Association between serum paraoxonase 1 activity and its
polymorphisms with multiple sclerosis: A systematic review

Abstract

Aim and Background. Human serum paraoxonase (PON) is an enzyme that is synthesized by the
liver and enters the bloodstream, and it is is transmitted by high-density lipoproteins (HDL). It has
antioxidant properties and has the power to protect against factors such as lipid oxidation, low-density
lipoprotein (LDL), very low density lipoprotein (VLDL), organophosphate pesticides,
neurotransmitters, and a number of drugs. In this study, due to the activity of PON1 in the brain and
its antioxidant effects on the reduction of neurological disorders in the central nervous system, the
role of PONI and its polymorphisms related to multiple sclerosis has been examined with a view to
enhance treatment methods.

Materials and Methods. This article is a systematic review; In this study, the role of PON1 and its
polymorphisms in multiple sclerosis (MS) has been investigated. Articles published in Persian and
International databases of SID, Google Scholar, ISI, Magiran, PubMed, Scopus, IranDoc, Science
Direct, and Iran medix were examined, using the search keywords of Paraoxonase 1, polymorphism,
multiple sclerosis, and PON1.

Findings. PON1 is undoubtedly a potential factor in the pathogenesis of neurological disorders, and it
plays an important role in protecting antioxidants in the blood. Oxidative stress and lipid peroxidation
are factors in the pathogenesis of MS. Both inflammatory cytokines and oxidative stress have a
detrimental effect on PON1. However, reducing the activity of PON1 may help to restore the
pathogenesis of the disease.

Analysis. Decreased PONI1 activity and PON1 polymorphism have been associated with several
neurological diseases, including ischemic stroke, white matter lesions (WML’s), amyotrophic lateral
sclerosis (ALS), dementia, and Parkinson's disease. PON1-55M alleles in Italians and PON1-192Q
alleles in Poles were associated with a high risk of MS. Moreover, PON1-55 and PON1-192
polymorphisms were not associated with MS onset age, nor its evolutionary type.
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Introduction

Multiple sclerosis (MS) is one of the most common neurological disorders, occurring mainly in young
adults and more commonly in women. Multiple sclerosis is a chronic inflammatory disease
characterized by demyelinating lesions in the brain, spinal cord, and optic nerve [1]. Multiple sclerosis
is a disease of young people and is most commonly diagnosed between the ages of 20 and 40,
although it may be found in younger or older people [2]. Women are two to three times more likely
than men to get MS [3].

Paraoxonaz 1 (PON1) is a hydrolytic enzyme with a wide range of substrates and the ability to protect
against lipid oxidation. Despite the large number of compounds that can be hydrolyzed by
paraoxonease, the biological substrates associated with this enzyme are not yet known [4]. In many
cases, aryl ester hydrolysis is measured in biological samples to achieve PON1 levels [5].

There are currently three known members of the paraoxonase family: paraoxonase 1 (PON1),
paraoxonase 2 (PON2), and paraoxonase 3 (PON3), which are encoded by three separate genes on a
single chromosome [6]. All three members of the human paraoxonase family have 70% and 60%
similarity in their nucleotides and amino acids respectviely [7]. Studies on the enzymatic activity of



paraoxonase, in addition to organophosphatase and ester activities, have also shown lactonizing
activity [5, 8]. The relationship between MS and oxidative stress of lipoproteins has been examined in
the study of cholesterol transfer in [9]. It has been suggested that increasing the number of oxidized
HDL particles due to reduced PON activity may not protect LDL against oxidation, and thus increases
the risk of atherogenesis [10, 11]. Decreased PON1 activity in MS patients compared to healthy
individuals was observed in a study by Ferretti et al. (2005) [12].

Due to the high number of people with the multiple sclerosis disorder, and the important role of PON1
in this disease, this study attempts to investigate the role of PON1 and polymorphisms related to
multiple sclerosis. The findings of this study may benefit improved treatment methods for the MS
patients. Moreover, a systematic review of all available research works and their combined results can
provide a clear summary to inform future research related to PON1 and its impacts on the health of
the nervous system.

Method

This article is a systematic review; in this study, the role of PON1 and its polymorphisms in multiple
sclerosis was investigated. In order to find related studies, the national and international databases of
SID, ISI, Magiran, PubMed, Scopus , [ranDoc, Science Direct, Iran medix, and Google Scholar were
searched without a time limit. The search was carried out using the Persian equivalent keywords
paraoxonase 1, polymorphism, MS, multiple sclerosis. MeSH topic based medical keywords were
used to search the international databases; the keywords used were paraoxonase 1, polymorphism,
multiple sclerosis, and PONI. Initially, all related articles were collected and then a list of abstracts
was prepared. After anonymizing the articles by removing the the names of the magazine and the
author(s), the full text of the articles were made available to reviewers. Each article was independently
examined by two reviewers, and if the article was to be excluded, the reason for its exclusion was
noted. In case of disagreement between the two reviewers, the article was assessed by a third
reviewer. In this study, all research works that focused on the role of PON1 and polymorphisms in
multiple sclerosis without a time limitat, and based on the PRISMA guidelines were systematically
reviewed. Specifications of the meta-analyzed studies are reported in Figure 1.
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Figure 1: PRISMA flow diagram demonstrating the study selection process in this systematic review and meta-analysis.
A brief history of paraaxonase

In 1946, Abraham Mazur found that diisopropyl fluorophosphate (DFP) was hydrolyzed by extracts
from various human tissues and rabbits [13]. This discovery led to the initial identification of the
paraoxonase serum enzyme in humans. Aldridge divided esterases into two categories, A and B: B-
type esterases that are inhibited by intermediation with substrates, and A esterases that hydrolyze
substrates. Therefore, paraoxonase (PON1) was classified as A, due to its ability to hydrolyze
paraoxon, the natural metabolite of parathion (Figure 2) [14].
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Figure 2: Paraoxon hydrolysis by the enzyme paraxonase
Paraaxonase 1

Human serum paraoxonase (EC 3.1.8.1-Aryldialkylphosphatase) is a glycosylated protein with 354
amino acids and an atomic mass of 43 kDa. PON1 was first identified in mammals. Then it was
observed in domesticated fowl (chicken), osteichthyes (fish) and even invertebrates, although its
activity in insects, birds and fish is very limited [15]. Human serum paraoxonase is likely to be
combined with phosphate binding protein (HPBP), before it is secreted into the bloodstream (16).

Paraoxonase 1 and other members of this family

In 1996, Primo-Parmo et al. introduced two other members of the family, PON2 and PON3 [6]. The
paraoxonase 2 gene is located on chromosome 7 in humans and in mice on chromosome 6, and unlike
paraoxonase 1, paraoxonase 2 is not glycosylated. In 2005, PON1 was shown to exclusively
hydrolyze organophosphate substrates, while paraoxonease 3 hydrolyzed larger substrates such as
spironolactone. All three enzymes are lactonases with separate or common substrates [8]. PON 1 and
PON 3 are expressed in the liver and secreted into the blood, where they bind to HDL particles [17].
PON?2 is not present in the blood, yet it is expressed in some tissues, including liver, lungs, brain, and
heart tissues [18]. Genes related to paraoxonase are also known in plants, bacteria and fungi. There
are more than 80% amino acid similarity of PON 1 in rabbits, mice, human, and at least 60%
similarity between PON1, PON2 and PON3 in each of these species [7].

Paraoxonase 1 acts as a strong ester over several synthetic substrates, while PON2 and PON3 have
almost no paraoxonase activity, though they present a high lactonase activity (5).

Table 1: Basic features of the paraoxonase family (7, 12, 19)

Features PON1 PON2 PON3
Amino acids 355 354 354
Tissue specificity Liver Ubiquitous in Liver,

lungs
placenta, heart, Kidney
Liver
Localization Plasma Cells Plasma
Activity Paraoxonase Lactonase Esterase
Lactonase

Lactonase Esterase



Molecular basis and structure of paraoxonase 1 (PON1)

The gene for this enzyme is located on chromosome 7, band 7q21.3. PON1 in humans and mice gene
includes 9 exons with approximately 25 to 26 kbases [20]. This enzyme maintains its end-N signal
sequence, which creates a hydrophobic part to bind the enzyme to high-density lipoprotein (HDL).
Paraoxonase has three residual cysteines, in positions 353, 42, and 284, the first and second forming a
di-sulfide bridge, though the cysteine 284 is free [21].

The paraoxonase expressed in animal cells is glycosylated [22]. There are four strong N glycosylation
sites in paraoxonase [7]. Glycosylation is not necessary for the hydrolytic activity of paraoxonase,
however, it may be important in increasing solubility and stability, or in preventing its non-specific
binding to cell membranes such as other HDL-bound enzymes (23). The exact structure and catalytic
mechanism of the human paraoxonase 1 enzyme (HuPON1) is not yet known, however, there is a
similar model to HUPON1 (6-blade butterfly structure of isopropyl fluoro phosphatase) (please see
Figure 3). In this structure, each plate consists of four strands, the plates of which are arranged
radially, and two calcium ions are located in the center, which are essential for stability and enzymatic
catalysis [7].

Figure 3: The crystalline structure of DFPase has been used as a model for the second structure of the human paraoxonase
enzyme [24].

Structural analysis - the activity of amino acid residues in the active site of
the enzyme

Methionine and glutathione amino acids are reduced in patients with multiple sclerosis, however,
homocysteine, asymmetric dimethylarginine, and cysteine in patients with multiple sclerosis have not
changed compared to the control groups. Methionine and glutathione appear to be important markers
for the prognosis of multiple sclerosis [25]. The attempts to purify the enzyme have so far been
unsuccessful [16]. However, by using mutations in the target sites, researchers have been able to
identify many of the residues necessary for enzyme activity [24]. For instance, replacing histidine 115
with tryptophan (W115H) has caused a mutation that hydrolyzes paraoxone, yet this is unable to
hydrolyze phenyl acetate (26). In addition, phenyl acetate competitively inhibits paraoxon hydrolysis
by mutating W115H, indicating that both compounds bind to the same site on HuPON1. Y222F
causes phenyl acetate hydrolysis by the enzyme, yet it is unable to hydrolyze paraoxone. Other
findings suggest that the residual F222 is important for determining the substrate substrate nature of



the enzyme, yet it does not have much of importance for the arylesterase activity. The results
demonstrate that each of the phenyl acetate and paraoxon compounds is capable of competitively
inhibiting another hydrolysis, indicating the presence of a single active site in HuPON1, which is
responsible for the hydrolysis of phenyl acetate and paraoxon [26]. According to existing research, it
is assumed that enzymatic catalysis of all substrates is carried out by two H134-H115 residues, so that
the actual hydrolysis of the substrate is carried out by an activated water molecule [7]. While H115 is
believed to be important for lactonase activity, the functional role of amino acid residues that are
responsible for the hydrolase activity of organophosphates remains unknown. In the meantime, little
attention has been paid to the chiral center (in the phosphorus molecule), and this can dramatically
alter the toxicity of stereoisomerism (27). Nevertheless, discovering multiple mechanisms in an active
position is essentially unique [28].

Findings

In the initial search, 110 articles were collected. Subsequently, 55 articles that were unrelated to the
topic under discussion in this study were removed. Moreover, 30 duplicate articles and 19 articles due
to lack of access to data and their low quality were also excluded. Finally, 6 studies were used for the
final analysis (please see Figure 1). The characteristics of the papers included in this study are
reported in Table 2.

Sidoti et al. (2007) conducted a case-control study to investigate the possible association of GI
AI111E, PON1 Q192R and L55M polymorphisms with the risk of multiple sclerosis. They found that
people with GI / AE-EE and PONS55 / LM-MM genotypes had a higher risk of developing MS
compared to other genotypes. Italians with the PON55 / LM-MM genotype had a significantly higher
risk than multiple sclerosis compared to other genotypes [29].

Jamroz-Wisniewska et al. (2009) examined the relationship between R / PON1 192Q polymorphism
and multiple sclerosis in the Polish population. The results of their studies highlighted that PON1
activity was lower in patients with multiple sclerosis than in healthy individuals [30]. In the subgroup
analysis of multiple sclerosis patients performed by Jamroz-Wisniewska. et al. patients with MS-SP
were significantly older than patients with multiple sclerosis RR type. Similarly, the parameters of
serum lipids, such as cholesterol, triglycerides, and LDL cholesterol, have been significantly
increased in patients with SP-type multiple sclerosis compared to RR-type multiple sclerosis. There
was no significant difference in PON1 activity between RR and SP subtypes of multiple sclerosis
patients. The most common alleles in patients are QR / LL and in the control group, QQ / LM. No
association was found between alleles associated with low PON1 activity and the prevalence of
multiple sclerosis. In this study, there was no effect on serum PON activity in patients with MS and
the control group. Since MS is more common in women, they compared PONT1 activity between the
genders. The results demonstrated that the mean values of enzyme activity were higher in women.
However, there is no significant difference in PON1 activity between MS subtypes (RR and SP types
of MS) [30].

Durfinova et al. (2015) argued that the mean age and level of triglycerides for the control group was
significantly higher than the patient group. HDL cholesterol was significantly higher in patients
compared to the control group. All other demographic characteristics in these groups were not
statistically different. Their work has contributed to the view that the polymorphism of PON1-55 and
PON1-192 is probably not a risk factor for MS. However, this conclusion requires further study in
other populations [31].

Zakrzewska-Pniewska et al. (2013) discussed that genotypes and allele frequency in both patient and
control groups were in Hardy-Weinberg equilibrium. The genotypes and frequency of alleles did not
differ significantly between MS patients and the control group; moreover these were not associated



with gender and age either. Moreover, their study demonstrated that PON1 and PON2 polymorphisms
are not a risk factor for MS in the Polish population [32].

In another study, Moghtaderi et al. (2011) measured serum PONI1 and arylesterase (ARE) activity in
two equal groups (63 cases each) of MS patients and healthy individuals. The mean serum PON1 and
ARE activity in the control group was 190.8 £ 150.3 IU / L and 99.9 + 73.3 IU / L respectively, and in
the patients group, this was 90.3 +63.4 [U /L and 182.1 £ 128.7 IU / L respectively. Comparison of

allele distribution and allele frequency in both groups demonstrated no statistical difference for
PON1Q192R and PON L55M polymorphisms. In the selected group of patients with MS in the
relapsing phase, there was no significant difference in PON1 and ARE activities, however the mean
serum enzyme activity was lower in MS patients [9].

According to the work of Ferretti et al. (2005), the activity of paraoxonase in the plasma of patients
with MS was significantly lower than in the control group. Their study highlighted changes in
lipoprotein peroxidation in MS, and evidence suggests that oxidative stress and disruption of the
antioxidant system may play a role in MS [12].

Table 2: Demographic, clinical, and biochemical characteristics of patients with Multiple Sclerosis and healthy controls;
and genotype distributions and allele frequencies for PON1 Q192R and L55M polymorphisms in patients with multiple
sclerosis compared with healthy subjects. SD, standard deviation; EDSS, Expanded Disability Status Scale; HDL, high-

density lipoprotein; LDL, low-density lipoprotein; PON1: Paraoxonase 1.

Author Year M A Zakrze A Moghtaderi A Sidoti G Ferretti
Durfinov = Jamroz- | wska- 2011 [9] 2007 [29] 2005 [12]
a2015 Wisnie = Pniews
[31] wska | ka 2013
2009 [32]
[30]
City Slovakia =~ Poland = Polska Iran Italia Italia
Age+ SD 39.9+ 36/3= | 36.8t1  32.34+9.2/42.3+14. 41+/8.4/4 38.2+/3.6/
(patient/cont = 9.47/49.  12.6/39. 0.5/ 3 4+/11.4 31.5+/2.9
rol) 6+ 12.25 6+9.2 | 553+1
7.3
Sample size 80/98 40/55 = 221/66 63/63 209/213 24/89
(patient/cont 1
rol)
Disease 6.13£3.1/  10.8+x6. 7.70 =+ 3.8+1.4/- - 3.1+/1.8
duration + - 4/- 6.8/-
SD (years)
Total 4.86/4.7( 270+ - 198.7439.1/187.1+ - 172.54£/9.6/
cholesterol mM) 54/ 192 41.5(mg/dL) 166.5+/6.8
(patient/cont +
rol) 61(mg/d
L)
HDL- 1.425/1.2 60 + - 39.8+8.7/43.7+6.7( - 50.34/3.6/58.
cholesterol 6(mM) 20/58 £ mg/dL) 3+/3.0
(patient/cont 23(mg/d
rol) L)



LDL- 2.93/3.01 187 = - 125.5+36.9/ - 96.3+/8.5/

cholesterol (mM) 59/135 114.3£35.7(mg/dL 84.5+/7.2
(patient/cont + )
rol) 50(mg/d

L)
Triglycerides 1.24/1.76 81 + - 166.8+78.5/131.1+ - 129.2+/8.1/1
(patient/cont (mM) 33/79 £ 65.8(mg/dL) 18.3£/7.5
rol) 50(mg/d

L)
EDSS(patien 2.84 + 5.8+ EDSS 2.7+0.5 - 2.4+/0.5
t) 1.06 0.9 <3.5
PONI1- 27.3/9.2  15.5/27. 6.3/6.6 14.3/15.9 1.9/0.5 -
R/R(patient/ 5 5
control)
PONI1- 45.5/37.8 - 43/38.1 30.2/34.9 7.6/3.7 -
Q/R(patient/
control)
PONI1- 27.3/53.1 84.5/ | 50.7/55 55.6/49.2 90.5/95.8 -
Q/Q(patient/ 72.5 1
control)
PONI1- 61.4/39.8 - 43.4/41 39.7/50.8 38.3/86 -
L/L(patient/c .5
ontrol)
PONI1- 34.1/55.1 - 45.3/48 15.9/17.5 49.3/ 4 -
L/M(patient/ 4
control)
PONI1- 4.5/5.1 - 11.3/10 44.4/31.7 12.4/ 10 -
M/M(patient A
/control)

Discussion

Human serum paraoxonase 1 (PONI1) is a polymorphic enzyme encoded by the PON1 gene, and is an
aryldialkylphosphatase that is mainly synthesized in the liver and plays an important role in the
metabolism of several organophosphorus compounds such as pesticides, neurotoxins and aryl esters.
[33]. Increase in uric acid and decrease in glutathione concentration in plaques, decrease in alpha-
tocopherol level in plaques and increase in alpha-tocopherol level in distant white matter and normal
ascorbic acid, cysteine, tyrosine and tryptophan in plaques and in distance white matter has been
observed in MS patients compared to the control group [34]. Research works have shown that the
activity of paraoxonase-1 in the plasma of patients with multiple sclerosis has decreased [35].

The high diversity in the range of activities of PON1 has been attributed to several polymorphisms in
the gene. A number of polymorphisms that are not officially titled yet have impacted PON1 activities;
examples of these polymorphisms include: replacing a leucine to methionine at position 55 (L55M,
1s854560, c.220 T> A according to the GenBank Accession Number NM 000446) and replacing a



glutamine with arginine at 192 (Q192R, rs662, ¢.632 A> G according to the GenBank Accession
Number NM 000446) [20, 36, 37].

In the paraoxonase coding region, there are two polymorphisms in positions (Gln / Arg) 192 and (Met
/ Leu) 55. The polymorphism of Q192R has been extensively studied, since its two allozymes present
different catalytic orientations and activities to a number of substrates. The change in structure caused
by the displacement of these amino acids changes the activity of the enzyme. Amino acid 192 R is an
important residue in the active site, for instance, paraoxone hydrolysis is 6 times faster by isoform 192
R compared to isoform 192 Q, however, some organophosphates and lactones are hydrolyzed faster
by isoform 192 Q [38]. Arylesterase activity and PON1 antigen concentration are similar for both
isozymes. It has recently been shown that the position of 192 in paraoxonase becomes active for HDL
connection. The Q192 allele binds to HDL three times less than the R allele, thereby reducing its
stability, lipolactonase activity, and cholesterol excretion from macrophages [39]. In a study of 1527
women, it was demonstrated that isozym R was a major factor in the paraoxonase activity of PON1
[40].

Q192R polymorphism leads to the replacement of glutamine with arginine at position 192 [41]. It also
affects the ability of the enzyme to protect LDL against oxidizing agents, so that the Q isoform
provides the most protection against LDL oxidation. Frequent association of 192 R alleles with
vascular diseases indicates a lower effectiveness of this alloenzyme in the metabolism of oxidized
lipids or its lower stability compared to 192 Q alleles; there exist experimental reasons for both of
these differences [42]. By converting a leucine to methionine at position 55, polymorphism 55 L /M
did not affect the interaction of paraaxonase with its substrates, but did affect serum enzyme
concentrations and activity (43). The activity of the M isoform is less than that of the L isoform,
though it is not clear whether this low activity is due to its low stability, or due to the imbalance of its
strong affinity with the -108 C / T polymorphism in the gene promoter. When both nucleotides are in
the -108 position, the LL genotype is more prone to serum paraoxonase levels than the MM genotype
[44]. The L55 isoform is more stable and resistant to proteolysis, which may be a reason to associate
it with a higher serum level of paraoxonase. Paraoxonase is also able to hydrolyze diazoxon which is
the active metabolite of diazinon. This organophosphate, that is used to wash and disinfect animals,
causes disease in some farmers. In a study that assessed the association between farmers who used
diazinon, and polymorphisms Q192R and M55L, it was found that the patients were more likely to
have at least one R allele or both LL alleles. People holding other alleles had acceptable health despite
performing the same activities that exposed them to the same substance [45]. Paraoxonase 1 enzyme
has several substrates, among which paraoxon and phenyl acetate are used as substrates to measure
enzyme activity in a laboratory. The effect on paraoxon is referred to as paraoxonase activity and the
effect on phenyl acetate is referred to as the arylesterase activity (which is more indicative of the
amount of enzyme protein in plasma) [46]. Various polymorphisms in paraoxonase 1 are responsible
for altering the activity and concentration of this enzyme, as well as for plasma HDL changes in
different populations [47, 48]. A study has shown that polymorphism -108 C / T in the proximal
region of the paraoxonase 1 promoter has caused a significant change in serum paraoxonase activity
[46]. Changes in the area of -108 C / T of the promoter are the most important genetic determinants of
serum paraxonase 1 levels. Polymorphism -108 C / T causes approximately 13 fold change in the
enzyme activity and concentration in different individuals [49].

Serum paraoxonase 1 is a calcium-dependent esterase found in serum on high-density lipoprotein
(HDL). The main function of PONI1 is to hydrolyze lipid peroxides and protect LDL particles from
oxidation [50]. Recent studies have shown changes in lipoprotein levels in patients with neurological
diseases [51]. Moreover, decreased PONI1 activity and polymorphism have been associated with
several neurological diseases, including ischemic stroke, white matter lesions, amyotrophic lateral
sclerosis (ALS), dementia, and Parkinson's disease (50, 52-54).



Multiple sclerosis (MS) is a chronic degenerative disease of the central nervous system (CNS)
characterized by inflammation, demyelination, decreased oligodendrocytes, gliosis, and axonal
pathology [55]. Previous studies have shown the role of oxidative stress and lipid peroxidation in the
pathogenesis of MS [56]. PON1 is a major detoxifier in organophosphates. Exposure to
organophosphate is associated with neurological disorders in which acetylcholine (ACh) plays an
important role. PONI is certainly a potential factor in the pathogenesis of neurological disorders. In
terms of ischemic stroke, studies show that PON1 activity is reduced in stroke patients. There is a
significant inverse relationship between PON1 and carotid activity and cerebral atherosclerosis in
stroke patients. Q192R PON1 polymorphism is associated with the risk of stroke: the presence of Al
R increases this risk, especially in patients with high blood pressure [57]. Elevated lipid peroxide
levels have been reported in cerebrospinal fluid (CSF) and MS patients' blood (58).

There is also PONI1 activity in the brain that can exert antioxidant effects and reduce the progression
of neurological disorders in the central nervous system [59]. Martinez et al. (2010) investigated the
possible association of the PON1 genotype with the L55M and Q192R allele polymorphisms and the
risk of multiple sclerosis in the Spanish Caucasian population [35]. They examined the frequency of
PONI and allele genotypes in 228 patients with multiple sclerosis and 220 patients as a control using
PCR-restriction fragment length polymorphism (RFLP)-based analysis technique. They found no
association between PON1 polymorphism and the risk of MS in the Spanish Caucasian population,
and there was no relationship in terms of gender, age of onset and the course of the disease [35].

Cases of PONI1 activity between MS patients and the control group were not found in other studies [9,
30]. This may be due to the different ages of patients with MS and the control group in the research
groups, as well as the different stages of the disease (relapse, recovery), and other specific problems in
the study samples [29]. The possible relationship between polymorphism PON1-55M / L and PON1-
192Q / R and the risk of MS in the populations of Italy [43], Poland [30], Spain [35] and Iran [9] has
been examined. The PON1-55M allele in Italians and the PON1-192Q allele in Poles were associated
with a high risk of MS [29]. According to a study by Jamroz-Wisniewska et al. (2009), PON1-55 and
PON1-192 polymorphisms were not associated with MS onset age and MS evolutionary type [35].
Total cholesterol levels were significantly higher in patients with MS compared to the control group,
and there was no significant difference in total cholesterol levels between different MS groups.
Moreover, there was no significant difference in HDL cholesterol and triglycerides. LDL cholesterol
was significantly higher in RR patients during recovery and in patients with advanced MS than in
healthy individuals. As a result, the results of this study show that PON1 activity decreases during the
relapse phase of the RR type of MS, yet it remains unchanged during recovery and progressive MS
[30]. Both inflammatory cytokines and oxidative stress have a detrimental effect on PON1 [60].
However, decreased PON1 activity may contribute to an increase pathogenesis of the disorder [61,
62]. Newcombe et al. (1994) reported the presence of LDL products and oxidized lipid in primary
demyelinating plaques and active in brain biopsy specimens in MS patients (please see Figure 3) [63].



ROLE OF PON1 IN ORGANOPHOSPHATE METABOLIS
IMPLICATIONS FOR NEURODEGENERATIVE DISEASES
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Figure 4: PONI in toxicology: implications for neurodegenerative diseases. PONI 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). PONI hydrolyzes paraoxon (oxon
from parathion, from which the name derives) and oxons from many other organophosphates (5) and detoxifies them. Major
polymorphisms in PONI significantly change this activity (6) PONI also exerts its salutatory action on macrophages and
other inflammatory cells (7( which is mentioned in the discussion. oxidative stress related to antioxidant effect in PONI. (1
increase; \//a'ecrease).

Conclusion

PONI is certainly a potential factor in the pathogenesis of neurological disorders, and PON1 plays an
important role in protecting antioxidants in the blood. Oxidative stress and lipid peroxidation impacts
the pathogenesis of MS. Both inflammatory cytokines and oxidative stress have a detrimental effect
on PON1. However, reducing the activity of PON1 may help to restore the pathogenesis of the
disease. Decreased PON1 activity and polymorphism have been associated with several neurological
diseases. There is also PON1 activity in the brain that can exert antioxidant effects and reduce the
progression of neurological disorders in the central nervous system. PON1 activity is lower in patients
with multiple sclerosis than in healthy individuals. Italians with the PON55 / LM-MM genotype had a
significantly higher risk than multiple sclerosis compared to other genotypes. Since MS is more
common in women, PON1 activity has been compared between the gender groups, and the results
demonstrate that the average levels of enzyme levels in women are lower. However, there is no
significant difference in PON1 activity between MS subtypes (RR and SP types of MS). The possible
relationship between PON1-55M / L and PON1-192Q / R and the risk of MS in the populations of
Italy, Poland, Spain and Iran has been investigated. PON1-55M alleles in Italians and PON1-192Q
alleles in Poles are associated with high risk of MS. According to literature, PON1-55 and PON1-192
polymorphisms were not associated with MS onset age and MS evolutionary type. Due to the lack of
definitive treatment for multiple sclerosis, increasing the awareness of patients with multiple sclerosis
and using the right treatments can significantly reduce the issues that they face and can relatively help
improvements of these patients.
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