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Introduction. Mild cognitive impairment (MCI) is the prodromal stage of Alzheimer’s disease
(AD), so identification of the related risk factors can be helpful. There are controversial data
regarding the serum oxidant/antioxidant status, trace elements and homocysteine (Hcy) as effective
parameters in this disease, therefore the status of these factors was determined in this study.
Methods. One hundred-twenty elderly persons with cognitive impairment and 120 elderly
healthy persons who were differentiated using Mini-mental state examination (MMSE) participated in
this study. The patients were divided into mild and moderate-to-severe cognitive impairment group.
Serum antioxidant/oxidant, copper (Cu), manganese (Mn), zinc (Zn) and Hcy concentrations were
measured using routine methods.
Results. Oxidant and antioxidant levels increased and decreased based on the severity of the
disease and were higher and lower in patients than in control group, respectively (p<0.001). With
adjusting for age, gender and education, significant difference in Hcy levels was not observed. There
was no significant difference in trace elements levels among groups.
Conclusions. Results confirmed the association between oxidative damage with increasing the
severity of cognitive impairment. These factors may be involved in the etiology of cognitive
impairment and AD. Identification of such biomarkers is important to select appropriate treatment
goals before the onset of irreversible clinical signs.
Key words: Alzheimer disease, oxidative stress, mild cognitive impairment, homocysteine,
trace element.

INTRODUCTION

Dementia usually caused by Alzheimer’s
disease (AD) is an irreversible disorder, which can
induce important damages to the normal nervous
system. Since mild cognitive impairment (MCI) is
a prodromal stage of AD and patients with AD are
likely susceptible to develop dementia, identification
of various changeable biochemical and molecular
parameters in these patients is very important.
Cognitive impairment has three stages as: mild,
moderate and severe cognitive impairment; that
transition from mild to severe stage of MCI is
associated with increasing risk of developing
dementia [1]. As we know, any dyshomeostasis of
biochemical parameters can lead to disease.
Fortunately, it is possible to modify the levels of
some biochemical factors through various therapeutic
interventions. MCI patients have the potential to
meet the preventive and therapeutic interventions
and ultimately the prevention of the progression to
AD [1]. There are various reports regarding

molecular etiology of AD. Researchers have shown
that in AD, important macromolecules such as
proteins [2, 3], DNA [4] and lipids [5] in the cells
of hippocampus and parahippocampal gyrus may
be damaged. It seems that all of these damages are
under the influence of oxidative stress (OS) [2-5].
It is suggested that increase in the levels of various
free radicals is associated with pathogenesis of AD
and these deleterious molecules are so powerful to
induction of progression of MCI to AD. In the
results of free radicals attack on macromolecules,
these molecules may lose their structure and function.
Formation of the amyloid-β (Aβ), a soluble
peptide with 42 amino acids that concentrated in
senile plaque is a fundamental characteristic of the
AD [6]. There is a strong relationship between Aβ
formation and levels of free radicals. Some studies
suggested a toxic role for Aβ on neurons [7-10],
but in an unexpected theory, an antioxidant role for
Aβ is also proposed. According to this theory, an
increase in the production of early Aβ deposits is a
compensatory response to occurrence of OS [11,
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12]. It is believed that the antioxidant activity of
Aβ depends on its concentration [13, 14]. In fact,
micromolar range of Aβ might be toxic. In addition,
Aβ can strongly bind to metals ions (such as Zinc
(Zn) and Coper (Cu)) [15] and, theoretically, this
chelating property can prevent the oxidation of
biomolecules by these metals. Despite numerous
beneficial and biological roles of trace elements in
metabolism, some of them can be toxic in excessive
amount. Some transient metals are able to stimulate
the formation of free radicals and these events are
probably senior of pathological lesions that occurr
in AD [16]. In addition to OS and transient metals,
it has been suggested that hyperhomocysteinemia
contribute in this process. A significant correlation
between the risk of developing MCI (and dementia)
and high levels of homocysteine (Hcy) (that is due
to the low levels of folic acid and vitamins B6 and
B12) has been reported [17-19]. The molecular
mechanism of Hcy toxicity is not fully known yet.
It has been suggested that hyperhomocysteinemia
can induce hypomethylation via the various enzymes
such as methyl transferase [20]. In addition, its role
in increasing the OS status has been suggested [21].
Reporting data regarding the oxidant/antioxidant imbalance, trace elements dyshomeostasis
or hyperhomocysteinemia is controversial and to
some degree inconclusive. Therefore, the aim of
this study was to determine the serum status of
oxidant/antioxidant, Hcy and Cu/Zn/manganese
(Mn) as contributing parameters in MCI in an
elderly population.
MATERIAL AND METHODS
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normal. Ultimately, the cognitive impaired persons
were divided into two categories; 1: mild (called as
MCI I, score from 20-24), and 2: moderate to
severe cognitive impairment (called as MCI II,
score from 0-19). All patients who had a history of
drugs that affect the Hcy levels such as metformin,
cholestyramine, methotrexate, nicotinic acid, pyridoxine, theophylline, L-dopa, cyclosporine and
cobalamin and persons with stroke and smoking
history were excluded from the current study.
Moreover, we excluded all persons with kidney
dysfunction and malabsorption diseases. Finally,
120 elderly patients with cognitive impairment
remained and participated in the present study.
One-hundred-twenty healthy gender and age matched
persons were selected randomly as the control
group from the AHAP. This study was approved as
a quality assurance project by institutional ethics
committee of Babol university of medical science.
Laboratory measurements
Blood samples for analysis of biochemical
parameters were taken from all the subjects and the
serum was separated. Resulted serum was divided
into 0.2 ml micro tubes and stored frozen at -80
degrees Celsius until analysis.
Serum Hcy concentration was measured by
using the commercial kits (Axis-Shield Diagnostics
Ltd, FHRWR 100/200/1000 UK.) with automated
Autoanalyser (Hitachi 912). In this method, briefly
free Hcy was converted to cystathionine by the
cystathionine beta-synthase and excess serine. The
cystathionine was then broken down to Hcy, pyruvate
and ammonia. Pyruvate was converted to lactate
via lactate dehydrogenase with NADH as coenzyme.
+

Study population
The population of this study was elderly
persons from Amirkola Health and Aging Project
(AHAP) [22] in which people aged ≥60 years old
were recruited for health study. According to the
AHAP study, written informed consent was obtained
after the oral explanation of the study. Among 1616
elderly persons that contributed in AHAP project,
300 elderly patients had MCI. Diagnosis of MCI
patients was according to the results of MiniMental State Examination (MMSE) score system.
Cognitive impairment degree for each participant
was identified using MMSE score. We categorized
the persons according to the resulted score into two
classes: normal and MCI. A person with a MMSE
score between 0 to 24 was considered as MCI and
one who had the score ≥25 was considered as

The rate of NADH conversion to NAD (∆ A340 nm)
was directly proportional to the concentration of
Hcy.
Serum Mn and Cu concentrations were
determined through atomic absorption spectrophotometery method (PG 990, China) equipped with a
graphite furnace. Samples were diluted 1/20 with
HNO3 0.1% for Cu determination. EDTA 100 µg/L
(as modifier) and HNO3 0.1% were used for
analysis of Mn (final dilution factor = 3). Then
10µL of the diluted samples was injected into the
graphite furnace. Working standard solutions were
prepared from the stock standards (1000 mg/L,
Merck) of Cu and Mn for calibration curve.
The serum Zn concentration was measured
with Biorex diagnostics kit (BXC0462, UK) using
spectrophotometer (UNICO 2100). Zn in the sample
was chelated by 5-Br-PAPS (2-(5-bromo-2-pyri-
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dylazo)-5-(N-propyl-N-sulfopropylamino)-phenol)
present in the reagent. The formation of this
complex was measured at a wavelength of 560 nm.
In the present study, malondialdehyde (MDA)
as a side product of lipid peroxidation was measured
by using the thiobarbituric acid reactive substances
(TBARS) assay. MDA levels were evaluated using
thiobarbituric acid as the major reagent in TBARS
assay. Based on the spectrophotometric method,
the condensation of one molecule of MDA with
two molecules of Thiobarbituric acid and the
elimination of two molecules of H2O lead to the
formation of a pink complex measured at 320 nm.
We used ferric reduction antioxidant power
(FRAP) assay as a method to evaluate the antioxidant power spectrophotometrically. FRAP assay
measures the ability of serum for reduction of ferric
ions to ferro in acidic pH. Ferric ions were
converted to ferro and the production of colored
complex of ferro tripyridyl triazine was measured
in wavelength = 593 nm.
Statistical analysis
Biochemical variable values were skewed
and therefore all data was log transformed before
analysis. This helps us to reduce the effect of
outliers on statistical analysis. One-Way ANOVA
and Tukey post hoc test were used to evaluate the
differences among the means of parameters. The
relationship between factors was assessed using
Pearson’s correlation test and related P-value.
The studied population was categorized into
two groups: educated and uneducated persons.
Multiple linear regression analysis was used for
assessing the biochemical factors affected MMSE
scores. The effect of disease on changes in parameters was determined by analysis of covariance
and age, gender and education were considered as
confounder factors. The multinomial multiple
logistic regression model was used to estimate the
effect of parameters’ changes on various intensities
of disease. The statistical analysis was performed
with SPSS version 16.0 and in all analysis
P-values <0.05 were considered significant.
RESULTS

Demographic, clinical and biochemical variables
of the studied groups are presented in Table 1. Age
and education levels, but not gender, were statistically different in three included groups (P<0.001)
and the control group was younger and more

educated than MCI I and MCI II groups. In
addition, no statistical difference was observed
between two genders in the value of biochemical
parameters. The serum levels of total anti-oxidant,
before adjusting for potential confounding factors
(age, gender and education) were significantly
lower in patients than in control subjects and
showed the decrease of gradient from MCI I to
MCI II patients. An opposite pattern and trend were
found about serum MDA levels. No correlation
was seen among the biochemical variable levels
with demographic and clinical characteristics in
each person (Table 1).
Univariate analysis adjusted for potential
confounding factors (age, gender and education)
showed that the level of total antioxidant and
oxidant biomarkers remained significantly lower
and higher, respectively, in the patients versus healthy
group. Furthermore, no differences were observed
among three groups in Hcy, Zn and Mn and Cu
levels. In the MCI II group, Cu concentration
indicated a slight decrease in comparison with MCI
I in the crude data.
In linear regression analysis (backward
method) in which age, gender and education were
considered as covariate, we observed that age,
education, FRAP and MDA concentrations were
highly correlated with MMSE worsening and
uneducated persons had lower MMSE scores in
comparison with the educated ones. In addition,
getting older was associated to the worsening of the
MMSE scores. Also, higher and lower serum levels
of MDA and FRAP, respectively, were related to
the worsening of the MMSE score. Scatter plot
confirmed these results for the FRAP and MDA
concentrations (Fig. 1).
Table II indicates the results of the
multinomial logistic regression analysis with FRAP
and MDA concentrations as effective variables.
According to the likelihood ratio test, the variables
that were able to discriminate these three included
groups were: age, education, total antioxidant and
oxidant biomarkers. The first contrast (control
group vs. MCI I) indicated that besides the effect of
age (for each year, OR = 1.061; p<0.001) and
education (being uneducated, OR: 6.604; p<0.001),
FRAP and MDA were able to discriminate MCI I
individuals from the healthy controls. In the second
contrast (controls vs. MCI II) we observed that the
effect of age (for each year, OR = 1.166; p<0.001)
and education (being uneducated, OR: 9.89;
p<0.001) in addition to the FRAP and MDA were
effective parameters for discrimination of MCI II
individuals than the healthy ones.
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Table I
Comparison of mean values of demographic, clinical and biochemical variable in included persons
Indications

Control
(120)
67.7 ± 6.9
50

MCI I
(57)
71.4 ± 7.3
56.1

MCI II
(63)
77.0 ±7.3
44.4

P-value

Age
<0.001
Gender (% male)
0.441
Education number (%)
uneducated
50 (65.4)
49 (86)
58 (92.1)
<0.001
educated
70 (34.6)
8 (14)
5 (7.9)
FRAP (µmol/L)* 103a
1.4 ± 0.4
1.2 ± 0.3
0.9 ± 0.3
<0.001
TBARS (µmol/L)a
4.5 ± 2.7
6.8 ± 3.6
7.4 ± 3.4
<0.001
Zn (µg/dl)a
72.8 ± 31.9
80.2 ± 39.9
80.2 ± 45.4
0.880
Cu (ppm)a
0.88 ± 0.3
1.0 ± 0.4
0.98 ± 0.4
0.068
Mn (ppb)a
13.5 ± 5.3
14.4 ± 5.7
14.2 ± 4.7
0.363
Hcy (µmol/L)a
16.3 ± 7.0
18.3 ± 7.9
23.6 ± 24.7
0.009
a
Log-transformation was performed for all biochemical variables.
Data are presented as mean ± standard deviation.
Abbreviations: FRAP – Ferric reduction antioxidant power; Hcy – homocysteine; TBARS – Thiobarbituric acid reactive substances;
MCI I – mild cognitive impairment; MCI II – moderate to severe cognitive impairment.
Table II
Multiple multinomial logistic regression model
Control (120) vs. MCI I (57)
B
P-value 95% Confidence Interval
Lower
Upper
limit
limit
FRAP
-0.002
<0.001 0.997
0.999
MDA
0.241
<0.001 1.1
1.47
Age
0.059
<0.001 1.008
1.115
Education
1.88
<0.001 2.69
16.20
Abbreviations: MDA – Malondialdehyde; others, see Table I.

(a)

Control (120) vs. MCI II (63)
B
P-value 95% Confidence Interval
Lower
Upper
limit
limit
-0.004
<0.001 0.994
0.998
0.307
<0.001 1.152
1.603
0.154
<0.001 1.10
1.23
2.29
<0.001 3.01
32.56

(b)
Figure 1. Scatter plots for, (a) MDA and (b) FRAP levels on MMSE scores.
DISCUSSION

MCI reflects a transitional state between
normal aging and decline in cognitive abilities
related to early dementia [23]. At this stage of
disease, despite the presence of AD hallmarks, the
clinical signs are not seen [24]. Numerous studies
have suggested that OS is associated with AD and

sometimes it is considered as a causal factor in AD
pathogenesis. Our results strongly supported the
relationship between increased OS and cognitive
impairment in our population. Based on our findings,
MDA levels showed a gradient change from stage I
to stage II cognitive impairment and both groups
had a significantly higher concentration of MDA
than the control group. These results indicated that
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lipid peroxidation was increased along with the
severity of cognitive impairment. The result of
serum antioxidant levels showed that antioxidant
capacity was reduced with a negative gradient in
both patients groups in comparison to the healthy
control. OS may be the early event in AD, before
the onset of clinical symptoms in the patient’s body
[11].
Nunomura et al. reported that an increase in
OS was associated with reduction in the Aβ
deposits [12]. They also reported that a 40-56%
decrease in levels of 8-hydroxyguanosine in neurons
containing neurofibrillary tangles than neurofibrillary tangles free neurons [11]. It seems that in
these conditions, use of antioxidant supplements
may be helpful for preventing the cognitive
decline, as Shelly et al. reported [25].
It seems that the equilibrium of Zn and Cu is
very important for preventing the formation and
accumulation of Aβ in AD patient [26]. We also
examined serum status of Zn, Mn and Cu in
patients and control groups. There were statistically
no differences in concentrations of these trace
elements among the included persons. In crude
data, an increase in the level of these metals was
found in the patient groups. Massie et al. and
Maynard et al. in their researches reported that the
Cu increases with aging in the brains of mouse
models [27, 28]. Maynard declared that an increase
in Cu contents of human brain may also be visible
[26]. It has been suggested that the mean
concentration of Cu in the serum or plasma may
not exactly reflect the amount of this metal in
patient’s brain. In some AD patients in spite of
normal levels of Cu in the plasma or serum, the
increase of Cu contents in cerebrospinal fluid was
observed [29]. In the current study, the observed
trend in crude data may only reflect the onset of
metal dyshomeostasis or probably is due to the
aging process.
Studies suggested that amyloid precursor
protein and amyloid peptide might interact with Cu
in aggregated plaques and possibly contribute in
the AD pathogenesis through OS[30-33]. On the
contrary, in the crude data, we observed a decrease
in serum Cu levels in MCI II patients in

comparison with MCI I and healthy elderly
persons. This may be caused by Cu chelating
property of the newly formed Aβ in the MCI II
group as compensatory response to occurrence of
OS and as a try for improving the hypothesis
antioxidant function of the cells. Surely, this needs
to clarify and approve in another study with larger
sample size.
Hcy that its normal range are determined in
various population [34], mostly is known as a risk
factor for stroke [35] and atherosclerosis [36], but it
is suggested to have a role in neurodegenerative
diseases. Zhao et al. in their report has also
introduced Hcy as a factor in the pathogenesis of
AD and suggested that this amino acid is able to
increase OS in this disease [37]. According to the
fact that there was a slight increase in Hcy
concentration with aging and since the MCI
patients were older than the control group, the
elevated concentrations of Hcy may be caused by
aging.
CONCLUSIONS

Cognitive impairment is a multi-factorial
syndrome and various conditions may cause it. In
the present study only the status of oxidative
damage was analyzed and the findings confirmed
the association between oxidative damage and
increasing severity of cognitive impairment. These
factors may be involved in the etiology of cognitive
impairment and AD. Therefore, identification of
such biomarkers is very important for selecting that
appropriate treatment goals before the onset of
irreversible clinical signs of the disease. In
addition, identification of the exposed persons and
families can be useful for both individuals and the
health system.
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AD – Alzheimer’s disease
MCI – mild cognitive impairment
OS – oxidative stress
Aβ – amyloid-β
MDA – malondialdehyde
TBARS – Thiobarbituric Acid Reactive Substances
FRAP – Ferric Reduction Antioxidant Power

Hcy – Homocysteine
MMSE – Mini-Mental State Examination
MCI I – mild cognitive impairment stage I
MCI II – mild cognitive impairment stage II and III or moderate
to severe cognitive impairment
AHAP – Amirkola Health and Aging Project
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Introducere. Disfuncţia uşoară cognitivă (MCI) este stadiul prodromal al
bolii Alzheimer (AD) aşadar identificarea factorilor de risc poate fi utilă. În
literatură sunt date controversate legate de statusul antioxidant seric, micronutrienţi şi homocisteina (HCy) drept parametrii de analizat în AD aşadar aceşti
factori au fost determinaţi în acest studiu.
Materiale şi metode. Au fost recrutaţi 120 de pacienţi vârstnici cu disfuncţie
cognitivă şi 120 de pacienţi vârstnici sănătoşi. Acestora le-a fost administrat Minimental state examination (MMSE) şi pacienţii cu disfuncţie cognitivă au fost
împărţiţi în grup cu disfuncţie uşoară şi disfuncţie moderat severă. Au fost
analizate nivelurile serice ale cuprului, ale manganului, zincului, Hcy precum şi
statusul antioxidant seric.
Rezultate. Nivelurile oxidanţilor au fost mai mari la pacienţii cu disfuncţie
cognitivă, iar nivelurile antioxidanţilor au fost semnificativ mai mici în cadrul
acestui grup comparat cu martorii sănătoşi (p<0.001). După ajustarea pentru
vârstă, gen, statusul educaţional nu s-au observat diferenţe semnificative între
nivelurile serice ale Hcy între cele două grupuri. Nu au fost diferenţe semnificative
nici între concentraţiile microelementelelor.
Concluzii. Rezultatele confirmă asocierea dintre stresul oxidativ şi apariţia
disfuncţiei cognitive. Acesta ar putea fi implicat în etiologia AD. Identificarea unor
astfel de biomarkeri este importantă pentru selecţia tratamentului adecvat.
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