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Abstract

Background: The aim of this study is to investigate the effect of quercetin in alleviating the cytotoxic effects of
Dimethoate in human peripheral blood lymphocytes.

Methods: Lymphocytes were divided into too groups. The first group, lymphocytes were incubated for 4 h at 37°C
with different concentrations (0, 40, 60 and 100 mM) of Dimethoate. The second group was preincubated with
quercetin for 30 min and followed by Dim incubation for 4 h at 37°C.

Results: Following in vitro incubation, Dimethoate caused a significant increase in malondialdehyde levels, a
significant decrease in thiol levels, as well as a significant increase in superoxide dismutase, and catalase activities
in lymphocytes at different concentrations. Quercetin pretreated lymphocytes showed a significant protection
against the cytotoxic effects inducted by Dimethoate on the studied parameters.

Conclusion: In conclusion, antioxidant quercetin could protect against Dimethoate-induced oxidative stress by
decreasing lipid peroxidation, protein oxidation and increasing superoxide dismutase and catalase activities in
human lymphocytes.
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Background
Dimethoate is an insecticide used to kill insects systemi-
cally and on contact. It is used against a wide range of
insects, on ornamental plants, apples, corn, cotton,
grapefruit, grapes, lemons, tobacco, tomatoes, waterme-
lons and other vegetables. Dimethoate is one of a class
of insecticides referred to as organophosphates (OP).
These chemicals act by interfering with the activities of
cholinesterase, an enzyme that is essential for the proper
working of the nervous systems of both humans and
insects. The number of human poisonings with (OP)
pesticides is estimated at around 3,000,000 per year, and
the number of deaths and casualties around 200,000 per
year [1]. Recent findings indicate that toxic manifesta-
tions induced by OP may be associated with the

enhanced production of reactive oxygen species (ROS)
[2]. In the body, these pesticides can disturb the balance
of antioxidants as well as lipid peroxidation [2]. The
human cells are continuously attacked by ROS, which
arise as natural products of normal cellular machinery
energy production and by exhaustive exercise or by che-
mical agents in the environment. In normal conditions,
and in attempt to defend against oxidative stress,
human cells are well equipped with several enzymatic
and non-enzymatic antioxidants [3]. Among antioxidant
enzymes, the superoxide dismutase (SOD) catalyzes dis-
mutation of superoxide to hydrogen peroxide (H2O2)
and molecular oxygen. The decomposition of hydrogen
peroxide to nontoxic compounds is the main function
of catalase (CAT) [4]. SOD and CAT usually act in a
synergetic manner [4]. Cells show various structural
alterations and disruptions of the antioxidant defense
system following exposure to toxic chemicals and envir-
onmental pollutants. Indeed, available reports indicate
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that the enzyme activities associated with antioxidant
defense mechanisms are altered by insecticides both in
vivo and in vitro [5].
There is no enough data on the cytotoxic effects of

Dim in the human lymphocytes in vitro. Therefore, this
study aimed to determine the effect of Dim at several
different doses, either alone or in combination with
quercetin, in MDA and thiol levels and the activities of
SOD and CAT in human lymphocytes.

Results
MDA Levels
Four hours of incubation of Dim in different concentra-
tions with human lymphocytes caused a significant
increase in MDA levels (p < 0.05) (Table 1). The effects
were concentrations dependent. Lymphocytes pretreated
with quercetin before incubation with Dim showed a
significant decrease in MDA levels as compared to Dim
alone-treated lymphocytes (p < 0.05).

Protein thiol level
To determine protein oxidation, SH levels were
assessed in lymphocytes treated with Dim. Dim treat-
ment caused a decrease in SH levels (p < 0.05) (Table
2). Protein oxidation was significantly inhibited by sup-
plementation of quercetin (Table 2). Our data shows
that the inhibitory effect of quercetin on protein oxida-
tion was greater with increasing quercetin concentra-
tions (Table 2).

SOD Activity
The incubation of lymphocytes with different concentra-
tions of Dim resulted in a significant increase in the
activity of SOD (p < 0.05). Pretreatment of lymphocytes
with quercetin provided significant protection against
the higher SOD activity that was induced by different
concentrations of Dim (p < 0.05) (Table 3).

CAT Activity
The activity of CAT in lymphocytes incubated with dif-
ferent concentrations of Dim for 4 h significantly
increased (p < 0.05) (Table 4). Lymphocytes pretreated
with quercetin before the exposure to Dim showed a
significant protection against the augmentation of CAT
activity that was induced by different concentration of
Dim (p < 0.05) (Table 4).

Discussion
Pesticides affect the membrane integrity and so disturb
functions cells [3]. In this study, ours results showed that
incubation with different concentrations of Dim produced
lipid peroxidation and protein oxidation in human
lymphocytes. Moreover, lymphocytes pretreated with
quercetin before incubation with Dim decreased lipid per-
oxidation as well as protein oxidation as compared with
Dim-treated lymphocytes. These results indicated that
quercetin may have a beneficial role in lowering Dim toxi-
city. There are no reports to show the protective effect of
quercetin on Dim toxicity of human lymphocytes in vitro.

Table 1 Changes in MDA levels of human lymphocytes
incubated with different concentrations of Dimethoate
(0, 40, 60,and 100 mM), quercetin (20 μg/ml)

Experimental Groups MDA mg/mg proteins

Control 2.03 ± 0.1

Quercetin (20 μg/ml) 2.67 ± 0.71#

Dim (40 mM) 3.62 ± 0.22*

Dim (40 mM)+ Quercetin (20 μg/ml) 2.99 ± 0.15#

Dim (60 mM) 4.51 ± 0.44*

Dim (60 mM)+ Quercetin (20 μg/ml) 3.83 ± 0.31#

Dim (100 mM) 5.92 ± 0.17*

Dim (100 mM)+ Quercetin (20 μg/ml) 4.72 ± 0.34#

The values are expressed as means ± SD; n = 20; controls are lymphocytes
without Dimethoate, lymphocytes incubated with quercetin (20 μg/ml). # p <
0.05, compared with treatments without quercetin (20 μg/ml), compared with
controls (lymphocytes without Dimethoate).

Table 2 Changes in thiol (SH) levels of human
lymphocytes incubated with different concentrations of
Dimethoate (0, 40, 60 and 100 mM), quercetin (20 μg/ml)

Experimental Groups SH level mg/mg proteins

Control 4.33 ± 0.1

Quercetin (20 μg/ml) 4.31 ± 0.1#

Dim (40 mM) 2.53 ± 0.32*

Dim (40 mM)+ Quercetin (20 μg/ml) 3.39 ± 0.55#

Dim (60 mM) 5.67 ± 0.2*

Dim (60 mM)+ Quercetin (20 μg/ml) 4.71 ± 0.3#

Dim (100 mM) 6.81 ± 0.12*

Dim (100 mM)+ Quercetin (20 μg/ml) 5.41 ± 0.31#

The values are expressed as means ± SD; n = 20; controls are lymphocytes
without Dimethoate, lymphocytes incubated with quercetin (20 μg/ml). # p <
0.05, compared with treatments without quercetin (20 μg/ml), compared with
controls (lymphocytes without Dimethoate).

Table 3 Changes in SOD activity of human lymphocytes
incubated with different concentrations of Dimethoate
(0, 40, 60, and 100 mM), quercetin (20 μg/ml)

Experimental Groups SOD % inhibition

Control 3.33 ± 0.33

Quercetin (20 μg/ml) 3.33 ± 0.3#

Dim (40 mM) 33.33 ± 0.21*

Dim (40 mM)+ Quercetin (20 μg/ml) 15.59 ± 0.11#

Dim (60 mM) 36.66 ± 0.23*

Dim (60 mM)+ Quercetin (20 μg/ml) 24.00 ± 0.33#

Dim (100 mM) 44.44 ± 0.44*

Dim (100 mM)+ Quercetin (20 μg/ml) 33.33 ± 0.12#

The values are expressed as means ± SD; n = 20; controls are lymphocytes
without Dimethoate, lymphocytes incubated with quercetin (20 μg/ml) # p <
0.05, compared with treatments with quercetin (20 μg/ml). * p < 0.05,
compared with controls (lymphocytes without Dimethoate).
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However, a protective effect of quercetin against ROS was
reported in erythrocytes [6]. In addition, Kitagawa et al
reported an inhibitory effect of quercetin in ROS produc-
tion in erythrocytes [7]. Recently, some investigators
reported that OP interferes with a number of biochemical
processes such as protein biosynthesis and mitochondrial
respiration. Lipid peroxidation has been suggested as one
of the molecular mechanisms involved in OP induced
toxicity [8]. OP such as Chlorpyrifos-ethyl caused an in
vitro increased lipid peroxidation in human cells and the
addition of exogenous antioxidants overcame lipid peroxi-
dation induced by chlorpyrifos-ethyl [5]. Moreover, it has
been reported that trichlorfon (Organophosphorus insecti-
cides) may have properties to induce oxidative stress [9].
This status was evidenced by a significant increase of
MDA levels when it is incubated at 37°C for 60 min in
human erythrocytes. Cells are equipped with several biolo-
gical mechanisms comprising many antioxidant enzymes
such as SOD and CAT to defend against intracellular oxi-
dative stress [3]. SOD, the first line of defense against
ROS, catalyzes the dismutation of the superoxide anion
into hydrogen peroxide. Hydrogen peroxide can then be
transformed into H2O and O2 by CAT, glutathione perox-
idise and peroxiredoxins [10,11]. In this study, SOD and
CAT activities were significantly increased by different
concentrations of Dim. Lymphocytes pre-treated with
quercetin providing significant protection against the
higher SOD and CAT activities that were induced by dif-
ferent concentrations of Dim. These data show that the
induction of antioxidant activities of SOD and CAT,
directly mediated by Dim, accelerated the conversion of
superoxide radicals to hydrogen peroxide and the decom-
position of hydrogen peroxide and probably antioxidant
quercetin may directly scavenge free radicals or modulate
the biochemical markers of oxidative stress and antioxi-
dant enzymes. In the literature, it has been reported that
methidathion [12], and chlorpyrifos-ethyl [5] caused a

decrease while diazinon [13] and dimethoate [14] caused
an increase in SOD and CAT activities.
In conclusion, Dim has cytotoxic effects on human lym-

phocytes evidenced by an increasing lipid peroxidation
and proteins oxidation, as welle as antioxidants enzymes
activities such as SOD and CAT. However, quercetin
could effectively ameliorate the Dim-induced oxidative
stress to a large extent. Consequently, supplementation of
quercetin may act as a protective agent against the toxicity
effect of Dimethaote in human lymphocytes.

Materials and Methods
Chemicals Dimethoate (C5H12NO3PS2) was obtained
from sigma. All other chemicals were supplied by Merck
(Germany).

Lymphocyte preparation
10 normal volunteers donor were recruited into the study
after obtaining her informed consent. PBL were isolated
from heparinised venous blood by sedimentation in
Ficoll-hypaque (Sigma, Germany). Cells were washed
three times in PBS (phosphate buffered saline) and
immediately used for study.

Experimental Protocol
The first group, lymphocytes were incubated with different
concentrations of Dim (0, 40, 60 and 100 mM) at 37°C for
4 h. The second group was preincubated with 20 μg/ml of
quercetin [15] for 30 min followed by the same concentra-
tions of Dim for 4 h at 37°C. After incubation, the level of
lymphocytes malondialdehyde (MDA) and the activities of
SOD and CAT were carried out. One control contained
lymphocytes only (without Dim), and two others served as
positive controls, containing quercetin.

MDA Determination
MDA determination was performed by the thiobarbituric
acid reactive species assay. Human lymphocytes (30 μl)
were diluted in 500 μl distilled water and 2 volumes of
thiobarbituric acid (TBA) agent was added (15% trichlor-
oaceticacid, 0.8% TBA, 0.25 N HCl) was added. The mix-
ture was heated at 95°C for 15 min to form MDA-TBA
adduct. Optical density (OD) was measured with a spec-
trophotometer (Biochrom, Libra S32) at 532 nm. Values
were reported to a calibration curve of 1,1,3,3-tetraethoxy-
propane [16].

Protein thiol levels Determination
Protein thiols were quantified spectrophotometrically
using 5,5-dithionitrobenzoic acid (DTNB); 250 ml of
freshly prepared 10 mM DTNB in 0.05 M phosphate buf-
fer pH 8, were added to 50 ml of cell lysate in 1200 ml of
0.05 M phosphate buffer. After incubation in the dark for
15 min at room temperature, the release of 5-thiobenzoic

Table 4 Changes in CAT activity of human lymphocytes
incubated with different concentrations of Dimethoate
(0, 40, 60, and 100 mM), quercetin (20 μg/ml)

Experimental Groups CAT U/ml

Control 366.44 ± 0.34

Quercetin (20 μg/ml) 360.00 ± 0.41#

Dim (40 mM) 489.99 ± 0.21*

Dim (40 mM)+ Quercetin (20 μg/ml) 396.98 ± 0.1#

Dim (60 mM) 531.11 ± 0.4*

Dim (60 mM)+ Quercetin (20 μg/ml) 461.51 ± 0.1#

Dim (100 mM) 669.19 ± 0.01*

Dim (100 mM)+ Quercetin (20 μg/ml) 570.12 ± 0.27#

The values are expressed as means ± SD; n = 20; controls are lymphocytes
without Dimethoate, lymphocytes incubated with quercetin (20 μg/ml) # p <
0.05, compared with treatments with quercetin (20 μg/ml). * p < 0.05,
compared with controls (lymphocytes without Dimethoate).
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acid was quantified by measuring the absorbance at 412
nm and converted to absolute values using N-acetyl
cysteine as standard (0-0.1 mM). A correlation coefficient
of r2 = 0.999 was obtained. The absorbance of samples
lacking DTNB was subtracted to account for the back-
ground absorbance at 412 nm. Samples were analysed in
duplicate.

Catalase Activity Determination
Catalase activity was measured as described previously by
Aebi [17]. This method is based on the principle that the
absorbance at 240 nm decreases because of H2O2 dismu-
tation. The extinction coefficient of 43.6 L mol-1 cm-1 for
H2O2 was used for calculation. One unit is defined as the
amount of H2O2 converted into H2O and 1/2 O2 in 1 min
under standard conditions, and the specific activity is
reported as units per milligram of protein.

Superoxide Dismutase Activity Determination
SOD activity was determined by spectrophotometry
(420 nm) using pyrogallol assay as described previously by
Marklund and Marklund [18] and modified as follows: the
autoxidation rate of pyrogallol in Tris-cacodylic acid-
diethylenetriaminepenta-acetic acid (DTPA) buffer (pH 8-
8.2) was determined (A1). Pyrogallol autoxidation was
evaluated under the same conditions after addition of
25 μl of supernatant (A2). The inhibition percentage of
pyrogallol oxidation was determined using the following
formula: % Inhibition = ((A1-A2)/A1) * 100.

Protein Quantification
Protein levels were determined using protein essay kit
Biorad (Bradford) and bovine serum albumin served as
the standard [19].

Statistical Analysis
Data were expressed as mean +/- SD. The one-way ana-
lysis of variance (ANOVA) and the Student-Newman-
Keuls post hoc test were performed on the data for
intergroup comparisons.
Database management and statistical analysis were

performed using SPSS (SPSS 11, Chicago, IL) statistical
software package.

Abbreviations
TBA: thiobarbituric acid reactivity; MDA: malondialdehyde; SOD: superoxide
dismutase; CAT: catalase; PBL: Peripheral blood lymphocytes; SH: thiol; ROS:
Reactive oxygen species; DNPH: 2,4-dinitrophenylhydrazine; OD: Optical
density; TBA: Thiobarbituric acid; DTPA: Tris-cacodylic acid-
diethylenetriaminepenta-acetic acid; H2O2: Hydrogen peroxide; PBS:
phosphate buffered saline.

Author details
1Unité de Biotechnologie et Pathologies, Institut Supérieur de
Biotechnologie de Sfax, 3038, Tunisie. 2Unité de Physiologie Animale, Faculté
des Sciences de Sfax, 3037, Tunisie.

Authors’ contributions
BG and RBM prepared the study design, carried out all the biological studies,
analyzed and discussion of the data, and drafted the manuscript. AE helped
in correction of the manuscript. FBA carried out some biological assays and
helped with the manuscript preparation. SL and HK participated in thestudy
design, discussion the data and helped to draft and correction of the
manuscript.
All authors have read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 3 June 2011 Accepted: 23 August 2011
Published: 23 August 2011

References
1. Karalliedde L, Senanayake N: Organophosphorus insecticide poisoning. J

Int Federation Clin Chem 1999, 11:4-9.
2. Mohammad A, Arkam R, Shahin S, Shekoufeh N, Ali R: Pesticides and

oxidative stress: A review. Med Sci Monitor 2004, 10:141-147.
3. Stern A: Red cell oxidative damage. In Oxidative Stress. Edited by: Sies H.

New York: Academic Press; 331-349.
4. Mates J, Perez-Gomez C, Nunez de Castro I: Antioxidant enzymes and

human diseases. Clin Biochem 1999, 32:595-593.
5. Gultekin F, Ozturk M, Akdogan M: The effect of organophosphate

insecticide chlorpyrifos-ethyl on lipid peroxidation and antioxidant
enzymes (in vitro). Arch Toxicol 2000, 74:533-538.

6. Hou L, Zhou B, Yang L, Liu ZL: Inhibition of free radical initiated
peroxidation of human erythrocyte ghosts by flavonols and their
glycosides. Org Biomol Chem 2004, 9:1419-1423.

7. Kitagawa S, Sakamoto H, Tano H: Inhibitory effects of flavonoids on free
radical-induced hemolysis and their oxidative effects on hemoglobin.
Chem Pharm Bull (Tokyo) 2004, 8:999-1001.

8. Datta C, Gupta J, Sarkar A: Effects of organophosphorus insecticide
phosphomidon on antioxidant defence components of human
erythrocyte and plasma. Indian J Exp Biol 1992, 30:65-67.

9. Karademir CB, Ozden S, Alpertunga B: Effects of trichlorfon on
malondialdehyde and antioxidant system in human erythrocytes. Toxicol
Vitro 2007, 21:1538-1544.

10. Sies H: Role of reactive oxygen species in biological processes. Klin
Wochenschr 1991, 69:965-968.

11. Ames BN: Dietary carcinogens and anticarcinogens. Oxygen radicals and
degenerative disease. Science 1983, 221:1256-1264.

12. Altuntas I, Delibas N, Demirci M, Kilinc I, Tamer N: The effects of
methidathion on lipid peroxidation and some liver enzymes: Role of
vitamins E and C. Arch Toxicol 2002, 76:470-473.

13. Altuntas I, Kilinc I, Orhan H, Demirel R, Koylu H, Delibas N: The effects of
diazinon on lipid peroxidation and antioxidant enzymes in erythrocytes
in vitro. Hum Exp Toxicol 2004, 23:9-13.

14. Sharma Y, Bashir S, Irshad M, Datta GS, Dogra TD: Effects of acute
dimethoate administration on antioxidant status of liver and brain of
experimental rats. Toxicology 2005, 206:49-57.

15. Hitoshi O, Daisuke Y, Shigenobu M: INHIBITION OF 12-O-
TETRADECANOYLPHORBOL-13-ACETATEINDUCED INDUCTION IN EPSTEIN-
BARR VIRUS EARLY ANTIGEN IN RAJI CELLS. Cancer Letters 1983, 19:47-53.

16. Gargouri B, Saloua Lassoued S, Ayadi W, Karray H, Masmoudi H, Mokni N,
Attia H, El Feki A: Lipid Peroxidation and Antioxidant System in the
Tumor and in the Blood of Patients with Nasopharyngeal Carcinoma.
Biol Trace Elem Res 2009.

17. Aebi H: Catalase in vitro. Methods Enzymol 1984, 105:121-126.
18. Marklund S, Marklund G: Involvement of the superoxide anion radical in

the autoxidation of pyrogallol and a convient assay for superoxide
dismutase. Eur J Biochem 1974, 47:469-474.

19. Bradford M: A rapid and sensitive method for the quantitation of
microgram quantities of protein utilizing the principle of protein-dye
binding. Anal Biochem 1976, 72:248-254.

doi:10.1186/1476-511X-10-149
Cite this article as: Gargouri et al.: Protective effect of quercetin against
oxidative stress caused by dimethoate in human peripheral blood
lymphocytes. Lipids in Health and Disease 2011 10:149.

Gargouri et al. Lipids in Health and Disease 2011, 10:149
http://www.lipidworld.com/content/10/1/149

Page 4 of 4

http://www.ncbi.nlm.nih.gov/pubmed/10638941?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10638941?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11131033?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11131033?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11131033?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1506021?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1506021?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1506021?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1798292?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6351251?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6351251?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12185416?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12185416?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12185416?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15027810?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15027810?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15027810?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15590108?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15590108?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15590108?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6850568?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6850568?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6850568?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6727660?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/4215654?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/4215654?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/4215654?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/942051?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/942051?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/942051?dopt=Abstract

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Results
	MDA Levels
	Protein thiol level
	SOD Activity
	CAT Activity

	Discussion
	Materials and Methods
	Lymphocyte preparation
	Experimental Protocol
	MDA Determination
	Protein thiol levels Determination
	Catalase Activity Determination
	Superoxide Dismutase Activity Determination
	Protein Quantification
	Statistical Analysis

	Author details
	Authors' contributions
	Competing interests
	References


<<
  /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 /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


