
ORIGINAL PAPER

Sodium sulfite is a potential hypoxia inducer that mimics hypoxic
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Abstract Physical and chemical hypoxia have been

widely used in the study of hypoxic injury; however, both

of these hypoxia models have their own limitations.

Physical hypoxia is usually difficult to control and main-

tain. Chemical hypoxia, which is usually induced by

chemical hypoxia-mimicking agents, such as CoCl2, may

result in heavy metal toxicity or impose security threats. To

develop a more suitable hypoxia model, we focused on

sodium sulfite (Na2SO3) and evaluated its ability to remove

dissolved oxygen in aqueous solutions. Our results showed

that sodium sulfite successfully induced hypoxic condi-

tions. The degree of hypoxia and the guarantee period of

the sodium sulfite solution could be easily controlled by the

concentration of soluble sodium sulfite. In addition, we

used sodium sulfite to create a hypoxia model in Caeno-

rhabditis elegans. Similar to physical hypoxia, the sodium

sulfite solutions induced hypoxia-related death in the

worms and led to morphologic cell defects and C. elegans

hypoxia inducible factor 1 stabilization. Taken together,

our data show that sodium sulfite is a potential hypoxia

inducer that mimics hypoxic stress in C. elegans.

Keywords Hypoxia inducer � Caenorhabditis elegans �
Sodium sulfite

Abbreviations

CeHIF-1 Caenorhabditis elegans hypoxia inducible

factor 1

DO Dissolved oxygen

EGFP Enhanced green fluorescent protein

HIF-1 Hypoxia inducible factor 1

NGM Nematode growth medium

RNAi RNA interference

SS Sodium sulfite

Introduction

Hypoxia occurs under a large number of physiological and

pathophysiological processes, such as embryonic develop-

ment, adaptation to high altitudes, wound healing, inflam-

mation, cancer, and ischemic diseases [1]. To study the

human diseases associated with hypoxia, a variety of

hypoxia models have been developed, such as physical and

chemical hypoxia models. Although physical hypoxia

models simulate the hypoxic environment and cause

hypoxia-related insults to animals and cells, the establish-

ment of these models requires a protocol that is not easy to

control. Gas cylinders, which usually contain a desired gas

mixture of 95% nitrogen and 5% carbon dioxide, and
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hypoxia chambers are generally needed to produce and

maintain the conditions of physical hypoxia [2]. Oxygen

analyzers are also needed to precisely control the oxygen

concentration. For the establishment of chemical hypoxia

models, hypoxia-mimicking agents, such as cobalt chlo-

ride, deferoxamine, and sodium hyposulfite, are usually

used [3–5]. Although the mechanism by which cobalt and

the iron chelator deferoxamine mimic the hypoxic response

is based on competition with iron (a key factor of the

oxygen sensing mechanism) [6], cobalt is a heavy metal

that leads to tissue and cellular toxicity during exposure

[7]. Despite all of these facts, cobalt only mimics some of

the hypoxic insults induced by physical hypoxia. Another

hypoxia model uses sodium hyposulfite to simulate the

hypoxic response by depriving aqueous solutions of oxy-

gen, similar to physical hypoxia [3]. However, sodium

hyposulfite spontaneously combusts, and its reaction with

water is exothermic and accompanied by the generation of

sodium sulfite (SS; Na2SO3) and sulfur dioxide (SO2) [8].

During recent years, we have used both the physical and

the chemical hypoxia models in our studies [9] and found

that it is important to develop new hypoxia models to

illustrate the underlying mechanism of hypoxic insults.

Analysis of the literature indicates that SS has been widely

used as an oxygen scavenger to remove the last trace of

oxygen from boiler feedwater in industrial practices [10].

In addition, SS has also been used as a leading food pre-

servative because of its ability to induce anaerobic condi-

tions that effectively inhibit the growth of aerobic

microorganisms [11]. Nair and Elmore [12] showed that SS

had a negative effect in mutagenicity studies and was not

irritating in clinical tests, although other evidence has

indicated that SS directly induces reactive oxygen species

production and inflammation [13]. Taken together these

findings indicate that, as an oxygen scavenger used in

biological research, SS has more advantages than sodium

hyposulfite. The reaction of SS with water does not result

in spontaneous combustion and does not generate sulfur

dioxide. Therefore, we examined the possibility of estab-

lishing a hypoxia model using SS in aqueous solutions.

In the present study, Caenorhabditis elegans was used to

establish the hypoxia model. In 1963, Brenner [14] intro-

duced C. elegans as a model to study development and

neurobiology. Currently, this nematode is widely used to

study a variety of biological processes, including apoptosis,

cell signaling, cell cycle, hypoxia, gene expression and

regulation, metabolism, aging, and sex determination

[15, 16]. Here, we examine a series of hypoxia-related

factors [including death rate, cellular morphology, and

C. elegans hypoxia inducible factor 1 (CeHIF-1) expres-

sion] in C. elegans exposed to SS solutions. Our data show

that SS is a potential hypoxia inducer that mimics hypoxic

stress in C. elegans.

Materials and methods

Measurements of dissolved oxygen in aqueous SS

solutions

A film-electrode dissolved oxygen (DO) meter (JPB-607,

precision 0.1 mg/L) was used to determine the level of DO

in aqueous SS solutions. The DO in M9 buffer (22 mM

KH2PO4, 42 mM Na2HPO4, 85 mM NaCl, 1 mM MgSO4)

and different concentrations of SS (0.1, 0.2, 0.5, 1.0, 2.0,

and 4.0 g/L) dissolved in M9 buffer were monitored at

different times at 26 �C under atmospheric pressure.

Additionally, the recovery curve of DO in M9 buffer

was monitored after physical hypoxia. At first, the DO in

the M9 buffer was excluded by the pure nitrogen at 26 �C.

Immediately after that, we used a film-electrode DO meter

to monitor the level of DO in the M9 buffer in real time and

continuously record the time required for the level of DO to

increase by 0.1 mg/L.

C. elegans strains and growth conditions

The wild-type strain of C. elegans N2 Bristol was used in

this study [14]. The strain daf-2(e1370), which carries a

reduction-of-function mutation in the homolog of the human

insulin/insulin-like growth factor receptor [17], was used

because it is markedly hypoxia-resistant compared with the

wild-type N2 strain. Another strain, daf-16(mu86), which

carries a reduction-of-function mutation in an HNF-3/fork-

head family member and completely suppresses the

hypoxia-resistant phenotype compared with N2, was also

used [18]. All three of these strains were kindly provided by

the Caenorhabditis Genetics Center (University of Minne-

sota, USA). To visualize hypoxic injury in neuronal cells,

the plasmid Punc-119::EGFP and the marker plasmid

Pmyo-2::dsRed were co-injected into the gonads of young

adult hermaphrodites of the N2 strain to ultimately create the

integrant strain IS2, which expresses enhanced green fluo-

rescent protein (EGFP) in pan-neuronal cells. Worms were

fed Escherichia coli OP50 and grown at 20 �C on nematode

growth medium (NGM) agar plates [14].

RNA interference experiments

The E. coli feeding RNA interference (RNAi) library was

obtained from GeneService (Cambridge, UK). RNAi

experiments were performed by the RNAi feeding method

as described previously [19]. Eggs of the nematodes were

plated onto NGM agar plates (containing 1 mM isopropyl-

D-thiogalactoside and 50 lg/mL Carbenicillin) that had

been seeded with E. coli HT115 containing an RNAi col-

ony and were maintained on the plates for 72 h at 20 �C.

Then, the adult animals could be used for hypoxia analysis.
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The identity of the RNAi colony was confirmed by

sequencing plasmid of DNA isolated from the E. coli

feeding RNAi library. Control RNAi was performed by

feeding worms with E. coli HT115 that were transformed

with an empty vector, L4440.

Incubation with SS

Synchronized populations of L1 worms were obtained by

incubating embryos from hypochlorite-treated adults for

16 h in M9 buffer at 20 �C [20]. The worms were then

spread on fresh NGM agar plates with E. coli OP50 and

incubated for 3 days at 20 �C. To establish the hypoxia

model, SS solutions of three different concentrations (0.5,

1.0, and 2.0 g/L) were prepared in M9 buffer. Because SS

exposed to air or solution is eventually oxidized to

sodium sulfate (Na2SO4), we used sodium sulfate as a

control in this analysis using the N2 strain. Synchronized

worms (day 3) were washed three times with M9 buffer.

The worms were then transferred to 1.5-mL centrifuge

tubes in 1 mL of fresh incubation solution and incubated

for 10, 12, 14, and 16 h at 26 �C. The worms were further

transferred to NGM plates to allow recovery for 24 h at

20 �C.

Physical hypoxia

Synchronized worms (day 3) were washed three times with

M9 buffer. Worms in 1 mL of M9 buffer were incubated in

the hypoxia chamber (Coy Laboratory Products, USA) at

26 �C. The oxygen concentration in the hypoxia chamber

was monitored by an oxygen meter and electrode (Coy

Laboratory Products, USA) and kept at less than 0.2%

during the experiment.

Death rate of the worms and cellular morphology

analysis

After a 24-h recovery period, the death rates of these

worms were scored. Worms that lacked pharyngeal

pumping or did not respond to striking with a platinum pick

were scored as dead [21]. To determine if the hypoxia

model was established, we examined the cellular mor-

phology changes of the Bristol N2 strain. We then observed

the changes in the axons of the transgenic strain IS2, which

expresses EGFP in its neuronal cells, after incubation.

About five worms were picked with a platinum pick,

mounted on a 3% agar pad (0.5-mm thick) containing

10 mM sodium azide on a glass slide, and covered with a

coverslip. We used a microscope (Nikon, Japan) to obtain

differential interference contrast images and fluorescence

images.

Western blot

After incubation of the SS solution, worms were washed

three times with M9 buffer as soon as possible. For

immunoblotting analysis, the sedimented worms were

suspended in an equal amount (vol/vol) of lysis buffer

[160 mM tris(hydroxymethyl)aminomethane–HCl, 4% sodium

dodecyl sulfate, 30% glycerol] and lysed by ultrasonication

with three 30-s pulses. Then, the homogenates were cen-

trifuged at 12,000 rpm for 30 min, and the supernatants

were collected. The protein concentration was determined

using a micro bicinchoninic acid protein assay kit with

bovine serum albumin as a standard. The samples were

boiled with equal amounts (vol/vol) of 29 sample buffer at

96 �C for 4 min. Samples containing equal amounts of

protein (50 lg per lane) were loaded onto a 12.5% sodium

dodecyl sulfate–polyacrylamide gel, electrophoresed, and

subsequently transferred onto a nitrocellulose membrane

(Millipore, USA). The membrane was blocked in 5%

nonfat milk and probed with antibodies specific for CeHIF-1

(polyclonal 1:4,000, provided by Peter J. Ratcliffe) or

glyceraldehyde 3-phosphate dehydrogenase (1:1,000, Sigma,

USA). Detection was achieved with horseradish peroxidase

conjugated anti-rabbit IgG secondary antibodies (Santa

Cruz, USA). The specific reaction was visualized by the

chemiluminescent substrate luminol (GE Healthcare, UK)

and autoradiography.

Statistical analysis

All data are presented as the mean ± the standard devia-

tion. The results were statistically evaluated for signifi-

cance using Student’s t test. P \ 0.05 was considered a

statistically significant difference.

Results and discussion

Oxygen deprivation effect and hypoxia-maintenance

ability of SS in solution

To illustrate the oxygen deprivation effect and hypoxia-

maintenance ability of aqueous SS solutions, we examined

the concentration of SS-suppressed oxygen dissolved in

M9 buffer for 60 h at 26 �C. In distilled water, DO was

maintained at 7.35 ± 0.07 mg/L, whereas in M9 buffer,

DO was maintained at 7.15 ± 0.06 mg/L (Fig. 1a). As

expected, the reduction of the level of DO was largely

related to the increased salt concentration, which has been

shown to lead to the difference between distilled water and

M9 buffer [22]. In SS/M9 buffer, DO could be suppressed

to create hypoxic conditions for a period of time. The

levels and duration of the hypoxic conditions were
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dependent on the concentration of SS in the solutions. For

example, a solution of 0.2 g/L SS suppressed and main-

tained the DO at 0.4 mg/L for 10 h, 0.5 g/L SS maintained

the DO at 0.1–0.2 mg/L for at least 24 h, 1.0 g/L SS

maintained the DO at 0.1 mg/L for at least 40 h, and 2.0 g/L

SS maintained the DO at nearly 0 g/L for at least 48 h

(Fig. 1a). These data strongly suggest that SS is a potential

and valuable chemical agent that can be used to mimic

hypoxia in aqueous solutions.

According to the recovery curve of DO in M9 buffer

after physical hypoxia, the level of DO in M9 buffer nee-

ded about 3 h (188.7 min) to increase from 0 mg/L to the

normal concentration of 6.9 mg/L (Fig. 1b). Inversely,

nearly 40 h was needed in 0.2 g/L SS/M9 buffer to raise

the DO level from 0.6 mg/L (20 h) to the normal 6.7 mg/L

(60 h) (Fig. 1a), which could be used to explain why SS

can maintain the hypoxic condition for a period of time. On

the basis of a theoretical analysis, 0.058 g SS was needed

to remove DO in 1 L distilled water completely [23].

Actually, a low concentration of SS could not eliminate the

total DO in aqueous solutions, because the atmospheric

oxygen could gradually redissolve in aqueous solutions.

Taking an example of 0.2 g/L SS/M9 buffer (1 L), except

for the 0.058 g SS which reacted with DO, the remaining

0.142 g (0.2–0.058) SS was still able to suppress the level

of DO to maintain the stabilization of the hypoxic condi-

tion for a period of time.

SS-induced hypoxia increases the death rate

of C. elegans in a time- and dose-dependent manner

After incubation with the aqueous SS solutions, the death

rates of the N2 strain were carefully examined. As expected,

the death rate of the N2 strain showed a time- and dose-

dependent pattern after incubation with the aqueous SS

solutions (Fig. 2a–c). Most importantly, our data clearly

show that the sodium sulfate solutions, as a control, had

nearly no effect on the death rate of C. elegans (Fig. 2d).

Because one molecule of SS can produce the same amount

of sodium sulfate, these data strongly suggest that SS has

little or even no toxicity compared with its hypoxia-

inducing effect on C. elegans. Interestingly, the death rates

of C. elegans showed a time- and dose-dependent manner

(Fig. 2e), which is similar to that associated with physical

hypoxia [21]. To further conform that incubation with the

SS solutions could mimic a hypoxic condition, we studied

the hypoxia-resistant phenotype of daf-2(e1370) during

SS-induced hypoxia. It is reported that daf-2(e1370) is

hypoxia-resistant on exposure to physical hypoxia, and

daf-2(e1370) requires the daf-16 gene to produce hypoxia

resistance [21]. Our results showed that daf-2(e1370) was

markedly resistant to SS-induced hypoxia compared with

the wild-type N2 strain. To show that daf-2 acts via daf-16

to protect animals during SS-induced hypoxia, we also

examined the death rates of daf-2(e1370);daf-16(RNAi),

and daf-2(e1370);control(RNAi). Our data showed that

daf-16 RNAi suppressed the hypoxia-resistant phenotype of

daf-2(e1370) during SS-induced hypoxia. These results

were consistent with those of physical hypoxia (Fig. 2e).

Therefore, the results further supported our conclusion that

SS incubation could mimic hypoxic stress.

SS-induced hypoxia causes morphologic cell defects

in C. elegans

Morphologic defects of the C. elegans cells are usually

observed as a result of hypoxia-induced insults [21].

Worms need continuous food intake, and an abundant

supply of oxygen is vital to maintain the activity of their

pharyngeal muscle cells; therefore, swollen necrotic pha-

ryngeal cells are observed when oxygen is scarce [24].

According to our data, the death rate of C. elegans treated

with SS (2.0 g/L) is consistent with physical hypoxia
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Fig. 1 The changing pattern of dissolved oxygen (DO) in aqueous

solutions. a Oxygen deprivation effect and hypoxia-maintenance

ability of sodium sulfite (SS) in the M9 buffer solutions. b The

recovery curve of DO in the M9 buffer after physical hypoxia

treatment. All data were measured at 26 �C under atmospheric

pressure
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(0.2% O2) treatment. We further examined the cell mor-

phology of C. elegans treated with SS (2.0 g/L) to inves-

tigate whether SS can also cause morphologic changes to

C. elegans cells. Compared with the normoxic condition

(M9 buffer, 16 h) (Fig. 3a), standard hypoxia-exposed

worms contained multiple, strikingly swollen, necrotic-

looking pharyngeal cells (Fig. 3b), and SS-exposed (2.0 g/L,

16 h) worms also contained many swollen, necrotic-

looking cells, which were seen among multiple cell types

and organs, including the pharynx and body wall muscle

(Fig. 3c). Additionally, we divided the injury severity of C.

elegans into three categories: (1) minor injury (swollen

necrotic cells are observed mainly in and around the cor-

pus); (2) moderate injury (swollen necrotic cells also

appeared in the terminal bulb in addition to the corpus);

and (3) severe injury (both the pharynx and surrounding

tissues have a large area swollen necrotic cells). Further-

more, we compared the injury severity of the wild-type N2

strain treated with SS (2.0 g/L) and physical hypoxia

(0.2% O2) separately. We randomly counted 57 C. elegans

worms suffering from physical hypoxia (0.2% O2) and 52

worms treated with SS (2.0 g/L). Our results clearly

showed that the proportion of the three different injury

severities caused by the physical hypoxia was 40% (23/57)

minor injury, 44% (25/57) moderate injury, and 16%

(9/57) severe injury, which was consistent with the pro-

portion for SS-treated worms [40% (21/52), 39% (20/52),

and 21% (11/52), respectively]. The v2 test demonstrated

that there was no significant difference of injury severity of

C. elegans between SS (2.0 g/L) and physical hypoxia

(0.2% O2) treatment.

Hypoxia can also lead to axonal beading in C. elegans

[21]. By using the transgenic strain IS2 (unc-119::EGFP),

which expresses EGFP in its neuronal cells, we examined

the fluorescence stability of EGFP in the IS2 stain with a

fluorescence microscope. As expected, the normoxia-

exposed (M9 buffer, 16 h) worms showed nearly no mor-

phologic defects in their neuronal cells. Compared with

these normoxia-exposed worms, the SS-exposed (2.0 g/L,

16 h) worms showed striking axonal fragmentation in their
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Fig. 2 Lethal effects of SS,

sodium sulfate, and physical

hypoxia on Caenorhabditis
elegans. Incubation with

0.5 g/L SS (a), 1.0 g/L SS (b),

2.0 g/L SS (c), sodium sulfate

(d), and physical hypoxia (e) in

M9 buffer. All animals were

scored 24 h after recovery from

incubation in the SS solutions

(a–c). Data are shown as

means ± the standard

deviation. Asterisk versus wild

type, number sign versus daf-
2(e1370). Single asterisk or

number sign: P \ 0.05, double

asterisks or number signs:

P \ 0.01
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neuronal cells, completely in accord with physical hypoxic

insults (Fig. 3d). These results further indicate that

SS-induced hypoxic stress could induce cytomorphological

changes that are similar to those resulting from physical

hypoxia.

Hypoxia inducible factor 1 is stabilized in C. elegans

treated with SS

We then wanted to know whether hypoxia-related genes

were affected by SS exposure. To address this issue, we

used western blot to determine the expression level of

hypoxia inducible factor 1 (HIF-1). HIF-1 is a transcrip-

tional complex that plays a central role in mammalian

oxygen homeostasis and was identified by Semenza and

Wang [25, 26] in 1992. In addition, Jiang et al. [27]

demonstrated the existence of an HIF-1 homolog in

C. elegans. Although HIF-1 can be activated by heavy

metals, heat stress, and hyperoxia, it is the most critical

gene for the hypoxic response [28–30]. The antibody

against CeHIF-1 recognizes the two HIF-1 isoforms in

C. elegans: HIF-1(F38A6.3a) and HIF-1(F38A6.3c). Our

results clearly show that SS incubation induced stabiliza-

tion of both HIF-1 isoforms in the N2 strain as compared

with normoxic subjects (Fig. 4).

From the aforementioned results, we infer that the sta-

bilization of HIF-1 resulted from hypoxia, although there

was no significantly different expression in HIF-1 upon

incubation with different concentrations of SS. According

Fig. 3 SS incubation induced morphologic cell defects. a Normoxia

(M9 buffer, 16 h) of the wild-type N2 strain as a control. b Hypoxia-

treated (0.2% or less, 16 h) N2 strain with swollen necrotic

pharyngeal cells (arrowheads). c SS-incubated (2.0 g/L, 16 h) N2

strain with swollen necrotic pharyngeal cells (arrowheads).

d Normoxia (M9 buffer, 16 h) of the wild-type N2 strain with

normal morphologic neuronal cells. Hypoxia (0.2% or less, 16 h) and

SS incubation (2.0 g/L, 16 h) induced nerve cell defects (arrowheads)

in the transgenic strain IS2 (Punc-119::EGFP). Scale bars 50 lm
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Fig. 4 Expression of the C. elegans hypoxia inducible factor (CeHIF-1)

protein in the wild-type N2 strain of C. elegans treated with different

concentrations of SS and incubated for 16 h at 26 �C. Compared with

normoxic subjects, aqueous SS solution treatment induced stabilization

of both CeHIF-1 isoforms. Glyceraldehyde 3-phosphate dehydrogenase

(GAPDH) was used as a control
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to Epstein et al. [31], the expression of CeHIF-1 is also

stabilized similarly and is not dependent on the concen-

tration of oxygen in hypoxic conditions. Thus, our western

blot analysis can only show if CeHIF-1 was stabilized and

does not reflect the trend of higher or lower expression.

Recently, Millonig et al. [32] found that HIF-1 only

responds to decrements but not absolute thresholds of

oxygen pressure. The levels of HIF-1 were found to be

associated with the reduction of oxygen pressure even

though hypoxic conditions were not reached. Our results

demonstrate that SS can lower the DO concentration of

aqueous solutions and activate the HIF-1 regulatory path-

way in C. elegans.

In conclusion, our data clearly show that SS is a can-

didate hypoxia inducer that mimics hypoxic stress in

C. elegans and can also be used in the study of hypoxic

preconditioning and in the development of antihypoxic

agents. Furthermore, we expect that SS treatment can be

introduced to cultured cells owing to its simplicity and

reliability and can substitute for the currently established

models of physical and chemical hypoxia.
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32. Millonig G, Hegedüsch S, Becker L, Seitz H, Schuppan D,

Mueller S (2009) Hypoxia-inducible factor 1a under rapid

enzymatic hypoxia: cells sense decrements of oxygen but not

hypoxia per se. Free Radic Biol Med 46:182–191

274 J Biol Inorg Chem (2011) 16:267–274

123


	Sodium sulfite is a potential hypoxia inducer that mimics hypoxic stress in Caenorhabditis elegans
	Abstract
	Introduction
	Materials and methods
	Measurements of dissolved oxygen in aqueous SS solutions
	C. elegans strains and growth conditions
	RNA interference experiments
	Incubation with SS
	Physical hypoxia
	Death rate of the worms and cellular morphology analysis
	Western blot
	Statistical analysis

	Results and discussion
	Oxygen deprivation effect and hypoxia-maintenance ability of SS in solution
	SS-induced hypoxia increases the death rate of C. elegans in a time- and dose-dependent manner
	SS-induced hypoxia causes morphologic cell defects in C. elegans
	Hypoxia inducible factor 1 is stabilized in C. elegans treated with SS

	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /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 true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /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
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


