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Paroxonase 1 displays multiple physiological activities that position it as a putative player in the pathogenesis
of neurological disorders. Here we reviewed the literature focusing on the role of paraoxonase 1 (PON1) as a
factor in the risk of stroke and the major neurodegenerative diseases. PON1 activity is reduced in stroke
patients, which significantly correlates inversely with carotid and cerebral atherosclerosis. The presence of
the R allele of the Q192R PON1 polymorphism seems to potentiate this risk for stroke. PON1 exerts
peroxidase activities that may be important in neurodegenerative disorders associated with oxidative
stress. PON1 is also a key detoxifier of organophosphates and organophosphate exposure has been
linked to the development of neurological disorders in which acetylcholine plays a significant role. In
Parkinson’s disease most of the studies suggest no participation of either L55M or the Q192R
polymorphisms in its pathogenesis. However, many studies suggest that the MM55 PON1 genotype is
associated with a higher risk for Parkinson’s disease in individuals exposed to organophosphates. In
Alzheimer’s disease most studies have failed to find any association between PON1 polymorphisms and
the development of the disease. Some studies show that PON1 activity is decreased in patients with
Alzheimer’s disease or other dementias, suggesting a possible protective role of PON1. No links between
PON1 polymorphisms or activity have been found in other neurodegenerative diseases such as multiple
sclerosis and amyotrophic lateral sclerosis. PON1 is a potential player in the pathogenesis of several
neurological disorders. More research is warranted to ascertain the precise pathogenic links and the
prognostic value of its measurement in neurological patients.
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Introduction
Paraoxonase 1 (PON1), an enzyme carried by high-
density lipoproteins (HDLs), provides antioxidant
and anti-inflammatory capacities to the particle.1–7 It
also detoxifies xenobiotics such as organopho-
sphates.8–13 Its role as a protective factor against
atherogenesis is becoming more apparent in recent
epidemiological studies.14,15 Considerable attention
has been paid to the putative role of PON1 activity
and its polymorphisms as a risk factor for ischemic
stroke, one of the main neurological diseases associ-
ated with atherosclerosis.16–19 Several comprehensive
reviews and meta-analysis including studies up to
2011 are available.16,20,21 Beyond stroke, oxidative
stress plays a key role in many neurodegenerative
diseases, although the precise pathogenic links are
yet to be elucidated. Multiple studies have surfaced
that focus on the links between PON1 status and the
risk of developing neurodegenerative diseases.22–27

The aim of this review is to present an integrated
summary of the available information on PON1
status and polymorphisms as a risk factor for major
neurological diseases. We will first summarize PON1
biology and its implications in oxidative stress and
functional properties of HDL and then offer a
summary of the current findings on ischemic stroke,
Alzheimer’s disease (AD) and other dementias,
Parkinson’s disease (PD), as well as other neurodegen-
erative disorders. The reader is referred to specific
individual reviews for further depth.

Paraoxonase 1
Human PON1 (aryldialkylphosphatase, EC3.1.8.1) is
an esterase associated with apolipoprotein AI
(apoAI) and clusterin (apolipoprotein J) in the HDL
particles. PON1 displays both paraoxonase and aryles-
terase activities, since it hydrolyzes organophosphate
compounds such as paraoxon, and aromatic
carboxylic acid esters such as phenylacetate.2,4,5,7,28,29

During the past decade, PON1 has been proven to
be an important contributor to the antioxidant activity
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of HDL as well as an independent negative risk factor
for atherosclerosis in epidemiological studies.2,5,14,28

PON1 is versatile and plays a role in several path-
ways, many of which are protective against
atherothrombosis:

1. It effectively hydrolyzes peroxides and lactones in
low-density lipoprotein (LDL) and HDL particles
as well as protects macrophages from oxidation.3–7,28

2. It participates in endothelial homeostasis.2,6,7

3. It is an effective xenobiotic metabolizer.8,9,11,13,29,30

4. It is a homocysteine-thiolactonase.31–34

PON1 evolved from bi-functional enzymes that act
as homoserine lactones which are quorum-sensing
molecules employed by many gram-negative bacteria.
PON1 is thereby a component of the innate immu-
nity.35–39 The family also contains PON3 (circulating,
100–1000 less concentrated than PON1) and PON2, a
key intracellular antioxidant enzyme. In recent years,
low PON1 activity has been consistently linked with
an increased risk of major cardiovascular events in
the setting of secondary prevention of coronary
artery disease (CAD).2,14,40

However, the mechanism of PON1’s protective
action and its endogenous substrate remains elusive.
Evidence is accumulating indicating that the lactoniz-
ing/lactonase activity of PON1 may be physiologically
the most significant. Lactonase activity is exerted on
oxidized phospholipids and homocysteine-thiolactone.
Hyperhomocysteinemia, encompassing also higher
concentrations of homocysteine-thiolactone, may
be an added risk factor for enhanced
atherogenesis.6,33,34,39,41

The proposed role of PON1 in neurovascular
diseases, a major consequence of atherosclerosis, is
illustrated in the schematic diagram in Fig. 1. The
diagram shows how reactive oxygen species produced
by leukocytes in LDL (1) or cell membranes (2)
result in the formation of oxidized phospholipids (3).
PON1 is synthesized in the liver in association with
HDL. PON1 may act on oxidized phosphatydyl
choline derived from oxidized LDL (3) or oxidized
macrophage membranes to produce a lactone (lacto-
nizing activity of PON1, (4), which is, in turn,
subjected to lactonase activity (5) to yield an innocu-
ous carboxylic acid.
Homocysteine-thiolactone, produced in excess due

to hyperhomocysteinemia (6), modifies proteins
(coagulation, lipoproteins, endothelial receptors) and
is a cardiovascular risk factor (7). PON1 may act on
homocysteine-thiolactone (8) and detoxify it to homo-
cysteine, as shown on the lower left of the diagram.
PON1 also acts on macrophages (9), protecting them
from oxidation and blunting their inflammatory cas-
cades. Patients with lower serum lactonase activity
may be more susceptible to the deleterious effects of

lipid peroxidation, homocysteine-thiolactone toxicity
and macrophage activation, which would increase
the risk of neurovascular disease (10).

Another key role of PON1 is as a xenobiotic meta-
bolizer. The detoxification activity of PON1 is believed
to provide a significant link between environmental
exposure to pesticides or pollutants and
illness.8–11,13,39 PON1 received its name from its
ability to hydrolyze paraoxon, the oxon stemming
from parathion, but it also hydrolyzes the active
metabolites of other organophosphorous (OP) insecti-
cides. The metabolites of OP pesticides that result from
PON1 action are considered biomarkers of exposure.
Therefore, enzyme activity levels may be useful in
the assessment of the severity of insecticide exposure.
Studies in laboratory animals have demonstrated the
impact of PON1 in reducing the toxicity of organo-
phosphate pesticides.8,9 Clinical evidence for a role
of PON1 in organophosphate toxicity also supports
the role of this enzyme in pesticide-associated disease.

As summarized in Fig. 2, organophosphate pesticides
(1) suffer phase-I metabolism (2) in the liver resulting in
oxons (3) that are consequently hydrolyzed to specific,
non-toxic metabolites by PON1 (5). Mechanistically,
the link between organophosphate exposure and some
neurodegenerative diseases can be ascribed to the
metabolism of organophosphate pesticides as neuro-
toxic agents (4). Polymorphisms in PON1 precisely
affect the promiscuous detoxifying activity.

Earlier studies showed that plasma hydrolysis of
paraoxon was distributed polymorphically in human
populations.30 Two common polymorphisms are
found in the PON1 coding sequence: a Gln(Q)/
Arg(R) substitution at position 192, and a Leu(L)/
Met(M) substitution at position 55.1,8,9,13,30,42 The
gene frequency of PON1 Q192 varies from 0.75 for
Northern Europeans to 0.31 for some Asian popu-
lations. Other polymorphisms have been found in the
non-coding region of the PON1 gene. Over 160
single nucleotide polymorphisms (SNPs), some in the
coding regions and others in introns and regulatory
regions of the gene, have been identified by complete
re-sequencing of PON1 from several individ-
uals.1,8,9,13,30,42 Coding region polymorphisms of
PON1 have been studied for effects on the catalytic
efficiencies of hydrolysis of specific substrates. The
L/M polymorphism at position 55 does not affect cat-
alytic activity, but has been associated with plasma
PON1 protein levels, with PON1M55 being associated
with low plasma PON1.1,42,43 This is due mostly to
linkage disequilibrium with the low efficiency− 108T
allele of the− 108 promoter region polymorphism.
Conversely, the Q192R polymorphism considerably
affects the catalytic efficiency of PON1.8,9,30 This poly-
morphism is substrate-dependent. PON1 gene poly-
morphisms have been shown to account for more
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than 60% of the inter-individual variation in enzyme
concentration and activity, and the 192Q isoform of
PON1, Q192R, polymorphism prevents LDL oxi-
dation in vitro more efficiently than the 192R form.
PON1 and PON2 gene polymorphisms have all been
implicated in a variety of human disorders, such as
CAD.8 Genotypic and phenotypic variations of
PON1 also have been associated with specific neuro-
logical diseases that will be discussed in this work.

PON1 and ischemic stroke
Ischemic stroke ranks as the second most common
cause of death across the globe and is a major cause
of disability.19,44,45 It is a classical multifactorial
disease with major risk factors such as hypertension,

smoking, hyperlipidemia, obesity, diabetes, and atrial
fibrillation.18,19,44,46–48 Nevertheless, over 40% of the
risk is unaccounted for by these major factors. In
this regard, studies that focus on non-traditional risk
factors as pathogenic players and/or having prognos-
tic value are important. PON1 deserves attention in
this regard. In this sense, over the past decade two
types of studies have surfaced: those that look for a
correlation in certain polymorphisms and incidence
of stroke, and those that focus on lower PON1 activity
as a predictive factor for stroke and other cardiovascu-
lar events.
PON genes have been extensively studied in

attempts to find an association between certain poly-
morphisms and an increased risk for stroke.

Figure 1 Protective role of paraoxonase 1 in cardiovascular disease and inflammation. Ischemic stroke is a very prevalent
complication of atherosclerosis. PON1 may have a protective role in this disorder as it carries both antioxidant and anti-
inflammatory functional properties. In this diagram we summarize the current knowledge on the main functional activities of
PON1 a protective factor vis-a-vis atherogenesis. Reactive oxygen species issued from inflammation oxidize lipids in LDL (1) or
cell membranes (2) producing oxidized phospholipids (3). PON1 produced in the liver and carried by HDL (4) exerts a lactonizing
and lactonase activity (5) that results in the production of a carboxylic acid (5), eliminating further damage. The lactonase activity
of PON1 also permits it to detoxify homocysteine thiolactone (6). This compound is associated with increased cardiovascular
risk, since homocysteinylation of proteins (coagulation factors, lipoproteins, endothelial receptors) is atherogenic (7).
Homocysteine thiolactone is one of the natural substrates of PON1, which hydrolyzes it to innocuous homocysteine (8).
PON1 also exerts its salutatory action on macrophages and other inflammatory cells (9), preventing cellular oxidative stress
and blocking cytokine cascades that aggravate inflammation that may lead to enhanced atherogenesis and neurovascular
disease (10).
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Multiple genetic association studies observing the
relationship between PON1 polymorphisms and
ischemic stroke have produced contradictory or incon-
clusive results.49–66 Liu et al. in 2013 conducted and
published a systematic review and meta-analysis of
28 selected studies addressing these relationships.21

They found that the R allele and the RR genotype of
PON1 Q192R polymorphism correlated with a
higher risk for ischemic stroke in the general popu-
lation.21 The other genetic variants of the PON1
gene were not associated with ischemic stroke. These
meta-analyses included studies conducted in popu-
lations of Caucasian, Japanese, and Chinese patients.21

The other important focus of study regarding the
association between PON1 and the incidence of
ischemic stroke is the finding by several authors of a
lower PON1 activity after the vascular event, a
decrease which is maintained for a long period of time.
In 2012, Mahrooz et al. focused not only on the

investigation of the polymorphisms but also in the
association between the enzyme activity and vascular
disease.67 Their results are in agreement with the pre-
vious work by Liu et al.;21 the presence of the 192 R
allele potentiates the risk of stroke, especially in hyper-
tensive subjects. They also found that patients had a
significantly higher paraoxon/arylesterase ratio than
control subjects and in stroke patients paraoxon/

arylesterase and paraoxon/HDL ratios followed this
pattern: QQ<QR<RR. They suggest that the ratio
of para/aryl, para/HDL and aryl/HDL ratios may
prove useful as markers for an augmented predisposi-
tion to ischemic stroke.67

In 2011, Michalak et al. studied the association of
PON1 triesterase (paraoxon) and arylesterase activi-
ties and conjugated dienes on stroke patient outcome
during a 1-year follow-up period.68 They concluded
that the PON/aryl ratio is a significant predictor of
ischemic stroke outcome and could be used in the clini-
cal setting to better advantage than the paraoxon or
aryl assays alone.

These findings have been confirmed by recently
Sand.16 They suggested that lower than expected
PON1 activity within specific genotypes may be the
pathogenic link to the described association between
R and L alleles and the risk of acute ischemic stroke.

We are presently conducting a study on the acute
changes of PON1 activity after ischemic stroke. Our
preliminary data (unpublished observations) show
the decrease of PON1 activity in the first days after
onset followed by recovery of its activity, which is
associated with clinical improvement. If these data
are confirmed in a larger patient population, PON1
may prove to be useful as a marker of disease progno-
sis in these patients.

Figure 2 PON1 in toxicology: implications for neurodegenerative diseases. PON1 evolved from lactonases that have a key role in
natural immunity, limiting quorum sensing lactones from bacteria. In evolution it acquired promiscuous esterase activities,
hydrolyzing compounds of interest in toxicology. Organophosphate pesticides (1) are metabolized to their respective oxon by
phase 1 metabolism in the liver (2,3). These oxons are toxic due to their inhibition of acetylcholinesterase, which is associated
with several neurodegenerative disorders (4). PON1 hydrolyzes paraoxon (oxon from parathion, from which the name derives)
and oxons from many other organophosphates (5) and detoxifies them. Major polymorphisms in PON1 significantly change this
activity (6) and may be associated with increased susceptibility to neurodegenerative disorders as discussed in the text.
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The impact of the different PON1 polymorphisms
on the functional activity of PON1 as a preventive
factor for HDL and LDL oxidation was also the
subject of a 2013 study where the authors profiled
PON1 polymorphisms and enzymatic activities, and
evaluated atherosclerosis and particularly cerebral
arteriosclerosis gravity in post-stroke patients.69 They
showed that stroke patients with PON1 QQ192 or
MM55 genotypes displayed lower PON1 and aryles-
terase activities at both onset and 12 months after
stroke than subjects with either RQ/RR192 or LM/
LL55 genotypes.69 They concluded that there are sig-
nificant inverse correlations between PON1 activity
and carotid atherosclerosis and cerebral arteriosclero-
sis in stroke patients. The lower the PON1 activity
the more advanced are the atherosclerotic lesions.
These findings are in agreement with several other
studies addressing correlations of PON1 activity and
other cardiovascular outcomes.2,14

PON1 and Parkinson’s disease (Fig. 3)
PD is a neurodegenerative disorder related to the pro-
gressive degeneration of the dopamine producing
neurons in the substantia nigra of the midbrain.24,70–73

While the exact pathogenesis of the disease has not
been completely elucidated, several theories implicat-
ing the association of genetic and environmental
toxic elements such as exposure to pesticides or an oxi-
dative cell environment conspire to trigger the neuron
degeneration.24,70–72,74–81 Because PON1 is capable of
hydrolyzing toxic organophosphates and also has an
important antioxidant capacity, the association of
PON polymorphisms and PD has been addressed by
multiple authors.
The frequency of the Met 54 allele of PON1 has

been found to be significantly higher in patients with
PD compared with control subjects. The relative risk
of PD in the Met 54 allele carriers is 2.3-fold higher
than in homozygotes for the L allele. In the subgroup
of patients with early-onset PD, the Met 54 allele
carries a 5-folf higher risk.82 These authors conclude
that the Met 54 allele may be an independent risk
factor for PD. This mutation could possibly trigger
PON1 lessened metabolism of environmental neuro-
toxins and could play a role in neurodegeneration, as
we summarize in Fig. 3.
Other studies have yielded inconsistent results.80–88

Heterogeneity of the populations studied has been a
major factor of possible contradictory findings
among studies. A meta-analysis including both
Caucasian and Asian populations, however, supported
the contention that there is an association between
PON1-L55M polymorphism and PD, whereas
PON1-Q192R polymorphism was unlikely to be a
major risk factor for susceptibility to PD.83

Other studies confirm these findings in a Swedish
population86 while they were not found in a Finnish
population.84

To shed more light on this issue, the most recent
meta-analysis was performed using data from relevant
studies during the past decade to assess the effects of
two PON1 polymorphisms (L55M and Q192R) on
PD.89 The results of this meta-analysis suggested that
both PON1 L55M and Q192R were not responsible
for PD. This is in contradiction with the meta-analysis
described earlier. The reasons for the discrepancy may
lie in the heterogeneity of the studies and ethnic differ-
ences of the populations.
Other studies have focused on the combined effects

of toxic exposure and PON1 polymorphisms. The role
of PON1 in increased susceptibility to PD associated
with exposure to pesticides is more clear and better
documented.78–80,85,87,88,90 Many studies have consist-
ently revealed a close relationship between exposure to
pesticides and PD.78–80,85,87,88,90 The putative patho-
genic links are summarized in Fig. 3.
In a recent study the authors found that the carriers

of the MM PON1-55 genotype exhibited a greater
than 2-fold increase in PD risk when exposed to orga-
nophosphates, compared with subjects who had the
wild type or heterozygous genotype and no exposure.
These findings highlight the importance of bearing
in mind these predisposition factors when examining
environmental exposures in PD.78

A review of the literature thus shows inconclusive
evidence on the relationship between a genetic predis-
position to develop PD in patients with different
PON1 polymorphisms, supported by many of the
meta-analysis available up to date. Conversely, there
seems to be more solid evidence suggesting that
when there is exposure to a toxic environment there
is a correlation between the presence of certain
genotypes and the development of the
disease.24,70,73–76,79,91

PON1, Alzheimer’s disease, and other dementias
Across the world, the prevalence of dementia is
believed to be 24 million, and is expected to double
every 20 years until 2040.26 AD is the foremost cause
of dementia starting with compromised
memory.25,26,92–95 The pathognomonic traits of AD
comprise diffuse and neuritic extracellular amyloid
plaques in brain tissue, which are often encircled by
dystrophic neurites and intraneuronal neurofibrillary
tangles. The etiology of AD remains uncertain, but it
is believed to stem from both genetic and environ-
mental factors.25,26,92–95

Given the role played by oxidative stress in AD
many studies have addressed the putative link
between PON1 activity, its polymorphisms and AD.
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A study included 120 patients with dementia: 51
with AD, 28 with dementia of vascular origin, 41
with mixed dementia, 45 with mild cognitive impair-
ment, and 61 age and sex matched controls.96 PON1
activity was decreased in patients with AD or mixed
dementia as compared with control subjects. In both
types of dementia homocysteine levels also were
increased. In AD PON1 activity was negatively corre-
lated with homocysteine levels. These results point to a
significant role of oxidative stress in the forms of
dementia with prevalent neurodegeneration.96

Similar findings were obtained in a study that included
patients with either AD or vascular dementia.97 PON1
activity did not differ significantly in the patient
groups, but compared to the healthy control subjects,
it was significantly lower in both patient groups. The
results suggest that the impaired PON1 activity plays
a role in the pathogenesis of AD and vascular
dementia.97

Multiple studies have addressed the association
between PON1 polymorphisms and AD.91,98–105 In a
study with 756 AD subjects, the authors found no
association between the two major PON1 polymorph-
isms and AD in African Americans or Caucasians.91

The authors conclude that either these functional
PON1 polymorphisms are not associated with AD,

or that the relative risk is small.91 However, another
study from China that included over 1000 subjects
(patients and controls) indicated that Q192R poly-
morphism in the PON1 gene is associated with AD,
and that the PON1 R allele might be a protective
factor for AD in a Chinese Han ethnic population.102

A more recent meta-analysis conducted in China
showed that there was no significant association
between PON1 Q192R polymorphism and AD risk
in all comparison models.98 For the PON1 L55M
polymorphism, lack of an association was also
found. On subgroup analysis by ethnicity, similar
results were found. This meta-analysis showed that
PON1 gene polymorphisms (Q192R, L55M) were
unlikely to contribute to AD susceptibility.98

As described earlier, PON1 L55M and Q192R
genetic variants might affect individual susceptibility
to exposure to acetylcholinesterase inhibitors.8,9,11,29

Cholinesterase inhibitor therapy is the treatment of
choice for patients with mild-to-moderate
AD.25–27,92,94 In a large study with an over 1000
cohort of clinical and autopsy-confirmed AD cases
and age-matched, cognitively intact controls, multiple
gender-specific effects of PON1 polymorphisms on
AD pathogenesis were apparent.101 The L55M
Met allele exerts an AD risk-enhancing effect only in

Figure 3 Putative involvement of PON1 in susceptibility to Parkinson’s disease. In Parkinson’s disease, due to death of
degeneration in the substantial nigra there is an imbalance between acetylcholine and dopamine (1 and 2). Free radical species
(3) that generate peroxide and organophosphate oxons both attack and inhibit acetylcholinesterase (4), thereby increasing
acetylcholine and aggravating the imbalance. PON1, thorough its peroxidase (5) and triesterase (6) actions, blocks these effects
and prevents the worsening of the imbalance. Of note, the oxonase activity of PON1 is highly dependent on the most common
polymorphisms. Subjects with different phenotypes may thereby be more or less susceptible to damage to acetylcholine.
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men, whereas both men and women carrying the
M55M/Q192Q genotype show augmented survival
and later age of onset. Associations with beta-
amyloid levels, senile plaque accumulation and cholin-
esterase activity suggest an involvement of the PON1
gene in AD pathogenesis and responses to treatment.101

Regarding the possible interference between
common SNPs in PON1, a recent study suggests that
PON1 common SNPs do not impact on treatment
response to acethylcholinesterase inhibitors in patients
with AD.99

PON1 and amyotrophic lateral sclerosis
Amyotrophic lateral sclerosis (ALS) is a degenerative
disease of adult-onset and fatal outcome characterized
by the simultaneous loss of motor neurons in the cer-
ebral cortex, brainstem and spinal cord. Ninety
percent of the cases are sporadic with the other 10%
being transmitted as an autosomal dominant trait. In
the familial cases, a large number of mutations have
been found, the most prominent of which is the
mutation in the gene that encodes for the cytosolic
enzyme superoxide dismutase (SOD1).106–109

Even if the etiology is unknown for the sporadic
cases, current evidence points to an association with
exposure to noxious environmental elements.106–109

The flavin-containing monooxygenases and PON
genes encode enzymes implicated in xenobiotic detox-
ification and their deficits may be associated with
ALS. A recent publication examined PON1 gene
expression in human spinal cord, medulla, and cer-
ebral cortex and in peripheral cells (lymphocytes,
fibroblasts) in ALS patients and control subjects.
PON2, not PON1 gene was down-regulated in ALS
patients compared with the controls.110

At least seven PON gene mutations predictive of
altered PON function have been identified in
genomic DNA from individuals with familial and
sporadic ALS.111

However, a large-scale international meta-analysis
of paraoxonase gene polymorphisms in sporadic
ALS showed no significant association of the disease
with the PON locus. This was the largest meta-analysis
of a candidate gene in ALS and the first ALS meta-
analysis to contain data from whole genome associ-
ation studies.112

In studies showing an increase in PON1-R192 fre-
quency in ALS patients the findings suggest that the
influence of PON1 polymorphisms on ALS suscepti-
bility is not due to the ability of the enzyme to catalyze
organophosphate hydrolysis.113

PON1 and multiple sclerosis
Multiple sclerosis (MS) is a chronic, multifactorial
disease characterized by axonal demyelination in the
central nervous system (CNS) leading to multiple

motor and sensory symptoms. The disease progresses
through remissions and relapses.114–117 Oxidative
stress is a critical factor in MS pathogenesis as it pro-
motes leukocyte migration, participating in oligoden-
drocyte damage and axonal injury. Reactive oxygen
species and reactive nitrogen species are produced in
the CNS of MS patients chiefly by activated macro-
phages and microglia and could account for demyeli-
nization and axonal disruption, the hallmarks of the
disease.114–117

In this regard a few studies have addressed the poss-
ible correlation of PON1 polymorphisms with MS and
all coincide in not finding evidence for this type of
association.118–121

In a longitudinal study, PON1 activity showed no
changes in the course of the stable and progressive
type of MS and it decreased in the course of MS
relapses.122

Conclusion
Paroxonase 1, and enzyme associated with HDL par-
ticles, displays multiple physiological activities that
position it as a putative player in the pathogenesis of
neurological disorders. PON1 has lactonase, antioxi-
dant and endothelial protective activities considered
anti-atherogenic and multiple studies suggest that
PON1 plays a protective role in cardiovascular
disease. Since ischemic stroke is one of the major com-
plications of atherosclerosis, we focused our attention
on surveying the present knowledge about the poten-
tial role of PON1 in this disorder.
PON1 also exerts peroxidase activities that may be

important in neurodegenerative disorders associated
with oxidative stress.
PON1 is a key detoxifier of organophosphates and

organophosphate exposure has been linked to the
development of neurological disorders where acetyl-
choline plays a significant role.
In terms of ischemic stroke, the literature shows that

PON1 activity is reduced in stroke patients. There are
significant inverse correlations between PON1 activity
and carotid and cerebral atherosclerosis in stroke
patients. The Q192R PON1 polymorphism has been
linked to the risk of stroke: the presence of the R
allele potentiates this risk, particularly in hypertensive
patients.
In neurodegenerative diseases the role of PON1 is

more controversial. In PD most of the studies
suggest no participation of either L55M or the
Q192R polymorphisms in the pathogenesis of PD,
although contradictory results have been published.
However, many studies suggest that the MM55
PON1 genotype is associated with a higher risk for
PD in individuals exposed to organophosphates.
In AD most studies failed to find any association

between PON1 polymorphisms and the development
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of the disease. Some studies show that PON1 activity is
decreased in patients with AD or other dementias,
suggesting a possible protective role of PON1 in
these disorders.
No links between PON1 polymorphisms or activity

have been found in other neurodegenerative diseases
such as MS and ALS.
PON1 is certainly a potential player in the patho-

genesis of neurological disorders and more research
is warranted to ascertain the precise pathogenic links
and the prognostic value of its measurement in neuro-
logical patients.
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