-

tio and could Iead to abnormal funcuon and which

LA

PUFA IN MEMBRANES. PERSISTENCE OF

"HIGH CORRELATIONS OF VITAMIN E WITH
- TOTAL AND SPECIFIC (n-6) BUT NOT WITH

(n-3) FA (61)

PUFA must be prolected agamst oxygen lOXlClly and
free radical agression. Vitamin E. as an lmegral part of
membranes. is seen as a biological antioxidant. which.
by sequeslcnng free radicals, funcnons 10 términate the
propagation of autooxndauon processcs such as PUFA
peroxidation. In addition, spccnﬁc effects of alpha -toco-

.. pherol that do not involve its anuoxldant function and

that act on. the :m:hnccmre of membranes by controlling
the pmﬁles of their unsaturated phospholipﬂ and choles-
terol components have been suggested, It is intéresting
to determine whether there is a correlation between al-
teration of vitamin E and PUFA of both series.

We found in developing and aging peripheral nervous
system a highly significant correlation between vitamin
E and (n-6) PUFA [18:2(n-6). 20:4(n-6). and total (n-6)]
was observed but not between (n-3) PUFA and vitamin
E. It is suggested that there may be a relationship be-
tween vitamin E and (n-6) PUFA in the peripheral
nervous ;system membranes during development and
aging.

The sciatic nerve concentration of vitamin E in rats
increased rapidly during the postnatal period (approxi-
mately S-fold between days | and 8), then decreased
dramatically (about 2-fold between days 8 and 30), and
further decreased slowly between days 30 and 60 and
remained constant up to 2 years. This is in contrast to
brain. While the sciatic nerve concentration of vitamin E

decreased by 58% between days 8 and 30. the concentra-

tion of vitamin E in serum presented a marked decrease
(75%). The age-related changes in FA concentration of
the endoneurial fraction of the sciatic nerve were charac-
terized by a large increase in content of saturated and
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monounsaturated FA up to 6 months (2-fold for satu-

rated and 4-fold for monounsaturated FA). Then, up to -

24 months, the amount of these FA decreased very
slowly. The content of (n-6) PUFA decreased rapidly
up to 1 year and slowly afterwards. In contrast. during
development the amount of (n-3) PUFA was relatively
stable and decreased during aging.

DISCUSSION

In conclusion. a diet deficient in ALNA caused marked
alterations in the FA composition of all cellular and sub-
cellular fractions examined. The total content (number
of moles) of PUFA was not altered. the marked decrease
in 22:6(n-3) being compensated for by an increase in
22:5(n-6) as previously shown (36). This compensation
is quantitative, but total unsaturation remains in deficit.

It is evident that PUFA control the fluidity of biological
membranes. hence many of their activities. A specific
deficiency in (n-3) FA perturbs the activities of mem-
brane enzymes. alters some electrophysiological activi-
ties as shown by the electroretinogram and disturbs
leaming abilities. After switching from a deficient to a
normal diet. the rate of recovery is remarkably slow: it is
several months before brain cells and organelles recover
normal levels of cervonic acid. This rate is the same in
all other organelles. It is therefore crucial to supply the
FA necessary for cerebral structures at the developmen-
1al stage. A deficiency is difficult to comrect.

It should be noted that mean FA levels in human brain
differ liule from those of similar regions in rat brain.
Human development involves a greater daily increase in
brain mass over a longer period. and the ratio brain
weight:total body weight is greater in man, even taking
the 2/3 coefficient into account. Consequently. the mini-
mal requirements in rat are a fortiori those in man. In
any case. for obvious ethical reasons. it is not possible to
determine the effects of increasing dietary FA levels on
the composition of human cerebral membranes. Our
study is the first to measure simultancously the varia-
tions of all the PUFA levels in several organs as a func-
tion of variations in dietary LA content. minimal ALNA
requirements being satisfied. In contrast to ALNA re-
quirements, which are the same for all organs (200 mg/
100 g food intake) (24). the LA requirements differ ac-
cording to organ (48). The minimal requirements in man
may, therefore, be taken as 1200 mg/100 g food intake
(2.4% of calories) for LA and 200 mg/100 g food intake
(0.4% of calories) for ALNA. »}

A pathogenesis of ALNA acid deficiency has been de-
scribed in the monkey (65) and in humans (30. 66-68).
A deficiency in (n-3) FA has been proposed as a syn-
drome of modem society (69). It is. therefore. very im-
postant to verify the precise amount of (n-3) acids in the
diet. The results of this study indicate that, in order to
avoid deficiency. ALNA should be present at 0.4% of
the total dietary energy. in agreement with studies in ani-
mals (70) and in humans (30, 71. 72).

Since cerebral structures contain very-long-chain
PUFA. it might seem wise to provide these acids di-
rectly in the diet. especially since the ability of the
organism to transform linoleic and alpha-linolenic pre-
cursors diminishes rapidly during development (25. 51~
54). However, large quantities (up to 12%) of dietary
fish oil. even supplemented with vitamin E. perturb the
FA profile of the liver as well as that of the brain. In
brain, there is a deficiency of AA and a marked decrease
in 22:4(n-6) and 22:5(n-6), associated with excess
22:6(n-3) and 22:5(n-3).

As subtle changes in brain membrane PUFA deter-
mined by dietary alterations in ALNA provoke altera-
tions in brain membrane PUFA. membrane fluidity,
enzymatic activities, electrophysiological parameters,
learning tests and resistance to poisons (24). the question
can be raised of whether increased fish oil intake leads to
functional alterations in the nervous system.

It is clear that consumption of fish oils containing (n-
3) PUFA may have beneficial effects on ischemic hearnt
disease and thrombosis (73-75). However, as the inges-
tion of large amounts of (n-3) PUFA in experimental
animals gives rise to adverse effects. it is possible that
a diet abundant in fish oil may be harmful in man. Not
much is known about human susceptibility to (n-3)
PUFA with respect to disturbances in vitamin E me-
tabolism. Interestingly. during development and aging.
in rat peripheral nerve. (n-3) FA content and vitamin E
content are not correlated (61). The PUFA composition
of the diet regulates the FA composition of the liver en-
doplasmic reticulum (77). and this in tum is an imporiant
factor controlling the rate and extent of lipid peroxi-
dation in vitro and possibly in vivo (78, 79). The re-
placement of cell membrane (a-6) FA by dietary (n-3)
FA and subsequent alterations of membrane composition
remain to be elucidated. Maintenance of membrane flu-
idity within narrow limits is presumably a prerequisite
for proper functioning of the cell. Lipids play a key role
in determining membrane fluidity. and changes in lipid
and FA composition have been reported to alter im-
portant cellular functions (1, 2. 8. 15). Therefore. dietary
modification of membrane phospholipids by fish oil
supplements may have significant effects. The (n-3) FA
are being promoted in pharmacological doses for the
prevention of coronary artery discase. However, the use
of fish oil supplements in patients should be considered
equivalent to drug therapy. and further studies of their
long-term efficacy. toxicity and the possibility of over-
dosage must be conducted before reommendations can
be made about their general use. .

Brain contains high amounts of (n-3) PUFA, and it is

well known that fish oil alters the PUFA composition of

various organs, especially liver and hean (80, 8)). thus
special attention must be paid to the brain (64). Require-
ments for (n-3) acids are very high in humans during
the neonatal period (21, 22, 82) and must be supplied 1o
the mother during gestation and then to the newbom.
Human milk contains ALNA and also cervonic acid,
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