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Summary

Alzheimer’s disease (AD) is the most common form of dementia of the elderly and is a mounting public health problem.
There has been steadily growing interest in the involvement of metal ions (especially, zinc and copper)and docosahex-
aenoic acid (DHA, C22: 6n-3) in neuronal functions and neurodegenerative disorders including AD. The recent interest-
ing descriptions are in the elucidation of zinc and copper release and flux at the glutamatergic synapse in the cortex and
hippocampus, These metals influence the response of the NMDA receptor. AD is also characterized by miscompartmen-
talization of copper and zinc (e. g. accumulation in amyloid).

DHA, a n-3 polyunsaturated fatty acid, is essential for normal neurological development and vision. DHA deficiency
markedly affects neuronal function ; it is thus associated with some neurological dysfunction in aging and AD. Epidemi-
ological studies show a relation between the ingestion of fish oils and AD, suggesting neuroprotective consequences of
the oil, especially of DHA. Dietary administration of DHA improves learning ability in rats, and protects against and ame-
liorates the impairment of learning ability in AD model rats and APP transgenic mouse model of AD. The roles of zinc

and copper in pathophysiological of AD and the improvement effect of dietary DHA on AD are reviewed here.
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Fig.1 Amyloid cascade hypothesis in Alzheimer’s disease.
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Fig. 2 Zinc and copper in the glutamatergic synapse.
APP: amyloid precursor protein; Af: amyloid p peptide; Cu:
copper; CuATP7a: Menkes CuaATPase; Glu: glutamate;
MT3: metallothionein-3; NMDAR: NMDA receptor; Zn:
Zinc. This figure was arranged from ref. 14. For more details,
refer to the text.
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Fig. 3 The neuroprotective properties of docosahexaenoic acid (DHA) likely rely on various molecular mechanism. This figure
was arranged from ref. 36. For more details, refer to the text.
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Table 1 Conditions of friction testing

Improved group No-Change group Aggravation group

(n=29) (n=148 (n=19)
Food intake (g) 2990.8 + 679.2 2013.4 = 694.9 2609.8 + 825.3
Energy (kcal) 2149.1 +633.0 2009.4 +505.9 1846.7 + 462.5
Protein (g) 86.6 + 48 45 724+195 74.6+19.7%x
Lipid (g) 539+ 26.6 49.7+19.0 423+195
Carbohybrate (g) 304.1£67.0 2914 +65.8 283.3£66.3
Ca (g) 622.9 +195.7 610.9 2344 519.5 +223.9
Fatty acids (g) 459+224 42.1+162 36.0+16.4
SFA (g) 146+7.0 141+65 12769
MUFA (g) 181+95 164+6.7 139+6.2
PUFA (g) 13.2 % 6.7 116+39 9.4 + 3 8k
n-3 Fatty acid (g) 3.8 = 2.9%x 29+12 2.2+ 1.1k
n-6 Fatty acid (g) 106+48 99+37 84+37
Cholesterol (mg) 37452477 321.2+1424 272.5+162.9
Zn (mg) 629.7 = 466.0 613.9 = 549.6 524.4 + 4383
Cu (mg) 20.8+13.7 216+181 180+ 152
Cereals (g) 489.1 1354 4418+116.3 462.3+117.6
Potatoes (g) 21.6+16.0 352+33.2 309+383
Sugar (g) 96+12.1 76+66 95+90
Sweets (g) 431347 49.0 £64.1 424513
Oil salad (g) 17.2+131 14.2+109 11366
Oil mixed (g) 0.43+1.09 0.48+1.30 019+1.11
Bean (g) 689324 74.2+30.7 535281
Fruits (g) 193.7+196.1 182.3+1387 1164+ 959
?/feegeeﬁgglgguf(’g 1372792 151.8+ 8838 1102+ 1383
Other vegetables (g) 1779+ 81.0 1782+73.8 167.5+102.4
Seaweed (g) 21.3+184 25.8+29.9 165+ 16.2
Seasoning (g) 12.2 £ 9.4%, #k 8.5+ 3.8% 6.5 + 3.6%x
Alcohol (g) 134.1+200.0 135.0 + 369.3 110.3+ 1629
Fish (g) 150.8 + 107.9% 1200+728 90.7 + 67.8%
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Fig. 4 Effect of the infusion of amyloid-p (Ap) peptide (1-40) into the rat cerebral ventricle (A) and the effect of docosahexaenoic acid
(DHA) administered to the A -infused rats on reference memory-related learning ability in the radial maze task. Each value
represents the number of reference memory errors as the mean + SEM in each block of six trials. AR = AP -infused rats
(n=9); AB + DHA = DHA-administered A -infused rats (n = 10). Groups without a common letter for the main effects of
groups are significantly different at P < 0.05. This figure was arranged from ref. 56.
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Fig. 5 Protective effect of DHA on the Ai-sw-induced neurotoxicity.

The APi-10 after in vivo infusion (or in vivo sequential cleavage by P, y-secretase enzymes) partitioned into the cholesterol-
glycosphinglipids-enriched detergent-insoluble membrane microdomains (lipid rafts). DHA inhibits the harboring of Ai-4 into the rafts
by inhibiting fibrillation, by decreasing their cholesterol, probably by inhibiting the cholesterol biosynthesizing enzyme 3-hydroxy-3-
methylglutaryl coenzyme A reductase (HMGCoA-R), and by decreasing palmitic (PLA) and stearic acid (STA) levels. DHA, by
activating antioxidative defenses, scavenges the Api-s-induced oxidative and protects neuronal death. DHA directly inhibits the §, y-
secretase enzyme and/or, DHA-induced antioxidative enzymes shields the cleavage sites of amyloid precursor protein (APP), wherein
the protease enzymes (B, y-secretases) cuts to produce Api-4 and APi-s2. For more details, refer to the text.
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Fig. 6 Effects of DHA on in vitro Api-4 fibrillation and dissolution.

A : Process of the formation from monomer to fibers of A and the amorphous and the action site of DHA.

B: Band density of 4—20 % Tris-Glycine gradient gel electrophoresis of soluble amyoid oligomers. Af1-40 (50 uM) was incubated with 0
(AP control), 5, 10 and 20 uM DHA. Non-incubated sample was also prepared in parallel. At the end of incubation, all samples were
filtered through ultrafilter with 10 kDa molecular mass limit, centrifuged at 100,000 g for 30 min to pellet insoluble species. Soluble
oligomers were separated and stained with coomassie brilliant blue.

C & D : Electron micrographs of destabilized amyloid fibrills. The preformed aggregated Ap peptides (20 uM) were incubated at 37C

with 20 uM DHA (D) or without (C) for 24 h. The matured fibrils were destabilized something like amorphous consistency after

24 h of incubation with DHA (D).
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