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Acetaminophen intoxication is
associated with decreased serum
paraoxonase and arylesterase
activities and increased lipid
hydroperoxide levels

S Karadas', M AslanZ, H Gonullu', C Kati3, L Duran®, S Olmez?,
ME Kucukoglu? and H Demir®

Abstract

Background: Acetaminophen is at present one of the most commonly used analgesics and antipyretics.
Recent evidence has suggested that oxidative stress is involved in the mechanism of acetaminophen intox-
ication. Paraoxonase-1 (PONI) plays an important role as an endogenous free-radical scavenging molecule.
The aim of this study was to evaluate the influence of serum PONI activity and oxidative stress in patients
with acetaminophen intoxication.

Methods: A total of 20 patients with acetaminophen intoxication and 25 healthy controls were enrolled.
Serum total antioxidant capacity (TAC), lipid hydroperoxide (LOOH) levels, and paraoxonase and arylester-
ase activities were measured spectrophotometrically.

Results: The serum TAC levels and the paraoxonase and arylesterase activities were significantly lower in
patients with acetaminophen intoxication compared with controls (all, p < 0.001), while the serum LOOH
levels were significantly higher (p < 0.001).

Conclusions: Our results suggest that decreased PON | activity seems to be associated with increased oxi-
dative stress in patients with acetaminophen intoxication. Measuring serum PON | activity may be useful in
assessing the development of toxicity risk in acetaminophen toxicity. It would be useful to recommend vita-
mins with antioxidant effects such as vitamins C and E along with medical treatments.
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Introduction

Acetaminophen (N-acetyl-p-aminophenol), also known
as paracetamol, is at present one of the most commonly
used analgesics and antipyretics. It is considered to be a
safe drug when taken at therapeutic doses. However,
acetaminophen overdose can cause hepatotoxicity.'
Acetaminophen is primarily metabolized by sulfa-
tion and glucuronidation, but these pathways become
saturated with increased doses, and a greater proportion
of the drug is available for oxidation by the microsomal
cytochrome P-450 system.? Hepatic damage in aceta-
minophen toxicity is induced by N-acetyl-p-benzoqui-
noneimine (NAPQI), a reactive metabolite that is the
primary metabolite responsible for hepatotoxicity.’
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Glutathione (GSH) depletion in paracetamol-induced
hepatotoxicity is a consequence of high reactive
oxygen species (ROS) formation.* GSH, the most
abundant low-molecular-weight thiol in animal cells,
plays a central role in the antioxidant defense against
ROS. ROS generation and GSH depletion in the early
stage of the hepatic metabolism of acetaminophen
have been proposed as the possible mechanisms med-
iating the hepatocellular injury process.* Therefore,
identifying the mechanism of acetaminophen toxicity
is an important matter for medical and pharma-
ceutical research. The precise mechanism involved
is not entirely unknown, though oxidative damage
and redox imbalance have been suggested as the
mechanisms behind acetaminophen toxicity.’

Paraoxonase-1 (PON1), a calcium-dependent
esterase, is synthesized in liver and released into the
blood where it circulates with high-density lipopro-
tein (HDL). The enzyme has both arylesterase and
paraoxonase activities.® Serum PONI1 catalyzes the
hydrolysis of many organophosphates and aromatic
carboxylic acid esters.” PON1 prevents the accumula-
tion of lipid peroxides in low-density lipoprotein cho-
lesterol (LDL-C).® PONI is believed to be involved in
protecting against oxidative stress. It has been sug-
gested that decreased serum PONI activity might be
associated with increased oxidative stress.” Further-
more, oxidative stress has been shown to decrease
PONTI activity and downregulate the serum expres-
sion of PON1.'%!! The antioxidant activity of paraox-
onases is well established, and lower PONI1 activity
has been reported in the etiology of various disorders
such as cardiovascular diseases.'*"?

To our knowledge, there is limited information in
the literature about serum PON1 enzyme activity and
oxidative stress in acetaminophen intoxication.'*
Therefore, the aim of this study was to investigate the
influence of serum PONI1 activity and oxidative stress
in patients with acetaminophen intoxication.

Materials and methods

Subjects

In this prospective study, 20 (15 females and 5 males)
patients with acetaminophen intoxication and 25
(14 females and 11 males) healthy controls were enrolled.
Eight patients were married, while other patients were
single.

All intentional drug overdose patients were
included in the study. Patients were asked for both
generic and specific brand names with emphasis on

the commonest products. In addition, they were thor-
oughly questioned on the number of medications
taken, amount, time of ingestion, past medical his-
tory, current drug therapy, and availability of medi-
cations at home. Family members or attendants were
questioned and pill packages were sought, whenever
possible.

Vital signs of all patients were normal. None of the
patients had been taking antioxidant vitamin supple-
ments, including vitamins E or C. All the patients were
nonsmokers.

Serum acetaminophen levels could not be measured
because of technical difficulties. Dosage of ingested
acetaminophen was 10.20 + 4.95 g. At the beginning
of the treatment, all the patients were given a first high
dose of oral N-acetylcysteine (NAC; 140 mg/kg).
Then, 17 additional oral doses of 70 mg/kg NAC were
given every 4 h, comprising a total dose of 1330 mg/kg
over 72 h.

The control group was selected from 25 healthy
volunteers. All the control subjects were asymptomatic
with unremarkable medical histories and normal phys-
ical examinations. None of the control subjects had
been taking antioxidant vitamin supplements, includ-
ing vitamins E or C. All the control subjects were non-
smokers. Of the total control subjects, 12 were married
and the remaining were single.

The study protocol was conducted in accordance
with the Helsinki Declaration as revised in 2000 and
was approved by the local ethics committee. All the
subjects were informed about the study, and a written
consent was obtained from each one.

Exclusion criteria

The exclusion criteria included a history of alcohol
abuse, habitual smoking, intravenous drug abuse, preg-
nancy, antioxidant supplements, hypertension, diabetes
mellitus, liver or renal disease, rheumatoid arthritis,
pulmonary disease, and coronary artery disease.

Blood samples

Blood samples were collected at least 4 h after drugs
ingestion in all patients prior to NAC treatment and
immediately stored at 4°C. The serum samples were
then separated from the cells by centrifugation at
3000 r/min for 10 min. The serum samples were
stored in plastic tubes at —80°C and were used to
analyze the total antioxidant capacity (TAC) levels,
PONI1 activity, and lipid hydroperoxide (LOOH)
levels.
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Table |. Demographic characteristics of the patients with acetaminophen intoxication and the control subjects.?

Parameters Controls (n = 25) Patients (n = 20) p Value
Age (years) 3320 + I1.16 28.15 + 11.97 0.151

Sex (female/male) 14/11 15/5 0.186

Marital status (married/single) 12/13 8/12

Cause of poisoning (intentional) 20

*Values are expressed as mean + SD.

Measuring paraoxonase and arylesterase
activities

The paraoxonase and arylesterase activities were mea-
sured by reading the absorbances with a spectrophot-
ometer (Genesys 10 UV Scanning ultraviolet—visible
(UV/Vis) spectrophotometer, Shimadzu, Tokyo, Japan)
using assay kits (Rel Assay Diagnostics kit, Mega
Tip, Gaziantep, Turkey). The PONI1 activity was
assayed using two different substrates.'®> The paraox-
onase activity was expressed in units per liter. Phe-
nylacetate was used as a substrate to measure the
arylesterase activity. The arylesterase activity was
expressed in kilounits per liter and defined as one
micromole of phenol generated per minute under the
reaction conditions.'®

Measuring serum TAC

The serum TAC levels were determined spectropho-
tometrically (Genesys 10 UV Scanning UV/Vis Spec-
trophotometer) at 660 nm using assay kits (Rel Assay
Diagnostics kit, Mega Tip) that were developed by
Erel.!” Hydroxyl radicals (the most potent biological
radicals) are produced using this method. In the assay,
ferrous ion solution, which is present in reagent 1, is
mixed with hydrogen peroxide, which is present in
reagent 2. The radicals, such as the brown-colored
dianisidinyl radical cation that is sequentially pro-
duced by the hydroxyl radical, are potent radicals.
Using this method, the antioxidative effect of the sam-
ple against the potent free radical reactions, which is
initiated by the generated hydroxyl radical, is mea-
sured. The results are expressed in milli moles of Tro-
lox equivalent per liter.

Measuring LOOH levels

Serum LOOH levels were measured spectrophotome-
trically with the ferrous ion oxidation—xylenol orange
assay.'® The principle of the assay depends on the
oxidation of ferrous ion to ferric ion through various
oxidants, and the produced ferric ion is measured with

xylenol orange. LOOHs are reduced by triphenyl
phosphine (TPP), which is a specific reductant for
lipids. LOOH levels are affected by using or not using
the TPP pretreatment.

Other parameters

The serum aspartate aminotransferase (AST) and ala-
nine aminotransferase (ALT) were determined by
commercially available assay kits (Roche™, Man-
nheim, Germany) with an autoanalyzer (Roche®™/
Hitachi modular P-800, Mannheim, Germany). The
HDL cholesterol (HDL-C) and LDL-C levels were
determined using commercially available assay kits
(Roche) with an autoanalyzer (Roche™/Hitachi mod-
ular P-800). The serum LDL-C levels were calculated
with the Friedewald formula.

Statistical analysis

The results were expressed as mean + SD. Para-
metric variables were compared using Student’s 7 test.
Qualitative variables were assessed by x? test. The
correlation analyses were performed using Pearson’s
correlation analysis. The results were considered to
be statistically significant when p < 0.05. The data
were analyzed using Statistical Package for Social
Sciences for Windows computing program (Version
11.0; SPSS™, Chicago, Illinois, USA).

Results

The demographic characteristics of the patients with
acetaminophen intoxication and the controls are
shown in Table 1. There were no significant differ-
ences between the groups with respect to age and gen-
der (p > 0.05; Table 1).

The timing of ingested acetaminophen was 2.95 +
1.43 h. Dosage of ingested acetaminophen was 10.20
+ 495 g.

The levels of serum total cholesterol and LDL-C
were significantly higher in patients with acetamino-
phen intoxication compared with the controls, but there
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Table 2. Serum lipid parameters, AST, and ALT levels in
the patients with acetaminophen intoxication and the
control subjects.?

Controls Patients p
Parameters (n = 25) (n = 20) Value
TG (mg/dl) 157.6 + 232 1879 + 26.6 0.001
TC (mg/dl) 1735 + 339 1788 + 306 0.584
HDL-C (mg/dI) 473 + 9.8 353 + 86  0.001
LDL-C (mg/dl) 94.7 + 35.6 1059 + 306 0.270
AST (U/) 2276 + 6.15 29.25 + 897 0.036
ALT (U 23.12 + 575 27.05 + 6.85 0.006

TG: triglycerides; TC: total cholesterol; HDL-C: high-density
lipoprotein cholesterol; LDL-C: low-density lipoprotein choles-
terol; ALT: alanine aminotransferase; AST: aspartate
aminotransferase.

*Values are expressed as mean + SD.

Table 3. Serum oxidant and antioxidant levels in patients
with acetaminophen intoxication and the control subjects.”

Controls
(n = 25)

Patients p

Parameters (n=120) Value

1341 + 1.41 25.65 + 5.83 0.001

LOOH (nmol/ml) +
331 + 021 238 + 0.12 0.001

TAC (mmol Trolox
equivalent/l)

Paraoxonase (U/l)

Arylesterase (kU/I)

74.13 + 4.03 4299 + 2.96 0.001I
39.38 + 861 19.12 + 3.

+
+ 3.35 0.001

LOOH: lipid hydroperoxide; TAC: total antioxidant capacity.
*Values are expressed as mean + SD.

was no statistically significant difference (all, p >
0.05). Moreover, serum triglyceride levels were signif-
icantly higher in the patients with acetaminophen
intoxication compared with the controls (» < 0.001).
Serum HDL-C levels were significantly lower in the
patients with acetaminophen intoxication compared
with the controls (p < 0.001; Table 2).

The serum AST and ALT levels were significantly
higher in patients with acetaminophen intoxication
compared with the controls (all p < 0.01; Table 2).

The serum TAC levels and the paraoxonase and
arylesterase activities were significantly lower in the
patients with acetaminophen intoxication compared
with the controls (for all, p < 0.001), while the LOOH
levels were significantly higher (p < 0.001; Table 3).

No significant correlation was found between the
amount of acetaminophen ingested and the TAC,
LOOH, paraoxonase, and arylesterase activities (p >
0.05) in the patient group. Moreover, no significant
correlation was found between the serum LOOH and
the TAC levels and paraoxonase and arylesterase

activities (p > 0.05) in the patient group. No signifi-
cant correlation was found between the serum lipid
parameters and the oxidant and antioxidant levels
(p > 0.05) in patients with acetaminophen intoxication.

Discussion

In this study, we measured serum TAC levels and
paraoxonase and arylesterase activities. In addition,
we measured serum LOOH levels as one of the end
products of lipid peroxidation. We also aimed to
determine the relationship between these parameters
and the amount of acetaminophen ingested.

In the present study, we observed decreased serum
TAC levels and paraoxonase and arylesterase activi-
ties in patients with acetaminophen intoxication than
in healthy controls. We also found that patients with
acetaminophen intoxication had increased LOOH lev-
els compared with those of healthy subjects. Decr-
eased serum PON1 enzyme activity may have a role
in the etiopathogenesis of acetaminophen intoxica-
tion, and the increased susceptibility to oxidative
stresses was observed in acetaminophen intoxication.

Information regarding serum PONI1 activity in
patients with acetaminophen intoxication is very lim-
ited."* Alagoz et al.,'* in their study, investigated serum
PONI1 activity and oxidative stress levels after acet-
aminophen intoxication. They suggested that aceta-
minophen intoxication does not appear to induce
serum PONI activity and oxidative stress levels and
also investigated the relationship among serum
PONT1 activity and oxidative stress levels and serum
liver function tests for AST and ALT levels in acet-
aminophen intoxication.and finally reported that no
significant differences were found in serum PONI
activity and oxidative stress levels and AST and
ALT levels in acetaminophen intoxication.

Acetaminophen is widely used as an analgesic and
antipyretic agent. Acetaminophen overdose is a very
common poisoning; moreover, the drug is widely
used in suicide attempts.'® However, the accidental
or intentional intake of high doses often causes acute
hepatocellular necrosis with high morbidity and
mortality.?°

Acetaminophen is rapidly absorbed from the gas-
trointestinal tract,>' and peak levels of 10-20 mg/1 are
achieved within 1-2 h after orally administering a
1000-mg dose. Acetaminophen is widely distributed
throughout most body fluids. Although protein bind-
ing appears to be insignificant at therapeutic concen-
trations, it does increase to approximately 20% when
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the drug is present in toxic concentrations. The half-life
of acetaminophen elimination ranges from 1 to 4 h.%'

At therapeutic doses, the major pathway for aceta-
minophen removal appears to be through glucuronida-
tion and sulfation, which makes acetaminophen more
water soluble and allows its removal from the liver and
blood via the urine.”* The remaining portion of the
acetaminophen dose is oxidized by the cytochrome
P450 system to NAPQI (a toxic metabolite agent).
Under normal conditions, NAPQI is reduced via conju-
gation with GSH to a nontoxic substance and excreted.
In toxic acetaminophen levels, the glucuronidation and
sulfation pathways are saturated; acetaminophen is oxi-
dized to NAPQI to a much greater extent, and hepatic
GSH stores become depleted. NAPQI causes oxidative
damage to the liver. This damage can result in fulmi-
nant hepatic failure if prompt measures are not taken
to regenerate GSH.>> Consequently, conjugation at
higher doses causes the critical depletion of GSH,
which is essential for maintaining the cellular redox
metabolisms that cause acute oxidative stress and cel-
lular toxicity. Increased mitochondrial stress, the pro-
duction of ROS, and reactive nitrogen species (RNS)
have been implicated in a number of acetaminophen-
induced toxicity studies.”*** Acetaminophen toxicity
is one of many human disease processes that are widely
believed to involve ROS.?* Lipid peroxidation via free
radical formation and mitochondrial dysfunction via
increased permeability of the mitochondrial perme-
ability transition have been postulated as causes of
acetaminophen-associated hepatotoxicity.

Several antioxidants, such as (-carotene?’ and
a-tocopherol, have been shown to protect against acet-
aminophen toxicity.?® In addition to the studies of these
chemicals, the exogenous administration of antioxidant
enzymes, such as catalase and superoxide dismutase,*’
has been shown to dramatically protect against aceta-
minophen toxicity.

The effects of various antioxidants in the plasma
and other biological samples are additive, and the
cooperation of antioxidants in human serum protects
against attacks by free radicals. TAC measurements
may accurately reflect the antioxidant activity of the
organism.'” In the present study, we observed decr-
eased serum TAC levels in patients with acetamino-
phen intoxication compared with the controls.

PONT1 is first synthesized in the liver and subse-
quently released into the blood as a HDL-associated
protein,*® and chronic liver diseases are associated
with increased oxidative stress and inflammation.’
It has also been reported that serum paraoxonase and

7

arylesterase activities may be significantly reduced in
patients with chronic liver disease.***> Furthermore,
serum paraoxonase is thought to protect lipoproteins
against oxidative modification.® PON1 is one of the
antioxidants that act as an enzymatic defense against
LOOH and lipid peroxides in LDL under in vitro oxi-
dizing conditions.® In some diseases, the serum PON1
activity was found to be inversely correlated under
oxidative stress.>**> In addition, oxidative stress has
been reported to affect the expression of PON1 and its
activities.'”!" This decrease could be related to
enhanced lipid peroxidation because oxidized lipids
reportedly inhibit PON1 activity. Furthermore, PON1
is an HDL-associated enzyme, and it has been sug-
gested that reduced serum PONI activity might be
associated with decreased HDL-C levels.>*>7 In the
current study, we did not find any correlation between
PONT1 activity and HDL-C levels.

Acetaminophen caused liver damage as evident by
significant increase in the activities of aspartate and
alanine transferases.! Acetaminophen is often used
in animal experiments to establish acute liver injury
models. The serum levels of ALT and AST are the
main indices that reflect liver injury.*® In the current
study, we found increased serum AST and ALT levels
in patients with acetaminophen intoxication com-
pared with the controls.

There were several limitations in the present study.
First, this study is a cross-sectional study. Second, the
number of patients with acetaminophen toxicity who
were enrolled in the study was relatively small. How-
ever, a large sample would have increased the power
to detect serum PONI activity in patients with aceta-
minophen toxicity. Third, serum acetaminophen lev-
els were not determined in the study population.

Our results suggest that decreased PONI1 activity
seems to be associated with increased oxidative stress
in patients with acetaminophen intoxication. Measur-
ing serum PONI activity may be useful in assessing
the development of toxicity risk in acetaminophen
toxicity. It would be useful to recommend vitamins
with antioxidant effects such as vitamins C and E along
with medical treatments. Further studies are necessary
to confirm this observed relationship.

Conflict of interest

The authors declared no conflicts of interest.

Funding

This research received no specific grant from any funding
agency in the public, commercial, or not-for-profit sectors.

Downloaded from het.sagepub.com at Harran Universitesi on May 11, 2014


http://het.sagepub.com/

Human and Experimental Toxicology

References

1.

10.

11.

12.

Lee WM.Acetaminophen and the U.S. Acute liver fail-
ure study group: lowering the risks of hepatic failure.
Hepatology 2004; 40: 6-9.

Amar PJ and Schiff ER. Acetaminophen safety and
hepatotoxicity—where do we go from here? Exp Opin
Drug Saf 2007; 6: 341-355.

. Alksunes LM, Campion SN, Goedken MJ, etal. Acquired

resistance to acetominphen hepatotoxicity is associated
with induction of multidrug resistance-associated protein
4 (Mrp4) in proliferating hepatocytes. Toxicol Sci 2008;
104: 261-273.

Mourelle M, Beales D and McLean AE. Prevention of
paracetamol-induced liver injury by fructose. Biochem
Pharmacol 1991; 41: 1831-1837.

. Srikanth CV, Chakraborti AK and Bachhawat AK.

Acetaminophen toxicity and resistance in the yeast
Saccharomyces cerevisiae. Microbiology 2005; 151:
99-111.

Blatter MC, James RW, Messmer S, et al. Identifica-
tion of a distinct human high-density lipoprotein sub-
species defined by a lipoprotein-associated protein,
K-45. Identity of K-45 with paraoxonase. Eur J Bio-
chem 1993; 211: 871-879.

Kosaka T, Yamaguchi M, Motomura T, et al. Investi-
gation of the relationship between atherosclerosis and
paraoxonase or homocysteine thiolactonase activity
in patients with type 2 diabetes mellitus using a com-
mercially available assay. Clin Chim Acta 2005; 359:
156-162.

Mackness MI, Mackness B, Durrington PN, et al.
Paraoxonase: biochemistry, genetics and relationship
to plasma lipoproteins. Curr Opin Lipidol 1996; 7(2):
69-76.

Rozenberg O, Rosenblat M, Coleman R, et al. Paraox-
onase (PON1) deficiency is associated with increased
macrophage oxidative stress: studies in PON1-knock
out mice. Free Radical Biol Med 2003; 34: 774-784.
Aviram M, Rosenblat M, Billecke S, et al. Human
serum paraoxonase (PON 1) is inactivated by oxidized
low density lipoprotein and preserved by antioxidants.
Free Radic Biol Med 1999; 26: 892-904.
Kotur-Stevuljevic J, Spasic S, Jelic-Ivanovic Z, et al.
PONI status is influenced by oxidative stress and
inflammation in coronary heart disease patients. Clin
Biochem 2008; 41: 1067-1073.

Kabaroglu C, Mutaf I, Boydak B, et al. Association
between serum paraoxonase activity and oxidative stress
in acute coronary syndromes. Acta Cardiol 2004; 59:
606-611.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Mackness M, Durrington P and Mackness B. Paraoxo-
nase 1 activity, concentration and genotype in cardio-
vascular disease. Curr Opin Lipidol 2004; 15: 399-404.
Alagoz G, Durukan P, Yildiz M, et al. Investigation of
relationship among serum malondialdehyde, paraoxo-
nase and liver function tests in acute poisoning
patients. Firat Medical J 2007; 12(3): 184-189.
Eckerson HW, Wyte MC and La Du BN. The human
serum paraoxonase/arylesterase polymorphism. Am J
Hum Genet 1983; 35: 1126-1138.

Haagen L and Brock A. A new automated method for
phenotyping arylesterase (E.C. 3.1.1.2) based upon
inhibition of enzymatic hydrolysis of 4-nitrophenyl
acetate by phenyl acetate. Eur J Clin Chem Clim Bio-
chem 1992; 30: 391-395.

Erel O. A novel automated direct measurement method
for total antioxidant capacity using a new generation-
more stable ABTS radical cation. Clin Biochem
2004; 37: 277-285.

Nourooz Zadeh J. Ferrous ion oxidation in presence of
xylenol orange for detection of lipid hydroperoxides in
plasma. Methods Enzymol 1999; 300: 58—62.

Bentur Y, Raikhlin-Eisenkraft B and Lavee M. Toxico-
logical features of deliberate self-poisonings. Hum Exp
Toxicol 2004; 23: 331-337.

Lee WM, Squires RH Jr, Nyberg SL, et al. Acute liver
failure: summary of a workshop. Hepatology 2008; 47:
1401-1415.

Gwilt JR, Robertson A, Goldman L, et al. The absorp-
tion characteristics of paracetamol in man. J Pharmacy
Pharmacol 1963; 15: 445-453.

Jollow DJ, Mitchell JR, Potter WZ, et al. Acetaminophen-
induced hepatic necrosis. II. Role of covalent binding
in vivo. J Pharmacol Exp Ther 1973; 187: 195-202.
Jaeschke H, Knight TR and Bajt ML. The role of oxi-
dant stress and reactive nitrogen species in acetamino-
phen hepatotoxicity. Toxicol Lett 2003; 144: 279-288.
James LP, Mayeux PR and Hinson JA. Acetaminophen-
induced hepatotoxicity. Drug Metab Dispos 2003; 31:
1499-1506.

Mirochnitchenko O, Weisbrot-Lefkowitz M, Reuhl K,
et al. Acetaminophen toxicity. Opposite effects of two
forms of glutathione peroxidase. J Biol Chem 1999;
274(15): 10349-10355.

Hinson JA, Pike SL, Pumford NR, et al. Nitrotyrosine-
protein adducts in hepatic centrilobular areas following
toxic doses of acetaminophen in mice. Chem Res Tox-
icol 1998; 11: 604-607.

. Hinson JA, Reid AB, McCullough SS, et al. Acetami-

nophen-induced hepatotoxicity: role of metabolic

Downloaded from het.sagepub.com at Harran Universitesi on May 11, 2014


http://het.sagepub.com/

Karadas et al.

28.

29.

30.

31.

32.

activation, reactive oxygen/nitrogen species, and mito-
chondrial permeability transition. Drug Metab Rev
2004; 36: 805-822.

Reid AB, Kurten RC, McCullough SS, et al. Mechan-
isms of acetaminophen-induced hepatotoxicity: role of
oxidative stress and mitochondrial permeability transi-
tion in freshly isolated mouse hepatocytes. J Pharma-
col Exp Ther 2005; 312: 509-516.

Bajt ML, Knight TR, Lemasters JJ, et al. Acetaminophen-
induced oxidant stress and cell injury in cultured mouse
hepatocytes: protection by N-acetyl cysteine. Toxicol Sci
2004; 80: 343-349.

Leviev I, Negro F and James RW. Two alleles of the
human paraoxonase gene produce different amounts
of mRNA. Arterioscler Thromb Vasc Biol 1997; 17:
2935-2939.

Reuben A. Alcohol and the liver. Curr Opin Gastroen-
terol 2007; 23: 283-291.

Ferré N, Camps J, Prats E, et al. Serum paraoxonase
activity: a new additional test for the improved evalua-
tion of chronic liver damage. Clin Chem 2002; 48:
261-268.

33.

34.

35.

36.

37.

38.

Kilic SS and Aydin S, Kilic N, et al Serum arylesterase
and paraoxonase activity in patients with chronic hepa-
titis. World J Gastroenterol 2005; 11: 7351-7254.
Ali EM, Shehata HH, Ali-Labib R, et al. Oxidant and
antioxidant of arylesterase and paraoxonase as biomar-
kers in patients with hepatitis C virus. Clin Biochem
2009; 42: 1394-1400.

Ates O, Azizi S, Alp HH, et al. Decreased serum
paraoxonase 1 activity and increased serum homo-
cysteine and malondialdehyde levels in age-related
macular degeneration. Tohoku J Exp Med 2009;
217: 17-22.

Dirican M, Akca R, Sarandol E, et al. Serum paraoxo-
nase activity in uremic predialysis and hemodialysis
patients. J Nephrol 2004; 17: 813-818.

Mackness B, Durington P, McElduff P, et al. Low
paraoxonase activity predicts coronary events in the
caterphilly prospective study. Circulation 2003; 107:
2775-2779.

Giboney PT. Mildly elevated liver transaminase levels
in the asymptomatic patient. Am Fam Physician 2005;
71: 1105-1110.

Downloaded from het.sagepub.com at Harran Universitesi on May 11, 2014


http://het.sagepub.com/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


