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Summary: Although paraoxonase is synthesized in many
tissues including the heart, colon, kidneys, lungs, small intes-
tines and brain, its major locus of synthesis is the liver. PON1
is in close association with apolipoproteins and protects LDL
against oxidation. It was reported that PON1 quantities
dropped to 40 times lower than normal in cardiovascular dis-
eases and diseases like diabetes, ulcerative colitis, Crohn’s
disease, chronic renal failure, SLE, Behcet’s disease, cancer,
hepatitis B, obesity, metabolic syndrome, Alzheimer’s and
dementia. It is speculated that the concerning decline in se -
rum PON1 amount results from single nucleotide polymor-
phism in the coding (Q192R, L55M) and promoter (T-108C)
sites of the PON1 gene. Additionally, circulating amounts of
PON1 are affected by vitamins, antioxidants, fatty acids,
dietary factors, drugs, age and lifestyle. This collection
attempts to review and examine the past and present studies
of paraoxonase and its relation with the cardiovascular sys-
tem and some relevant diseases.
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system diseases 

Kratak sadr`aj: Iako se paraoksonaza sinteti{e u
mnogim tkivima, uklju~uju}i srce, debelo crevo, bubrege,
plu}a, tanko crevo i mozak, glavno mesto njene sinteze je
jetra. PON1 je blisko povezana sa apolipoproteinima i {titi
LDL od oksidacije. Koli~ine PON1 ~ak 40 puta ni`e od nor-
malnog nivoa zabele`ene su u kardiovaskularnim bolestima
i oboljenjima kao {to su dijabetes, ulcerozni kolitis, Kronova
bolest, hroni~na bubre`na insuficijencija, sistemski eritem-
ski lupus, Beh~etov sindrom, kancer, hepatitis B, gojaznost,
metaboli~ki sindrom, Alchajmerova bolest i demencija.
Spekuli{e se da pomenuti pad nivoa PON1 u serumu po -
ti~e od polimorfizma pojedina~nih nukleotida na kodnim
(Q192R, L55M) i promoterskim (T-108C) podru~jima gena
PON1. Pored toga, na koli~inu PON1 u cirkulaciji uti~u vi -
ta mini, antioksidansi, masne kiseline, faktori ishra ne, le ko -
vi, godine i na~in `ivota. Ovaj pregled predstavlja poku{aj
da se izlo`e i razmotre pro{le i sada{nje studije o para -
oksonazi i njenom odnosu sa kardiovaskularnim sistemom
i nekim relevantnim bolestima. 

Klju~ne re~i: paraoksonaza, polimorfizam, bolesti kardio-
vaskularnog sistema  

Introduction
Paraoxonase is an ester hydrolase enzyme

belonging to the class of group A aryl dialkyl phos-
phatases. It has been referred to by a host of names
including A-esterase-1, serum aryl dialkyl phospha -
tase-1, aromatic esterase-1, esterase B1, esterase E4,
phosphoryl esterase, organophosphate acid anhy -
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dra se (OPA), organophosphate esterase, organo phos -
 phate hydrolase, organophosphorus acid anhydrase,
organophosphorus hydrolase, paraoxon esterase,
paraoxon hydrolase, pirimiphos-methyl-oxon esterase
and organophosphate paraoxon (1). As it usually uses
paraoxon as its substrate (O,O-diethyl, O-p-nitro-
phenyl phosphate), it has been widely accepted to
refer to this enzyme family as »paraoxonase«.

Esterases remove the toxic substances in the
organism by breaking down their ester and ester-like
bonds. Esterases were numbered by the Nomen -
clature Committee of the International Union of Bio -
chemistry and Molecular Biology (NC-IUBMB). The
number, subgroup and substrate samples of esterases
are presented in Table I. Of the two substrates of
esterases, one is water (H2O) and the other are spe-
cific substrates compatible with enzyme subgroups.
The committee, known shortly as the Enzyme Com -
mittee (EC), refers to hydrolases as EC 3, and to ester
hydrolases (esterases) as EC 3.1. Accordingly, este -
rases are enzymes which hydrolyze the ester bonds of
substrate molecules. 

Paraoxon is the paraoxonase substrate most
commonly used to determine the enzyme activity of
paraoxonase, which is primarily synthesized in the
liver. Paraoxon is the active metabolite of parathion,

an organophosphate compound synthesized in the
liver. Spectrophotometric measurement of phenol or
p-nitrophenol that arises from the hydrolytic activity of
paraoxonase is commonly used to determine the en -
zyme activity. Measurement of the amount of phenyl
acetate, an aromatic carboxylic acid ester, using a
similar method, is used to find out the arylesterase
(AE) activity of the enzyme (2–5). It has been argued
that, although the similarities between their active
sites are not evident, PON and AE enzymes, whose
isoelectrical point is 5.1, use the same active centers
competitively and, therefore, are competitors (6). 

PON and AE enzymes, which are two different
hydrolase enzymes, were both numbered EC 3.1.1.2
by the NC-IUBMB, as they were initially in the same
group. However, it was understood by the 1990s that,
as oppo sed to AE, PON could hydrolyze phosphoric
and phos phinic acid esters, in addition to phenolic
acid esters. After that, PON was re-numbered by the
NC-IUBMB (EC 3.1.8.1).

Paraoxonase enzyme shows a high affinity to
paraoxon, methyl paraoxon and chlormethyl para -
oxon (7). The enzyme was demonstrated to detoxify
some organophosphate derivatives like diazoxon,
sarin and soman, and various aromatic carboxylic acid
esters (8–10). 

Number Subgroup Name Substrate

3.1.1 Carboxylic Ester Hydrolase Arylesterase Phenyl acetate

3.1.2 Thioester Hydrolase Acetyl-CoA hydrolase Acetyl-CoA

3.1.3
Phosphoric Monoester
Hydrolase

Glucose 6-phosphatase Glucose 6-phosphate

3.1.4
Phosphoric Diester 
Hydrolase

Glycerophosphodiester 
phosphodiesterase

Glycerophosphodiester

3.1.5
Triphosphoric Monoester
Hydrolase

dGTP triphosphohydrolase
Deoxyguanosine triphosphate
(dGTP)

3.1.6
Sulfuric Ester Hydrolase
(Sulfatase)

Choline sulfatase Cholin sulphate

3.1.7
Diphosphoric Monoester
Hydrolase

Monoterpenyldiphosphatase Monoterpenyldiphosphate

3.1.8 Phosphoric Triester Hydrolase Paraoxonase Paraoxon

3.1.11 Exodeoxyribonuclease Exodeoxyribonuclease I DNA

3.1.13, 3.1.14 Exoribonuclease Yeast ribonuclease RNA

3.1.15, 3.1.16 Exonuclease Spleen exonuclease —

3.1.21, 3.1.22, 3.1.25 Endodeoxyribonuclease Deoxyribonuclease DNA

3.1.26, 3.1.27, 3.1.30,
3.1.31

Endoribonuclease Ribonuclease RNA

Table I Numbers, subgroups and substrate examples of esterases.



History

Paraoxonase enzyme was discovered by Abra -
ham Mazur (11) in 1946 and was then more ex ten -
sively studied by W. Norman Aldridge starting in
1953. In his study, Aldridge described paraoxonase as
an A-esterase that hydrolyzes p-nitrophenyl, propio -
nate and butyrate (12). In 1961, Jose Uriel (13) iden-
tified the presence of PON in the immunoprecipitates
of high-density lipoprotein (HDL) after electrophore-
sis in the human serum. In 1973, Geldmacher-Von
Mallinck et al. (14) demonstrated the presence of
PON in the human serum genetically. Various poly-
morphisms of paraoxonase were found in the ensuing
years (3). In 1983, it was revealed that PON activity
was dependent on Ca+2 (15). Mackness et al. (16)
demonstrated in 1985 that PON binds to different
areas of HDL in sheep and humans. Then, it was sug-
gested that PON was carried via apolipoprotein A1
(Apo A1) on HDL (17). After this development, it was
argued that HDL could protect low-density lipopro-
tein against the oxidation induced by copper ions
through PON, which is one of the lipoproteins and
enzymes that HDL carries in its structure (18).
Besides, it was reported that PON could be involved
in the atherogenesis and lipid metabolism (19). Then,
it was noted that, when compared with fat-soluble
vitamins, HDL could be a strong antioxidant (20).
The role of PON in the antioxidant action of HDL has
paved the way for significant research in the diagno-
sis and treatment of various diseases in recent years
(21–23). Enzymes like paraoxonase, lecithin choles-
terol acyltransferase (LCAT), thrombocyte-activating
factor acetylhydrolase (PAF-AH), phospholipase D
and protease are transported through HDL (24–27). 

Gan et al. (6) purified paraoxonase from hu man
serum in 1991, and demonstrated both the PON and
AE activity of the enzyme. PON was partially purified
from rat liver by Gil et al. (28) in 1993, and totally
purified by Rodrigo et al. (29) in 1997. PON was

shown to be able to hydrolyze many substrates includ-
ing diisopropyl, fluorophosphate, soman, sarin, 4-ni -
tro  phenylacetate, 2-nitrophenylacetate, 2-naphthyl -
acetate and phenylthioacetate (6, 30). Primo-Parmo
et al. (31) reported that the paraoxonase/arylesterase
(PON/AE) enzyme family was composed of three
forms (paraoxonase-1: PON1, paraoxonase-2: PON2,
and paraoxonase-3: PON3). It was shown by Mack -
ness and colleagues (32, 33) that it might produce
erroneous results to use plasma in the clinical and
experimental studies of PON which is carried by clus-
terin (Apo J) and Apo A1 in HDL. 

PON3 was isolated firstly from rabbit liver micro-
somes by Jurise Ozols (34) and then from rabbit
serum by Draganov et al. (35). After that, Rodrigo et
al. (36) purified it from rat liver microsomes and
examined its biochemical properties. It was found that
by hydrolyzing lipid peroxides, PON1 contributed to
this effect of HDL (37), and that it could also limit the
activity of platelet activating factor (PAF) (38). Distri -
bution of PON1 in rat tissues was demonstrated
immu nohistochemically (39).

Structure and Functions

Paraoxonase is an enzyme family composed of
three members: PON1, PON2, and PON3. Human
and rat studies showed that paraoxonase acted on
three different substrates (paraoxon, chlorpyrifos-
oxon and diazoxon) on the same chromosome (7q21-
22 area in humans and the 6th chromosome in rats).
Localizations of Single Nucleotide Polymorphisms
(SNPs) and the binding areas of the transcription fac-
tors of PON1 gene were modified (40) and are shown
in Figure 1. Paraoxon destruction in the blood is an
indicator of the PON1 enzyme. The activity of the
enzyme gives an idea about the PON1 concentration
of 192Q>R polymorphism.
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Figure 1 SNP localizations and binding areas of the transcription factors of PON1 gene.
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Human PON enzyme displays two polymor -
phisms that vary as Met (M) ↔ Leu (L) and Arg (R) ↔
Gln (Q) between the 55th and 192nd amino acid
groups, respectively. Those carrying arginine have
high acti vity (RR), and those carrying glutamine have
low acti vity (QQ) in the 192nd position. The enzyme
with moderate activity is expressed with the RQ geno-
type. Pro moter and coding regions that affect PON1
expression and activity are presented in Table II.

The distribution of PON1 192 allele was exa m -
ined according to races, and it was found to be 30% in
Eskimos, 40% in American Indians, 32–64% in Afri can
Americans, 27–31% in Caucasian Americans, 44% in
Hispanic Americans, 32–52% in Mexicans, 52% in
African Brazilians, 31% in Caucasian Brazi lians,
24–31% in Caucasian Europeans, 31% in Cau ca sian
Turks, 17–54% in Indians, 56–62% in the Chin ese,
30–60% in Koreans, 29–61% in the Taiwa nese, 59% in
Malaysians and 59–66% in the Japan ese (41–45).

Similarly, the distribution of the 52M allele of
PON1 was examined according to races, and it was
found to be 4% in Eskimos, no data for American
Indians, 18–20% in African Americans, 35–36% in
Cauca sian Americans, no data for Hispanic Americans,
0–16% in Mexicans, 21% in African Brazilians, 33% in
Cau ca sian Brazilians, 26–38% in Caucasian Euro peans,
28% in Caucasian Turks, 4–21% in Indians, 0–5% in the
Chi nese, 3–6% in Koreans, 5–6% in the Taiwa nese, 6%
in Malaysians and 4–10% in the Japanese (41–45).

Individually different in vitro responses of PON
to different substrates are explained by genotype
(46). Additionally, optimal stability and activity of the
enzyme depend on the presence of Ca+2. Although
Ca+2 is not needed in the hydrolysis of lipid peroxides,
the presence of two Ca+2 at the center of the enzyme

is important for the hydrolysis of organophosphates.
Calcium plays a critical role in the activity of the
enzyme, either by directly participating in catalytic
reactions or by ensuring that the active center of the
enzyme is kept in the appropriate configuration.
When Ca+2 improves the nucleophilic property of
phosphorus by polarizing the phosphate-oxygen dou-
ble bond (P=O), it becomes easier to draw diethyl
phosphate away from the active region of the
enzyme. That PON is dependent on Ca+2 for its activ-
ity distinguishes this enzyme from other A-esterases
which function through cobalt (Co+2), manganese
(Mn+2) and magnesium (Mg+2). PON1, which is
found in almost all mammalian organs and tissues,
performs its maximum activity in the plasma and liver
(47). Similarities of PON members with antioxidant
capacity at the amino acid level range between 79 to
90% among mammalians, while the similarities of the
genes in terms of their nucleotides are in the 81 to
90% range (48).

Rat PON enzyme which weighs 39.496 kDa is
composed of 355 amino acids. When compared in
terms of their amino acid numbers, rat PON is seen
to have one amino acid more than the human PON.
Table III shows the rat PON amino acid numbers.
Human and rat PON structures are similar to a great
extent in the amino acid numbers. Two out of the
three cysteine amino acids found in the human PON
enzyme structure are bound by a disulfide bond
between them. Bioactivity of the enzyme depends
upon its free cysteine amino acid forming a conjuga-
tion with its substrate. The enzyme inhibited by sul-
phydryl compounds is re-activated by cysteine. Rat
PON enzyme possesses four cysteine amino acids in
its structure. For the enzyme to react, one or two of
the cysteine amino acids must bind to the substrate. 
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Table II Promoter and coding regions that affect PON1 expression and activity.

Position Variants Effects

PON1 expression PON1 activity

192 Glutamine / Arginine No effect

Increasing activity 
depending on paraxon/phenyl 
acetate in R and high 
lactonase activity in Q

Coding area
55 Leucine / Methionine L < M The high-M activity associated

with high-M expression

Position Variants The effects of promoter activity

Promoter 
-907 Cysteine / Glutamine C < G

-824 Arginine / Glutamine No effect

-162 Arginine / Glutamine A > G

-126 Arginine / Glutamine No effect

-107 Cysteine / Thymidine C > T



The paraoxonase enzyme was first studied in
toxicology due to its ability to hydrolyze organophos-
phate compounds. Its ability to hydrolyze organo pho -
sphate neurotoxins, insecticides and carboxylic acid
esters was the first known protective function attrib-
uted to the PON1 enzyme (25, 49). PON is also a
potent inhibitor of cholinesterases that break down
acetylcholine. Since many of the enzymes that can
detoxify thiones and oxons (paraoxonase, glutat hi -
one, transferase, monooxygenase, etc.) are found in
the lungs, it is believed that that is where most of the
reaction takes place (50). As the body of knowledge
about the antioxidant properties of paraoxonase
grows, it becomes an increasingly popular molecule
in the research carried out for the diagnosis and treat-
ment of diseases (51, 52).

Data obtained from the human PON studies
demonstrate that 15.8% of PON1, which has a glyco-
protein structure, consists of three carbohydrate
chains. The expressions and distributions of PON pro-
teins in the tissues of humans vary. PON1 and PON3
are found in the liver and plasma, while PON2 was
established by the IHC method to be present in the

liver, kidney, heart, brain, testes, the endothelial layer,
as well as the smooth muscle cells of the aorta.
Although PON1 has the lysine amino acid in the
106th place, PON2 and PON3 do not. Since they do
not have a lysine residue in the 105th position, PON2
and PON3 cannot hy dro lyze paraoxon. PON1 and
PON3, which are he avily expressed in the liver and
kidneys, are bound to HDL and carried in the circula-
tion (53, 54). PON2, which is expressed in many tis-
sues, is an intracellular enzyme and is not present in
the plasma (55). Since paraoxon is not used as a sub-
strate in the studies invol ving PON2 and PON3, data
about these enzymes are limited, while there is more
information on PON1. 

Serum PON1 activity in full-term neonates and
premature infants is half of that in adults, but it is
known to reach adult levels within the first year (6).
PON activity is reduced in aging, various diseases and
malnutrition. Apart from that, the differences bet ween
an individual’s serum PON1 activities were attri buted
to the polymorphisms in the structure of the enzyme.
When the effects of proatherogenic diet on serum
PON1 activity were analyzed, a significant de cre ase
was noted in the enzyme activity, while flavonoid
antioxidants were seen to elevate enzyme activity by as
much as 20%. Serum PON1 levels decrease irre-
versibly with smoking. In addition to acute phase reac-
tants, pregnancy and disorders that influence the Apo
A1 meta bolism affect the serum PON1 levels (56, 57).

PON1, which is not found in invertebrates, fish
and birds, is bound to HDL and is carried in the
serum of mammalians. Thanks to its hydrophobic
property in the N-terminal site, PON can easily bind
to phospholipids and lipoproteins (HDL). The strong
binding of PON to HDL has been demonstrated in
human and rabbit serum PON trials. Since the HDL
sub-units interacting with PON contain Apo A1 and
Apo J proteins, Apo A1 and Apo J are thought to be
involved in the PON-HDL binding. It was shown in
immune-affinity chromatography studies that the part
of HDL that contains PON1 is a small fraction of the
total HDL (58).

PON1 and PON3, bound to high density lipo -
protein (HDL), and PON2, which is not carried via
HDL, serve in the oxidation of LDL. Furthermore,
PON2 inhibits the monocyte chemotaxis stimulated
by oxidized LDL (55). PON1, found together with
HDL in the circulation, takes part in the preclusion of
the oxidation of plasma lipoproteins. Prevention of
the accumulation of lipid peroxides in HDL and LDL
depends on their being metabolized through PON1
as a result of peroxidation. Thanks to this property,
PON1 is more effective than vitamins A and E in help-
ing HDL protect LDL against oxidation. It is believed
that HDL realizes its antioxidant capacity through the
enzymes associated with it such as PON1, LCAT and
PAF-AH. PON protects LDL cholesterol particularly
against the oxidation that can be induced by the cop-
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Table III Rat paraoxonase-1 amino acid distribution.

Amino acid Amount

Leucine 44

Valine 32

Serine 27

Glycine 23

Threonine 22

Aspartic acid 21

Glutamic acid 21

Alanine 20

Isoleucine 19

Proline 19

Lysine 18

Asparagine 17

Phenylalanine 17

Thyrosine 17

Histidine 11

Arginine 9

Methionine 6

Glutamine 4

Cysteine 4

Tryptophan 4



per ion (Cu+2) and free radicals (59). Mackness et al.
(18) showed in 1991 that PON was involved in the
protection of LDL phospholipids against oxidation
during the onset of the atherosclerosis process. It was
de monstrated in the study that lipid peroxide forma-
tion incubated by copper in LDL was inhibited by HDL
at around the rate of 90%, and that the levels of the
substances that reacted with thiobarbituric acid
(Thiobar bituric Acid-Reacting Substances; TBARS) as
well as lipoperoxide formation were prevented by
PON1 isolated from HDL. PON2 has recently be -
 come a focus of attention due to its antioxidant ca -
pacity and its expression in endothelial cells and vas-
cular wall cells. PON2, whose molecular weight is 44
kDa, fulfills its antiatherogenic function by reducing
the production of intracellular hydroperoxides and by
inhibiting cell-mediated LDL oxidation (55).

Although PON3 is synthesized in the liver and
carried by HDL, it does not display any enzyme acti v -
ity. It does have limited arylesterase (AE) activity and
can hydrolyze lactones such as statin. PON3 was seen
to be more effective than PON1 in preventing the
LDL oxidation induced by copper in rabbits. Since it is
known that PON1 mRNA expression is suppressed
throughout the acute phase response period, when
PON3 mRNA expression is different in rabbits, it is
believed that PON1 and PON3 can act differently in
the prevention of atherosclerosis (35).

Like ghrelin, paraoxonase is carried in the plas-
ma by binding to HDL. In a relevant study carried out
by Beaumont et al. (60) in 2003, it was shown that
there was a significant interaction between ghrelin
and HDL in fasting individuals, and that this interac-
tion was associated with a correlation between appe -
tite, growth hormone secretion and lipid transfer.
However, the authors stated that they did not know
how the changes in HDL and ghrelin levels altered

pathophysiology. De Vriese et al. (61) reported that
butyrylcholinesterase and other esterases in the hu -
man serum and carboxylesterase in rats led to ghrelin
des-octanylation. Apart from the serum, they also
showed ghrelin breakdown through des-octanylation
in the N-terminal end of the stomach, liver or kidney
homogenates. Independent of the detoxification fun c -
tion of PON, it was argued that the bioactive ghrelin
found in the organism broke down the ester bond
between the octanyl group and thus converted acyla -
ted ghrelin to the desacyl ghrelin form (62).

Antioxidant Properties

Shih et al. (63) suggested in their mouse study
that PON3 might have a critical role in protecting
from obesity and atherosclerosis. Besides hydrolyzing
organophosphate neurotoxins, aromatic carboxylic
acid esters and organic toxins like insecticides, PON1
has an antioxidant activity. PON1 which is co-present
with HDL in the plasma prevents the oxidation of
plasma lipoproteins. By re-metabolizing the broken
down lipids, it prevents accumulation of lipid pero x -
ides in HDL and LDL. Thus, HDL indirectly protects
LDL from oxidation. Dietary factors that affect PON1
expression in in vitro and in vivo conditions are briefed
in Figure 2 (64–70).

PON1 and PON3, which have antioxidant prop-
erties, inhibit LDL oxidation (71). Mackness et al. (16)
established through ultracentrifugation of the human
serum that PON1 is carried by HDL in the blood. The
level of PON1-bound HDL in the blood constitutes
only a small amount of the total HDL (58). PON2
which is not bound to HDL also has antioxidant char -
acteristics and inhibits LDL oxidation. Besides, it
inhibits the monocyte chemotaxis activated by oxi-
dized LDL.
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Figure 2 Dietary factors that affect the expression of PON1.
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Measurement of PON1 activity

Phenyl acetate is the most commonly used sub-
strate in the determination of arylesterase activity. It
hydrolyzes PON1 paraoxon, which results in the for-
mation of a yellow colored paranitrophenol, and the
increased absorbance of this yellow color is measured
spectrophotometrically at 412 nm (2). PON1 is now
measured with autoanalyzers (72). Measurements
using calcium-binding samples with EDTA should not
be employed. Samples with heparin or serum samples
are ideal for the analysis of PON1. The factors which
affect PON1 amounts include genetic factors, smok-
ing, some drugs (hypolipidemic agents, statins, anti-
diabetics), diet (polyphenols, antioxidants), lifestyle
and lipid metabolism (73). 

Clinical Significance 

PON1 activity is reduced in ulcerative colitis and
Crohn’s disease, and the 192Q (74–75) and 55L
(75) allele were found frequently in these patients. It
was speculated that the decrease in PON1 activity in
these diseases was in response to elevated cytokines
(76). This hypothesis has been confirmed by experi-
mental evidence, as it was reported that interleukin-6,
inter leukin-b and Tumor Necrosis Factor (TNF-a)
reduced PON1 mRNA expression in hepatocyte cell
cultures (77, 78). 

PON1 activity was curbed in patients with meta-
bolic syndrome. This curbed PON1 activity was shown
to be associated with HDL oxidation in in vitro expe ri -
ments (79–81). Oxidation of HDL in diabetic pa tients
causes a change in the PON1 protein and an ensuing
drop in PON1 activity (79). PON1 activity was shown
to decrease in type 1 and type 2 diabetes patients in
several studies, while some other studies reported that
PON1 activity was not related to type 1 and type 2
diabetes (82–83). Apart from that, it was noted in
some studies that diabetes was correlated with PON1
polymorphism, although other studies failed to con-
firm this correlation (84–86). Gupta et al. (87), for in -
stance, noted that the 192R allele and (-907)C allele
had a high prevalence in type 2 diabetes patients.
Flekac et al. (88) reported that the 192Q allele and
55M allele were more common in diabetic cases. Kao
et al. stated that the 55L allele was more prevalent in
patients with diabetic retinopathy (89). It was report-
ed in many other studies that the 55M allele and
192R allele were prevalent and common in patients
with diabetic retinopathy (84, 88, 90). 

Patients who developed dementia were found to
have a higher frequency of the 55M allele (91–92).
Although Helpecque et al. reported that the -107T
allele meant high risk of dementia (93), it was con-
cluded in another study that this observation was a
contradiction (94). It was noted in several studies that
there was no relation between dementia and PON1
(95–98). Similarly, PON1 activity was reported to

drop in Alzheimer’s patients, although the results are
contradictory (99–101). Dantoine et al. argued that
the 192 PON1 polymorphism might be a critical
marker in distinguishing Alzheimer’s patients from
patients with vascular dementia and healthy indivi -
duals (96). PON1 activity was also reported to de -
crease in major depression by Barim et al. (102). It
was argued that environmental neurotoxins that are
metabolized by PON1 in sporadic idiopathic cases
might contribute to neurodegeneration, that is, they
might pave the way for genetic predisposition to
Parkinson’s disease (103). PON1 activity also declines
in schizophrenic conditions (104–105). It was noted
that PON1 acti vity decreased in patients with chronic
renal failure (106–110) and that it was restored fol-
lowing kidney transplantation (106). 

Kilic et al. (111) and Aslan et al. (112) reported
in their respective studies that PON1 activity de cre -
ased in pa tients with hepatitis B. They stated that
PON1 acti vity decreased because of the lack of PON1
pro duc tion, which resulted from the destruction of
PON1-produ c ing hepatocyte cells due to hepatitis B. 

Horoz et al. noted that PON1 activity lessened
in patients with hepatitis C and in those on hemodial-
ysis treatment (113). Selek et al. (114) reported that
PON1 activity subsided in beta thalassemia patients.
PON1 activity was stated to decrease in the serum of
cement factory workers who are exposed to cement
dust (115).

It was shown in several studies that there might
be a correlation between paraoxonase concentrations
and cancer. As it is well-known, oxidative stress is a
major etiological factor in carcinogenesis. Since
PON1 is an endogenic free radical scavenger, the de -
crease in its amount may be involved in the etio -
pathology of cancer. For example, serum paraoxona -
se levels were found reduced in gastric, pancreas,
epithelial and lung cancer cases. There is also a cor-
relation between cancer and the PON1 polymor-
phism. For example, the PON192 polymorphism dis-
tribution was found lower in glioma and meningioma
patients, relative to the control group. Stevens et al.
(116) reported an increase in L55M polymorphism in
cases with invasive breast cancer with the MM geno-
type. Decreases in PON1 were also established in
many other diseases including: rheumatoid arthritis,
osteo arthritis, syste mic lupus erythematosus (SLE)
and Behcet’s disease. The decrease in PON1 activity
in these diseases suggests that it has an antioxidant
character.

Effects on Cardiovascular System

Due to the antiatherogenic effect of HDL, it is
believed that PON1 and atherosclerosis are correla t -
ed (117). PON1 which breaks down biologically
active LDL can mediate the elimination of a fatty
streak by preventing lipid peroxidation (118). In other
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words, by inhibiting LDL oxidation, PON1 can reduce
the risk of vascular atherosclerotic disease. To do this,
it requires the presence of the N-terminal hydropho-
bic signal peptide (117).

Several studies reported a correlation between
the cardiovascular system and PON1 (118). For in -
stance, it was shown that the 192R polymorphism
was associated with a high risk of cardiovascular sys-
tem disease in Punjabis of northwestern India (119)
and also that the same polymorphism also posed
a risk for Italians (120), Egyptians (121) and the
Taiwan ese (122). Carotid abnormalities of the 192R
allele are correlated with high plasma HDL levels, but
not with a low HDL plasma concentration (123, 124).
In contrast to the cited studies, the 192Q allele was
found in a higher frequency and was associated with
the risk of cardiovascular system diseases in the
German (125) and Polish (126) population. It was
noted that the Q192R polymorphism of PON1 was
not related to carotid intima thickness (127). A simi-
lar result was reported for Sicilian hypercholeste -
rolemic patients in whom early carotid atherosclerosis
and polymorphism were found unrelated (128).
These results were confirmed by the findings of the
EPIC Norfolk study group who did not find any corre-
lation between the cardiovascular system and Q192R
variants (129). Similar to the contradicting results
obtained with the Q192R allele, the results concern-
ing the relation between L55M polymorphism and
cardiovascular system are inconsistent as well. For
instance, while the 55M allele was found to be in high
frequency in the Portuguese (130), Germans (125)

and Taiwanese (122), the L variant was found more
common in Italians (120, 127) and Brazilians (131).
Despite all these findings, Campo et al. (128) report-
ed that there was no correlation between the L55M
polymorphism and the cardiovascular system. Studies
conducted on the Turkish population demonstrat ed
that there might be a relation between PON1,
Q192R gene polymorphism and coronary artery dis-
eases (132 ). Plasma PON1 activity was reported to
be lower in those with familial hypercholesterolemia
and those who had myocardial infarction (19). 

Conclusion

Paraoxonase, an enzyme synthesized mainly in
the liver, is bound to HDL in the blood circulation.
High levels of PON1 in the circulation reduce cardio-
vascular risk. Single nucleotide polymorphism (SNP)
affects the PON1 concentration. Its circulatory levels
are affected by genetic factors, lifestyle, age and drugs
(for instance, statins, fats and fatty acids, anti oxidant
vitamins, nutrients rich in polyphenols content).
Although there is no general consensus, it has been
reported to decrease in many diseases, including ulce -
rative co litis, Crohn’s disease, chronic renal failure,
SLE, Behcet’s disease, cancer, Hepatitis B, obe sity,
metabolic syndrome, Alzheimer’s and de mentia.

Conflict of interest statement

The authors stated that there are no conflicts of
interest regarding the publication of this article.

168 Aydin et al.: The past and present of paraoxonase enzyme

References

1.  Erden I. St elevasyonlu miyokart infarktüslü (STEMI)
has talarda insan paraoxonase geni metleu/55 poli -
mor  fizmi. Uzmanlık Tezi. TC. Sağlık Bakanlığı, Dr.
Siyami Ersek Göğüs Kalp Damar Cerrahisi Merkezi
2004, 70s.

2.  Eckerson HW, Romson J, Wyte C, La Du BN. The
human serum paraoxonase polymorphism: identifica-
tion of phenotypes by their response to salts. Am J
Hum Genet 1983; 35: 214–27.

3.  Eckerson HW, Wyte CM, La Du BN. The human
serum paraoxonase/arylesterase polymorphism. Am J
Hum Ge net 1983; 35: 1126–38.

4.  Richter RJ, Jarvik GP, Furlong CE. Paraoxonase 1
(PON1) status and substrate hydrolysis. Toxicol Appl
Pharmacol 2009; 235: 1–9.

5.  Haagen L, Brock A. A new automated method for
phenotyping arylesterase (EC 3.1.1.2) based upon
inhibition of enzymatic hydrolysis of 4-nitrophenyl
acetate by phenyl acetate. Eur J Clin Chem Clin
Biochem 1992; 30: 391–5.

6.  Gan KN, Smolen A, Eckerson HW, La Du BN. Purifi -
ca tion of human serum paraoxonase/arylesterase.
Evi den ce for one esterase catalyzing both activities.
Drug Metab Dispos 1991; 19: 100–6.

7.  Huang YS, Woods L, Sultatos LG. Solubilization and
puri fication of A-esterase from mouse hepatic micro-
somes. Biochem Pharmacol 1994; 48: 1273–80.

8. La Du BN, Aviram M, Billecke S, Navab M, Primo-
Parmo S, Sorenson RC, et al. On the physiological
role(s) of the paraoxonases. Chem Biol Interact 1999;
119–120: 379–88.

9. Costa LG, Li WF, Richter RJ, Shih DM, Lusis A,
Furlong CE. The role of paraoxonase (PON1) in the
detoxication of organophosphates and its human
polymorphism. Chem Biol Interact 1999; 119–120:
429–38.

10. Kanamori-Kataoka M, Seto Y. Paraoxonase activity
against nerve gases measured by capillary electro -
phoresis and characterization of human serum para -
oxo nase (PON1) polymorphism in the coding region
(Q192R). Anal Biochem 2009; 385: 94–100.



J Med Biochem 2012; 31 (3) 169

11. Mazur A. An enzyme in animal tissues capable of
hydrolyzing the phosphorus-fluorine bond of alkyl flu-
orophosphates. J Biol Chem 1946; 164: 271–89.

12.  Aldridge WN. Serum esterases. I. Two types of este -
rase (A and B) hydrolysing p-nitrophenyl acetate, pro-
pionate and butyrate, and a method for their determi-
nation. Biochem J 1953; 53: 110–17.

13. Uriel J. Characterization of cholinesterase and other
carboxylic esterases after electrophoresis and immu-
noelectrophoresis on agar. I. Application to the study
of esterases of normal human serum. Ann Inst Pasteur
(Paris) 1961; 101: 104–19.

14.  Geldmacher-Von Mallinck, Lindorf HH, Petenyi M,
Flü gel M, Fischer T, Hiller T. Genetically determined
polymorphism of human serum paraoxonase (EC
3.1.1.2). Humangenetik 1973; 17: 331–5.

15.  Mackness MI, Walker CH. Partial purification and
properties of sheep serum »A«-esterases. Biochem
Phar macol 1983; 32: 2291–6.

16. Mackness MI, Hallam SD, Peard T, Warner S, Walker
CH. The separation of sheep and human serum »A«-
esterase activity into the lipoprotein fraction by ultra-
centrifugation. Comp Biochem Physiol B 1985; 82:
675–7.

17. Mackness MI, Walker CH. Multiple forms of sheep
serum A-esterase activity associated with the high-
density lipoprotein. Biochem J 1988; 250: 539–45.

18.  Mackness MI, Arrol S, Durrington PN. Paraoxonase
prevents accumulation of lipoperoxides in low-density
lipoprotein. FEBS Lett 1991; 286: 152–4.

19. Mackness MI, Harty D, Bhatnagar D, Winocour PH,
Arrol S, Ishola M, et al. Serum paraoxonase activity in
familial hypercholesterolaemia and insulin-dependent
diabetes mellitus. Atherosclerosis 1991; 86: 193–9.

20.  Mackness MI, Abbott C, Arrol S, Durrington PN. The
role of high-density lipoprotein and lipid-soluble
antioxidant vitamins in inhibiting low-density lipopro-
tein oxidation. Biochem J 1993; 294: 829–34.

21.  Moradi H, Pahl MV, Elahimehr R, Vaziri ND. Impaired
antioxidant activity of high-density lipoprotein in
chronic kidney disease. Transl Res 2009; 153: 77–85.

22. Toker A, Kadi M, Yildirim AK, Aksoy H, Akcay F.
Serum lipid profile paraoxonase and arylesterase
activities in psoriasis. Cell Biochem Funct 2009; 27:
176–80.

23. Seo D, Goldschmidt-Clermont P. The paraoxonase
gene family and atherosclerosis. Curr Atheroscler Rep
2009; 11: 182–7.

24.  Frohlich J, McLeod R, Hon K. Lecithin: cholesterol
acyl transferase (LCAT). Clin Biochem 1982; 15:
269–78.

25.  Mackness B, Durrington PN, Mackness MI. Human
Serum Paraoxonase. Gen Pharm 1998; 31: 329–36.

26.  Raikwar NS, Cho WK, Bowen RF, Deeg MA. Glycosyl -
pho sphatidylinositol-specific phospholipase D influ  en -
 ces triglyceride-rich lipoprotein metabolism. Am J
Phy siol Endocrinol Metab 2006; 290: E463–70.

27. Phumala Morales N, Cherlermchoung C, Fucharoen
S, Chantharaksri U. Paraoxonase and platelet-activat-
ing factor acetylhydrolase activities in lipoproteins of
beta-thalassemia/hemoglobin E patients. Clin Chem
Lab Med 2007; 45: 884–9.

28. Gil F, Pla A, Gonzalvo MC, Hernández AF, Villanueva
E. Partial purification of paraoxonase from rat liver.
Chem Biol Interact 1993; 87: 69–75.

29.  Rodrigo L, Gil F, Hernandez AF, Marina A, Vazquez J,
Pla A. Purification and characterization of paraoxon
hydrolase from rat liver. Biochem J 1997; 321:
595–601.

30. Davies HG, Richter RJ, Keifer M, Broomfield CA,
Sowalla J, Furlong CE. The effect of the human serum
paraoxonase polymorphism is reversed with diazoxon,
soman and sarin. Nat Genet 1996; 14: 334–6.

31. Primo-Parmo SL, Sorenson RC, Teiber J, La Du BN.
The human serum paraoxonase/arylesterase gene
(PON1) is one member of a multigene family.
Genomics 1996; 33: 498–507.

32.  Mackness B, Hunt R, Durrington PN, Mackness MI.
Increased immunolocalization of paraoxonase, clus-
terin, and apolipoprotein A-I in the human artery wall
with the progression of atherosclerosis. Arterioscler
Thromb Vasc Biol 1997; 17: 1233–8.

33. Mackness MI. Why plasma should not be used to stu -
dy paraoxonase. Atherosclerosis 1998; 136: 195–6.

34. Ozols J. Isolation and complete covalent structure of
liver microsomal paraoxonase. Biochem J 1999; 338:
265–72.

35.  Draganov DI, Stetson PL, Watson CE, Billecke SS, La
Du BN. Rabbit serum paraoxonase 3 (PON3) is a high
density lipoprotein-associated lactonase and protects
low density lipoprotein against oxidation. J Biol Chem
2000; 275: 33435–42.

36. Rodrigo L, Gil F, Hernandez AF, Lopez O, Pla A. Iden -
tification of paraoxonase 3 in rat liver microsomes:
purification and biochemical properties. Biochem J
2003; 376: 261–8.

37. Mackness MI, Durrington PN, Mackness B. How high-
density lipoprotein protects against the effects of lipid
peroxidation. Curr Opin Lipidol 2000; 11: 383–8.

38. Rodrigo L, Mackness B, Durrington PN, Hernandez A,
Mackness MI. Hydrolysis of platelet-activating factor
by human serum paraoxonase. Biochem J 2001; 354:
1–7.

39. Rodrigo L, Hernández AF, López-Caballero JJ, Gil F,
Pla A. Immunohistochemical evidence for the expres-
sion and induction of paraoxonase in rat liver, kidney,
lung and brain tissue. Implications for its physiological
role. Chem Biol Interact 2001; 137: 123–37.

40. Deakin SP, James RW. Genetic and environmental fac-
tors modulating serum concentrations and activities
of the antioxidant enzyme paraoxonase-1. Clin Sci
(Lond) 2004; 107: 435–47.

41. Diepgen TL, Geldmacher-Von Mallinckrodt M. Inter -
eth nic differences in the detoxification of organo -



 phospha tes: the human serum paraoxonase polymor-
phism. Arch Toxicol Suppl 1986; 9: 154–8.

42. Gamboa R, Zamora J, Rodriguez-Perez JM, Fragoso
JM, Cardoso G, Posadas-Romero C, et al. Distribution
of paraoxonase PON1 gene polymorphisms in
Mexican populations. Its role in the lipid profile. Exp
Mol Pathol 2006; 80: 85–90.

43. Mohamed Ali S, Chia SE. Interethnic variability of
plasma paraoxonase (PON1) activity towards organo -
phosphates and PON1 polymorphisms among Asian
populations–a short review. Ind Health 2008; 46:
309–17.

44.  Ginsberg G, Neafsey P, Hattis D, Guyton KZ, Johns
DO, Sonawane B. Genetic polymorphism in paraox-
onase 1 (PON1): Population distribution of PON1
activity. J Tox icol Environ Health B Crit Rev 2009; 12:
473–507.

45. Shin BS. Paraoxonase gene polymorphism in south-
western Korean population. J Korean Med Sci 2009;
24: 561–6.

46. Furlong CE, Li WF, Richter RJ, Shih DM, Lusis AJ,
Alleva E, et al. Genetic and temporal determinants of
pesticide sensitivity: role of paraoxonase (PON1).
Neurotoxico logy 2000; 21: 91–100.

47. Costa LG, Richter RJ, Li WF, Cole T, Guizzetti M, Fur -
long CE. Paraoxonase (PON 1) as a biomarker of sus-
ceptibility for organophosphate toxicity. Biomarkers
2003; 8: 1–12.

48. Li WF, Matthews C, Disteche CM, Costa LG, Furlong
CE. Paraoxonase (PON1) gene in mice: sequencing,
chromosomal localization and developmental expres-
sion. Pharmacogenetics 1997; 7: 137–44.

49. Aviram M, Hardak E, Vaya J, Mahmood S, Milo S,
Hoffman A, et al. Peroxides in Human Coronary and
Carotid Atherosclerotic Lesions: PON1 Human Se -
rum Paraoxonases (PON1) Q and R Selectively De -
crease Lipid Esterase and Peroxidase-Like Activities.
Circu lation 2000; 101: 2510–17.

50.  Zemke AC, Snyder JC, Brockway BL, Drake JA, Rey -
nolds SD, Kaminski N, et al. Molecular staging of epi -
thelial maturation using secretory cell-specific genes
as markers. Am J Respir Cell Mol Biol 2009; 40:
340–8.

51. Camps J, Marsillach J, Joven J. Measurement of
serum paraoxonase-1 activity in the evaluation of liver
function. World J Gastroenterol 2009; 15: 1929–33.

52. Rosenblat M, Aviram M. Paraoxonases role in the pre-
vention of cardiovascular diseases. Biofactors 2009;
35: 98–104.

53. La Du BN. Human serum paraoxonase/arylesterase.
In: Pharmacogenetics of Drug Metabolism, Ed. By W
Kalow, Pergamon Press, New York 1992, 51–91.

54. Jaouad L, De Guise C, Berrougui H, Cloutier M,
Isabelle M, Fulop T, et al. Age-related decrease in
high density lipoproteins antioxidant activity is due to
an alteration in the PON1s free sulfhydryl groups.
Atherosclerosis 2006; 185: 191–200.

55. Ng CJ, Wadleigh DJ, Gangopadhyay A, Hama S, Gri -
jalva VR, Navab M, et al. Paraoxonase-2 is a ubiqui-
tously expressed protein with antioxidant properties
and is capable of preventing cell-mediated oxidative
modification of low density lipoprotein. J Biol Chem
2001; 276: 44444–9.

56. Cabana VG, Reardon CA, Feng N, Neath S, Lukens J,
Getz GS. Serum paraoxonase: effect of the apoli po -
pro tein composition of HDL and the acute phase res -
ponse. J Lipid Res 2003; 44: 780–92.

57. Costa LG, Vitalone A, Cole TB, Furlong CE. Modu la -
tion of paraoxonase (PON1) activity. Biochem Phar -
macol 2005; 69: 541–50.

58. Mackness MI, Mackness B, Durrington PN, Connelly
PW, Hegele A. Paraoxonase: biochemistry genetics
and relationship to plasma lipoprotein. Curr Opin
Lipidol 1996; 7: 69–76.

59. Aviram M, Rosenblat M, Bisgaier CL, Newton RS, Pri -
mo-Parmo SL, La Du BN. Paraoxonase inhibits high-
density lipoprotein oxidation and preserves its func-
tions. A possible peroxidative role for paraoxonase. J
Clin Invest 1998; 101: 1581–90.

60. Beaumont NJ, Skinner VO, Tan TM, Ramesh BS,
Byrne DJ, MacColl GS, et al. Ghrelin can bind to a
species of high density lipoprotein associated with
paraoxonase. J Biol Chem 2003; 278: 8877–80.

61. De Vriese C, Gregoire F, Lema-Kisoka R, Waelbroeck
M, Robberecht P, Delporte C. Ghrelin degradation by
serum and tissue homogenates: identification of the
cleavage sites. Endocrinology 2004; 145: 4997–5005.

62. Aydin S. Ghrelin hormonunun ke fi: ara tırmaları ve
klinik uygulamaları. Turk J Biochem 2007; 32: 76–89.

63. Shih DM, Xia YR, Wang XP, Wang SS, Bourquard N,
Fogelman AM, et al. Decreased obesity and athero-
sclerosis in human paraoxonase 3 transgenic mice.
Circ Res 2007; 100: 1200–7.

64. Wu X, Kang J, Xie C, Burris R, Ferguson ME, Badger
TM, et al. Dietary blueberries attenuate atherosclero-
sis in apolipoprotein E-deficient mice by upregulating
antioxidant enzyme expression. J Nutr 2010; 140:
1628–32.

65. Tas S, Sarandol E, Ziyanok S, Aslan K, Dirican M.
Effects of green tea on serum paraoxo nase/aryl -
esterase activities in streptozotocin-induced diabetic
rats. Nutr Res 2005; 25: 1061–74.

66. Kiyici A, Okudan N, Gokbel H, Belviranli M. The
effect of grape seed extracts on serum paraoxonase
activities in streptozotocin-induced diabetic rats. J
Med Food 2010; 13: 725–8.

67. Noll C, Hamelet J, Ducros V, Belin N, Paul JL, Delabar
JM, et al. Resveratrol supplementation worsen the
dysregulation of genes involved in hepatic lipid home-
ostasis observed in hyperhomocysteinemic mice.
Food Chem Toxicol 2009; 47: 230–6.

68.  Noll C, Hamelet J, Matulewicz E, Paul JL, Delabar JM,
Janel N. Effects of red wine polyphenolic compounds
on paraoxonase-1 and lectin-like oxidized low-density
lipoprotein receptor-1 in hyperhomocysteinemic mice.
J Nutr Biochem 2009; 20: 586–96.

170 Aydin et al.: The past and present of paraoxonase enzyme



J Med Biochem 2012; 31 (3) 171

69. Ustundag B, Bahcecioglu IH, Sahin K, Duzgun S,
Koca S, Gulcu F, et al. Protective effect of soy iso -
flavones and activity levels of plasma paraoxonase and
arylesterase in the experimental nonalcoholic steato-
hepatitis model. Dig Dis Sci 2007; 52: 2006–14.

70. Aviram M, Dornfeld L, Rosenblat M, Volkova N, Kap -
lan M, Coleman R, et al. Pomegranate juice consump-
tion reduces oxidative stress, atherogenic modifi -
cations to LDL, and platelet aggregation: studies in
humans and in atherosclerotic apolipoprotein E-defi-
cient mice. Am J Clin Nutr 2000a; 71: 1062–76.

71. Aviram M, Kaplan M, Rosenblat M, Fuhrman B. Die -
tary antioxidants and paraoxonases against LDL oxi-
dation and atherosclerosis development. Handb Exp
Pharma col 2005; 170: 263–300.

72. Selek S, Cosar N, Kocyigit A, Erel O, Aksoy N, Gencer
M, et al. PON1 activity and total oxidant status in pa -
tients with active pulmonary tuberculosis. Clin Bio -
chem 2008; 41: 140–4.

73. Costa LG, Giordano G, Furlong CE. Pharmacological
and dietary modulators of paraoxonase 1 (PON1) activ -
 ity and expression: the hunt goes on. Biochem Phar -
macol 2011; 81: 337–44.

74. Boehm D, Krzystek-Korpacka M, Neubauer K, Matu -
sie wicz M, Berdowska I, Zielinski B, et al. Paraoxo -
nase-1 status in Crohn’s disease and ulcerative colitis.
In flamm Bowel Dis 2009; 15: 93–9.

75. Karban A, Hartman C, Eliakim R, Waterman M, Nesh -
er S, Barnett-Griness O, et al. Paraoxonase (PON)1
192R allele carriage is associated with reduced risk of
inflammatory bowel disease. Dig Dis Sci 2007; 52:
2707–15.

76. Baskol G, Baskol M, Yurci A, Ozbakir O, Yucesoy M.
Serum paraoxonase 1 activity and malondialdehyde
levels in patients with ulcerative colitis. Cell Biochem
Funct 2006; 24: 283–6.

77. Kumon Y, Suehiro T, Ikeda Y, Hashimoto K. Human
paraoxonase-1 gene expression by HepG2 cells is
downregulated by interleukin-1beta and tumor necro-
sis factor-alpha, but is upregulated by interleukin-6.
Life Sci 2003; 73: 2807–15.

78. Han CY, Chiba T, Campbell JS, Fausto N, Chaisson M,
Orasanu G, et al. Reciprocal and coordinate regula-
tion of serum amyloid A versus apolipoprotein A-I and
para oxonase-1 by inflammation in murine hepato-
cytes. Arterioscler Thromb Vasc Biol 2006; 26:
1806–13.

79. Hedrick CC, Thorpe SR, Fu MX, Harper CM, Yoo J,
Kim SM, et al. Glycation impairs high-density lipopro-
tein function. Diabetologia 2000; 43: 312–20.

80. Ferretti G, Bacchetti T, Marchionni C, Caldarelli L,
Curatola G. Effect of glycation of high density lipopro-
teins on their physicochemical properties and on para -
oxonase activity. Acta Diabetol 2001; 38: 163–9.

81. Mastorikou M, Mackness B, Liu Y, Mackness M. Gly -
cation of paraoxonase-1 inhibits its activity and im -
pairs the ability of high-density lipoprotein to metabo-
lize membrane lipid hydroperoxides. Diabet Med
2008; 25: 1049–55.

82. Sozmen B, Delen Y, Girgin FK, Sozmen EY. Catalase
and paraoxonase in hypertensive type 2 diabetes mel-
litus: correlation with glycemic control. Clin Biochem
1999; 32: 423–7.

83. Kopprasch S, Pietzsch J, Kuhlisch E, Graessler J. Lack
of association between serum paraoxonase 1 activities
and increased oxidized low-density lipoprotein levels
in impaired glucose tolerance and newly diagnosed
diabetes mellitus. J Clin Endocrinol Metab 2003; 88:
1711–6.

84. Kordonouri O, James RW, Bennetts B, Chan A, Kao
YL, Danne T, et al. Modulation by blood glucose lev-
els of activity and concentration of paraoxonase in
young pa tients with type 1 diabetes mellitus. Meta -
bolism 2001; 50: 657–60.

85. Agachan B, Yilmaz H, Karaali Z, Isbir T. Paraoxonase
55 and 192 polymorphism and its relationship to
serum paraoxonase activity and serum lipids in Turkish
pa tients with non-insulin dependent diabetes mellitus.
Cell Biochem Funct 2004; 22: 163–8.

86. Altuner D, Ates I, Suzen SH, Koc GV, Aral Y, Karakaya
A. The relationship of PON1 QR 192 and LM 55
polymorphisms with serum paraoxonase activities of
Turkish diabetic patients. Toxicol Ind Health 2011;
27: 873–8.

87. Gupta N, Binukumar BK, Singh S, Sunkaria A, Kan di -
malla R, Bhansali A, et al. Serum paraoxonase-1
(PON1) activities (PONase/AREase) and polymor-
phisms in patients with type 2 diabetes mellitus in
North-West Indian population. Gene 2011; 487:
88–95.

88. Flekac M, Skrha J, Zidkova K, Lacinova Z, Hilgertova
J. Paraoxonase 1 gene polymorphisms and enzyme
acti vities in diabetes mellitus. Physiol Res 2008; 57:
717–26.

89. Kao YL, Donaghue K, Chan A, Knight J, Silink M. A
variant of paraoxonase (PON1) gene is associated
with diabetic retinopathy in IDDM. J Clin Endocrinol
Metab 1998; 83: 2589–92.

90. Ergun MA, Yurtcu E, Demirci H, Ilhan MN, Barkar V,
Yetkin I, et al. PON1 55 and 192 gene polymor-
phisms in type 2 diabetes mellitus patients in a Turkish
population. Biochem Genet 2011; 49: 1–8.

91. Leduc V, Poirier J. Polymorphisms at the paraoxonase
1 L55M and Q192R loci affect the pathophysiology of
Alzheimer’s disease: emphasis on the cholinergic sys-
tem and beta-amyloid levels. Neurodegener Dis
2008; 5: 225–7.

92. Leduc V, Theroux L, Dea D, Robitaille Y, Poirier J.
Involvement of paraoxonase 1 genetic variants in
Alzheimer’s disease neuropathology. Eur J Neurosci
2009; 30: 1823–30.

93. Helbecque N, Cottel D, Codron V, Berr C, Amouyel P.
Paraoxonase 1 gene polymorphisms and dementia in
humans. Neurosci Lett 2004; 358: 41–4.

94. Chapuis J, Boscher M, Bensemain F, Cottel D, Amo -
uyel P, Lambert JC. Association study of the para oxo -
nase 1 gene with the risk of developing Alzheimer’s
disease. Neurobiol Aging 2009; 30: 152–6.



95. Sodeyama N, Yamada M, Itoh Y, Suematsu N, Mat -
sushita M, Otomo E, et al. No association of para -
oxonase gene polymorphism with atherosclerosis or
Alzheimer’s disease. Neurology 1999; 53: 1146–8.

96. Dantoine TF, Drouet M, Debord J, Merle L, Cogne M,
Charmes JP. Paraoxonase 1 192/55 gene polymor-
phisms in Alzheimer’s disease. Alzheimer’s disease:
vascular etiology and pathology. Ann N Y Acad Sci
2002; 977: 239–44.

97. Pola R, Gaetani E, Flex A, Gerardino L, Aloi F, Flore R,
et al. Lack of association between Alzheimer’s disease
and Gln-Arg 192 Q/R polymorphism of the PON-1
gene in an Italian population. Dement Geriatr Cogn
Disord 2003; 15: 88–91.

98. Cellini E, Tedde A, Bagnoli S, Nacmias B, Piacentini S,
Bessi V, et al. Association analysis of the paraoxonase-
1 gene with Alzheimer’s disease. Neurosci Lett 2006;
408: 199–202.

99. Paragh G, Balla P, Katona E, Seres I, Egerhazi A, De -
grell I. Serum paraoxonase activity changes in patients
with Alzheimer’s disease and vascular dementia. Eur
Arch Psychiatry Clin Neurosci 2002; 252: 63–7.

100. Dantoine TF, Debord J, Merle L, Lacroix-Ramiandrisoa
H, Bourzeix L, Charmes JP. Paraoxonase 1 activity: a
new vascular marker of dementia? Ann N Y Acad Sci
2002; 977: 96–101.

101. Wehr H, Bednarska-Makaruk M, Graban A, Lip -
czynska-Lojkowska W, Rodo M, Bochynska A, et al.
Paraoxonase activity and dementia. J Neurol Sci
2009; 283: 107–8.

102. Barim AO, Aydin S, Colak R, Dag E, Deniz O, Sahin I.
Ghrelin, paraoxonase and arylesterase levels in
depressive patients before and after citalopram treat-
ment. Clin Biochem 2009; 42: 1076–81.

103. Clarimon J, Eerola J, Hellstrom O, Tienari PJ, Sin gle -
ton A. Paraoxonase 1 (PON1) gene polymorphisms
and Parkinson’s disease in a Finnish population. Neu -
rosci Lett 2004; 367: 168–70.

104. Sarandol A, Kirli S, Akkaya C, Ocak N, Eroz E,
Sarandol E. Coronary artery disease risk factors in
patients with schizophrenia: effects of short term
antipsychotic treatment. J Psychopharmacol 2007;
21: 857–63.

105. Kim NS, Kang K, Cha MH, Kang BJ, Moon J, Kang
BK, et al. Decreased paraoxonase-1 activity is a risk
factor for ischemic stroke in Koreans. Biochem
Biophys Res Commun 2007; 364: 157–62.

106. Dantoine TF, Debord J, Charmes JP, Merle L, Marquet
P, Lachatre G, et al. Decrease of serum paraoxonase
activity in chronic renal failure. J Am Soc Nephrol
1998; 9: 2082–8.

107. Paragh G, Seres I, Balogh Z, Varga Z, Karpati I,
Matyus J, et al. The serum paraoxonase activity in
patients with chronic renal failure and hyperlipidemia.
Nephron 1998; 80: 166–70.

108. Ece A, Atamer Y, Gurkan F, Davutoglu M, Bilici M,
Tutanc M, et al. Paraoxonase, anti-oxidant response
and oxidative stress in children with chronic renal fail-
ure. Pediatr Nephrol 2006; 21: 239–45.

109. Rajkovic MG, Rumora L, Juretic D, Grubisic TZ, Fle -
gar-Mestric Z, Vrkic N, et al. Effect of non-genetic fac-
tors on paraoxonase 1 activity in patients undergoing
hemodialysis. Clin Biochem 2010; 43: 1375–80.

110. Gugliucci A, Kinugasa E, Kotani K, Caccavello R,
Kimura S. Serum paraoxonase 1 (PON1) lactonase
activity is lower in end-stage renal disease patients
than in healthy control subjects and increases after
hemodialysis. Clin Chem Lab Med 2011; 49: 61–7.

111. Kilic SS, Aydin S, Kilic N, Erman F, Aydin S, Celik I.
Serum arylesterase and paraoxonase activity in
patients with chronic hepatitis. World J Gastroenterol
2005; 11: 7351–4.

112. Aslan M, Horoz M, Nazligul Y, Bolukbas C, Bolukbas
FF, Selek S, et al. Serum paraoxonase and arylesterase
activities for the evaluation of patients with chronic
hepatitis. Int J Clin Pract 2008; 62: 1050–5.

113. Horoz M, Aslan M, Selek S, Koylu AO, Bolukbas C,
Bolukbas FF, et al. PON1 status in haemodialysis
patients and the impact of hepatitis C infection. Clin
Biochem 2007; 40: 609–14.

114. Selek S, Aslan M, Horoz M, Gur M, Erel O. Oxidative
status and serum PON1 activity in beta-thalassemia
minor. Clin Biochem 2007; 40: 287–91.

115. Aydin S, Aydin S, Croteau GA, Sahin I, Citil C. Ghre -
lin, nitrite and paraoxonase/arylesterase concen tra -
tions in cement plant workers. J Med Biochem 2010;
29: 1–5.

116. Stevens VL, Rodriguez C, Pavluck AL, Thun MJ, Calle
EE. Association of polymorphisms in the paraoxonase
1 gene with breast cancer incidence in the CPS-II
Nutrition Cohort. Cancer Epidemiol Biomarkers Prev
2006; 15: 1226–8.

117. Uysal S, Akyol S, Hasgül R, Armutcu F, Yiğitoğlu MR.
Yeni Tıp Dergisi 2011; 28: 136–41.

118. Mackness M, Mackness B, Durrington PN, Fogelman
AM, Berliner J, Lusis AJ, et al. Paraoxonase and coro-
nary heart disease. Curr Opin Lipidol 1998; 9:
319–24.

119. Gupta N, Singh S, Maturu VN, Sharma YP, Gill KD.
Paraoxonase 1 (PON1) polymorphisms, haplotypes
and activity in predicting cad risk in North-West Indian
Punjabis. PLoS One 2011; 6: e17805.

120. Martinelli N, Girelli D, Olivieri O, Cavallari U, Biscuola
M, Trabetti E, et al. Interaction between metabolic
syndrome and PON1 polymorphisms as a determi-
nant of the risk of coronary artery disease. Clin Exp
Med 2005; 5: 20–30.

121. Mohamed RH, Karam RA, Abd El-Aziz TA. The rela-
tionship between paraoxonase1-192 polymorphism
and activity with coronary artery disease. Clin Bio -
chem 2010; 43: 553–8.

122. Likidlilid A, Akrawinthawong K, Poldee S, Srirata na -
sathavorn C. Paraoxonase 1 polymorphisms as the risk
factor of coronary heart disease in a Thai population.
Acta Cardiol 2011; 65: 681–91.

123. Gnasso A, Motti C, Irace C, Di Gennaro I, Pujia A,
Leto E, et al. The Arg allele in position 192 of PON1

172 Aydin et al.: The past and present of paraoxonase enzyme



J Med Biochem 2012; 31 (3) 173

is associated with carotid atherosclerosis in subjects
with elevated HDLs. Atherosclerosis 2002; 164:
289–95.

124. Sypniewska G, Bergmann K, Krintus M, Kozinski M,
Kubica J. How do apolipoproteins Apo B and Apo A-I
perform in patients with acute coronary syndromes.
Journal of Medical Biochemistry 2011; 30: 237–43.

125. Regieli JJ, Jukema JW, Doevendans PA, Zwinderman
AH, Kastelein JJ, Grobbee DE, et al. Paraoxonase vari-
ants relate to 10-year risk in coronary artery disease:
impact of a high-density lipoprotein-bound antioxi-
dant in secondary prevention. J Am Coll Cardiol
2009; 54: 1238–45.

126. Balcerzyk A, Zak I, Krauze J. Synergistic effects bet -
ween Q192R polymorphism of paraoxonase 1 gene
and some conventional risk factors in premature co -
ronary artery disease. Arch Med Res 2007; 38:
545–50.

127. Fortunato G, Rubba P, Panico S, Trono D, Tinto N,
Mazzaccara C, et al. A paraoxonase gene polymor-
phism, PON 1 (55), as an independent risk factor for
increased carotid intima-media thickness in middle-
aged women. Atherosclerosis 2003; 167: 141–8.

128. Campo S, Sardo MA, Trimarchi G, Bonaiuto M, Ca -
stal do M, Fontana L, et al. The paraoxonase promot-
er polymorphism (-107)T>C is not associated with
carotid intima-media thickness in Sicilian hypercholes-
terolemic patients. Clin Biochem 2004; 37: 388–94.

129. Birjmohun RS, Vergeer M, Stroes ES, Sandhu MS,
Ricketts SL, Tanck MW, et al. Both paraoxonase-1
genotype and activity do not predict the risk of future
coronary artery disease; the EPIC-Norfolk Prospective
Population Study. PLoS One 2009; 4: e6809.

130. Mendonca MI, Dos Reis RP, Freitas AI, Sousa AC,
Pereira A, Faria P, et al. Human paraoxonase gene
polymorphisms and coronary artery disease risk. Rev
Port Cardiol 2008; 27: 1539–55.

131. Oliveira SA, Mansur AP, Ribeiro CC, Ramires JA,
Annichino-Bizzacchi JM. PON1 M/L55 mutation pro-
tects high-risk patients against coronary artery dis-
ease. Int J Cardiol 2004; 94: 73–7.

132. Ta,skiran P, Cam SF, Sekuri C, Tüzün N, Alioglu E,
Altinta,s N, et al. The relation between paraoxonose
gene Leu-Met (55) and Gln-Arg (192) polymorphisms
and coronary artery disease. Turk Kardiyol Dern Ars
2009; 37: 473–8.

Received: February 2, 2012      

Accepted: March 12, 2012 


