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Abstract Freshwater fish Oreochromis niloticus exposed

to 0.05 lg/mL of Cu, Cd, Zn, Ag and Cr for up to 30 days.

Only Ag, which exceeded environmentally realistic con-

centrations by a factor of[100 caused fish mortality within

this period. Metals increased aspartate transaminase (AST)

activity, while they decreased alanine transaminase (ALT)

activity, except Cr exposure. Concentrations of free –SH

group decreased whereas protein concentrations did not

alter following metal exposures. Detectable metal accu-

mulation occurred in the liver of Cd, Cu and Zn exposed

fish. This study emphasized that both enzymatic and non-

enzymatic mechanisms may be useful in understanding the

degree of metal toxicity in fish liver.

Keywords Heavy metals � Liver � Oreochromis

niloticus � –SH group � Transaminases

The contamination of aquatic environment by metals due to

natural and anthropogenic sources is a worldwide envi-

ronmental concern. Exposure to metals may lead to several

toxic effects in aquatic animals, including tissue damage,

respiratory changes, alterations of biochemical and physi-

ological mechanisms, and ultimately mortality (Heath

1995). Therefore, the enzymatic and non-enzymatic

parameters gain importance as sensitive tools to estimate

the effects of metal exposures before the occurrences of

hazardous effects in organisms. AST and ALT are the most

important enzymes acting as transaminases involved in

amino acid metabolism and they are known to be sensitive

to metal exposures (Almeida et al. 2001; Levesque et al.

2002; Gravato et al. 2006). On the other hand, determi-

nations of sulfhydryl group levels which metals have high

affinity towards, and total protein levels could be beneficial

in estimating the toxicity of metals (Gravato et al. 2006).

Liver is the major site of metal storage and excretion in

fish and as a result of its major role in metabolism and its

sensitivity to metals in the environment, particular atten-

tion has been given to liver in toxicological investigations

(Parvez et al. 2006). Biochemical parameters assessed in

fish may be an useful tool by providing quantitative mea-

surement of metals impact as well as valuable information

of ecological relevance on the effects of metals. The

objective of this study was to investigate the response of

AST and ALT activities and to determine levels of free

sulfhydryl groups and total protein in the liver of Ore-

ochromis niloticus exposed to 0.05 lg/mL concentration of

Cu, Zn, Cd, Cr and Ag for 0, 5, 10, 20 and 30 days.

Materials and Methods

Freshwater fish O. niloticus have been cultured in Çukur-

ova University (Turkey) for more than 20 years. Fish were

taken from the culture pools and transferred to the labo-

ratory where they were acclimatized in experimental

aquaria for one month before the experiments. Experi-

mental room was air conditioned (20 ± 1�C) and

illuminated for 12 h with fluorescent lamps (daylight 65/

80 W). The experiments were carried out in glass aquari-

ums sized 40 9 40 9 100 cm that contained 130 L

contaminated test solution or only test water (dechlorinat-

ed) for controls. During the experiments, pH and oxygen

levels were estimated as 8.32 ± 0.08 and 5.96 ± 0.44 mg

O2/L, respectively (Orion 5 Star multimeter). Total
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hardness (with EDTA titration method) and alkalinity

(acidimetry method) were measured as 340 ± 29 mg

CaCO3/L, 248.6 ± 13.1 mg CaCO3/L, respectively.

Fish were exposed to 0.05 lg/mL concentration of Cu

(CuCl2 � 2H2O), Zn (ZnCl2), Cd (CdCl2 � H2O), Cr

(K2CrO4) and Ag (AgNO3) for 0, 5, 10, 20 and 30 days.

Trisodium citrate 2-hydrate was used to prevent the metal

precipitation in aquaria. A total of eight fish were used for

each exposure period for each metal. Thirty-two fish were

exposed to each metal in the aquaria and eight fish were

removed at each sampling time. Eight control fish were

used for each period to eliminate effects of factors other

than metal exposures. As there were no significant differ-

ences (p [ 0.05) in the studied parameters of different

controls, all controls values were pooled. Total lengths

(15.7 ± 1.21 cm) and weights (61.5 ± 12.8 g) of fish did

not differ significantly (p [ 0.05; n = 200) among differ-

ent exposure treatments and control. The aquariums of both

control and exposed groups were cleaned every two days in

the morning after 1 h feeding period to minimize metal loss

and to reduce contamination with food remains. All

experimental waters were completely renewed every

2 days.

After 0, 5, 10, 20 and 30 days of metal exposures, fish

were killed by transaction of spinal cord and liver tissues

were dissected out with clean equipments. They were

immediately stored at -80�C (Revco Ultima II) until the

analysis. Liver tissues were homogenized (1/10 w/v) in

homogenization buffer containing 20 mM Tris (pH 7.8),

250 mM Sucrose and 1 mM Na2EDTA at 9.500 g (Janke

& Kunkel Ultra Turrax T25) for 2 min. Homogenates were

centrifuged then for 20 min (?4�C) at 13,000 g (Hettich

Universal 30 RF) and the supernatants were used for the

analysis. The AST and ALT activity and concentration of

total protein in the supernatant were measured by using an

Olympus AU 400 biochemical analyzer according to the

procedure of Bergmeyer et al. (1985). Reagents were

obtained from Olympus Life and Material Science (Eur-

ope, Ireland) for the analysis. Sulfhydryl group

concentration was determined spectrophotometrically

(Ellman 1958) using a Cecil 5000 series spectrophotometer

at 412 nm. Metal concentrations in the liver were mea-

sured using a flame atomic absorption spectrophotometer

(Perkin Elmer AS 3100). The detection limits of metals

were 0.001, 0.002, 0.002, 0.003 and 0.002 lg/mL for Cd,

Zn, Cu, Cr and Ag, respectively. Accuracy of the AAS and

validity of measurements were tested with a reference

material (TORT 1 lobster hepatopancreas, National

Research Council, Canada). Mean values and standard

deviations of the reference material were 10% of the ran-

ges. Metal levels in the tap water were below the detection

limits. Calculations of parameters were done as U/mg prot

for AST and ALT activities, nmol/mg prot. for sulfhydryl

group concentration, mg/g wet weight for total protein

concentration and lg/g dry weight for total metal

concentration.

Statistical analysis of data, presented as mean and

standard error, was done using SPSS statistical package

program. One-way ANOVA was applied to compare

variables among control and treatments at each exposure

period. Post hoc comparisons were done using LSD test to

determine which individual groups were significantly dif-

ferent from control, when significant differences were

found (p \ 0.05).

Results and Discussion

This study investigating environmentally realistic concen-

tration of metals, except Ag which was [100-fold higher

showed that metals can be hazardous even in such low

levels for O. niloticus. Mortality occurred in Ag exposed

fish between 12th and 16th days, in this study. The other

metals did not cause any fish mortality during the exposure

period. Therefore, there are no data for 20th and 30th days

for Ag exposure. Apart from the effects on the studied

parameters, metals like Ag can also be lethal for fish even

in such level (0.05 lg/mL) that may not be toxic for the

other metals. High toxicity of Ag to fish associated with

ionoregulatory disturbances in fish (Morgan et al. 1997)

was also in agreement with this study. Generally, Ag is

amongst the most toxic heavy metals together with Hg, As

and Cu and, these were followed by Cd, Pb and Zn (Heath

1995).

The liver transaminase activities were significantly

changed following exposure to all metals. The AST activity

was stimulated by all metals (Fig. 1). The highest increase

was observed in fish exposed to Zn for 10 days

(1.322 ± 0.2 U/mg prot.) when compared to control value

(0.321 ± 0.02 U/mg prot.) On the other hand, ALT

activity decreased following metal exposures, except Cr

exposure (Fig. 2). The lowest activity was determined in

fish exposed to Zn for 10 days (0.116 ± 0.01 U/mg prot.),

whereas the highest ALT activity was determined in fish

exposed to Cr for 10 days (0.364 ± 0.04 U/mg prot.) when

compared with that of control value (0.241 ± 0.02 U/mg

prot.). Significant increases in AST activity and decreases

in ALT activity may depend upon the liver damage fol-

lowing metal stress and the metal effects are observed

maximally at initial exposure durations. Although AST

enhances at day 20 and day 30, the metal effects tend to

decline and ALT activities did not differ from control

values following prolonged exposure period, except for one

or two metals. Various responses of AST and ALT activ-

ities were recorded depending upon the metal species, their

concentrations and exposure durations (Zikic et al. 2001;
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Vutukuru et al. 2007). Almeida et al. (2001) demonstrated

that no alteration was found in both liver AST and ALT

activities in O. niloticus exposed to 320–2560 lg Cd/L for

7 days and they indicated that these enzymes may not limit

gluconeogenesis. Nevertheless, De Smet and Blust (2001)

indicated that elevated activities of AST and ALT in liver,

kidney and gill tissue of Cyprinus carpio following 0.8, 4.0

and 20 lg/L Cd exposures for 29 days were due to

increased protein breakdown to deal with the energy

requirement. Vutukuru et al. (2007) indicated that Cr did

not change the serum AST and ALT activity whereas as

caused a significant increase in the enzyme activities due to

possible leakage of enzymes across damaged plasma

membranes or the increased synthesis of enzymes by the

liver. Gill et al. (1991) observed inhibitions in ALT and

AST activities in the liver, kidney and gills of Barbus

conchonius following 12.6 mg Cd/L for 48 h. Data from

the field also show that enzyme activities in contaminated

and uncontaminated waters differ significantly. It was

shown that chronic exposure of Perca flavescens to Cu, Cd

and Zn impairs growth and alters the seasonal cycling of

carbohydrate and lipid metabolisms as well as the activities

of metabolic enzymes such as AST and ALT and also AST

activity was found to be higher in the liver of fish from

contaminated lakes (Quebec, Canada) than the reference

site (Levesque et al. 2002). The enhancement of the ami-

notransferase activities may occur in order to counter the

energy demand during metal stress, however decrease in

their activities may be observed as a result of high metal

accumulations in the tissues. Thus, aminotransferases can

be measured sensitively to assess the levels of contami-

nation in the environment and toxicity of metals before the

occurrences of detrimental effects.

Total protein concentration did not change following

metal exposures compared to that of control value

(70.0 ± 2.45 mg prot/g wet weight) (Fig. 3). Similarly, De

Smet and Blust (2001) observed no changes in total protein

content in different tissues of C. carpio including liver

following Cd exposures. Levesque et al. (2002) also

recorded that the amount of liver protein was not different

among the control and metal contaminated regions of lakes

in Quebec (Canada). On the other hand, Almeida et al.

(2001) reported that there was a decrease in total protein

concentration in the liver of O. niloticus following Cd

exposures and indicated that this decrease may represent a

great protein reserve depletion induced by Cd treatment,

liberating amino acid for gluconeogenesis. Abdel-Tawwab

et al. (2007) also suggested that low liver protein levels

after increasing Cu concentrations could be associated with

disturbances in the liver protein synthesis and protein

breakdown due to the Cu toxicity or increased export of

liver proteins like Cu binding proteins such as ceruloplas-

min, albumin, metallothioneins into the circulations.

Proteins are a major constituent in the metabolism of fish

and metals may be involved in the functioning of these

molecules, therefore it is significant to analyze the changes

in protein metabolism after metal exposure.
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Fig. 1 AST activity in the liver of O. niloticus exposed to metals.

Data are expressed as mean (n = 8) ± standard error. p-Values

indicate the results of one-way ANOVA while asterisks indicate the

results of LSD test
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Fig. 2 ALT activity in the liver of O. niloticus exposed to metals. See

Fig. 1 for details
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Fig. 3 Total protein concentration in the liver of O. niloticus exposed

to metals. See Fig. 1 for details
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Concentration of free sulfhydryl group significantly

decreased following all metal exposures (Fig. 4). The

lowest sulfhydryl group concentration was measured in fish

exposed to Ag for 5 days (39.7 ± 5.56 nmol/mg prot.)

when compared to that of control (80.02 ± 2.28 nmol/mg

prot.). Significant decreases of sulfhydryl group levels after

all metal exposures may be attributed to high affinity ofSH

groups to metals. Free –SH groups are measured with the

method used here. When metals bind on –SH group, it is

not measurable with the method as molecular structure

changes. Thus, the decrease of –SH group may be

explained by binding of metal on –SH groups (Gravato

et al. 2006). It was known that sulfhydryl groups are

important molecules in metallothioneins (MTs) that are

low molecular weight (*7000 Da), cysteine-rich (33%),

heat-resistant metal binding metals. Binding of non-

essential metals such as Cd to MTs prevents the reaction of

the metals with other cellular molecules, thereby providing

protection against metal toxicity and MTs are also involved

in storage of essential metals such as Cu and Zn (Heath

1995). The other important molecule, containing –SH

groups, is glutathione (GSH) that is a tripeptid basically

acts as an intracellular reductant and nucleophile. It has a

pivotal role in antioxidant defence system against metals

causing oxidative stress and it was suggested that altered

GSH levels can be associated with increased biosynthetic

enzyme activities and binding of metals to –SH groups of

GSH, respectively (Elia et al. 2003; Ahmad et al. 2005;

Gravato et al. 2006). Therefore, using these non-enzymatic

parameters in ecotoxicology researches could be beneficial

together with enzymatic parameters to determine the tox-

icity of metals.

Total metal concentrations (lg/dry weight) in the liver

of the control fish were measured as 5.22 ± 0.38 for Cd,

173.4 ± 20.2 for Cu and 62.5 ± 2.73 for Zn (Fig. 5).

Following metal exposures, significant metal accumulation

occurred only for Cd, Cu and Zn in the liver of O. niloticus.

Cd accumulation rate was highest when compared to

accumulation rate of other metals. Ag and Cr levels in both

control and metal exposed fish were lower than detection

limit of the instrument. There are many studies showing

metal accumulation in fish tissues in the literature. Those

studies showed that metal accumulation generally occur in

tissues in relation to exposure concentrations and periods,

though some other factors such as ions, pH, hardness and

temperature of water also play significant roles in accu-

mulation (Eroglu et al. 2005).

In conclusion, variable responses of liver biochemical

parameters (summarized in Table 1 as percentages) to

metal exposures of O. niloticus could be due to metals,

their concentrations and durations. The alteration in ami-

notransferase activities indicates changes in energy

metabolism in response to an enhanced energy demand to

compensate the stress situation. It was shown that these
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Fig. 4 Sulfhydryl concentration in the liver of O. niloticus exposed to

metals. See Fig. 1 for details

Fig. 5 Cd, Cu and Zn concentrations in the liver of O. niloticus
exposed to metals. See Fig. 1 for details

Table 1 A summary of maximum effects of metals on the enzymatic

and non-enzymatic parameters in the liver of O. niloticus

Parameters Cd Cu Ag Zn Cr

AST : : : : :

p \ 0.01 p \ 0.01 p \ 0.01 p \ 0.01 p \ 0.01

132% 141% 183% 312% 186%

ALT ; ; ; ; :

p \ 0.05 p \ 0.01 p \ 0.01 p \ 0.01 p \ 0.01

30% 43% 52% 52% 51%

Total protein - - - - -

p [ 0.05 p [ 0.05 p [ 0.05 p [ 0.05 p [ 0.05

Sulfhydryl ; ; ; ; ;

p \ 0.01 p \ 0.01 p \ 0.01 p \ 0.01 p \ 0.05

39% 32% 50% 50% 22%

Total metal : : ND : ND

p \ 0.01 p \ 0.05 p \ 0.002 p \ 0.05 p \ 0.003

335% 57% lg/mL 20% lg/mL

Significant increases or decreases in the levels of the parameters were

indicated by up and down arrows respectively, together with %

variations. ND = Not detected (below detection limit)

320 Bull Environ Contam Toxicol (2009) 82:317–321

123



enzymes are influenced by metals before their accumula-

tion in liver. The extent and duration of these responses

can, at least partly, be attributed to the concentrations of

free –SH containing, metal binding molecules such as MTs

and GSH. Biomarkers represent metal-induced changes in

biological systems that can serve as linkers between envi-

ronmental contamination and its effects on the ecosystem

health. In this view, this study provides a beneficial data

with studying both enzymatic and non-enzymatic bio-

chemical parameters in the detoxification organ liver to

show the health status of fish before the occurrence of the

detrimental effects and give valuable information about the

chronic adverse effects caused by metals in the water, even

in relatively low level. Nevertheless, further research is

required to assess the other metabolic effects in other tis-

sues of fish.
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Antioxidant responses and bioaccumulation in Ictalurus melas
under mercury exposure. Ecotoxicol Environ Saf 55:162–167.

doi:10.1016/S0147-6513(02)00123-9

Ellman GL (1958) A colorimetric method for determining low

concentrations of mercaptons. Arch Biochem Biophys 74:443–

450. doi:10.1016/0003-9861(58)90014-6

Eroglu K, Atli G, Canli M (2005) Effects of metal (Cd, Cu, Zn)

interactions on the profiles of metallothionein-like proteins in the

Nile fish Oreochromis niloticus. Bull Environ Contam Toxicol

75:390–399. doi:10.1007/s00128-005-0766-0

Gill TS, Tewari H, Pande J (1991) In vivo and in vitro effects of

cadmium on selected enzymes in different organs of the fish

Barbus conchonius Ham. (rosy barb). Comp Biochem Physiol C

100:501–505. doi:10.1016/0742-8413(91)90030-W

Gravato C, Teles M, Oliveira M, Santos MA (2006) Oxidative stress,

liver biotransformation and genotoxic effects induced by copper

in Anguilla anguilla L. – the influence of pre-exposure to b-

naphthoflavone. Chemosphere 65:1821–1830. doi:10.1016/

j.chemosphere.2006.04.005

Heath AG (1995) Water pollution and fish physiology, 2nd edn. CRC

Press, New York, p 359

Levesque HM, Moon TW, Campbell PGC, Hontela A (2002)

Seasonal variation in carbohydrate and lipid metabolism of

yellow perch (Perca flavescens) chronically exposed to metals in

the field. Aquat Toxicol 60:257–267. doi:10.1016/S0166-

445X(02)00012-7

Morgan IJ, Henry RP, Wood CM (1997) The mechanism of acute

silver nitrate toxicity in freshwater rainbow trout (Oncorhynchus
mykiss) is inhibition of gill Na? and Cl- transport. Aquat

Toxicol 38:145–163. doi:10.1016/S0166-445X(96)00835-1

Parvez S, Pandey S, Ali M, Raisuddin S (2006) Biomarkers of

oxidative stress in Wallago attu (Bl. and Sch.) during and after a

fish-kill episode at Panipat, India. Sci Total Environ 368:627–

636. doi:10.1016/j.scitotenv.2006.04.011

Vutukuru SS, Prabhath NA, Raghavender M, Yerramilli A (2007)

Effect of arsenic and chromium on the serum amino-transferases

activity in Indian major carp, Labeo rohita. Int J Environ Res

Public Health 4:224–227

Zikic RV, Stajn S, Pavlovic Z, Ognjanovic BI, Saicic ZS (2001)

Activities of superoxide dismutase and catalase in erytrocyte and

plasma transaminases of goldfish (Carassius auratus gibelio
Bloch.) exposed to cadmium. Physiol Res 50:105–111

Bull Environ Contam Toxicol (2009) 82:317–321 321

123

http://dx.doi.org/10.1016/j.aquaculture.2006.12.020
http://dx.doi.org/10.1016/j.chemosphere.2005.01.069
http://dx.doi.org/10.1016/S0269-7491(00)00221-9
http://dx.doi.org/10.1006/eesa.2000.2011
http://dx.doi.org/10.1006/eesa.2000.2011
http://dx.doi.org/10.1016/S0147-6513(02)00123-9
http://dx.doi.org/10.1016/0003-9861(58)90014-6
http://dx.doi.org/10.1007/s00128-005-0766-0
http://dx.doi.org/10.1016/0742-8413(91)90030-W
http://dx.doi.org/10.1016/j.chemosphere.2006.04.005
http://dx.doi.org/10.1016/j.chemosphere.2006.04.005
http://dx.doi.org/10.1016/S0166-445X(02)00012-7
http://dx.doi.org/10.1016/S0166-445X(02)00012-7
http://dx.doi.org/10.1016/S0166-445X(96)00835-1
http://dx.doi.org/10.1016/j.scitotenv.2006.04.011

	Effects of Metal (Ag, Cd, Cr, Cu, Zn) Exposures on Some Enzymatic and Non-Enzymatic Indicators in the Liver �of Oreochromis niloticus
	Abstract
	Materials and Methods
	Results and Discussion
	Acknowledgement
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


