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Abstract

Background. Paraoxonase 1 (PONT) is an enzyme with the capability to protect against lipid oxidation and
atherosclerotic lesions formation. Impaired antioxidative capacity and enhanced lipid peroxidation (reflected
by malondialdehyde rise) accompany dementias.

Objectives. The aim of this study was to discern the possible differences in the activity and phenotype
distribution of PONT, and lipid peroxidation level in dementias of neurodegenerative and vascular pathology,
t0 assess whether they reflect structural changes in the brain, and to evaluate their potential as dementia
markers.

Material and methods. Paraoxonase 1 arylesterase activity and polymorphisms (dual-substrate method),
and malondialdehyde/thiobarbituric acid reactive substances (MDA/TBARS) levels were determined spec-
trophotometrically in 257 serum samples derived from 136 dementive patients (with Alzheimer’s disease
(AD; n = 63), vascular dementia (VaD; n = 40) and mixed-type dementia (MD; n = 33), as well as from
121 non-dementive individuals. The results were analyzed with reference to dementia type and severity
(assessed with Mini Mental State Examination (MMSE) and Clinical Dementia Rating (CDR) scales), structural
brain changes (estimated with magnetic resonance imaging (MRI) — Global Cortical Atrophy (GCA), Medial
Temporal lobe Atrophy (MTA) and Fazekas scales)) and brain ischemia (HachinskiIschemic Scale (HIS) index),
and evaluated using receiver operating characteristic (ROC) analysis.

Results. Malondialdehyde/thiobarbituric acid reactive substances were increased in dementia (more in VaD
than AD). In patients with vascular involvement, MDA/TBARS elevation reflected a degree of global cortical
atrophy. Paraoxonase 1 activity was decreased in patients with dementia, especially in patients with severe
cognitive deficits. In VaD, a drop in PONT reflected a degree of MTA and brain ischemia. MDA/TBARS displayed
75% accuracy as a general dementia marker, but, similarly to PON1, were a poor differential marker.

Conclusions. Both indices were more associated with vascular involvement and the severity of brain atrophy
or ischemia rather than with degree of cognitive decline.
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Introduction

Progressive degeneration of neurons, a hallmark of neu-
rodegenerative disorders, leads to serious deficits in cogni-
tive performance and general functioning.! Due to the pro-
gressing aging of societies, the number of people suffering
from various forms of dementia is projected to double
every 20 years and will become a serious burden for public
healthcare in the near future. Alzheimer’s disease (AD)
is the main cause of dementia in the elderly population,
followed by vascular dementia (VaD). Alzheimer’s disease
is estimated to account for 60—-80% of cases and is char-
acterized by the accumulation of extracellular f-amyloid
plaques and intracellular neurofibrillary tangles.! Vascular
dementia is the result of the blockage or damage of the cere-
bral blood vessels, leading to infarcts, bleeding and/or isch-
emia and ultimately to brain injury. It was initially consid-
ered to be the sole form of dementia attributable to vascular
lesions; however, several studies have demonstrated that
the development of cardiovascular risk factors also play
asubstantial role in AD. Indeed, neuropathological indices
of brain infarcts can be found in up to half of AD patients.
The co-existence of AD and VaD pathologies is observed
in the vast majority of mixed dementia (MD) cases.!

Epidemiological studies have revealed that lipid peroxi-
dation caused by oxidative imbalance is a common etiol-
ogy of both cardiovascular? and neurocognitive diseases.>
Among others, oxidative stress (OS) alters the permeability
of vascular and cerebral endothelium and promotes in-
flammatory responses.® Brain tissue is particularly vulner-
able to OS due to high content of oxidative damage-prone
polyunsaturated fatty acids and intense oxidative metabo-
lism combined with low antioxidant capacity.® Accord-
ingly, the decline in antioxidants as well as the accumula-
tion of oxidative damage markers, e.g., malondialdehyde
(MDA), considered as the most abundant aldehyde derived
from lipid peroxidation, have been reported in both AD
and VaD.3*

Paraoxonase 1 (PONI) is a liver-synthesized enzyme
of multiple biological functions, which has gained particu-
lar attention as an anti-atherogenic agent. It displays anti-
oxidative properties and protects low-density lipoprotein
(LDL) and high-density lipoprotein (HDL) lipids from oxi-
dation, decreases oxidative status of macrophages and in-
creases cholesterol efflux, thus contributing to the preven-
tion and attenuation of the development of atherosclerotic
lesions.” Moreover, PON1 participates in the detoxifica-
tion of homocysteine thiolactone, another pro-atherogenic
compound, and plays an anti-inflammatory role by inhibit-
ing the expression of monocyte chemoattractant protein
(MCP)-1 and activity of myeloperoxidase, which serve
as key players in vascular inflammation and OS. It has also
been reported to stabilize lipid membranes and enhance
their integrity under the conditions of oxidative imbalance.
Accordingly, decreased enzyme activity has been repeat-
edly linked with an increased atherogenic risk.”
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The study evaluated the potential relationship between
oxidative imbalance and the degree of structural and func-
tional impairment of the brain in patients with dementia
of neurodegenerative and vascular pathology.

Material and methods
Study population

The study population consisted of 257 individuals: 136
with dementia and 121 without dementia who served
as a control group. Among patients with dementia, 63
were diagnosed with AD, 33 with MD and 40 with VaD.
The following diagnostic criteria were used: 1) DSM-IV®
and NINCDS-ADRDA? for AD; 2) ICD-10® and NINDS-
AIREN? for VaD, and 3) ICD-10 with the Hachinski Isch-
emic Scale (HIS)!° for MD. Patients with dementia were
recruited from the Alzheimer Center, Wroclaw Medi-
cal University, Scinawa, Poland (48 AD patients and all
patients with MD and VaD) and from the Department
of Psychiatry, Wroclaw Medical University (15 AD pa-
tients). All of the patients underwent a routine medical
examination. Global cognitive function was assessed using
the Mini Mental State Examination (MMSE) and Clinical
Dementia Rating (CDR) scales. The presence of vascular
involvement and global or focal atrophy were evaluated us-
ing magnetic resonance imaging (MRI) and estimated with
the application of the following scales: the Global Cortical
Atrophy (GCA) scale, the Medial Temporal lobe Atrophy
(MTA) scale, and the Fazekas scale for white matter le-
sions.!* Computed tomography (CT) was used in patients
in whom contraindications for MRI were observed (e.g.,
pacemaker or other metal elements in the body or fear
of staying in confined spaces). The MRI scans were as-
sessed by 2 trained persons (one of the authors (MZ) and
an independent blinded radiologist), whose scores were
averaged. Nutritional status of patients with dementia was
evaluated using the body mass index (BMI) and the Mini
Nutritional Assessment (MNA).!2 Clinical characteristics
of patients with dementia are presented in Table 1.

Control group consisted of the following:

1) BD group — 68 apparently healthy blood donors
(age >45 years, no significant health history, no active
inflammation, no pregnancy, no complaints concerning
memory and cognitive function), recruited from the Re-
gional Center for Blood Donation and Therapeutics
in Wroctaw, Poland;

2) HA group — 38 otherwise healthy individuals suffer-
ing from headaches, dizziness and/or complaining about
weak memory in a degree justifying neuroimaging, but
in whom neither loss of cognitive function nor any sig-
nificant somatic or mental illnesses were diagnosed. They
were recruited at the Alzheimer Center;

3) MCI group — 15 otherwise healthy individuals diag-
nosed with mild cognitive impairment (MCI) according
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Table 1. Characteristics of the study population

Patients with dementia (D) Not demented controls

Variables P
AD MD VaD Petmetin BD HA Mcl

Number of cases 63 33 40 68 38 15
Demographics

Age [years] 755480 75.6 7.0 72.8 8.3 0.185' 551+70 61.6 £8.8 66.5+10 | <0.001

Sex, F/M 40/23 22/1 22/18 0.5512 42/26 28/10 9/6 0.559?

Nutritional status

BMI [kg/m?] 271 £4.1 27.7 4.2 28.7 £54 0.300' 277 £54 0.523!

MNA 12.8 £0.6 129 +04 129 +0.3 0.811 13.8 £0.74 <0.001"
Mental deficits

CDR 148 £0.58 142 £0.50 148 +0.55 0.895' 04 <0.00013

MMSE 17.5 +4.2 194 +4.3 18.7 4.0 0137 29.1 £0.9* <0.001'

Neuroimaging and Hachinski Ischemic Scale

MTA 25(24-3.0) 25(20-35) 263 (2.3-3.0) 0.725° 0.5 (0.0-0.5)* <0.0001°

GCA 2305 2305 25+0.5 0133 09 +0.5* <0.001'

Fazekas 1.3 (0.5-1.5)°° 2 (1.5-2.5)%7 2.5 (2-3)*7 <0.00001° 0.5 (0.5-1.0)* <0.0001°

HIS 3(2-3)°° 5(5-6)%" 7 (7-8)>7 <0.000013 2(1-3)* <0.00013

Data presented as means =+ standard deviation (SD) or medians with interquartile range. AD — Alzheimer's disease; MD — mixed-type dementia;

VaD - vascular dementia; BD - healthy blood donors; HA - patients with headaches, dizziness and/or complaining about weak memory but without
dementia or MCl; MCl — mild cognitive impairment; F/M — female-to-male ratio; BMI — body mass index; MNA — Mini Nutritional Assessment; CODR - Clinical
Dementia Rating; MMSE — Mini Mental State Examination; MTA — Medial Temporal lobe Atrophy; GCA — Global Cortical Atrophy; HIS — Hachinski Ischemic
Scale; ' — one-way analysis of variance (ANOVA); 2 — ¥ test; * — Kruskal-Wallis H test; 4 - significantly different from all remaining groups (AD, MD and VaD);

> - significantly different from MD; © - significantly different from VaD; 7 - significantly different from AD.

to Petersen’s criterial® were recruited from the Department
of Psychiatry.

Basic demographic data of the control groups, including
clinical characteristics of HA patients, are summarized
in Table 1.

Ethical considerations

The study protocol was approved by the Medical Ethics
Committee of Wroclaw Medical University (approval No.
KB-679/2011 and KB-367/2017). The study was conducted
in accordance with the Helsinki Declaration of 1975, as re-
vised in 2013, and informed consent was obtained from
all study participants. In the case of patients with severe
dementia, legal guardians were consented.

Analytical methods

Blood samples were obtained following overnight fasting
through venipuncture, clotted for 30 min, and centrifuged
(15 min, 720 x g). Serum was collected, aliquoted and kept
frozen at —80°C until examination.

Malondialdehyde
and malondialdehyde-like substances
Serum concentrations of MDA/TBARS were determined

spectrophotometrically with thiobarbituric acid (TBA)
assay.'* To increase the specificity of the reaction, MDA/

TBARS were assessed in the presence of butylated hy-
droxytoluene (BHT) (Fluka Chemie, Buchs, Switzerland).!®

Measurement of PON1 activities
and PON1 phenotyping

To express PONT1 activity, we determined its arylesterase
activity against phenyl acetate as a substrate. Since phenyl
acetate is equally metabolized by PONT1 alloforms, which
result from the most frequent Q192R polymorphism,
the obtained enzymatic activity is considered as a sur-
rogate for the enzyme concentration.!®

To evaluate PON1 phenotype distribution, we used a dual
substrate method, employing a determination of arylester-
ase and paraoxonase activities of the enzyme.!” Subsequent
plotting of arylesterase against paraoxonase activity re-
sults in the separation of 3 forms of PONI, representing
individuals homozygous for the Q alloenzyme (A pheno-
type of PONI1 with Q at 192), individuals homozygous for
the R alloenzyme (B phenotype of PON1 with R at 192), and
heterozygous individuals (AB phenotype of PON1). Due
to the very low occurrence of B phenotype, for the purpose
of the present study, phenotypes AB and B were combined
and are further described as phenotype B.

Paraoxonase 1 arylesterase and paraoxonase activities
were determined spectrophotometrically by measuring
the rates of hydrolysis of respective substrates: phenyl ace-
tate (Sigma-Aldrich, St. Louis, USA) according to the Aryl-
esterase/Paraoxonase assay kit protocol (ZeptoMetrix
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Co., Buffalo, USA) (CV = 3.0%) and paraoxon (ChemSer-
vice Inc., West Chester, USA) with the method designed
by Charlton-Menys et al.!® One unit (U) of enzyme activity
was defined as 1 mmol of released phenol (arylesterase
activity) or 1 pmol of released p-nitrophenol (paraox-
onase activity) per 1 L of serum per 1 min. Intra-assay
coefficients of variation (CV) for these methods were 1.1%
(paraoxonase activity) and 3% (arylesterase activity). All
measurements were conducted in duplicates and technical
replicates were averaged.

Statistical analysis

Normality of data distribution was tested using the x2
test and homogeneity of variances using Levene’s test. Log-
transformation was used, if appropriate. If not otherwise
stated, data is presented as medians or means with 95%
confidence interval (95% CI). Continuous variables were
analyzed using the Kruskal-Wallis H test or one-way
analysis of variance (ANOVA) with Bonferroni correc-
tion for multiple testing and the t-test for independent
samples with the Welch correction, if required. Correlation
analysis was conducted using either the Spearman test (p)
or the Pearson’s test (r). Frequency analysis and compari-
son of 2 proportions were conducted using the x* test. Age-
and sex-adjusted analyses were conducted using the analy-
sis of covariance (ANCOVA). The discriminative power
of PON1 and MDA/TBARS was evaluated using the ROC
analysis. Overall accuracy was expressed as an area under
the ROC curve (AUC). Additionally, an optimal cut-off was
determined and corresponding sensitivities and specifici-
ties were calculated. Backward method of multiple regres-
sion was used to discern independent predictors of PON1
activity and MDA/TBARS concentrations with p < 0.05
as inclusion and p > 0.1 as exclusion criteria. A two-tailed
probability <0.05 was considered significant. The analy-
ses were performed using MedCalc Statistical Software v.
17.4.4 (MedCalc Software bvba, Ostend, Belgium,; https://
www.medcalc.org; 2017).

Results
PON1 and MDA/TBARS in dementia

Patients with dementia had significantly higher concen-
trations of MDA/TBARS and lower levels of arylesterase
activity of PON1 (Fig. 1).

A detailed analysis revealed differences in MDA/TBARS
in both control and dementia groups (Fig. 2). Among in-
dividuals recruited as controls, the BD group had sig-
nificantly lower concentrations of MDA/TBARS than
the HA or MCI group. Among patients with dementia,
the presence of vascular impairment was responsible for
significant upregulation of MDA/TBARS concentrations.
Arylesterase activity of PON1 was significantly higher
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Fig. 1. Comparison of MDA/TBARS concentrations and PONT activity
between non-demented and demented individuals. Circles represent
individual MDA/TBARS or PONT1 values. Solid squares with whiskers
represent means with 95% confidence intervals (95% Cl)

in BD as compared to other groups, with an exception
of MCI, but did not show significant differences with re-
spect to the type of dementia.

There was a significant age discrepancy between the con-
trol and dementia groups (Table 1). MDA/TBARS concentra-
tions and PON1 arylesterase activities did not correlate with
age in any of the studied groups (MDA/TBARS: p = 0.790
for AD group, p = 0.405 for MD group, p = 0.526 for VaD
group, p = 0.811 for BD group, p = 0.418 for HA group, and
p = 0.720 for MCI group; PON1: p = 0.515 for AD group,
p = 0.435 for MD group, p = 0.543 for VaD group, p = 0.935
for BD group, p = 0.498 for HA group, and p = 0.562 for MCI
group). However, there were significant correlations with age
when the study population was analyzed as a whole (r = 0.43,
p < 0.001 for MDA/TBARS and r = -0.24, p < 0.001 for
PON1). Therefore, for the whole cohort evaluation, age- and
sex-adjusted analysis was employed. Analysis of covariance
revealed a significant effect of health status (p < 0.001) and
insignificant effects of age (p = 0.931) and sex (p = 0.339)
on MDA/TBARS. Similarly, health status (p = 0.041), but not
age (p = 0.163) or sex (p = 0.071), was a significant predictor
of PONT1 arylesterase activity.
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Fig. 2. Comparison of MDA/TBARS concentrations and PONT activity
between healthy individuals, individuals with benign headaches and
memory deficits, patients with mild cognitive impairment, and patients
with dementia of different pathology. Circles represent individual MDA/
TBARS or PONT values. Solid squares with whiskers represent means
with 95% confidence intervals (95% Cl). The numbers above the data
indicate significance of differences between groups in: Alzheimer’s
disease (1); blood donors (2); individuals with headaches, dizziness
and/or complaining about weak memory but without dementia or MCI
(3); mild cognitive impairment (4); mixed-type dementia (5); and vascular
dementia (6)

MDA/TBARS and PON1 as dementia
and dementia differential markers

The ROC analysis was employed to evaluate MDA/
TBARS and PON1 power in discriminating demented
from non-demented individuals (dementia markers) as well
as in differentiating dementia with and without vascular
component (differential markers).

The AUCs for MDA/TBARS and PONI1 as dementia
markers were 0.75 (p < 0.0001) and 0.59 (p = 0.011), re-
spectively. At the cut-off >1.0 uM and <142.2 U for MDA/
TBARS and PONI, the sensitivities and specificities were
as follows: 71% and 75% for MDA/TBARS and 60% and
59% for PONI1.

75

The AUCs for MDA/TBARS and PON1 as differential
markers were 0.58 (p = 0.150) and 0.57 (p = 0.269), respec-
tively. At the cut-off >1.061 pM and <153.5 U for MDA/
TBARS and PONI, the sensitivities and specificities were
as follows: 73% and 46% for MDA/TBARS and 75% and
48% for PONIL.

PONT1 phenotype distribution

The prevalence of the A phenotype of PON1 was 63%
in AD group, 59% in VaD group, 50% in MD group,
47% in MCI group, 61% in HA group, and 48% in BD
group. There was a 15% difference in the prevalence be-
tween AD and BD groups at the trend level significance
(p = 0.095).

In patients with vascular component (MD and VaD)
stratified by the presence of strategic infarcts, the preva-
lence of the A phenotype was 61.5% in patients without
and 55.5% in patients with strategic infarcts (p = 0.671).

Interrelationship between PON1 alloforms
and MDA/TBARS

Controls with the phenotype A of the enzyme had sig-
nificantly lower concentrations of MDA/TBARS than
those with the phenotype B (0.85 pM (0.8—0.9) vs 0.94 uM
(0.87-1.0), p = 0.044). Similarly, MD patients with the phe-
notype A had significantly lower concentrations of MDA/
TBARS than those with the phenotype B of the enzyme
(1.1 uM (0.97-1.23) vs 1.29 pM (1.15-1.42), p = 0.045).
In the other studied groups, the phenotype-related dif-
ference in MDA/TBARS was not significant.

The correlation of PON1 and MDA/TBARS
with the degree of cognitive deficits

The MDA/TBARS were positively correlated with
MMSE in demented patients with vascular involvement
(MD and VaD groups: p = 0.28, p = 0.017). Paraoxonase 1
did not exhibit any association with MMSE, but it corre-
lated with CDR scale in the VaD group; the patients with
CDR-1 grade had significantly higher PON1 activity than
those with CDR-2 and CDR-3 grades (140.6 U (132-149)
vs 127.4 U (118-137), p = 0.040).

PON1 and MDA/TBARS and the level
of brain atrophy and vascular changes

MDA/TBARS positively correlated with GCA scores
in all patients who underwent neuroimaging (p = 0.21,
p = 0.020, n = 127). The association was stronger in pa-
tients with dementia and vascular involvement (p = 0.30,
p =0.022, n = 57), particularly those with strategic infarcts
(p=0.58,p=0.015, n = 17). Arylesterase activity of PON1
negatively correlated with the MTA score in patients
with dementia and with vascular involvement (p = —0.27,
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p =0.049, n = 57), particularly those with strategic infarcts
(p=-0.55,p =0.024, n = 17). None of the parameters cor-
related with the Fazekas score.

PON1 and MDA/TBARS and ischemia

Arylesterase activity of PON1 negatively correlated with
the HIS in VaD patients (p = —0.46, p = 0.004) and in pa-
tients with strategic infarcts (p = —0.56, p = 0.015). A sim-
ilar tendency was observed in MD patients (p = -0.34,
p =0.061). MDA/TBARS displayed only a tendency towards
a weak correlation with the HIS score in a whole studied
population (p = 0.14, p = 0.073).

Multivariate analysis

The effect of mental deficits on MDA/TBARS and PON-
1 was co-examined with the effect of brain abnormalities
detected with neuroimaging and with the HIS. The GCA
score was the only variable retained in the multiple re-
gression model explaining the MDA/TBARS variability
with partial correlation coefficient r = 0.23. The HIS was
the only variable retained in the multiple regression model
explaining PONT1 variability with partial correlation coef-
ficient r = —0.44.

Discussion

In this study, we demonstrated an increase in MDA/
TBARS accompanied by a drop in PONI1 activity in pa-
tients with dementia, particularly these with vascular
involvement, which was related to the severity of brain
atrophy or ischemia rather than to the degree of cogni-
tive decline.

Oxidative stress has been shown to contribute
to the pathogenesis of AD with the markers of oxidative
imbalance evident both locally and systemically.!” Accord-
ingly, the accumulation of MDA has been consistently
reported in AD patients.* There is a scarcity of studies
comparing MDA levels between AD and VaD patients.
In addition, these studies have yielded conflicting results,
showing either equally high MDA levels in both types
of dementia?® or significantly higher MDA accumulation
in AD?! or, contrarily, in VaD.?? Taking into account dif-
ficulties in strict AD and VaD differentiation, a need for
easily accessible biomarkers of vascular involvement has
been stressed, and possible application of MDA has been
suggested but not tested.?? In this study, we corroborated
previous reports on elevated levels of MDA/TBARS in de-
mentia. By showing MDA/TBARS to be significantly higher
in VaD/MD than AD, we confirmed its particular associa-
tion with vascular involvement. Our finding is in line with
close cause-and-effect relationship between OS and vascu-
lar diseases supporting its involvement in the pathogenesis
of VaD.? Adding to existing knowledge, we assessed MDA
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suitability as a differential dementia marker. However, de-
spite its higher levels in dementia with vascular involve-
ment, MDA/TBARS failed to display significant diagnostic
power to be applied as a differential biomarker. Yet, MDA/
TBARS showed a moderate accuracy as a general dementia
marker in our mixed cohort with AUC identical to previ-
ously reported ones for AD.??

Similarly to many other authors, we demonstrated
asignificant decrease in PON1 arylesterase activity in AD.
However, studies comparing PON1 activity between dis-
tinct subtypes of dementia have yielded conflicting results.
Bednarska-Makaruk et al.?* observed that a drop in PON1
activity was particularly expressed in the case of AD-relat-
ed pathology, whereas Paragh et al.?8 showed no differenc-
es. Others, like us, have found it to be lowered in demen-
tias with vascular involvement.2022% Moreover, Cervellati
et al.3% reported low PONT1 activity to be associated with
an increased risk of MCI progression to VaD rather than
AD. Even though the difference in PON1 activity between
patients with dementia with and without vascular involve-
ment in our cohort did not reach statistical significance,
the enzyme association with vascular involvement seems
to be confirmed by the negative correlation between PON1
activity and HIS index, reflecting the degree of ischemia.
This finding is in agreement with the biological activity
of PON1° and the results of epidemiological studies show-
ing that the PON1 activity is inversely correlated with ca-
rotid and cerebral atherosclerosis.?!

A direct correlation between MDA accumulation and
cognitive decline is not unanimously observed. While
some studies?? have reported erythrocyte and serum MDA
to be inversely related to MMSE scores in AD patients, this
relationship has not been mentioned by others.?>2%33 Liu
etal.?* found this correlation in the general stroke patients
but not in the subgroup suffering from post-stroke cogni-
tive impairment. Similarly, the correlation between PON1
and MMSE has been reported only by 1 group of research-
ers.”> We, in turn, found MDA/TBARS to correlate with
MMSE, but this association was counterintuitive, implying
an improvement of cognitive function with the exacer-
bation of oxidative status. As expected, the association
of PON1 with CDR suggested impaired protection against
OS with the deterioration of cognitive functions. However,
both correlations were weak and might have resulted from
an interference with confounding factors. Indeed, when
co-examined with the degree of brain alterations and HIS,
the correlations between MDA /TBARS levels with MMSE,
as well as between the PON1 activity and the CDR, lost
their significance.

Quantitative structural MRI has evidenced structural
changes in the brain already in the early phases of cog-
nitive deterioration and the degree of regional atrophy
has been associated with the severity of cognitive decline.
Therefore, a more widespread application of neuroim-
aging in clinical routine practice, allowing for early and
more accurate detection of dementia as well as its reliable

24-28
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differential diagnosis, has been postulated.!! The issue
of possible correlation between biochemical markers
of OS and neuroimaging has been addressed only recently.
Bulboaci et al.?® demonstrated a positive correlation be-
tween markers of nitro-OS and posterior cortical atrophy.
To our knowledge, neither MDA nor PON1 have been pre-
viously analyzed in the context of presence and the degree
of brain alterations accompanying dementia. We found
that in patients with dementia, particularly those with stra-
tegic infarcts (within VaD group), systemic MDA/TBARS
accumulation was proportional to the degree of structural
brain changes expressed in terms of GCA rating scale.
Also, PONT1 activity negatively correlated with the degree
of medial temporal lobe atrophy (MTA rating scale). How-
ever, structural changes in the brain were independently
associated only with MDA/TBARS, whereas they lost sig-
nificance when their effect was co-evaluated with ischemia
in the case of PONL1.

Results from animal studies have shown OS to pre-
cede plaque formation characteristic for AD.3¢ The MCI
is viewed as a transitional condition between physiological
aging and AD and, as such, has gained increased attention.
However, reports on OS in MCI are scarce and incon-
clusive.* Although some authors have reported the lack
of a significant difference in MDA between controls and
MCI patients® or its gradual increase along the sequence
from healthy individuals to MCI and AD,?? we and others
found serum MDA/TBARS to accumulate in MCI and
AD patients to a similar extent,®® substantiating the no-
tion that lipid peroxidation is a phenomenon that occurs
early in the progression of dementia.3* Likewise, in the case
of MDA/TBARS, there is no consensus in the literature
concerning PON1 in MCI, the activity of which has been
reported to resemble that in healthy controls® or, con-
trarily, to be decreased similarly to patients with demen-
tia.262738 Also, our results are inconclusive — the PON1
activity in MCI was similar to that observed in AD; yet,
MCI was the only group for which the difference, as com-
pared to the healthy controls, did not reach statistical
significance.

An interesting observation of our study was an evident
oxidative imbalance in HA subgroup of controls com-
prising individuals admitted to the Alzheimer Center
due to persistent headaches, dizziness and/or memory
loss complaints. The etiology of their problems was not
elucidated; neither the loss of cognitive function nor any
significant somatic or mental illnesses were diagnosed.
Nevertheless, these patients had significantly lower PON1
activity than BD controls recruited through the Blood Do-
nation Center. Moreover, their concentration of lipid per-
oxidation markers (MDA/TBARS) exceeded that observed
in both BD group and MCI patients. Therefore, our results
implicate OS also in the pathogenesis of seemingly benign
conditions.

Genetic studies addressing variations in the PONI gene
have revealed a lower frequency of the 192R allele among
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AD patients than in the general population, suggesting its
role as a protective factor against disease development.3®
Although not consistently observed, this finding seems
to corroborate our observations on the PON1 pheno-
type B that tended to be less prevalent in AD patients
compared to healthy blood donors. The protecting effect
attributed to the 192R allele might be associated with
the PONI activity as a natural inhibitor of cholinesterase.
Cholinesterase inhibitors are employed as the first-line
treatment for AD to prevent further loss of cognitive
function via an increase in the availability of acetylcho-
line.?* On the other hand, the alloenzyme Q of PON1
is believed to be more efficient in counteracting lipid
peroxidation.*® Accordingly, the concentrations of MDA/
TBARS were lower in the control group and MD pa-
tients with phenotype A of the enzyme at the trend level
significance.

Our study has certain limitations that need to be dis-
cussed. Due to a natural history of neurocognitive disor-
ders and the fact that the age over 65 years is considered
a contraindication for blood donation, there was a signifi-
cant difference in age distribution between controls and
patients. However, the PON1 activity and MDA/TBARS
levels correlated with age exclusively in the whole cohort
and the issue was addressed in age- and sex-adjusted
analysis. The ANCOVA confirmed that observed dif-
ferences in the PON1 activity and MDA/TBARS levels
could be attributed solely to a diagnosis of dementia and
not to age or sex. The low number of patients with MCI
as well as the lack of neuroimaging data or the assessment
of degree of cognitive impairment is yet another limitation,
negatively affecting the relevance of our findings concern-
ing this particular group.

Conclusions

In this study, we confirmed an impaired oxidative status
in patients with dementia and, for the first time, showed
that an increase in MDA/TBARS level and a decrease
in the PONI activity reflects the severity of brain atrophy
established with neuroimaging. We found ischemia, as-
sessed with the application of HIS index, to be an inde-
pendent predictor of the PONI activity. Additionally, our
findings suggest that OS also accompanies pathological
changes in benign conditions.
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