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Abstract: Although Alzheimer’s disease (AD) causes massive and irreversible neurodegeneration,
prevention and curing early stages of the disease appears to represent a realistic goal to be achieved in
future. In fact, one of the very first effective treatments available could be derived from ordinary food
sources.
Overproduction of the amyloidogenic peptide Ab42 causes AD. Thus far two physiological regulatory
cycles were identified in which Ab peptides play a major role. These regulatory cycles are involved in
cholesterol and sphingolipid homeostasis. Moreover, Ab production is under physiological conditions
tightly regulated and its production rate is highly sensitive to alterations of the cellular membrane
composition. Several lipids, sterols and fatty acids have thus far been identified to affect Ab production.
Most knowledge thus far has been gathered about those lipids which are themselves are target of Ab
mediated lipid homeostasis, cholesterol and sphingomyelin. E.g. cholesterol strongly increases Ab
production and cholesterol lowering with statins is a matter of intense clinical research not only for
cardiovascular disease preventions but now also for AD therapy. Special interest received n-3 polyun-
saturated fatty acids, especially DHA, because of their Ab lowering effect in combination with favorable
pharmacokinetics and neuroprotective properties.
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Introduction
When Alois Alzheimer a century ago identified
amyloid plaques as the hallmark and molecular
manifestation of dementia in the elderly, he set
the stage for what has now become a major
scientific effort – treating and preventing Alzhe-
imer’s disease (AD).
Dementia and lipid physiology, especially con-
cerning cholesterol, have recently been discov-
ered to be very closely linked. This linkage has
been observed on all levels of research. Until
recently little indication existed for a link
between AD, Amyloid Precursor Protein (APP)
processing and cholesterol homeostasis. How-
ever, this picture has changed dramatically
over the last years. First indications that lipids
may play an important role in APP processing
and Ab production are given by the finding
that all proteins involved in APP processing are
integral membrane proteins. Taking into con-
sideration that the Ab producing cleavage by
the c-secretase takes place in the middle of the
membrane it is reasonable to assume that the
lipid environment of the cleavage enzymes
influences Ab production and hence AD patho-
genesis [1]. Moreover, cellular and biochemical
studies show that APP processing and the pro-
teases involved are sensitive to cholesterol and
cholesterol trafficking [2-6]. In vivo studies
revealed that cholesterol feeding increases
Ab42 production and amyloid burden whereas
lowering cholesterol by medication (e.g.
statins) decreases Ab production and amyloid
burden [3, 7, 8]. Accordingly statin treatment is
associated with a reduced AD risk in some
epidemiological studies [9-11]. First prelimi-

nary clinical trials have led to mixed results.
High statin dosage reduced cerebral Ab levels
and disease progression in mild AD [8]. When
treatment duration was doubled beneficial
effects were observed in mild and moderate AD
[12]. However, low statin dosage treatment for
up to twelve months did not show, aside from
some potential secretase inhibition, any clinical
benefit [13, 14]. It is now clear that the Ab
generating machinery is an integral part of the
body’s lipid homeostasis regulating system
which causes it to respond very sensitively to
changes in lipid levels [15]. Moreover, it is
becoming ever more evident, that there are
several more routes through which lipids can
have either a beneficial or a detrimental impact
on the brain. Especially the n3-fatty acids
docosahexaenic acid (DHA) and eicosapen-
taenoic acid (EPA) represent promising candi-
date and a first clinical trial ended with positive
results.

Disease etiology

Alzheimer’s disease is a progressive neurode-
generation typically affecting the elderly. There
is currently no cure or prevention available.
Treatment is limited to symptomatic interven-
tions which offer some relief to patients and
care givers for a limited time. While there has
been major progress in AD research, non-
symptomatic treatments are still in an experi-
mental stage [16]. A conglomerate of indi-
vidual risk factors including genetic and
environmental factors causes the vast majority
of AD cases. AD can be caused by auto-somal

dominant mutations too. While these familial
AD cases occur only very rarely the identifica-
tion of the mutated genes has let to the deci-
pherment of important molecular mechanism
leading to AD. From this it has been concluded
that enhanced production of Amyloid beta
(Ab) peptides cause AD. Especially overproduc-
tion of the long Ab42 peptide causes early
onset Alzheimer’s disease. Whereas in disease
extreme amounts of these peptides accumu-
late in the brain, their levels remain low outside
of the brain and in absence of AD. Because of
the accumulation of Ab42 in all AD cases it is
assumed that such Ab42 overproduction is like-
wise involved in the pathogenesis of sporadic
AD as well. Ab is a physiological cleavage prod-
uct from the APP, a protein of uncertain
function which is ubiquitously expressed, but
expression is especially high in neurons. Ab
release is a two step procedure. Cleavage is
initiated by BACE 1, which is followed by
c-secretase cleavage. Both proteases are mem-
brane bound, but only the latter one cleaves
intramembranously. The proteolytic cascade
resulting in Ab release is, that of a regulated
intramembrane proteolysis (RIP). RIP process-
ing had first been recognized in cholesterol
de novo synthesis up-regulation. Very few cel-
lular processes are determined by a RIP mecha-
nism and once this coincidence was noted it
was suggested that there this mechanistic simi-
larity might also indicate functional overlaps
[17, 18].

Indeed, Ab production is under physiological
conditions tightly regulated and its production

182 DOSSIER

doi:10.1684/ocl.2007.0132

Article disponible sur le site http://www.ocl-journal.org ou http://dx.doi.org/10.1051/ocl.2007.0132

http://www.ocl-journal.org
http://dx.doi.org/10.1051/ocl.2007.0132


rate is highly sensitive to alterations of the
cellular membrane composition.

Mechanistic lipid link

Vascular factors and factors related to diet,
including blood lipid levels and adiposity, have
been linked with an increased risk of dementia
and AD. In addition, the Apolipoprotein Ee4
allele (APOE), a protein involved in lipid
metabolism, is the most frequent genetic sus-
ceptibility factor for dementia. These studies
have provided the basis for first reports and
replication studies on relationships between
overweight and obesity and AD [19, 20], high
adiposity and cerebro-vascular diseases [21,
22], an obesity- and sex hormone-related
marker and blood brain barrier integrity, high
blood cholesterol in midlife and subsequent AD
[20, 23], and low blood cholesterol and AD in
late life [24] and high blood pressure both at
midlife and late-life and AD [25, 26]. It was also
shown that a combination of midlife hyperten-
sion, obesity, and hypercholesterolemia
increases the risk of dementia 6-fold [27].
Insights into the molecular mechanisms gov-
erning the molecular link between lipid
homeostasis and AD were gained when APP
c-secretase knock-out animals and cells were
investigated. The c-secretase is a multi-metric
protease complex, which does the final Ab
releasing intramembrane scission in APP.
Moreover, it is this very proteolytic event which
determines whether the potentially neurode-
generation causing Ab42 or the two amino
acids shorter Ab40 is produced. Ab40 overpro-
duction might increase the risk for vascular
dementia, but is not known to represent a risk
for AD. Typically c-secretase produces 10-times
more Ab40 than Ab42. Mutations in the active
center of c-secretase, which is formed by one of
the two presenilin genes (PS1 and PS2) shift the
balance towards Ab42. Indeed there is a direct
correlation between the age of disease onset
and the overproduction rate of Ab42 [28]. The
relevance of Ab42 overproduction for AD is
further confirmed by familial AD mutations in
the APP gene. These mutations predominantly
increase Ab42 production too. Absence of both
PS genes abolishes the cellular c-secretase
activity entirely. The PS knock-out causes early
embryonic lethality, which presumably is not
due to altered APP processing but to defective
processing of other c-secretase substrates.
However, cells and conditional knock-out ani-
mals are viable and can be studied. PS knock-
out cells show a peculiar lipid phenotype which
resembles a defective sterol regulatory binding
protein defect, because cholesterol de novo
synthesis is strongly increased in PS1/ PS2
double knock-out cells and tissue of conditional
knock-out animals. However, not only choles-

terol levels are affected, but sphingolipids are
equally increased, extending the impact of
these mutations. Curiously, PS mutations
which cause early onset familial AD differ some-
what in their effect. There cholesterol levels are
still notably elevated, as compared to the wild
type situation, but sphingolipids are not
increased but rather than that decreased [15].
The answer to this phenomenon became clear
when wild type cells were treated with
c-secretase inhibitors. Even in the presence of
c-secretase the inhibition of the proteolytic
activity was sufficient to mimic the PS knock-
out phenotype with increased cholesterol and
sphingomyelin levels. Therefore c-secretase
has to influence lipid homeostasis via one of its
proteolytic substrates. The analysis of APP
knock-out cells and animals then revealed that
this substrate is APP, the Ab peptide precursor.
Moreover, lipid homeostasis of PS or APP
knock-out cells is rescued once they are incu-
bated with Ab peptides. Eventually the inverse
cholesterol and sphingolipid regulation
observed with the PS familial AD mutations
could be resolved when the knock-out cells
where studied in presence of Ab42 or Ab40. It
was found that Ab40 reduces the cellular
3-hydroxy-3-methyglutaryl coenzyme A reduc-
tase (HMGR) activity, the key regulated
enzyme of cholesterol de novo synthesis. Strik-
ingly, this enzyme is the target of the SREBP RIP
mechanism extending the analogy between
the original cholesterol regulation and that of
the “AD” regulatory lipid cycle even further.
Moreover the HMGR is also the direct target of
statins, thus providing a molecular reasoning
for the experimental statin therapy for AD.

Interestingly, Ab42 has no effect on cholesterol
de novo synthesis. But Ab42 activates sphingo-
myelinases (SMases). SMases degrade sphin-
gomyelin and therefore the increased Ab42
production in PS familial AD mutations
elevates, rather than lowers sphingomyelin lev-
els. This also explains why cholesterol levels are
still increased, although at a lower level,
because the Ab42 production apparently
causes reduced Ab40 levels and hence results in
reduced HMGR inhibition [15]. Importantly,
already the rather small physiological Ab con-
centrations are sufficient to trigger this regula-
tory cascade and thus represent physiological
events which occur in absence of AD too. This
regulatory mechanism also extends beyond
cholesterol and sphingolipids, because it con-
tains feed-back mechanisms which are appar-
ently involved in AD as well. The molecular
layout of this feedback is known in far less
detail, but the combined knowledge of gath-
ered from molecular, clinical and epidemio-
logical studies clearly highlights their impor-
tance for AD. E.g. cholesterol [2], cholesterol
esters [29] and sphingomyelin [15] regulate Ab

production providing feed-back and similar
evidence exists for some other lipids including
gangliosides [30] and some n3-fatty acids,
especially DHA and EPA [31, 32].

DHA

Fish oil or pure DHA decreased Ab production
in neuroblastoma and CHO cells in a dose
dependent manner suggesting that DHA is
involved in down regulation of the amy-
loidogenic pathway [32]. Furthermore dietary
DHA reduces the production and accumulation
of Ab and decreases Ab42 levels in aged Alzhe-
imer mouse models [33]. In rats, administra-
tion of DHA had positive effects on the learning
ability and suppressed the increase in lipid per-
oxide and reactive oxygen species levels in the
cerebral cortex and hippocampus, suggesting
an elevated anti-oxidative defence [34]. The
intake of DHA or fish oil (contains DHA and
EPA) rich diets by APP/PS1 transgenic mice
resulted in decreased hippocampal Ab levels
[32]. The molecular mechanisms responsible
for these effects remain largely unknown.
Partly, this process might involve sub-cellular
organization likely including lipid raft domains,
which are affected by their relative content in
cholesterol, saturated and non-saturated fatty
acid containing lipids, governing structural
integrity, membrane fluidity and functional
properties in general. Unsaturated fatty acids
increase fluidity, whereas cholesterol results in
a stiffening of the respective membranes. Con-
sidering an average healthy EPA and DHA con-
taining diet, high levels of DHA are incorpo-
rated into the human brain. DHA is the most
abundant n-3 PUFA in the brain making up to
6% of the brain’s dry weight [35] and is impli-
cated in various functions. First of all, as an
important membrane component, DHA is
responsible for optimal membrane-protein
interaction in signal transduction [36, 37].
Moreover, DHA enhances the gene expression
in the brain including genes such as synuclein
and serine palmitoyl transferase [38]. Long-
term deficiency of DHA in the diet leads to
cognitive impairment [39, 40]; however, the
level of DHA in the brain and partially the
cognitive performance can be restored by DHA
administration. Additionally, DHA plays an
important role in neurodegeneration. Lower
level of DHA in the brain makes dendrites more
vulnerable to h-amyloid [41] and impairs learn-
ing in h-amyloid-infused rats [42]. DHA is also
the main antioxidant in the human brain. DHA
is an essential fatty acid that can be acquired by
several means. Either DHA is taken up from the
diet or it is synthesized from a-linolenic acid
and eicosapentaenoic acid (EPA), fatty acids
that can only be acquired from diet [43, 44].
Direct uptake of dietary DHA and synthesis
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from EPA are by orders of magnitude more
effective than synthesis from linolenic acid
through EPA [45]. Marine fish represent the
most effective dietary source for DHA. Others
DHA/EPA sources are meats like brain, liver and
vessels. With the changes in dietary life-style it
is clear from this list of sources that DHA uptake
has drastically declined in the European popu-
lation, especially fast within the last one or two
decades. The n-6 to n-3 ratio was around 1-2 in
the diet of our ancestors, and it is estimated to
be now 10 or worse [46]. The brain has two
major escape routes from this situation. DHA
turnover is very slow, thus short term limited
supply may not be problematic. If supply
remains low or absent other fatty acids are used
instead, including fatty acids like arachidonic
acid (AA). This has several implications, includ-
ing altered membrane properties and
increased propensity to inflammation. Accord-
ingly, once DHA supply increases, these substi-
tute fatty acids are swiftly replaced by DHA.

Clinical perspective

DHA dependent Ab production, neuronal func-
tion, cognitive performance and inflammation
are all important factors for AD. It thus seems
reasonable to assume that targeting lipids, diet
or specifically DHA might provide protective or
therapeutic potential for AD. Indeed this inter-
pretation is supported by epidemiological and
clinical data. A recent study indicated that
Mediterranean diet might protect against AD
[47] and other studies showed a negative cor-
relation between fish consumption and AD
[48-50].
Very recently one study was complete in which
AD patients were given DHA. In this pilot trial
patients at the initial clinical stage of AD (very
mild AD) showed a stabilization of their cogni-
tive performance while those given a placebo
continued to decline over the study period of
12 month. Interestingly, those patients already
at later stages of the disease showed no cogni-
tive benefit [51]. Although statin treatment has
not yet been tested with very mild AD patients
these findings suggest that statins may provide
a more effective treatment whereas DHA the
more universally applicable alternative for pre-
vention. However, the use of DHA for AD is a
very recent development and further research
may help to increase its effectiveness. In either
case it is obvious from the limited number of
patients thus far studied with either treatment
that more large scale studies are needed. It is
furthermore obvious from the preliminary data
available that the future of AD therapy might
reside with disease prevention or very early
treatment to maximize effectiveness. This
approach had been hampered severely by the
inability to identify from the healthy elderly

population those who are at highest risk to
develop AD. Recent advances in molecular
diagnostics have largely removed this issue
[52].
The future challenges therefore will be to deci-
pher the molecular pathways which link the
neurodegeneration in Alzheimer’s disease with
lipids and based on that to optimize the thera-
peutic approach.

REFERENCES

1. GRZIWA B, GRIMM MO, MASTERS CL, BEY-
REUTHER K, HARTMANN T, LICHTENTHA-
LER SF. The Transmembrane Domain of the
Amyloid Precursor Protein in Microsomal Mem-
branes Is on Both Sides Shorter than Predicted.
J Biol Chem 2003; 278: 6803-8.

2. SIMONS M, KELLER P, DE STROOPER B, BEY-
REUTHER K, DOTTI CG, SIMONS K. Choles-
terol depletion inhibits the generation of beta-
amyloid in hippocampal neurons. Proc Natl
Acad Sci USA 1998; 95: 6460-4.

3. FASSBENDER K, SIMONS M, BERGMANN C,
et al. Simvastatin strongly reduces levels of
Alzheimer’s disease beta-amyloid peptides
Abeta 42 and Abeta 40 in vitro and in vivo. Proc
Natl Acad Sci USA 2001; 98: 5856-61.

4. RUNZ H, RIETDORF J, TOMIC I, et al. Inhibition
of intracellular cholesterol transport alters pre-
senilin localization and amyloid precursor pro-
tein processing in neuronal cells. J Neurosci
2002; 22: 1679-89.

5. BURNS M, GAYNOR K, OLM V, et al. Presenilin
redistribution associated with aberrant choles-
terol transport enhances beta-amyloid produc-
tion in vivo. J Neurosci 2003; 23: 5645-9.

6. EHEHALT R, KELLER P, HAASS C, THIELE C,
SIMONS K. Amyloidogenic processing of the
Alzheimer beta-amyloid precursor protein
depends on lipid rafts. J Cell Biol 2003; 160:
113-23.

7. REFOLO LM, PAPPOLLA MA, LAFRANCOIS J,
et al. A cholesterol-lowering drug reduces beta-
amyloid pathology in a transgenic mouse
model of Alzheimer’s disease. Neurobiol Dis
2001; 8: 890-9.

8. SIMONS M, SCHWARZLER F, LUTJOHANN D,
et al. Treatment with simvastatin in normocho-
lesterolemic patients with Alzheimer’s disease:
A 26-week randomized, placebo-controlled,
double-blind trial. Ann Neurol 2002; 52: 346-
50.

9. WOLOZIN B, KELLMAN W, RUOSSEAU P,
CELESIA GG, SIEGEL G. Decreased prevalence
of alzheimer disease associated with
3-hydroxy-3- methyglutaryl coenzyme A
reductase inhibitors. Arch Neurol 2000; 57:
1439-43.

10. JICK H, ZORNBERG GL, JICK SS, SESHADRI S,
DRACHMAN DA. Statins and the risk of demen-
tia. Lancet 2000; 356: 1627-31.

11. ROCKWOOD K, DARVESH S. The risk of
dementia in relation to statins and other lipid
lowering agents. Neurol Res 2003; 25: 601-4.

12. SPARKS DL, SABBAGH MN, CONNOR DJ, et al.
Atorvastatin for the treatment of mild to mod-
erate Alzheimer disease: preliminary results.
Arch Neurol 2005; 62: 753-7.

13. HOGLUND K, WIKLUND O, VANDERSTICHELE H
EIKENBERG O, VANMECHELEN E, BLENNOW K.
Plasma levels of beta-amyloid(1-40), beta-
amyloid(1-42), and total beta-amyloid remain
unaffected in adult patients with hypercholester-
olemia after treatment with statins. Arch Neurol
2004; 61: 333-7.

14. SJOGREN M, GUSTAFSSON K, SYVERSEN S,
et al. Treatment with simvastatin in patients
with Alzheimer’s disease lowers both alpha-
and beta-cleaved amyloid precursor protein.
Dement Geriatr Cogn Disord 2003; 16: 25-30.

15. GRIMM MO, GRIMM HS, PATZOLD AJ, et al.
Regulation of cholesterol and sphingomyelin
metabolism by amyloid-beta and presenilin.
Nat Cell Biol 2005; 7: 1118-23.

16. TSCHÄPE J, HARTMANN T. Therapeutic Per-
spectives in Alzheimer’s Disease. Rec Pat CNS
Drug Discov 2006; 1: 119-27.

17. BROWN MS, GOLDSTEIN JL. A proteolytic
pathway that controls the cholesterol content
of membranes, cells, and blood. Proc Natl Acad
Sci USA 1999; 96: 11041-8.

18. BROWN MS, YE J, RAWSON RB, GOLD-
STEIN JL. Regulated intramembrane proteoly-
sis: a control mechanism conserved from bac-
teria to humans. Cell 2000; 100: 391-8.

19. GUSTAFSON DR, ROTHENBERG E, BLENNOW
K, STEEN B, SKOOG I. An 18-year follow up of
overweight and risk for Alzheimer’s disease.
Arch Intern Med 2003; 163: 1524-8.

20. KIVIPELTO M, NGANDU T, FRATIGLIONI L, et al.
Obesity and vascular risk factors at midlife and
the risk of dementia and Alzheimer disease. Arch
Neurol 2005; 62: 1556-60.

21. GUSTAFSON D, LISSNER L, BENGTSSON C,
BJÖRKELUND C, SKOOG I. A 24-year follow-up
of body mass index and cerebral atrophy. Neu-
rology 2004; 63: 1876-81.

22. GUSTAFSON D, STEEN B, SKOOG I. Body mass
index and white matter lesions in elderly
women. An 18-year longitudinal study. Intl J
Psychogeriatrics 2004; 16: 327-36.

23. SOLOMON A, KAREHOLT I, NGANDU T, et al.
Serum cholesterol changes after midlife and
late-life cognition: twenty-one-year follow-up
study. Neurology 2007; 68: 751-6.

24. MIELKE MM, ZANDI PP, SJÖGREN M, et al.
Elevated total cholesterol levels in late-life asso-
ciated with a reduced risk of dementia. Neurol-
ogy 2005; 64: 1689-95.

25. SKOOG I, LERNFELT B, LANDAHL S, et al.
15-year longitudinal study of blood pressure
and dementia. Lancet 1996; 347: 1141-5.

184 DOSSIER



26. KIVIPELTO M, LAAKSO MP, TUOMILEHTO J,
NISSINEN A, SOININEN H. Hypertension and
hypercholesterolaemia as risk factors for Alzhe-
imer’s disease: potential for pharmacological
intervention. CNS Drugs 2002; 16: 435-44.

27. KIVIPELTO M, NGANDU T, LAATIKAINEN T,
WINBLAD B, SOININEN H, TUOMILEHTO J.
Risk score for the prediction of dementia risk in
20 years among middle aged people: a longi-
tudinal, population-based study. Lancet Neurol
2006; 5: 735-41.

28. DUERING M, GRIMM MO, GRIMM HS,
SCHRODER J, HARTMANN T. Mean age of
onset in familial Alzheimer’s disease is deter-
mined by amyloid beta 42. Neurobiol Aging
2005; 26: 785-8.

29. PUGLIELLI L, KONOPKA G, PACK-CHUNG E,
et al. Acyl-coenzyme A: cholesterol acyltrans-
ferase modulates the generation of the amyloid
beta-peptide. Nat Cell Biol 2001; 3: 905-12.

30. ZHA Q, RUAN Y, HARTMANN T, BEY-
REUTHER K, ZHANG D. GM1 ganglioside regu-
lates the proteolysis of amyloid precursor pro-
tein. Mol Psychiatry 2004; 9: 946-52.

31. FLORENT S, MALAPLATE-ARMAND C, YOUSSEF
I, et al. Docosahexaenoic acid prevents neuronal
apoptosis induced by soluble amyloid-beta oli-
gomers. J Neurochem 2006; 96: 385-95.

32. OKSMAN M, LIVONEN H, HOGYES E, et al.
Impact of different saturated fatty acid, polyun-
saturated fatty acid and cholesterol containing
diets on beta-amyloid accumulation in
APP/PS1 transgenic mice. Neurobiol Dis 2006;
23: 563-72.

33. LIM GP, CALON F, MORIHARA T, et al. A diet
enriched with the omega-3 fatty acid docosa-
hexaenoic acid reduces amyloid burden in an
aged Alzheimer mouse model. J Neurosci 2005;
25: 3032-40.

34. HASHIMOTO M, HOSSAIN S, SHIMADA T,
et al. Docosahexaenoic acid provides protec-
tion from impairment of learning ability in
Alzheimer’s disease model rats. J Neurochem
2002; 81: 1084-91.

35. YEHUDA S, RABINOVITZ S, MOSTOFSKY DI.
Essential fatty acids are mediators of brain bio-
chemistry and cognitive functions. J Neurosci
Res 1999; 56: 565-70.

36. LITMAN BJ, MITCHELL DC. A role for phospho-
lipid polyunsaturation in modulating mem-
brane protein function. Lipids 1996; 31(Suppl):
S193-S197.

37. SCHLEY PD, JIJON HB, ROBINSON LE, FIELD
CJ. Mechanisms of omega-3 fatty acid-induced
growth inhibition in MDA-MB-231 human
breast cancer cells. Breast Cancer Res Treat
2005; 92: 187-95.

38. KITAJKA K, PUSKAS LG, ZVARA A, et al. The
role of n-3 polyunsaturated fatty acids in brain:
modulation of rat brain gene expression by
dietary n-3 fatty acids. Proc Natl Acad Sci USA
2002; 99: 2619-24.

39. MORIGUCHI T, GREINER RS, SALEM JR. N.
Behavioral deficits associated with dietary
induction of decreased brain docosahexaenoic
acid concentration. J Neurochem 2000; 75:
2563-73.

40. SALEM JR. N, Moriguchi T, Greiner RS, et al.
Alterations in brain function after loss of
docosahexaenoate due to dietary restriction of
n-3 fatty acids. J Mol Neurosci 2001; 16: 299-
307; (discussion 317-21).

41. CALON F, LIM GP, YANG F, et al. Docosa-
hexaenoic acid protects from dendritic pathol-
ogy in an Alzheimer’s disease mouse model.
Neuron 2004; 43: 633-45.

42. HASHIMOTO M, HOSSAIN S, AGDUL H, SHI-
DO O. Docosahexaenoic acid-induced amelio-
ration on impairment of memory learning in
amyloid beta-infused rats relates to the
decreases of amyloid beta and cholesterol lev-
els in detergent-insoluble membrane fractions.
Biochim Biophys Acta 2005; 1738: 91-8.

43. SPRECHER H. Metabolism of highly unsatur-
ated n-3 and n-6 fatty acids. Biochim Biophys
Acta 2000; 1486: 219-31.

44. WILLIARD DE, HARMON SD, KADUCE TL, et al.
Docosahexaenoic acid synthesis from n-3 poly-
unsaturated fatty acids in differentiated rat
brain astrocytes. J Lipid Res 2001; 42: 1368-76.

45. HORROCKS LA, YEO YK. Docosahexaenoic
acid-enriched foods: production and effects on
blood lipids. Lipids 1999; 34(Suppl): S313.

46. SIMOPOULOS AP. Evolutionary aspects of diet
and essential fatty acids. World Rev Nutr Diet
2001; 88: 18-27.

47. SCARMEAS N, STERN Y, TANG MX, MAY-
EUX R, LUCHSINGER JA. Mediterranean diet
and risk for Alzheimer’s disease. Ann Neurol
2006; 59: 912-21.

48. KALMIJN S, LAUNER LJ, OTT A, WITTEMAN JC,
HOFMAN A, BRETELER MM. Dietary fat intake
and the risk of incident dementia in the Rotter-
dam Study. Ann Neurol 1997; 42: 776-82.

49. BARBERGER-GATEAU P, LETENNEUR L, DES-
CHAMPS V, PERES K, DARTIGUES JF, RENAUD
S. Fish, meat, and risk of dementia: cohort
study. BMJ 2002; 325: 932-3.

50. MORRIS MC, EVANS DA, BIENIAS JL, et al.
Consumption of fish and n-3 fatty acids and risk
of incident Alzheimer disease. Arch Neurol
2003; 60: 940-6.

51. FREUND-LEVI Y, ERIKSDOTTER-JONHAGEN M,
CEDERHOLM T, et al. Omega-3 fatty acid treat-
ment in 174 patients with mild to moderate
Alzheimer disease: OmegAD study: a random-
ized double-blind trial. Arch Neurol 2006; 63:
1402-8.

52. HANSSON O, ZETTERBERG H, BUCHHAVE P,
LONDOS E, BLENNOW K, MINTHON L. Asso-
ciation between CSF biomarkers and incipient
Alzheimer’s disease in patients with mild cog-
nitive impairment: a follow-up study. Lancet
Neurol 2006; 5: 228-34.

OCL VOL. 14 N° 3-4 MAI-AOÛT 2007 185


