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Here, we evaluated the in vitro effects of dexamethasone on the activity of human serum
paraoxonase (hPON1). PON1 enzyme was purified using simple chromatographic
methods: DEAE-Sephadex anion exchanger and Sephadex G 200 gel filtration
chromatography from human serum. hPON1 was purified approx. 225-fold with a final
specific activity of 4867.3 U x mg™' proteins and with a purity up to 39.8%. Dexamethasone
dose-dependently decreased in vitro hPON1 activity. ICgq value for dexamethasone was

determined as 1.106. Inhibition constant (K;) was estimated as 3.284 + 0.394 mM from
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Inhibition type of dexamethasone was determined as

noncompetitive. Our results show that dexamethasone inhibits hPON1 activity under in

INTRODUCTION

Enzymes catalyze almost all chemical reactions in
the metabolism of the living organisms. Many
chemicals influence the metabolism at Ilow
concentrations by decreasing or increasing normal
enzyme activity. The results can be vital for specific
[1,2]. the

dependent enzyme, (arylesterase, EC 3.1.8.1,

enzymes Paraoxonase, calcium-
hPON1) has an important role in living metabolism.
It is an organophosphate (OP) hydrolyser. It also

hydrolyses aromatic carboxyl esters such as phenyl
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acetate, and it is involved in drug and xenobiotic
metabolism. Moreover, it hydrolyses various
lactones, including naturally occurring lactone
metabolites [3-6]. “PON” name derives from one of
its most commonly used in vitro substrates,
paraoxon. hPON1 also acts as an antioxidant
enzyme that is an in vivo bioscavenger [7]. So, it
(LDL) from

oxidative modification in metabolism [8-10]. PON1

protects low-density lipoproteins

activity reduces in cardiovascular diseases,
diabetes mellitus, chronic renal failure, rheumatoid
arthritis, hyperthyroidism and age-related macular
degeneration [11-15]. Smoking, oxidative stress,
atherosclerosis, genetic factors and fibrinogen have
been implicated in the age-related macular
degeneration (AMD) [13]. During aging, amount of
reactive oxygen species (ROS) have been

197



S. Beydemir, D. Ekinci and O. Ates / Hacettepe J. Biol. & Chem., 2009, 37 (3) 197-205

increased in living metabolism. Due to the damaging
of the balance of ROS and ROS clearance in aging,
it can cause oxidative damage of biomacromole-
cules and especially membrane phospholipids
[13,16,17]. For instance, Baskol and his colleagues
studied PON1 activity together with MDA to evaluate
the role of oxidative stress in patients with AMD.
They found that PON1 activity was lower in the
patient group than the control group. Especially, the
enzyme is important in atherosclerosis. PON1 is
thought to play its anti-atherogenic role by inhibiting
the oxidation of LDL, and hydrolyzing lipid peroxides
[18]. Indeed, PON1 activity is a predictor of vascular
diseases [19]. Because of these, the importance of
the paraoxonase activity is well-known in serum.
Due to these physiological roles of PON, scientists
have performed many studies about activity of this
enzyme, up to now. However, there are few studies
concerning the effects of medical drugs on PON1
activity. For example, in vitro and in vivo effects of
some diuretic and hypocholesterolemic drugs such
as  spironolactone,

mevastatin, lovastatin,

simvastatin, pravastatin and prulifloxacin on
paraoxonase activity were investigated [20-22].
Besides, studies of interactions between drugs and
different enzymes have been carried out by our

laboratory [1,14,23].

Dexamethasone, synthetic glucocorticoid class of
steroid hormones, is a powerful drug and, used in
the treatment of many inflammatory diseases and
certain types of cancer [24,25]. In addition,

corticosteroids have been wused to control
inflammatory and immunological eye diseases [1].
However, we did not encounter any information
about effects of this drug on in vitro hPON1

activities.

Consequently, we purified PON1 enzyme from
human serum with a high yield using the simple
three-step procedure that consists of ammonium
DEAE-Sephadex anion

sulfate precipitation,
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exchange chromatography and Sephadex G 200 gel
filtration chromatography. In this study, we examined
the effects of dexamethasone on hPON1 activity.

MATERIALS AND METHODS

Materials

Materials  including DEAE-Sephadex  A50,
Sephadex G-200, Paraoxon, protein assay reagents
and chemicals for electrophoresis were obtained
from Sigma Chem. Co (Taufkirchen, Germany). All
other chemicals used were of analytical grade and
were obtained from either Sigma-Aldrich or Merck
(Darmstadt,

provided from the University Hospital Pharmacy

Germany). Dexamethasone was

(Ataturk University, Erzurum, Turkey).

Paraoxonase activity assay

Paraoxonase activity of the enzyme was determined
at 25°C with paraoxon (diethyl p-nitrophenyl
phosphate) (1 mM) in 50 mM glycine/NaOH, pH
10.5 buffer containing 1 mM CaCl,. Enzyme assay
was based on the estimation of p-nitrophenol at 412
nm. The molar extinction coefficient of p-nitrophenol
(¢ = 18,290 M™" cm™ at pH 10.5) was used for
calculation of the enzyme activity [26]. One enzyme
unit is defined as the amount of enzyme that
catalyzes hydrolysis of 1 umol of substrate at 25°C.
Assays were performed using a spectrophotometer
(CHEBIOS UV-VIS, Rome, ltaly).

Ammonium sulfate precipitation

26 ml of Triton X-100 treated human serum was
applied ammonium sulphate precipitation. The
precipitation intervals for paraoxonase enzyme were
60-80% [27]. The precipitate was collected by
centrifugation at 15 000 rpm for 20 min, redissolved
in 100 mM Na-phosphate buffer pH 7.0.
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DEAE-Sephadex A50 Anion Exchange
Chromatography

Enzyme solution, which had been dialyzed in the
presence of 1 mM Na-phosphate buffer pH 7.0 at
4°C, was loaded onto the DEAE-Sephadex A50
anion exchanger column (3 cm? x 30 cm) that had
been equilibrated with 100 mM Na-phosphate buffer
(pH=7.0). The column was washed with 100 mM
Na-phosphate buffer (pH=7.0), and then elution was
performed with a linear gradient of 0-1.5 M NaCl.
Eluted fractions were collected as three milliliters
and enzyme activity was checked at 412 nm. Tubes
having enzyme activity were combined. All
purification procedure was carried out at 4°C

Sephadex G 200 gel filtration chromatography

Fractions from DEAE-Sephadex column were mixed
with glycerol and loaded onto the Sephadex G-200
column (60 cm x 2 cm) that had been equilibrated
with 100 mM Na-phosphate buffer (pH=7.0). Elution
was performed with the same buffer [28]. Fractions
were checked in terms of both protein amount (280
nm) and enzyme activity (412 nm). Tubes having
enzyme activity were combined for other kinetic

studies.

Protein Determination

During the purification steps, protein quantity was
determined spectrophotometrically at 595 nm
according to the Bradford method using bovine
serum albumin as the standard [29].

SDS polyacrylamide gel electrophoresis
SDS polyacrylamide gel electrophoresis was
performed after purification of the enzyme. It was
10% and 3%

concentrations for the running and the stacking gels,

carried out in acrylamide
respectively, containing 0.1% SDS according to
Laemmli [30]. 20 yg sample was applied to the
electrophoresis medium. Gels were stained for 1.5 h
in 0.1% Coommassie Brillant Blue R-250 in 50%

methanol and 10% acetic acid, then destained with

several changes of the same solvent without the
dye. The electrophoretic pattern was photographed.

In vitro studies for the drugs

We examined the in vitro inhibitory effects of
dexamethasone. The drug was tested in triplicate at
each concentration used. hPON1 enzyme activities
were measured in the presence of different inhibitor
concentrations. Concentrations are 0.324, 0.647,
1.00, 1.5 mM for dexamethasone. Control cuvette
activity was acknowledged as 100% in the absence
of inhibitor. For dexamethasone, an Activity %-
[Inhibitor] graph was drawn. For determination of
value, three different inhibitor concentrations were
tested for each substance. In these experiments,
paraoxone was used as substrate at five different
concentrations (0.150, 0.300, 0.450, 0.600 and
0.750 mM). Obtained Lineweaver—Burk curve was
used for determination of and the inhibitor type [31].

RESULTS AND DISCUSSION

HDL-associated enzyme (PON1) has no known
natural substrates [32]. It can use several non-
physiological substrates, including aryl esters,
organophosphates (OPs) and lactones [33,34].
Serum PON1 protects LDL and HDL from oxidation
by various free radical generators. hPON1 has free
thiol groups in its three dimensional structure which
contribute to its antioxidant activity. Interestingly, a
free sulfhydryl at cysteine 284 is used by PON to
prevent LDL oxidation and is the active region for its
antioxidant activity [35]. Sorenson et al. observed
that a PON1 (wild-type) of the cysteine sulfhydryl
group (Cys283) was inactivated by para-
hydroxymercuribenzoate (PCMB) but a PON1
mutant of C283S (Cys283 was replaced with serine)
and C283A (Cys283 was replaced with alanine)
were not inactivated by PCMB [36]. They saw that
C283S and C283A mutant enzymes retained both
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paraoxonase and arylesterase activities, and the Ky,
values for paraoxon and phenyl acetate were similar
to those of the wild type. From these results, it is
seen that Cys283 residue is free in active PON. For
these physiological roles of the calcium-dependent
enzyme, scientists have performed many studies
about activity of this enzyme, until now. Especially,
the importance of the enzyme with the protection
against atherosclerotic lesions has been well known.
The antioxidant role of HDL is mostly results from
PON1 [12,15] and genetic experiments proved its
potential of protection against atherogenesis [37].
However, activity of this enzyme has recently gained
importance in eye metabolism. Lipids in the outer
segments of photoreceptors may be damaged by
the reactive oxygen species. It may also cause the
progressive deterioration of the retinal pigment
epithelial cells. Indeed, the macula has a high
high O,
consumption, and is exposed to visible light. So, itis

polyunsaturated fatty acid content,

highly susceptible to oxidative stress. In this respect,
itis clear that PON activity is vital in eye metabolism.

It is known that many drugs and chemicals influence
enzyme activities at low concentrations by
decreasing or increasing, especially by inhibiting
[38] with critical

Sometimes, these enzymes can be key role in a

specific enzymes function.
pathway or catalysis of a crucial reaction. They are
important drug target enzymes. However, we
encountered a few inhibition studies on PON activity.
For instance, Tomas et al. investigated the effect of
lipid-lowering drug simvastatin therapy on serum
PON activity with familial hypercholeste-rolemia
(FH). They found that serum PON1 activity toward
paraoxon significantly increased during treatment
with simvastatin. So, they expressed simvastatin
might have important antioxidant properties [22].
Besides, Sinan and colleagues were showed that
gentamycin sulfate and cefazolin sodium dose- and
time-dependently inhibited human serum PON1,
with/Cgy values of 0.887 and 0.0084 mM,
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respectively, but did not affect liver PON1 activity in
human hepatoma HepG2 cells [27]. In addition, the
effects of several metal ions such as Co (ll), Cu (ll),
Mn (Il), Hg (ll), p-hydroxymercury benzoate
(pPOHMB) on PON1 and PON3 activities from rat
liver were investigated for in vitro conditions [32]. In
the study, Pla and colleagues determined inhibition
effects of all compounds on PON1 and PON3
activities. Due to the these results, they think that
active sites of PON1 and PON3 may be residues of
histidine, phenylalanine,

lysine, cysteine,

tryptophan, aspartic acid, glutamic acid and
asparagines since the residues have the ability for
binding to metals. As regards to the values, the
range of potent inhibitors for PON1 were Hg?* >
pOHMB > Co?* > Mn?* > Cu?* and for PON3 were
Hg?* > Cu?* > pOHMB > Mn?* > Co?*. They saw from
this data that the inhibitory potency is different for
both enzymes. So, they expressed that more
extensive inhibition studies were necessary for a
better understanding of the protective role of PONs
against the toxic effects of xenobiotics, including
environmental heavy metals and oxidative stress by-
products. Considering the statements above, we
think that our
understanding of the protective role of PONs.

present study contributes to

We purified PON1 enzyme from human serum using
only three stages, ammonium sulfate fractionation
(60-80%), DEAE-Sephadex anion exchange and
and Sephadex G 200 gel filtration chromatography.
After overall purification, hPON1 enzyme was
obtained with a recovery of 39.8 % and a specific
activity of 4867.3 U x mg™ proteins. This enzyme
was also purified approx. 225-fold (Table 1 and
Figure 1). Up to now, PON enzyme has been
purified from different sources with different yields
and purification folds. For instance, in a study,
human serum PON enzyme was purified approx.
62.1-fold using Agarose blue, Sephadex G 200,
DEAE-Trisacryl M, Sephadex G 75 chromatography

techniques [39]. Pla and his colleagues purified



Table 1. Summary of the PON1 purification procedure.

Yield (%) Purification factor

Specific activity

(U/mg)

Total activity

(V)

Total protein

Protein
(mg)

Total volume

(mL)

Activity

Purification step

(mg/mL)

(U/mL)
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0.23
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Figure 1. Purification of human serum PON1 by
Sephadex G-200 gel filtration chromatography.
Qualitative protein concentration was determined by
measuring an absorbance at 280 nm and hPON1
activities of fractions were assayed using a paraoxon

substrate.

PON3 from rat liver with a final specific activity of
461 pmol min”" mg™ and a yield of 0.4% [32]. They
obtained an overall purification factor of 177-fold
using six steps, including hydroxyapatite adsorption,
DEAE-Sepharose CL-6B chromatography, Cibacron
Blue 3GA non-specific affinity chromatography,
anion exchange on Mono Q HR 5/5, DEAE-
cellulose, and a final affinity chromatography on
Concovalin A-Sepharose. Thus, compared with
other mentioned studies, our purification procedure
both takes less time and has higher specific activity,
yield, and purification. The final purified hPON1 had
only one protein band on SDS-PAGE (Figure 2). We
also examined the in vitro effects of dexamethasone
on human serum PON1 activity. Both the IC5, and
K; parameters were determined (Figure 3 and 4).
IC5q value was 1.106 mM for dexamethasone (Table
2 and Figure 3). Lineweaver-Burk graph shows that
dexa-methasone inhibits the enzyme in a
noncompetitive manner and inhibition constant was
estimated as 3.284 £ 0.394 mM (Table 2 and Figure
4). In addition, Alici and his colleagues reported the

Table 2. Kj values and inhibition type.

Drug IC5g K;  Average K; Inhibition
(mM)  (mM) (mM) Type
Dexamethasone 1.106 4.063 3.284 + 0.394 noncompetitive
2.780
3.011
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1 2 3 4
Figure 2. SDS-PAGE analysis of purified PON1. Lane 1,
2, 3 and 4 contain a human serum sample.
some intravenous anesthetics such as propofol,

etomidate and ketamine inhibited in vitro hPON1
activity. They found to K; values for propofol,
etomidate and ketamine 0.322 + 0.111, 0.059 #*
0.014 and 6.480 = 0.963 mM, respectively [4].
Besides, Sinan et al. was determined K; values for
gentamycin sulfate and cefazolin sodium as 0.026
+ 0.015 and 0.012 + 0.00065, respectively [27].
When these studies were compared to our study, it
is seen that propofol, etomidate, gentamycin sulfate
and cefazolin sodium have more inhibition effects
than dexamethasone. However, value of ketamine
is more than dexamethasone. So, dexamethasone
is potent inhibitor for hPON1 enzyme.

In conclusion, PON1 enzyme was purified from
human serum using the simple three-step procedure
that consists of ammonium sulfate precipitation,
DEAE-Sephadex anion exchange chromatography
and Sephadex G 200 gel filtration chromatography
with a high yield and in a short time. Besides, the in

vitro effects of dexamethasone on the activity of
202

hPON1 were investigated and the results showed
that dexamethasone is potent inhibitor. So, the drug
must be used carefully and the dosage closely
monitored to decrease side effects.

REFERENCES

1. Beydemir, S., Kulagoglu, D.N., Ciftgi, M., Kiifrevioglu, O.1.,
The in vitro effects of dexamethasone on sheep lens
glucose-6-phosphate dehydrogenase, Turk. J. Chem., 27,
601, 2003.

2. Ekinci, D., Beydemir, $., Alim, Z., Some drugs inhibit in
vitro hydratase and esterase activities of human carbonic
anhydrase-| and Il, Pharmacol. Rep., 59, 580, 2007.

3. Aharoni, A., Gaidukov, L., Khersonsky, O., Gould, S.M.,
Roodveldt, C., The ‘evolvability’ of promiscuous protein
functions, Nat. Genet., 37, 73, 2005.

4. Alici, H.A., Ekinci, D, Beydemir, $.,
anesthetics inhibit human paraoxonase-I (PON1) activity
in vitro and in vivo, Clin. Biochem., 41(16-17) 1384, 2008.

Intravenous

5. Khersonsky, O., Tawfik, D.S., Structure-reactivity studies
of serum paraoxonase PON1 suggest that its native
activity is lactonase, Biochemistry-US., 44, 6371, 2005.

6. Rochua,
paraoxonase: A promising approach for pre-treatment

D., Chabriere, E., Massona, P., Human

and therapy of organophosphorus poisoning, Toxicology,
2383, 47, 2007.

7. Akgur, S.A., Ozturk, P., Solak, I., Moral, A.R., Human
(PON1)
organophosphorus insecticide poisoning, Forensic Sci.
Int., 133, 136, 2003.

serum paraoxonase activity in acute

8. Billecke, S., Draganov, D., Councell, R., Stetson, P.,
Watson, C., Hsu, C., La Du, B.N., Human serum
paraoxonase (PON1) isozymes Q and R hydrolyze
lactones and cyclic carbonate esters, Drug Metab.
Dispos., 28, 1335, 2000.

9. Davies, H.G., Richter, R.J., Keifer, M., et al., The effect of
the human serum paraoxonase polymorphism is reversed
with diazoxon, soman and sarin, Nat. Genet., 14, 334,
1996.

10. LaDu, B.N., Human serum paraoxonase/arylesterase. In
Pharmacogenetics of Drug Metabolism (Kalow, W., ed.),
Pergamon Elmford, NY, pp: 51-91, 1992.



S. Beydemir, D. Ekinci and O. Ates / Hacettepe J. Biol. & Chem., 2009, 37 (3) 197-205

120
y — 100e-0,626}{
100 < R? = 0,9679
. 80 -
2
I:'s
£ 60 -
S
<
40 A
20 A
0 1 1 1
0 0,5 1 1,5
& [Dex]mM
o[l 60 -
.g u(i2)
=
g 40
= a(3) “
X control 20 A1
6 4 -; ) 0 2 4 6 8

B

1/ [Paraoxon]

Figure 3. (A) In vitro effect of dexamethasone and (B) Lineweaver-Burk graphs at 5 different substrate (paraoxon)
concentrations and at 3 different dexamethasone.

1.

Abbott, C.A., Mackness, M.l., Kumar, S., Boulton, A.J.,
P.N.
concentration and phenotype distribution in diabetes

Durrington, Serum paraoxonase  activity,

mellitus and its relationship to serum lipids and

lipoproteins, Arterioscl. Throm. Vas., 15, 1812, 1995.

12.

Baskol, G., Demir, H., Baskol, M., Kilic, E., Ates, F., Kocer,
D., Muhtaroglu, S. Assessment of Paraoxonase 1 activity
and malondialdehyde levels in patients with rheumatoid
arthritis, Clin. Biochem., 38, 951, 2005.

203



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

204

S. Beydemir, D. Ekinci and O. Ates / Hacettepe J. Biol. & Chem., 2009, 37 (3) 197-205

Baskol, G., Karakucuk, S., Oner, A.O., Baskol, M., Kocer,
R., Ustdal,
paraoxonase 1 activity and lipid peroxidation levels in

D., Mirza, E., Saraymen, M., Serum

patients with age-related macular
Ophthalmologica, 220, 12, 2006.

degeneration,

Dantoine, T.F., Debord, J., Charmes, J.P., Merle, L.,
Marquet, P., Lachatre, G., Leroux-Robert, C., Decrease
of serum paraoxonase activity in chronic renal failure, J.
Am. Soc. Nephrol., 9, 2082, 1998.

Raiszadeh, F., Solati, M., Etemadi, A., Rahmani, M.,
Arabi, M., Serum paraoxonase activity before and after
treatment of thyrotoxicosis, Clin. Endocrinol., 60, 75,
2004.

Ames, B.N., Shigenaga, M.K., Hagen, T.M., Oxidants,
antioxidant and the degenerative diseases of aging, Proc.
Natl. Acad. Sci. USA, 90, 7915, 1993.

Harman, D., Aging: phenomena and theories, Ann. N.Y.
Acad. Sci. USA, 854, 1, 1998.

Watson, A.D., Berliner, J.A., Hama, S.Y., La Du, B.N.,
Faull, K.F., Fogelman, A.M., Navab, M., Protective effect
of high density lipoprotein associated paraoxonase.
Inhibition of the biological activity of minimally oxidized
low density lipoprotein, J. Clin. Invest., 96, 2882, 1995.

La Du, B,
paraoxonases: a brief review, Naunyn. Schmiedebergs,
Arch. Pharmacol., 369, 78, 2004.

Draganov, D.l,, Pharmacogenetics of

Leviey, |., James, R., Simvastatin increases plasma levels
of the antioxidant enzyme paraoxonase by PON1 gene
activation, Atherosclerosis, 151, 41, 2000.

Malin, R., Laaksonen, R., Knuuti, J., Janatuinen, T.,
Vesalainen, R., Nuutila P., Lehtimaki, T., Paraoxonase
genotype modifies the effect of pravastatin on high-
density lipoprotein cholesterol, Pharmacogenetics, 11,
625, 2001.

Tomas, M., Senti, M., Garcia-Faria, F., Vila, J., Torrents,
A., Covas, M., Marrugat, J., Effect of simvastatin therapy
on paraoxonase activity and related lipoproteins in familial
hypercholesterolemic patients, Arterioscl. Throm. Vas.,
20, 2113, 2000.

Beydemir, S., Giilgin, I., Effects of melatonin on carbonic
anhydrase from human erythrocyte in vitro and from rat
erythrocyte in vivo, J. Enzym. Inhib. Med. Ch., 19, 193,
2004.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Lu, H.L., Chiang, C.H. Combined therapy of pentastarch,
dexamethasone, and dibutyryl-cAMP or b2-agonist
attenuates ischaemia/reperfusion injury of rat lung, Injury
Int. J. Care. Injured, 39(9) 1062, 2008.

Petrellaa, A., Ercolinoa, S.F., Festaa, M., Gentilellaa, A.,
Toscoa, A., Conzenb, S.D., Parentea, L. Dexamethasone
inhibits TRAIL-induced apoptosis of thyroid cancer cells
via Bcl-xL induction, Eur. J. Cancer, 42(18) 3287, 2006.

Renault, F., Chabriére, E., Andrieu, J.P., Dublet, B.,
Masson, P., Rochu, D., Tandem purification of two HDL-
associated partner proteins in human plasma,
paraoxonase (PON1) and phosphate binding protein
(HPBP) wusing hydroxyapatite chromatography, J.

Chromatogr. B, 836, 15, 2006.

Sinan, S., Kockar, F., Arslan, O., Novel purification
strategy for human PON1 and inhibition of the activity by
cephalosporin and aminoglikozide derived antibiotics,
Biochimie, 88, 565, 2006.

Yilmaz, H., Ciftci, M., Beydemir, S., Bakan, E., Purification
of glucose 6-phosphate dehydrogenase from chicken
erythrocytes and investigation of some kinetic properties,
Prep. Biochem. Biotech., 32, 287, 2002.

Bradford, M.M., A rapid and sensitive method for the
quantition of microgram quantities of protein utilizing the
principle of protein-dye binding, Anal. Biochem., 72, 248,
1976.

Laemmli, D.K., Cleavage of structural proteins during
assembly of the head of bacteriophage T4, Nature, 227,
680, 1970.

Lineweaver, H., Burk, D., The determination of enzyme
dissocation constants, J. Am. Chem. Soc., 57, 685, 1934.

Pla, A., Rodrigo, L., Hernandez, A.F., Gil, F., Lopez, O.,
Effect of metal ions and calcium on purified PON1 and
PONS3 from rat liver, Chem. Biol. Interact., 167, 63, 2007.

Abdollahi, M., Jalali, N., Jafari, A.A., Nikfar, S., A new
approach to the efficacy of oximes in the management of
acute organophosphate poisoning, Iran J. Med. Sci., 20,
105, 1995.

Shadnia, S., Azizi, E., Hosseini, R., Khoei, S., Fouladdel,
S., Pajoumand, A., Jalali, N., Abdollahi, M., Evaluation of
oxidative stres and genotoxicity in organophosphorus

insecticide formulators, Hum. Exp. Toxicol., 9, 439, 2005.

Milochevitch, C., Khalil, A., PON1
paraoxonase activity is reduced during HDL oxidation and

Jaouad, L.,

is an indicatr of HDL antioxidant capacity, Free Radic.
Res., 37, 77, 2003.



36.

37.

S. Beydemir, D. Ekinci and O. Ates / Hacettepe J. Biol. & Chem., 2009, 37 (3) 197-205

Sorenson, R.C., Primo-Parmo, S.L., Kuo, C.L., Adkins,
S., Lockridge, O., La Du, B.N., Reconsideration of the
catalytic center and mechanism of mammalian
paraoxonase/arylesterase, P. Natl. Acad. Sci. USA., 92,

7187, 1995.

Quémeéneur, T., Martin-Nizard, F., Kandoussi, A., Kyndt,
X., Vanhille, P., Hachulla, E., Hatron, P.Y., Fruchart, J.C.,
Duriez, P., Lambert, M., PON1, A new biomarker of
cardiovascular disease, is low in patients with systemic
vasculitis, Semin. Arthritis. Rheum., 37(3) 149, 2007.

38.

39.

Glgin, I., Beydemir, $., Buyukokuroglu, M.E., In vitro and
in vivo effects of dantrolene on carbonic anhydrase
enzyme activities, Biol. Pharm. Bull., 27, 613, 2004.

Furlong, C.E., Costa, L.G., Hasett, C., Richter, R.J.,
Sundstrom, J.A., Adler, D.A., Disteche, C.M., Omiecinski,
C.J., Crabb, J.W., Humbert, R.,, Human and rabbit
paraoxonases: purification, cloning, sequencing, mapping
and
detoxification, Chem. Biol. Interact., 87, 35, 1993.

role of polymorphism in organophosphate

205



