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introduction

The brain, the spinal'cord; and the:peripheral nerves:
are the tissues that contain the: highest concentration of
iipids; qther than adipese tissue, Singe these lipids are:
practically all structural and:nqt available for. energy. they
participate directly. in-the structure and hence, the tunc:
tion of cerebral membranes.

Cerebral development is genetically programmed, if:
one stage 1s.missed or perturbed, the chances_ of recov-
ery are extremely small. In addition, the renewal of neu-
rons. and oligodendrocytes is. practically nd, and:that: of
membranes is often very slow. Therefore, in the: course-of-
differentiation and muliplication, cells require adequate:
supplies. of nutrients, particularly. polyunsaturated fatty
acids. A lipid. abnormality leads to an-alteration in the.
fupction-of membranes.

Saturated - and monounsaturated fatty. acids are:
mainly synthesized by nerve tissue itself, via complex
mechanisms that differ according ta celltype and:organ-
elle.! In the nervous system, on-average, one fatty acid of-
three.is polyunsaturated. In fact, the polyunsaturated fatty
acids-presant in the membranes are not the-dietary pre--
cursors{linaleic and alpha-linolenig acids) byt longer and:
more desaturated chains_ (mainly arachidonic, 20:4 n-6,
and cervoRic acids, 22:6:n-3).; These control the composs
tion of: membranes, their-fluidity. and, as:a result, their-
enzygnatic -actvity. the binding: between molecules and
therr regeptors, cellular interactions: and the:transport of
nutrients: These fatty acids-can alsq.control certain elec-
traphysiologicat patameters:as well asdearning functions.
itis, well_known that -dietary polyunsaturated fatty acids
controlthe membranedevels of thege fatty acids?? and are:
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particularly important for ensuring harmonious cerstrd
development.*

There: are: many. reports on the influence of potpun
saturated: fatty acids on the. structyre: and. function of: the
nervous system:*2 Palyunsaturated fatty-acids o the-n-3

‘series play a very special role in'membranes,. espetially

in-the nervous system: All cerebral cellg- and organelles
are extremely rich in these:fatty. acids (Tabie ).

If animals are: given diets with varying amagunts of
lingteic and: alpha-lincienic acid. serum:levels of the n6
fatty-acid series are relatively stable while n-3 serurttlevels
are correlated: with dietary content. It is- thergfore
extremely important to: know precisely: what quarntity of
alpha-linolenic. acid shoutd be' supplied by the diet
because” serum levels; and.consequently nerve riém-
brane composition. depend on it..

Table I..Richness.in.Polyunsaturated Fatty Acids
ot Cerebral Cells and Organelles —

% Total ,
Polyunsaturated % %
Fatty Acids 20:4° 226
Neurons 32 15. &
Synaptosomes: 33 18 1z
Oligodendrocytes: 20 % 5
Myelin- 15 9 §
Astrocytes: 29 190 1
Caniliaries : _ 35 16 10
Mitoshondria 30 16 1
Microsomes 29: 1 12
Retina 45" 5 35
Photoreceptor N
membrane - 65" 4 56-
Penpheral nerve 10 7 2
Sthwann cells - 22 141___,/5

Results are expressed as % of lotal fatty aoids (mg%) “
it
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Materials and Methods SR TE et

Vanatrons n Lrnole/c Acid == <

A‘

2w A strarn ot Wustar rats was submltted to a diet contarn
:ihg 2% sunfiower oil. Thrée weéks before mafing, 12
__groups of females were submitted to 12 diets difféfing in
3™ their linoleic and alpha-linolenic acid content (6 diets con-
=ained' 150mg/100g alpha-linofefic acid, the other 6 diets
E 300mg/1009) In each of the diets (contatnrng 5% hpuds)
““the’ hholeic acid contént was obtained by mixing rape-
geed soybean, linseed,‘and paim oils: The*h-6/n-3 ratio
therefore varied from 1 to 10. The maximum dretary lino-
leic acid content was 3000mg/100g. .. - . ...

-Variations in Alpha-linofeic AGld b snes s
: let (n-3)-. Two groupsof W:star rats were fed for sev
: erat .generations with a. sernhgynthetrc dret contarfﬁng
erther sunfiower oil or.peanut oil. -
_,' Dist, (w3) +. Two other, greups of rats were. feddtets
~ containing either soybean oit or.rapeseed oil. Rapeseed-
fed animals were gompared-with peanut-fed anrmals soy
; bean animals. wrth sunflower anamals
: Erther 15 days or 60.deys after bcrth anrmals recerv
i rrig an(n -3)- dtet,were switched to an {n-3)+ diet to study
speed of recuperation at these two ages. Varying quanti-
ties of alpha-linolenic acid in the diet (for a given quantity
of lineleic :acid) wete -obtained by -adding increasing
amounts of rapeseed oil to African peanut oit (or-by-add-
rng soybean oil to sunflower oil). _
s The separatron ‘of neyrons. olrgodendroyctes astro-
‘;«cytes myehn nerve terminals {synaptosomes), mrtocon-
gria,’ ‘and enddplasmic retrculum‘(mrcTosomes) has'béen
~ previously described o Purty of the fractions was estab-
“lished"by phase Tontrast microscopy, assay of enzyme
markers analysis” ol specific ‘proteins” (radigimmunoas-
'say).. electrop?td?es:s and lipid_analysis.'®-Methods for
‘extractron of lipids from these fractnons and their trans-
’ methylatron to obtain methy! esters ang’ analys|s of the lat-
“fer by gas phase’capitfary column chromatography have

‘also been descnbed 10

:_Hesnstance to Porsons

Thrs was measured by rntrapentoneal rn;ectron of tr-
ethyl lead. The LDy, was determined after @stablishment
of LD, LD, and intermediate dodes chosen i in geomet-
ric progression. The LDy, was calculated using a linear
regression program.

Electroretinogram and Learmng Test n

These were pertormed usmg methods aIready pub

rg‘h‘ed«ZJ [ — e S i T A T

Results

Effects of Quantity of Dietary Linoleic Acid on the Nat-
ure and Quantity of n-6 and n-3 Polyunsaturated Fatty
Acids in the Nervous System and Other Organs. Definr-

SYMPOSIUM PRQCEEDINGS

_— Sl & \

"tion of the Mnrmum Ind/spensable Dretary lntake ol L/no

" le/c Acid

The QUannty of arachrdon)g aCld 20 4 n-G v@s very
Il regurated ih nerve tissue. Itwas mdependertt of die-
tary 183'n-3; provrded that these levels were. around the
optimal value. In fact, the optnmum levél of 20”4 n-6 in

nerve’ membranes was obtained a3 150mg/100g.18:2 n-

* 6 in the diet. If the“amount of 18:2 n’6.in the diet was

rncreased the amount of 20: 406 in brain,.retina, sciatic

" nerve, and‘synaptosomés rémained stable A\ very slight

increase was found in; rnyefrn For the othet drgans. the

. MOunt of 20 ane increased parallel to the dietary con-

- tent of 18 -2 n-6 until this fevel reached 300mg for testicle

-” and muscle; 800mg for krdney and 1200mg for the:liver,

;
E

Membranesz-" S

lung and heart.
22:5 n-6 accumulated when dretary 18: 2" (-6
increased. This accumulation depended on the- distary
content of 18:3 n-3_for the brain and retina; on the.other
hand, it was relativefy rndependent for scnatrc nerve and
myelin. If dietary 18:2 n-6 was excessive, the varrous
organs accumulated 18:2 n-6 as well:as 2&5:neb. -

Alpha-flnDIeEyc Acid Cerntmrs the Functron of Nerve

T in anrmals ngen the (n 3. digt, the cellsértdtergan

.'_:velles showeda very-marked deficiency i cervenic acid,
- which-was generally compensated’ for by an-éxcess of
--22:5:n-6. The-A-3n-6_ratio: was- 18 times’lower in oligo-

dendrocytes, 12 times lower in myelin, ‘twicé’ as -low in
neurons, 6 times lower in synaptosomeés:3 fimes lower in

- -gstrocytes; -7 tirmes fower in mitochondtia:- and: 5 times

-lower in microsomes: On the other hand, saturated and
. monounsaturated fatty acids were practically Gnchanged.

Even though-the brain is-.corsidered to ‘be-thé best

=2 _protected organ-in dhe body. the membranes ol brain

i Table Il Qunntmgs qj 22 6 ma and 22‘5 =6 m{n-a;,

cells and organelles are riearly as-vulnerable:to-a defi-
.ciency -in :alpha-inolenicacid. ‘as! those ‘of ‘thie “other
organs. At any rate;, there g some- preservation 'of dietary
-alpha-linolenic acid-{and:reuttization ¢f its very long-chain
derivatives) since-a 21-fold.gdecrease the diet 'only gave
nsetoa s fold decrease in the ofgans that we examrned
(Table tl).:+ . == .

The rmportanoe of fatty acros of the n 3 series has also
been demenstmteﬁ by speohcany studyrng ceﬂam phos

u!mllc

e xpttessed as % of (n-3) +- Animals

(“ 3) xww-' \
. 7 () + s LT

Nervous System ¥ £ m’i :22:51-6
Neurons .= w7 L0 e - -28 + - o S 214
Synaptosomes 27 B R T1088
Oligogendrocytes 10 240
. Mie“n o Fre sl T g LA T ~34-. - S A - 1200
Astrocytese:. "o o i b 47 S A 344
Mitochondria 25 917
Micrasomes 28 592
Retina 36 1280
Sc:auc nerve 28 1000

Efects of (n-3)~ ana (n-3) * drets on 22.6 n-3 ana 225 n-6 ievels in cerebral
cells and organeltes (n-3)* det. rapeseed of soybean oil. (n-3)” diet” nut of
sunfiower ol
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pholipids such as phosphatidylethanolamine in animals
fed diets containing peanut or rapeseed oil."?

Recuperation Rate of Anomalies®*%

e QL SWGHUING from the {n-3)-10 the{n-3) + diet, sev-

: ..erabenonths were.rieeded before brain cells and organelles
recovered normal levels of cervonc acid and lost excess

. 22:5 n-6. This slow recovery was the . same whatever. the
“cell or Organelle. It tould bé expected that recuperation

1S Surprising that nerye termtnalsalso have slow
_ atton because their, membrane molewles are
*"known for e rapid turnover rate, It can be suggested
" that fegUlaﬁon of recovery ocgurs, etth,er at the level of syn-
" thesigrof charn ends in"the liver, ,(;;ervontc and arachidonic
“acids), YrOm _transport across, the blood brain barnier, or
- “from the enzymatrc activitig, of ‘desaturation and elonga-
'aon Whtch are known tobe Very weak in the. liver after
Foithh2 1t s interesting to” nole that, the endothehum of
‘ cerebral rmcroveosel and captl[anes also has.a very slow
“rate’of recovery even though ftrs in gpntact with plasma
ﬁpoprotetrts o normal ‘composition in the liver which recu-
perate raptdly (wrthtn 2 weeks)_?‘ _

-~ Effects of Alpha’lrnolemc Acid Deficiéricy on,
“Enzymatic, Elec?rophys:obgrca/ Behawora/ and
7bxrcologfca/ Pafameters SR

Enzymattc:acttvmes N

Theactivity-of. 5'-nucleatidase is decreasegtby 30% in
whole brain, but not in myelin or in nerve terrminals, signify-
ing that its activity is altered in cell membranes (Table iif).
These-yesults are in agreement-with those -of Bernsohn et
a/® who have.shown that a decrease in the-activity-of this
-enzyme produced by-simultameous deficiencies i linolec
and alpha:jinolenic: aeids:is only corrected,by the addmon
-ofalpha linglenic agid to the:diet.- .

Na:K-ATPase s reduced neady by half . the nerve
termmalsd animals fed-an (n-3} diet:compared:wih thoese
fed the{n-3)» diet (Table lil). Onthercther hand, amultane-
-ous deficiencies indinoleic-and alpha-linolenic-acids lead to
-increased-Na-K-ATPase activity, ' This enzyme controls ion
transpor -produced by nerve: transmissin.. It consomes
half theenergy used by the brain. =4~z Ep
= ¢ Riginteresting tq :nate that CNPase, whtch IS specmc
.fortmyelm decreases as aresult of alphaiinolenic acid deh-
-ciency.-even:though this membrane is Cormsidered 16:be
vesy ngid and metabolically inactive.: The activityof another
-enzyme; acetylcholine esterase, is also-modulated. by te
tary liprds.2” Some cerebral enzymes are unaffected by a
geficienay: n-alpha-linolenic acid; N-methyktranslerase.
phesphocholinecytidyl-transferase (Fortupt, personal com-
muntcatron) specific AMP and CMP cyclic nucleotide

iesterase (Prigent, ‘pefsondl compnuficationy as
well as thesbinding of certain® liGarnd®* Such .as-diby-
droalprenpiol and diazepam to the membrane receptor
(Fonlupt, personal communications). The effects of the nat-
1ife -of membrane fatty acids on enzymatie: activities -have
been stidied in many organs,22 and in general the brat
does not escape this rule.

would not t;e rapid in myelin, which has a slow turnover. -
owéver.

ot

troret?

Table lli. Decrease in Membrane Enzyme Activities
Due to a Deficiency in Alpha-linolenic Acid

Brain Myelin Nerve terminais
5 nucleotdase 0.70 0.74 12
Na +K + ATPase 095 110 055
e SNPase ez LG A G e T TR0

values represent enzyme activiies obtainea wih (n-3)~ animais Sivded by hose
obtaneg with (n-3) * animals .

L l: Tk ): ‘ ,'::(:..“‘ LA

Electroretinogram??

Cervonic acid levels are high in the retina:® In the-long
term, overall deficiencies in polyunsaturated fatty acids
-, -Induce changes in the distribution.of. membrane:faity acids
tj:te refina vt(htch, associated, wrth ghangesinthe, eiec
pogram.V. " v SR
o In 4-week; oldJangmalst the WeSth detectoon (10
: uVJ of mveA requtred a hght snrpulatron 10tmes -stropnger

i the (n-3). .group. than in. that of-the (n-3) +-group. In &
~-week-old animals, the- electroretinogram; changes were
“less marked and.i in the matu;e rats. only wave A remamed
abnorma!’{, ' ‘ s oo e

S, nc_‘-\' Lt

Learning Tests =~ &

Simultaneous defigienciés  in findleic and aipha-
linolenic acids affect the learning capacities of animais.'s®
- as "does ‘a selactivé: déficiendy”in a}phahnolehto acid.®
.- Though rofor aCWify and open field tes‘ts were prad?tcally

seve‘relyperturbedl as shew"r wme shuulebox test_In the
“hestséssion, (r3y+-animals fiade ‘a’miore rapid ‘aSsocia-
«~ton penvesr the ﬂrgﬁt Sttt'nuiUS and the efectrlc sheck

tﬁetour‘th sesstdn 39

"‘—.‘ '.t

M/mmum Requrrementof ALA Needed tn ﬁerebral
Membranes e e VR ¥

-When diets with tntermedtate levels o alpha;hndemc
ac»d werg grven' Gréasing the amouit of 18313 led.to
_an overalf | tncrease in 22,6 n-3. and tnver,seLy.a easein
22:5n6.In fact, 1t the brair, levels o226 n-3 increased
Jlinearly for an intake of 18:3 n-3 that, vaned from .00
*.200mg/100g, diet and ttien, reached a, piateau the .,0990
_.Ste was obser\/ed for.22:5 n-6)..In liver, lsdney, and muscle
‘the same 'threshiald was foud but.the ;qlateau was, 1ess
cleay, These precursors, linoleic.and. alphaltnolegtc aﬁ'ds
_have 10 be elongated and deeaturateq by she, lrvef ?‘0
“longer ¢hains, which are in fact the esse l,fatty acids fof
the brain, as cell cultures seem to have demonstrated 3
Nerve cells in culture differentiate, multiply. and.capise
and liberate neurotransmitters only if the-mediumm contains
20:4 n6 ang 22 63, but not in the presence d 182 nb
and183n3332_ i nr s

-

Dtscussion ' ; _
Linoleic Acid

This work 1s the first to study. smultanecusly a1
polyunsaturated fatty acids ot several organs asa functhn

268. NUTRITION VOL. §, NO. 4, JULY / AUGUST 1989 -




of variations in drefary lrnolelc acid, mlnrmUm requnrements
in alpha-linolenic acid being assured Serious. dietary defi-
ciency "of linoleig acid-results in a reduction i arachidonic
acid as well-as 22:4:n6::There'is a linear’: relathnshlp
between dietary linoleic agdand the concentrandn of 20:4
n6.and 22:4 n6 in the membranes of various tissues up'to
a certam threshold Thereafter tnssue concentratlons of

....

accoiding totheorgan it variesrom 150 ta 1200mg/1009
food intake.” Brain requirements ‘¢f-finoleéic ‘acd are very
large during the perinatal period ih man,?'3 though it

‘should be .noted.that. high concentrations: of; linoleic acid

dunng- totah parenteral nutrition in newboerns atters the fatty
acld proﬁle of the- hver aswell as”ti'te‘bralm33 o

T Ee R

Alpha Irnolemc Ac:d

A diet dellcrent in alpha llnolenlc acrd (sunﬂower or
peanut oils). caused marked .alteratigns 4n- the fafty: acid
composition .of all-cellutar and subcellutar #ractons exam-
ined. The total content of polyunsatyrated fatty acids was
nat. aIthd. the. marked detrease In cervonic acid-being
‘compensated for by an increase in-22:5.6-6. This compen-
sation is quantitative, but total unsaturation remains’in defi-
cit. itis ewdent that polyunsaturated fatty acids control the
Tuidity of biological membranes. hence-many of their activ-
ites. A specific. deficiency. in n-3 fatty acids-perturbs the
activities of membrane enzymes, alté?s some electrophysi-
ological activities as shown. by the electroretinogram, and
disturbs learning abilities. After switchingfrom-a deficient to
a normal diet :the rate of recuperation is remarkably slow, it
is ‘several months ‘before brain cefisiand orgar\elles recover
normal levels of cervonic acid. This, rate:is the same for all
organelles It-is-therefore crucial to supply the fatty acids
necessary for cérebral stfuctures at the right moment. A
deﬁclency is difficutt to correct. '

“‘Pathology resulting from alpha- lmolenlc acvd “defi-
c:ency has- been-described in the monkey.> and in
man.’ 16353 A syndrome of modern society has béen sug-
gested to be a deficiency in- acids of the n-3 series.? It'is
therefore of great importance to verify the exact quantities
of the n-3 series in the diet; a minimum must.bé provided
to ensure that cerebral membranes have a normal compo-
sition and function. Dietary excessof linoleic acid leads to a
specific accumulation of:22:5 n-6, which depends On die:
tary levels of alpha:linolenic acid. If the diet is deflc;ent in
alpha-iinolenic. acid there is an accumulation of 22:5 n-6.
which then replaces the deficient 22:6 n-3.

- Beanng in mind that the mean cerebral fatty aCrd com-
posmon of man’is similar to that of the rat, in mar a greater
afount of brain is formed per day over a longer- period.
and the brain weight/total body weight ratio is greater, even

taking_into_consideration. the_2/3 coefficient. It s alsa.gw- . .

dent that minimum levels in the rat are, a fortior:. those In

. - man. At any rate, for evident ethical reasons, it wil always
.. be impossible to determine the effects of increasing doses

of dietary fatty acids on the composition of cerebral mem-
branes in man. The minimal levels are therefore:

— linoleic acid, 1200mg/100g food intake (2.4% of
calories),

SYMPOSIUM PROCEEDINGS

e i ¥
W L *

e aloha i olemo aC|d 200mgltoog tood l‘ntake

. (0.4% of calories).’
" 13 acid Teduiremets in man are very large d’unng the
~neanatal pefiod and must: besugplred to the mother dur-

_ing gestation, then to the newborn.® It has been“shown

¥ that the nature &fdietary faffy acids getermines those'in the
blood of the infant.’It. should be noted that human milk con-
tains ‘quantities .of alpl'\a-hnolenlc acid:as well-as cervonic
acid, which are “often. absent ‘from artificial milks. Human
infants who receive aglificial miilks haye reg blood ¢élls defi-
-cient in cervonic acid:*t and red biood cell fatty acid.com-
. position can be considered an ifdex of the composition of
 Cerebral mémbjanes @Iy addition.. there s a telgtionship
" between dietary. linds and-the properties and.structure of
red’blood cells.4" Red biood ¢ells are mémbranesvhose
~ composition is simildr to tdt of cerebral membranes,
Defrc:enpres in polyunsaturated fatty acids can appear

" among the inhabitants of-the third world, .both infants and

adults, among the elderly subjected to artificial diets, the il
“(parenteral or controlleld enteral nutrition). andin postoper
atlve patlents in whom ‘requirements are: increased.

2t should-be noted that the ‘position of polyunsatu
rated fatty acid among the tnacylglycerols can modulate

_its intestinal absorptlon and thus its serum latty acid

profite. “ g
. Finally, membfane polyunsaturated fatty ac:ds 'need

16 be heavily’ pr0tected against pefoxidation. Vitamin E is

very probablya prptector but the mechanlsms aremamly
“”k""wn ooomes SRR

e

Jrsors

Advantages and Dangers of Very Lorzg Qhafn rec
Derived from Fish Oif . S
:"Since cerebral’ structures are tormed ol very long
cham polyunsaturated fatty acigs. it might. seem: wise to
“provide these acids directly in-the- diet, espécially:since
'the ability of the organisin to tranisform lindleic and dipha-
inclenic precursors. dimiaishes:rapidly. during. develop-
ment. However, it.i8:knewn that farge quantities of fish oil
can lead toserious Pathgfogy in“animals’ due partly to
matked peroxidation. of polyunsaturated fatty acids as a
result of the absence of protectars such.as vitamin-E. If
- the diet of rats is-supplemented with menhaden oil (1%
"low 'weight added to the normal dlet) the protrle of cere-
bral fatty acids is littie altered, peroxidized:defivatives do
not appear. and:there is no change in"the activity of
enzymes that protect aganst, peroxldatlon Cytosolic
superoxide dismutase containing Cu and n and_mito-
-chondria contaiming Mn.. glutathsone peroxrdase glu
tathione reductase. and catalase:*é )
. On the other hand, large quantities ol dnetary flsh oll,
.. even supplemented. with-vitamin E. seriously-pefturb the
fatty acid profile of the liver as well as that of the brain. In

-brain. there.is, a_ deficiency. of .arachidooic.acid.and a

marked -decrease in 22:4.n-6 -and 22:5 n-6-asseciated
with excess cervonic acid and 22:5 n-3 " Fish oils are of
incontestable value mn the prevention and treatment of
cardiovascular disease and are used for their pharmaco-
logic properties. The effects of fish oils must therefore be
examined more closely from a dietary, pharmacoiogic
and toxicologic point of view.

NUTRITION VOL. 5 NO. 4 JULY / ALIGHIST 1889 JRA



= =

SYMPOSIUM PROCEEDINGS

Acknowledgments

This work was supported by INSERM, INRA, ONIDOL
and CETIOM. The authors are most grateful to Michelle
Bonnetl for typmg this manuscnpt

Reterences Ttz

1. Bourre JM. Ongin of aliphatc chains in brain. In: Baumann N . ed
..~ Neurological mutations affecting myelinatiorm: INSERM Symposium
No. .14 Eisevier/North Holland Biomedical Press.1980-187 - .
2 Mead JF The non-eicosanoid functions of the essentral fatty ‘acds

D lipiaRes 1984.25:1517
3 Hﬂl‘nah R Controt o potyunsattkated acrds n usSue lrpads JRmer
GOkNYx 1986.5:183 - . -,
Aenon. NK Dhopeshwarkar GA Essentral fatty acid dehcrency and
‘bram development. Prog Lipid Res 1982.21:309
5> Alling C Bruce®RKarlsson'1. eLal. Effect of maternal essential fatty
~aid supphy.on:fatty -acid: composikom_of bran;- jiver muscie:and

", -~5eum in.21-gay-oid rats . J Nutr,1971:102:773 ...

5‘“ :

“8. Bazan N D Fazo De Escalanté S Careaga M. ot al High Cortent
of'29:6' (ideosahexaénoate) and active 23HY glyterol metabolism

Jot.awospiraticdc acd from:- photorecepton memb?anes Blbchrm
Biophys\Acta, 19827 12. 702 -

7 BE{W KS, Mostad IL. ThoresenL Alpha hpolemcgc:d delrc:en(.y n

nts 6n longterm gastnc tube feeding: " éstimation of Iifglenic

acid andiBrig-chaii-unsaturated n- 3tatty actd requuemenr\ﬁ man

~§gand ArmJ-Gim Nugr 1987 45.66.°

8 Brenner RR. Eftect of unsaturaled aods on, membrane structure
and enzyme netics, Prog Lrpta Aes 1984.2369 ~ =

L9 Clandimn®MT. Chappell JE -Léohg S, et al Pntra"uterme'tatty acd

'._12 Nouvelot A.-Bou

+ accration rates in'Human Béain’ .rm‘pheahons,!cf Tamy acrd requrre
. -ments, Early, Hum Devel 1980,4:12% =0 53
.10, Bourre JM, Pascal G, Duraan er,al. Alte rons in the tatty ac:d
compasition of rat train cells' (neurons”astr tes and oligodendro
cyted)-and of subcetlutar iractidns (velin and: SyAaplosonies)
1nguced by ardet devowd gf-n-Satty ackds: J- Neurochem
1984.43.342. .. -
. CokaW in vltro 1ormatron of polyunsatur e
- urathen i rat"bfain’ some properties of the engyme‘ i<
brain and comparnson with liver J Neurochemn 1978301327
rre JM. Sezile G, et-al, Changes in the-fafty acd
pattems of brarn phosphohp«ds gduring. gexglopment of ratg led pea-
- nit or oif, "taking 'nto” account differences between rmlk
" aidiraternal food. Ann Nutr M@tat1983:27.233° - O
13. Crawford MA, Hasam AG. Stevens PA. Essential fafty 30¢4eqmre
ments in pregnancy and factation with special reference 1o brain
development. Prog Lipd Res 1981,20:31
14 Dhopeshwitkar GA.-‘Mead JF ‘Uptake and-transpon oifatty acrds
nto the brain and the role of the blood: brain. baffier systen Adv
Lixd Res 1973:11:109
15, Lamptey MS, Walker. BL. Learning behaviour and brain ipkd com-
- 'position 1Y rats” subjectéd to- essential fatty acid deficiency dunng’
. - geMafica>Eactation and growth.- J Nur 1978:108:388 -0 3l
16.- Holgnan BT dJohnson SB; Hatch TF« A case; of human ingkersc acid
dmwng, neurological abnormalmes Am J ;:Jm Netr
1
17. Newnnger M. Conror WE - a-¥tatty ae:ds Acthe’ Gram and—?etinb
~ evidencedor ther gssentiality. Nutr&ev 1986'44:289 * “Ars
18 Pagiett R Gail. C_Elegt of -essential fatty acrdﬂeﬁeterg on the
) central nervous system in the growmng rat. in: Lipids. maipytrn
iy the developiig-bram: CIBA- Fomdatlon Symposrcrm Amyer
© oamEsevier:NOAh Halland 1922121 - Lel
19.- Sua GY.-Sun AY~Synaptosomal plasma- membranes ao_,« grouD
ornposutnonofphospnogtycenaes and (Nat, +- K+ )tATPase activ-
iy during falty acid defisiency. J: Neurochem 1974 22.45"

taﬁy ac»d desat
opmg

© 26~ Spretheér . Biosynthefid- pathways of pdlyunsaturated fafty acis

21 ‘3vennerholm L. Alling«C. “Bruce A. staat'Effects op -afisprntnol’
. omaternal malaulrton 0 the rat.- 1. Ligkds.. Malputrtos. and #he
" developing brainC1BA Foundaton Sympqsrum Amsterdam Else

vierNGnh Hollang, 1972:147 - - -
22 Stréuve:Valiet * Pascaud ‘M. Désatutatiort. deé T acidé hnoleoque par
-les microsomes du foieet. gu carveau-@u rat en:développement.

. Biochime 1971:53699..

23 Bourre JM, Francois M. Werdnerc etal The rmporanceord»etary
Imolemc aad m the composmon of: hetvbus membranes contrd of-

AEE =
N o S

.26 Bernsohn J. Spitz-F4. Linoleic.andh i

... 1988.28:275

enzymatic activity, amplitude of electrophysiological parameters,
resistance 10 poisons. and performance of learmng tasks. Linolenic
acid requirement for developing bran and varous organs J Nutr
(submited)

24 Homayoun P Durand G, Pascal G, et al Alteration n fatty acid com-
position of adult rat brain capillanes and choraid plexus induced by
a dhet deticient in (n-3) fatty acids Slow recovery by substitution with
a non deficientthet~J-Neurocher 1988 5188~ = =~

25 Bourre JM. Durand G. Pascal G_et al Brain cell and tissue recov-
ery in rats made deficient n n-3 fatty acids by afteration of dietary

tat. J Nutr 1989119 15

i.-acd dependency: of
some brain membrane bound en;y afte.r hprd deprwat,on n
rats; Brochem Biophys Res Comm~‘19 57293

Rand

: 27 TFOQEM:. Cru TR Clardimn MEinficencedl iktary fat emtﬁemd

- -compositign: of, rat bramysgyfiaptosorhal” gndkmmsomat mem
pranes. Biochem ). 1982;208.631,

i

" 28° Fanas AN. Membrane coé‘péranve’enzymes as a tool Ior the st

" gation of memmanestrucmre-aﬁ@'rélétea Bh Emena J er@a
1980:17:251 . a2 shcss ] Dinvigs B
28. Lamptey M, pqgs,mle nﬂalrole {er d-etaxy hnaeme
acd in the dev%opméntot the youn

J Nt 1976.1 86
3 ’Beauge F- Ze(ouga M:“NiefE - et “Ehales of ‘detary i lectate!
‘lifoeate taldrice DR fMEheaivnal mefbEatie ‘sénsiivly to ethadol.
_ In. Kuriyama, K Takaga Acdshich, eds. Sigmedical and sowal
. aspects of aloolaol andalconohsgt .Arqgerdam Elsev-et NormHgl
. land. 1988:291
3T Bourie JMC Faivier Al Disrfidnt O\8f aff EReBEr polyunsatuFated
Lo Aty acids QT fetal-mouse beain cells ain: pulufe Insdchemically
) detined medum.-J Nayraghem: 1,9&’3 4102345 - g
32 LoudesC, Faivre A, Barrét A, ef al Release of rmmunoreacttve"THH
in serum free culture of mouse hypothalamic cells Dev Bram Res
1983:9:231 DOF TS T Tk
33 Martinez M, Ballabriga A. Effects of parenteral nutrmon wlﬂ" rugh.
.~ ~ goses of incleate aq, the developmg human, h»er;,gndgram L:pids
- 98722133 -
134° PernesANT Sisciair AJSCrawtérd MA. ﬁssemaﬂany 'acd -s1ties
TR grMates: ihoﬁmcmaeawememsfd‘caeumm’ d MRO’P"'T‘
19732158 .. .

oy *n

'33 Biervé KS, Frshers A(meK :rahaolemc deﬁcse n.fan.
B o] ethyﬂmdehate 6hplasinaand ﬁ?o%yfe fairt f n%d
posifioh ~and*- brcsyntﬁésns* ot pfostmé@isrmnr' ’Gfm ’NW

v, 1987:46:570 - Py -
3R Anomymaus. | Combmed EFA deﬁaency tn.“e pattent.on long,

37 TPN - Nuirfied 1986.44:301- =7

37 Rudhn- 0. The dofninant disedsés oF moBethized' Socigtes aé
. omega:3-essertal fatly” abic: deficrency. Syetyome: suwraie er-
Med Hypotheses.1982:8.17.

e Qo o
38" 'Wiéroy F. Hinz J Barret R, ef al Etude de la & cornposmpn ‘en acides

S TOE

gva‘épotydésaturesaesttptdes setitued de notissons. sourmis &
.7 gk egimed diffetets. Ann Nutr Alim 10682267 "S5 .

o o

: 39 -Putnam: JG. Garlson SE. Pevoe PW. ef a3 Theeffectot vanationsin

phos:
emhroqﬁe ams

dretary fatty ac;:ds on,thejatty aqd composr %e hu o
in hum

“ phatidyicholing and &ospnauayremano«am. _
:_,g ‘Ariy J Clin Mutr 1982363106 =t Sl
240:Carison SE+Carver JD. Hogse SG. Hrgmaatét:ivarymg in rabos 0‘
. Polyunsaturated g saturated fatty acd ana,iinglec torlinalenc AGd-
1 2 comparisof of rat neural an red cell membr,ane phosphoho' J‘
Nutr 1986:116:718
4% 2Pop-Snijders (. Schouten JADe Jong AP al Efiet of chetary’

~ zeogHiver o.on the o) gampegtion:of hluman.enythrocyte e

b@g_es Scand.LClrn Lab.invest 1984.44 39 . ehg
42 “Guesiet P Pdstal’G Durand G ~Eflect of diefary alpha! hﬂ°'
' acd- defidency duiing prbgpancy and Taatatien -on ipid fafty ac ¢
:.composition oklver: anc) Seram - the ‘rat “Rep Nutr: De»efbo

e ~fr

43" Durand' G, Guesnet P Desnoyer F er al Eftecis of alpha- ""O‘e"'c
" acd deficiency ormthe md gy and faty ac»d composition ofraf”
1T erythrocytes: Prog LipidiRes 198625395, SR
44 Boustani-§, Colette C~Moanruer L. @l:af, Entqrat absorption in man
' ercq7sage7ntaenorc at:ld 0 drﬁer,enL chemical forms L'p"’s
11 -
45~ Béurre M *Radficaui librdk: ac.ces%ras‘oorymsatures mont oo
laire, viellissement cérdbrai~C. RSB0 Biok- 1988 182'5°
46 Chaudiere J. Clément M. Qnss F et a/Unattered bran 'ﬂembfa””
-+ aher ‘prolonged intake 3t highly oxdizabie IQng chairi fatty acids ©
the (#-3) sefies. Neurosc: Lett 198782 233 -
47" Bourre JM. Bonneil M. Dumot O, &t al High dietary fisn O a"e‘s 5
the brain polyunsaturated. fatty -acd compositon Biochim Bioor
) 1988 960 458 e e .

e N

270 - ,Nummort VvOL, 5,_NO 47 JU&J AUGUST 1989 °




