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FE 100%. EBEEF 66% QLIS  MbkA 80%, L > X% T0%, JRIKEE 86%, K 70%, <A
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SIENA (Structural Image Evaluation, using Normalisation, of Atrophy) % f\\T, PREEM
REBOMEBOEBITEELHEL, TORAMERT LA, MR, RaEERBL2H T 2EN.
Probable Alzheimer disease (AD) 27 #] (dementia 15, MCI 12), MMIn’EMEEREBEEEREE 5 4,
ATERRIBREERFRAMERERRE 3 1, CDR 0 DIEFEXMMR 9. HHRIZ 6 » ALLLOMKETMRI % 2 [l
BB L, SIENAIZ L D two-time point Percentage Brain Volume Change (PBVC) ZEHEL7-. =
D PBVC 1%, 12 » A OZALIZHRE LT PBVC per vear & L CHUESRREI L7z, F7-, AD BETIIBRK
NAFdw—h—bRE L. EEFSEREED PBVC per year #3-0.39+0.26% (-0.01—-0.85.
+2SD 1 0.91) THo=DIZx LT Probable AD Tid, -1.75%0.89 (dementia), -1.23%+0.89

(MCI) TH Y, dementia JEFIBE CHEICEHOEITENLE o 7-. 77, hTau & pTau i PBVC per
year & ORIZAOHEE2R O/, 1HE & 2 [EH O MMSE & PBVC per year DEIZZ N FHIEDHH
BE2Rwi, M MEREAMSEERER TIX, PBVC per year 25-0.94+0.80 ThH Y, JAEEZIETL
7= 1 il % B & PBVC per vear X +2SD LINTh - 7-. BiTHABRIERZR M EREE I 3 B 2
FINEE+2SD LA ETH -7, LA EX Y ADIZIV T, PBVC per year (38 %&nksE L, hTau, pTau
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XN 7= probable Alzheimer Disease (AD)
dementia 155l (38 10, % 5) WHIEH 71.1
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-1.23%+0.89 (-0.11—-2.75), —0.39+0.26
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R, hTau & pTau 213 PBVC per
year & ORNCADOHBEEZR O (K2). 1[HE
H & 2@ HOMSE & PBVC per year DOfEIIZF
NEFNIEOHBEZREDZ (K3). 2) Vascular
MCI & dementia TiZ PBVC per year 25-0.94+
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Vascular MCI 26 25
Vascular MCI 25 22
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interval
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ABSTRACT

Alzheimer’s disease (AD) is among the most common causes of progressive cognitive impairment
in humans and is characterized by neurodegeneration in the brain. Lipid peroxidation is thought to
play a role in the pathogenesis of AD. 4-hydroxynonenal (HNE) results from peroxidation of poly-
unsaturated fatty acids and it in turn gives evidence of lipid peroxidation in vivo. HNE reacts with
protein histidine residue to form a stable HNE-histidine Michael adduct. To clarify the influence
of lipid peroxidation on the pathogenesis of AD, we measured HNE-histidine Michael adduct in
hippocampi from four AD patients and four age-matched controls by means of semiquantitative
immunohistochemistry using a specific antibody to cyclic hemiacetal type of HNE-histidine Mi-
chael adduct. This antibody does not react with the ring-opened form of HNE-histidine Michael
adduct and the pyrrole form of HNE-lysine Michael adduct. The HNE adduct was detected in the
hippocampi of both AD and control donors, especially in the CA2, CA3 and CA4 sectors. Immu-
noreactive intensity of HNE adduct in these sectors were significantly higher in AD patients than
in the controls. The HNE adduct was found in the perikarya of pyramidal cells in the hippocam-
pus. These results show that the hippocampi of patients with AD undergo lipid peroxidation and
imply that this activity underlies the production of cytotoxic products such as HNE that are re-
sponsible for the pathogenesis of AD.

The progressive cognitive impairment of Alzheimer’s
disease (AD) is associated with neuronal loss as
well as the formation of neurofibrillary tangles
(NFTs) and senile plaques in the brain (25). Free
radical-mediated oxidative damage, energy deple-
tion, deposition of amyloids and NFTs, excitotoxici-
ty, and vascular endothelial cell damage are all
thought to participate in the pathogenesis of AD
(13). Oxygen-derived free radicals, byproducts of
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respiration, cause oxidative damage to cellular bio-
molecules including lipids, proteins and nucleic ac-
ids. The brain seems to be especially vulnerable to
lipid peroxidation by free radicals, because it con-
sumes approximately one-fifth of humans’® oxygen
intake, has a relative paucity of antioxidant systems
and contains high concentrations of polyunsaturated
fatty acids (PUFAs) (11). Lipid peroxidation results
in structural damage to membranes and generation
of secondary products such as reactive aldehydes

Abbreviations used: AD, Alzheimer’s disease; DAB,
3,3’-diaminobenzidine tetrahydrochloride; HNE, 4-hy-
droxynonenal; MAP2, microtubule-associated protein 2;
NFT, neurofibrillary tangle; PBS, phosphate buffered
saline; PUFAs, polyunsaturated fatty acids.



