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Abstract

The question arises as to whether oxidative stress has a primary role in neurodegeneration or is a secondary end-stage
epiphenomenon. The aim of the present study was to determine oxidative stress parameters like malondialdehyde (MDA),
carbonyl proteins (CP) and Albumin-disulphide (Alb-SSR) and relate these parameters to the immune parameter neopterin,
folic acid and vitamin B12 as vitamins and homocysteine in patients with neuro-degenerative diseases (NDD), namely mild
cognitive impairment (MCI) and Alzheimer’s disease (AD) compared to an aged matched control group. MDA, CP and
Alb-SSR were significantly increased in the NDD group compared to controls, but not vitamin B12, folic acid and
neopterin. Significant correlations were found between CP and Alb-SSR, CP and MDA and between MDA and Alb-SSR
including patients with NDD and the control group. These results support the hypothesis that oxidative damage to lipids
and proteins is an important early event in the pathogenesis of neurodegenerative diseases.

Keywords: Neuro-degenerative diseases, mild cognitive impairment (MCL), Alzheimer’s disease (AD), reactive oxygen and
nitrogen species (RONS), malondialdehyde (MDA), carbonyl proteins (CP), sulphydryl-albumin (Alb-SH), albumin-
disulphide (AIb-SSR)

Introduction . . .. .
virus disorders, deficits in the energy metabolism

Neurodegenerative diseases like Alzheimer’s disease
(AD) and mild cognitive impairment (MCI) are age-
associated neurodegenerative disorders resulting in
the loss of memory and cognition [1]. The aetiology
and pathogenesis of these diseases are still unclear.
There exist several aetiologic and pathogenetic hy-
potheses for the development of AD such as: genetic
defects in the APP gene on chromosome 21, latent

resulting in mitochondrial defects, deficits in neuro-
trophic factors and trace element neurotoxicity [2]. In
the last decades oxidative stress has become of
increased interest in neurologic disorders like AD or
other neuro-degenerative diseases [3,4]. On one
hand, oxidative stress in the brain is thought to be
central, by the mechanism of Af (1-42)-associated
oxidation in neurons [5]. On the other hand, trace
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amounts of free metals, lipid peroxidation products
like malondialdehyde (MDA) and hydroxynonenal
(HNE) as well as lipid peroxidation end products like
carbonyl proteins (CP) and isoprostanes are in-
creased in AD, MCI and the neurodegenerative brain
[6-8]. Estimation of increased reactive carbonyls and
carbonyl proteins, especially in the brains of patients
with AD but also in other neurodegenerative diseases,
are demonstrated in numerous reports [3,4,9].

Recent studies demonstrated that oxidative da-
mage of proteins in MCI and AD subjects were
significantly higher than of age-matched control
subjects, suggesting that oxidation stress is an early
event in MCI and early AD [10,11]. Furthermore,
this situation is often combined with a reduction of
enzymatic, like glutathione peroxidise, glutathione
S-transferase and superoxide dismutase, non-enzy-
matic antioxidative defences [12] and on protein
synthesis and protein degradation [13,14]. New
approaches to investigate oxidative stress in MCI
and AD such as proteomics of CP, F,-IsoP levels
and damage of DNA and RNA showed that
oxidative damage is involved in a variety of cellular
targets which occur early in the progression of AD
[5,15-18]. Reactive aldehydes, like MDA and HNE,
but also CP seemed to be involved in the pathogen-
esis of neurodegenerative diseases in the brain and
also in the peripheral blood system [19-21]. Ques-
tions arise about the origin of free radicals or
reactive oxygen and nitrogen substances (RONS),
which are definitely connected with the pathogenesis
of this disease [22,23]. An end product of mem-
brane lipid peroxidation, MDA is one of the most
widely used markers for free radical mediated
damage [24]. It has been reported that MDA
increases in patients with neurodegenerative diseases
[8], but also in elderly healthy persons compared to
a young healthy control group [25,26]. Oxidized
forms of albumin are also becoming a more inter-
esting field in neurodegenerative disorders, espe-
cially acrolein-albumin [27]. Less is known about
the oxidation of cystein 34 of albumin to the
disulphide form albumin (Alb-SSR). Cys-34 of
albumin may contain a free sulphydryl group which
can easily be oxidized to a mixed disulphide (Alb-
SSR) or higher to sulphinic or sulphonic acid.
Oxidized albumin was reported to be a parameter
for ageing and different types of diseases like uremia
[28]. The thiol group of albumin is discussed to
contribute the anti-oxidative capacity in plasma.

The present study shows for the first time the
estimation of a set of oxidative stress blood para-
meters of patients with neurodegenerative diseases in
comparison to an age matched control group to gain
more insight into the ‘diverse and controversial role of
oxidants in neurodegeneration’ [29].

Materials and methods
Patients characteristics

The initial population of 31 subjects consisted of 15
healthy volunteers (11 females and four males; age:
60.8 years+4.7) and 16 patients with neurodegen-
erative diseases (NDD): six females and four males
with AD, three females and three males with MCI;
average age: 67.6 years+5.2). Mini-Mental State
Examination (MMSE) of NDD patients (MMSE:
23.5+2.2) was evaluated. AD patients fulfilled the
NINCDS ADRDA criteria [30], whereas MCI diag-
nosis followed the criteria of Petersen et al. [31] when
there was evidence of memory impairment, preserva-
tion of general cognitive and functional abilities and
absence of diagnosed dementia. NDD patients were
recruited from the Wagner-Jauregg-Hospital in Linz,
Austria. The patients did not receive vitamin supple-
mentation within their treatment regimen. Patients or
one of their relatives gave informed consent to
participate in this study, which was approved by the
local ethics committee. For the patients without
cognitive impairment, Mini-Mental State Examina-
tion was carried out (MMSE: 30 + 0). Furthermore,
healthy volunteers did not receive any vitamin sup-
plements within 6 weeks before blood collection.
Subjects with additionally diseases like malignant
diseases or clinical relevant gastrointestinal, renal,
hepatic, cardiorespiratoric, hematological, as well as
patients with metabolic disorders or chronic infec-
tions were excluded from the study.

Determination of oxidative stress parameter

Blood samples were collected after an overnight fast,
allowed to clot and centrifuged immediately. Sera were
aliquoted and stored at —70°C until measurement.
Total homocysteine concentrations were measured by
HPLC as described previously [32]. Determination
of neopterin concentrations was performed by ELISA
(BRAHMS Diagnostica, Berlin, Germany). For the
measurement of folate and vitamin B12 concentra-
tions a double-labelled radioimmunoassay (Chiron
Diagnostic Corp., Walpole, MA) was used.

Malondialdehyde was quantitated by a HPLC
method after reaction with thiobarbituric acid as
described elsewhere [33].

The redox state of human serum albumin was
followed by HPLC separation of albumin giving a
peak representing the sulphydryl form (Alb-SH) and
another representing the mixed disulphide form (Alb-
SSR), according to Hayashi et al. [34]. Separation
was carried out using a Shodex Asahipak ES-502N
7C anion exchange column (7.6 x 100 mm) with
50 mm Na-acetate, 400 mm Na-sulphate, pH 4.85 as
mobile phase. Elution was carried out with a gradient
of 0-6% ethanol and a flow rate of 1 mL/min. The
column was kept at 35°C. Fluorescence detection was
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carried out at 280/340 nm. Samples were diluted
1:100 with 0.1 M Na-phosphate, 0.3 m NaCl, pH
6.87, filtered through a 0.45 um nylon filter and
20 pL were injected into the HPLC system. Data are
expressed as the percentage of Alb-SSR.

For the determination of carbonyl proteins, oxi-
dized bovine serum albumin (BSA) was prepared for
standardization as described elsewhere [35]. Serum
samples and standards were diluted to give a final
protein concentration of 4 mg/mL. Measurement of
CP was performed after derivatization with 2,4-
dinitrophenyl-hydrazine (DNPH) by a chemilumi-
nescence technique on a chemiluminescence reader
(Lumistar, BMG, Germany) after addition of 200 pL/
well Super Signal Maximum Sensitivity substrate
(Pierce, Rockford, USA). Serum protein was mea-
sured with the bicinchoninic assay (BCA; Pierce,
Rockford, USA).

Statistical analysis

Statistical analysis was performed by SPSS software
14.0. Data are presented as means + standard devia-
tion (SD). Significance was set at p <0.05. Mean
values of NDD and control group were compared
using z-test for unpaired samples. Further, we pooled
data for gender and age and compared concentrations
of all parameters by one-way-ANOVA. Pearson’s
correlation coefficient and regression analysis were
used to evaluate bivariate relationships of gender or
age with all biochemical markers of NDD patients as
well as healthy volunteers.

Results

Figure 1A shows the significant difference (p<
1.0-107?) in the content of MDA between the
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control group (n=15; 1.15+0.32 pum) and the
NDD group (n=16; 2.62 + 1.27 um). Concentration
of CP of the control group (z=15; 0.30+ 0.12 nmol/
mg protein) were significantly lower (p<4.9-10 %)
than in the NDD group (z=16; 0.90+ 0.29 nmol/
mg protein), as shown in Figure 1B. The fraction of
Albumin-SSR was significantly increased (p=1.7-
10°7) in the NDD group (n=16; 49.2+9.2%)
compared to the control group (n=15; 24.7+
4.0%), as shown in Figure 1C. Comparing the
amount of neopterin, folic acid, vitamin B12 and
age, no significant differences were found between
the control and the NDD group, as described in
Table 1.

Figure 2A—C show the Pearson correlations be-
tween the different oxidative stress markers including
data of patients and controls. The best correlation
was found between CP and Albumin-SSR (z=31;
r=0.906; p=4-10" to, Figure 2A), then between CP
and MDA (n=31; r=0.85; p = 3.8-10 ~ %; Figure 2B)
and least between MDA and Albumin-SSR (n=31;
r=0.786; p<1.9-10 °; Figure 2C).

When correlating CP with Alb-SSR, within the
control group alone no significant correlation was
found (n=15; r=0.037; p=0.895). However, a
significant correlation was found within the patient
group (n=16; r=0.736; p=2.3-10"°). This situa-
tion was similar for the correlation of CP and MDA:
while we found no significance in the controls (n=
15; r=0.3; p=0.3), there was a good correlation in
the NDD group with high significance (n=16; r=
0.83; p<0.001). The correlation between MDA vs
Albumin-SSR in the control group showed a trend
toward significance (n=15; r=0.489; p=0.064),
while a significant correlation was found in the
NDD group (n=16; r=0.723; p<0.01).
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Figure 1. Oxidative stress parameters in serum from a control and a NDD group. MDA content (A), CP content (B) and the amount of
Albumin-SSR (C) in serum were determined. Bars indicated with * are significantly different from the control value (p <0.05).
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Table I. Clinical parameters in patients with neurodegenerative
diseases (NDD: includes MCI and AD group) and the control
group.

Control (n=15) NDD (z=16)
Age 60.8 +4.7 67.6+5.2
Neopterin (nm) 6.8+1.5 7.6+3.8
Folic acid (ug/L) 8.2+4.2 8.9+4.6
Vitamin B12 (ng/L) 541.8+418.2 465.4+204.6
Homocysteine (pm) 13.9+3.3 14.1+6.8

Comparison of age (< 63.0 years and > 63.0 years)
and gender with CP, Alb-SSR and MDA showed no
significant differences in any parameter (p>0.1).
Neither age nor gender affected the statistical rela-
tionship between CP, Alb-SSR and MDA.

Discussion

The usage of peripheral markers to show oxidative
stress in neurodegenerative diseases was not convin-
cing. This is mostly attributed to the main opinion
that the blood-brain-barrier is intact in neurodegen-
erative disorders and therefore oxidative stress mar-
kers are not present in the peripheral circulation.
However, there is growing evidence that abnormal
small-vessel structures could affect the blood-brain-
barrier in AD.

Lipid peroxidation is a central feature of oxidative
stress and can be assessed by a number of methods
including the quantification of peroxidation end
products like MDA. MDA was shown to be increased
with age in human brain, but several studies failed to
detect any increase in serum in AD or other
neurodegenerative diseases [36,37]. We have found
that MDA levels are higher in the NDD group
compared to controls. McGrath et al. [52] reported

an increase of 4-hydroxynonenal but not of MDA in
patients with AD. This disagreement could be
ascribed to the commonly used spectrophotometric
assay of MDA, while we used the more specific
HPLC technique.

Lipid peroxidation end products play an important
role in the modification of proteins beside a direct
attack of RONS. The determination of CP is a widely
used marker for oxidative stress for the investigation
of samples from patients with neurodegenerative
diseases [3,9,38]. An increase of CP in hippocampus
and inferior parietal lobule regions of AD patients
compared to age-matched controls was found by
Hensley et al. [39]. In blood samples no difference
was found concerning the amount of CP between AD
patients and control subjects [40]. Our data demon-
strate a severe increase in the generation of carbonyl
proteins in the NDD group compared to the control
group which is in good agreement with a recently
published study [41]. Both markers MDA and
carbonyl proteins correlated well in the NDD group
[8,42].

We report for the first time an increase of Alb-SSR
in neurodegenerative patients compared to an
age-matched control group. As albumin is quickly
distributed between blood and the extravascular
compartment it serves as a global marker for the
redox state in the body. The disulphide fraction of
albumin is increased during ageing and in different
kinds of diseases like senile cataract, diabetes mellitus
or in hemodialysis patients [34,43-45]. Therefore,
Alb-SSR is not a specific marker for neurodegenera-
tive disease. In addition, the age of patients as well as
controls has to be taken into account. Peroxynitrite
and hydrogen peroxide are well known RONS which
oxidize Alb-SH to Alb-SSR [29]. As peroxynitrite is
initiating both lipid peroxidation and oxidation of
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Figure 2. Correlation of oxidative stress parameters of serum from control (<»)) and NDD group (a4 ). Albumin-SSR vs CP (A), MDA vs
CP (B) and MDA vs Albumin-SSR (C) were analysed by linear regression.
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proteins directly an increased peroxynitrite formation
in neurodegenerative disease patients could explain
the increased levels of MDA, CP and Alb-SSR [23].

Elevated plasma total homocysteine concentration
is discussed as a risk factor for cognitive decline or
AD [46]. Mild elevations of plasma total homocys-
teine are associated with increased AD independent
of folate and vitamin B12 [47]. These findings differ
from ours, where the content of plasma homocysteine
in NDD was essentially equal to the age-matched
control group. Our results are in good agreement with
the Rotterdam and MacArthur studies showing
homocysteine not as a risk factor for cognitive
impairment of elderly subjects [48,49]. Finally,
Ravaglia et al. [50] found an even negative association
between homocysteine concentration and cognitive
impairment. Formation of Alb-SSR may therefore
not be attributed to an increased homocysteine.

High homocysteine plasma levels in MCI and AD
have been associated with vitamin deficiency, espe-
cially folate and vitamin B12. We found no associa-
tion of folate with cognitive function or vitamin B12.
Furthermore, folate and vitamin B12 levels of
patients with AD were within the normal range
[51]. It is expected that folate is associated with
vitamin B12 by the folate dependent methylation
pathway. We found no difference in plasma levels
between NDD patients and the control group for
neither folate nor vitamin B12, which is in agreement
with a recently published study [48].

We examined the immune status of the NDD and
the control group by estimating neopterin. No
difference in the amount of neopterin between
NDD and the control group was found, suggesting
that cellular immune defence is not activated during
the pathogenesis of NDD.

It is well known that CP, AIb-SSR and MDA are
sensible markers for age. Bivariate regression analysis
showed no significant effect of age or gender on
oxidative stress markers used in this study.

Summarizing all data from our study, we suggest
that in patients with NDD oxidative stress parameters
(namely MDA, carbonyl proteins and Albumin-SSR)
although not specific are more useful markers for
neurodegenerative disorders than plasma homocys-
teine, vitamin B12 or folate.

Acknowledgements

This work was financially supported by the Franz
Lanyar-Stiftung (Project Nr. 290). The Institute for
Physiological Chemistry is a member of the Institutes
of Basic Medical Sciences (IBMS) at the Medical
University Graz and was supported by the infrastruc-
ture program (UGP4) of the Austrian Ministry of
Education, Science and Culture.

Cognitive impairment and Alzheimer’s disease 637

Declaration of intevest: The authors report no
conflicts of interest. The authors alone are respon-
sible for the content and writing of the paper.

References

[1] Katzman R, Saitoh T. Advances in Alzheimer’s disease.
FASEB J 1991;4:278-286.

[2] Cecchi C, Fiorillo C, Sorbi S, Latorraca S, Nacmias B,
Bagnoli S, Nassi P, Liguri G. Oxidative stress and reduced
antioxidant defences in peripheral cells from familial Alzhei-
mer’s patients. Free Radic Biol Med 2002;33:1372-1379.

[3] Perry G, Nunomura A, Hirai K, Zhu X, Perez M, Avila ],
Castellani R], Atwood CS, Aliev G, Sayre LM, Takeda A,
Smith MA. Is oxidative damage the fundamental pathogenic
mechanism of Alzheimer’s and other neurodegenerative dis-
eases? Free Radic Biol Med 2002;33:1475-1479.

[4] Smith MA, Perry G, Richey PL, Sayre LM, Anderson VE,
Beal MF, Kowall N. Oxidative damage in Alzheimer’s. Nature
1996;382:120-121.

[5] Boyd-Kimball D, Castegna A, Sultana R, Fai Poon H, Petroze
R, Lynn BC, Klein JB, Butterfield DA. Proteomic identifica-
tion of proteins oxidized by AP(1-42) in synaptosomes:
implications for Alzheimer’s disease. Brain Res 2005;1044:
206-215.

[6] Liu Q, Raina AK, Smith MA, Sayre LM, Perry G. Hydro-
xynonenal, toxic carbonyls, and Alzheimer disease. Molec
Aspects Med 2003;24:305-313.

[7] Picklo Sr MJ, Montine TJ, Amarnath V, Neely MD. Carbonyl
toxicology and Alzheimer’s disease. Toxicol Appl Pharmacol
2002;184:187-197.

[8] Pratico D, Clark CM, Liun F, Rokach J, Lee VY, Trojanowski
JQ. Increase of brain oxidative stress in mild cognitive
impairment: a possible predictor of Alzheimer disease. Arch
Neurol 2002;59:972-976.

[9] Smith CD, Carney JM, Tatsumo T, Tadtman ER, Floyd RA,
Markesbery WR. Protein oxidation in aging brain. Ann NY
Acad Sci 1992;663:110-119.

[10] Keller JN, Schmitt FA, Scheff SW, Ding Q, Chen Q,
Butterfield DA, Markesbery WR. Eividence of increased
oxidative damage in subjects with mild cognitive impairment.
Neurology 2005;64:1152-1156.

[11] Sayre LM, Smith MA, Perry G. Chemistry and biochemistry
of oxidative stress in neurodegenerative disease. Curr Med
Chem 2001;8:721-738.

[12] Volicer M. Free radicals in the development of Alzheimer’s
disease. Neurobiol Aging 1991;11:567-571.

[13] Keller JN. Interplay between oxidative damage, protein
synthesis, and protein degradation in Alzheimer’s disease.
] Biomed Biotechnol 2006;3:1-3.

[14] Cecarini V, Ding Q, Keller JN. Oxidative inactivation of the
proteasome in Alzheimer’s disease. Free Radic Res 2007;41:
673—680.

[15] Pratico D, Sung S. Lipid peroxidation and oxidative imbal-
ance: early functional event in Alzheimer’s disease. J Alzhei-
mer Dis 2004;6:171-175.

[16] Markesbery WR, Lovell MA. Damage to lipids, proteins,
DNA, and RNA in mild cognitive impairment. Neurol Rev
2007;64:954-956.

[17] Lovell MA, Markesbery WR. Oxidatively modified RNA in
mild cognitive impairment. Neurobiol Dis 2008;28:169-175.

[18] Ding Q, Markesbery WR, Cecarini V, Keller JN. Decreased
RNA, and increased RNA oxidation, in ribosomes from early
Alzheimer’s disease. Neurochem Res 2006;31:705-710.

RIGHTS

1r



Free Radic Res Downloaded from informahealthcare.com by University of Saskatchewan on 12/03/11
For personal use only

638 ¥ Greilberger et al.

[19]

[20]

[21]

(22]

[23]

[24]

(25]

(26]

(27]

[28]

(29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

Butterfiled DA, Drake J, Pocernich C, Castegna A. Evidence
of oxidative damage in Alzheimer’s disease brain: central role
for amyloid beta-peptide. Trends Mol Med 2001;7:548-554.
Choi J, Malakowsky CA, Talent JM, Conrad CC, Gracy RW.
Identification of oxidized plasma proteins in Alzheimer’s
disease. Biochem Biophys Res Commun 2002;293:1566—
1570.

Conrad CC, Marshall PL, Talent JM, Malakowsky CA, Choi
J, Gracy RW. Oxidized proteins in Alzheimer’s plasma.
Biochem Biophys Res Commun 2000;275:678-681.

Beal MF. Oxidatively modified proteins in aging and disease.
Free Radic Biol Med 2002;32:797-803.

Smith MA, Harris PLR, Sayre LM, Beckham ]S, Perry G.
Widespread peroxynitrite-mediated damage in Alzheimer’s
disease. J Neurosci 1997;17:2653-2657.

Esterbauer H, Schaur J, Zollner H. Chemistry and biochem-
istry of 4-hydroxynonenal, malondialdehyde, and related
aldehydes. Free Radic Biol Med 1991;11:81-128.

Harman D. Free radical theory of aging: Alzheimer’s disease
pathogenesis. Age 1995;18:97-119.

Lovell MA, Ehmann WD, Butler SM, Markesbery WR.
Elevated thiobarbituric acid-reactive substances and antiox-
idant enzyme activity in the brain in Alzheimer’s disease and
aging. Neurology 1995;45:1594-1601.

Seidler NW, Yeargans GS. Albumin-bound polyacrolein:
implications for Alzheimer’s disease. Biochem Biophys Res
Commun 2004;320:213-217.

Himmelfarb J, McMonagle E. Albumin is the major plasma
protein target of oxidant stress in uremia. Kidney Int
2001;60:358-363.

Ischiropoulos H, Beckman JS. Oxidative stress and nitration
in neurodegeneration: cause, effect, or association? J Clin
Invest 2003;111:163-169.

McKhan G, Drachman D, Folstein M, Katzman R, Price C,
Stardlan M. Clinical diagnosis of Alzheimer’s disease: report
of the NINCDS-ADRDA work group under the auspices of
the Department of Health and human Services task force of
Alzheimer’s disease. Neurology 1984;34:939-944.

Petersen RC, Smith GE, Waring SC, Ivnik R]J, Tangalos EG,
Kokmen E. Mild cognitive impairment: clinical characteriza-
tion and outcome. Arch Neurol 1999;56:303-308.

Frick B, Schrocksnadel K, Neurauter G, Wirletner B, Artner-
Dworzak E, Fuchs D. Rapid measurement of total plasma
homocysteine by HPLC. Clin Chim Acta 2003;331:19-23.
Khoschsorur GA, Winklhofer-Roob BM, Rabl H, Auer T,
Peng Z, Schaur R]. Evaluation of a sensitive HPLC method
for the determination of malondialdehyde, and application of
the method to different biological materials. Chromatogra-
phia 2000;52:181-184.

Hayashi T, Era S, Kawai K, Imai H, Nakamura K, Onda E,
Yoh M. Observation for redox state of human serum and
aqueous human albumin from patients with senile cataract.
Pathophysiology 2000;6:237-243.

Lamprecht M, Greilberger J, Oettl K. Analytical aspects of
oxidatively modified substances in sports and exercises.
Nutrition 2004;20:728-730.

Ahlskog JE, Uitti R], Low PA, Tyce GM, Nickander KK,
Petersen R, Kokmen E. No evidence for systemic oxidative
stress in Parkinson’s or Alzheimer’s disease. Mov Disord
1995;10:566-573.

Kalman J, Kudchodkar BJ, Murray K, McConathy WJ,
Juhasz A, Janka Z, Lacko AG. Evaluation of serum-lipid-

(38]

(39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

(50]

[51]

(52]

related cardiovascular risk factors in Alzheimer’s disease.
Dement Geriatr Cogn Disord 1999;10:488-493.

Smith MA, Harris PLR, Sayre LM, Perry G. Iron accumula-
tion in Alzheimer’s disease is a source of redox-generated free
radicals. Proc Natl Acad Sci USA 1997;94:9866-9868.
Hensley K, Hall N, Subramaniam R, Cole P, Harris M,
Aksenov M, Aksenova M, Gabbita SP, Wu JF, Carney JM,
Lovell M, Markesbery WR, Butterfield DA. Brain regional
correspondence between Alzheimer’s disease histopathology
and biomarkers of protein oxidation. J Neurochem 1995;5:
2146-2156.

McGrath LT, McGleenon BM, Brennan S, McColl D,
MclILroy S, Passmore AP. Increased oxidative stress in
Alzheimer’s disease as assessed with 4-hydroxynonenal but
not malondialdehyde. QJM 2001;94:485-490.

Bermejo P, Martin-Aragon S, Benedi J, Susin C, Felici E, Gil
P, Ribera JM, Villar AM. Peripheral levels of glutathione and
protein oxidation as markers in the development of Alzhei-
mer’s disease from mild cognitive impairment. Free Radic Res
2008;42:162-170.

Mattson MP, Guo Q, Furukawa K, Pedersen WA. Preseni-
lins, the endoplasmatic reticulum and neuronal apoptosis in
Alzheimer’s disease. ] Neurochem 1998;70:1-14.

Era S, Kuwata K, Imai H, Nakamura K, Hayashi T, Sogami
M. Age-related change in redox state of human serum
albumin. Biochim Biophys Acta 1995;1247:12-16.

Soejima A, Matsuzawa N, Hayashi T, Kimura R, Ootsuka T,
Fukuoka K, Yamada A, Nagesawa T, Era S. Alteration of
redox state of human serum albumin before and after
hemodialysis. Blood Purif 2004;22:525-529.

Suzuki E, Yasuda K, Takeda N, Sakata S, Era S, Kuwata K,
Sogami M, Miura K. Increased oxidized form of human
serum albumin in patients with diabetes mellitus. Diab Res
Clin Pract 1992;18:153-158.

Lehmann M. Identification of cognitive impairment in the
elderly: homocysteine is an early marker. Dement Geriatr
Cogn Disord 1999;10:12-20.

McCaddon A. Total serum homocysteine in senile dementia
of Alzheimer type. Int J Geriatr Psychiatry 1998;13:235-239.
Kado DM, Karlamangala AS, Huang MH, Troen A, Rowe
JW, Selhub J, Seeman TE. Homocysteine versus the vitamins
folate, B6 and B12 as predictors of cognitive function and
decline in older high-functioning adults: MacArthur Studies
of successful aging. Am J Med 2005;118:161-167.

Kalmijn S, Launer L], Lindemans J, Bots ML, Hofman A,
Breteler MM. Total homocysteine and cognitive decline in a
community-based sample of elderly subjects: The Rotterdam
Study. Am J Epidemiol 1999;150:283-289.

Ravaglia G, Forti P, Maioli F, Vettori C, Grossi G, Bargossi
AM, Caldarera M, Franzeschi C, Facchini A, Mariani E,
Cavalli G. Elevated plasma homocysteine levels in centarians
are not associated with cognitive impairment. Mech Ageing
Dev 2000;121:251-261.

Mizrahi EH, Bowirrat A, Jacobsen DW, Korczyn AD, Traore
F, Petot AJ, Lerner AJ, Debanne SM, Adunsky PM, DiBello
PM, Friedland RP. Plasma homocysteine, vitamin B12 and
folate in Alzheimer’s patients and healthy Arabs in Israel. J
Neurol Sci 2004;227:109-113.

McGrath LT, McGleenon BM, Brennan S, McColl D,
Mcllroy S, Passmore AP. Increased oxidative stress in
Alzheimer’s disease as assessed with 4-hydroxynonenal but
not malondialdehyde. Q J Med 2001;94:485-490.

RIGHTS

Ay



