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Abstract Healthy crucian carp (Carassius auratus)
were treated by intraperitoneal (i.p.) injection of crude
cyanobacterial extracts at two doses, 50 and 200 pg
MC-LR equiv kg~' BW. High mortality (100%) was
observed within 60 h post injection in the high-dose
group. In the treated fish, activities of four plasma
enzymes, alanine aminotransferase (ALT), alkaline
phosphatase (ALP), aspartate aminotransferase (AST),
and lactate dehydrogenase (LDH), all showed sub-
stantial increases, with both dose and time-dependent
effects. These increases of enzyme activity indicate
severe impairment occurred in the liver of crucian carp
over time. Plasma concentrations of energy-related
biomolecules including glucose (GLU), cholesterol
(CHO), triglyceride (TG), and total protein (TP)
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showed marked changes in the high-dose group,
possibly a nutritional imbalance correlated with the
liver injury caused by intraperitoneal exposure to crude
cyanobacterial extracts.

Keywords Carassius auratus - Cyanobacterial
extracts - Plasma - Biochemistry

Introduction

Cyanobacterial blooms and their associated cyano-
toxins have been documented in many eutrophic
inland waters during past decades. Among cyanotox-
ins, the hepatotoxic microcystins (MCs), for example
MC-LR and MC-RR, are considered to be one of the
most dangerous groups. It is known that MCs
accumulate mainly in the liver, but also in other
organs for example the kidneys, gills, and intestine
(Rébergh et al. 1991; Xie et al. 2004; Li et al. 2005;
Malbrouck et al. 2006). In the subtropical eutrophic
inland waters of China, massive cyanobacterial
blooms occur in the summer. Crucian carp (Carassius
auratus L), an omnivorous fish, is a dominant fresh-
water species in China. This carp can ingest a
significant portion of toxic cyanobacteria in eutrophic
lakes, leading to accumulation of MCs in various
organs (Xie et al. 2004; Xie 2006).

Marked blood biochemical responses often occur after
aquatic organisms have been exposed to microcystins,
with injury of organs (Réabergh et al. 1991; Fischer and
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Dietrich 2000; Malbrouck et al. 2003, 2006; Zhang et al.
2007). MC-induced liver damage has been correlated
with the elevation of the activity of some plasma
enzymes, for example alanine aminotransferase (ALT),
aspartate aminotransferase (AST), alkaline phosphatase
(ALP), and lactate dehydrogenase (LDH) (Fischer and
Dietrich 2000; Malbrouck et al. 2003, 2006; Molina
et al. 2005). Pathological alterations in the blood activ-
ities of these enzymes are generally a result of hepatocyte
leakage after cellular alteration or damage (Bernet et al.
2001; Malbrouck et al. 2006). The liver in fish plays an
important role in several vital functions of basic metab-
olism, and levels of blood glucose (GLU), cholesterol
(CHO), triglyceride (TG), and total protein (TP) are
generally affected by the metabolism of carbohydrate,
lipid, and protein, because of hepatic damage (Andenen
et al. 1992). There have been a few studies documenting
alterations of these indices after intraperitoneal injection
with pure microcystins (Rabergh et al. 1991; Vajcova
et al. 1998; Beasley et al. 2000).

Intraperitoneal (i.p.) injection is an important
technique in toxicological studies. Many studies have
used i.p. injection as the route of microcystin admin-
istration and purified MC-LR (concentration >95%)
has been used as toxicant (Rabergh et al. 1991; Kotak
et al. 1996; Vajcova et al. 1998; Beasley et al. 2000;
Malbrouck et al. 2003, 2006). Alterations in blood
biochemicals were documented in these studies.
Compared to pure MC-LR, the toxic effects of crude
cyanobacterial extracts are much more evident, as
substances from crude extracts may increase the rate of
uptake of toxins and the synergistic actions of toxins
(Oberemm et al. 1997, 1999; Buryskova et al. 2006;
Palikova et al. 2007; Falconer 2007). However, there
have been no reports documenting blood biochemical
responses of experimental animals to i.p. injection of
crude cyanobacterial extracts. In view of these facts,
the purpose of this study was, therefore, to evaluate the
acute effects of i.p. injection of crude cyanobacterial
extracts on plasma biochemical alterations in the
crucian carp.

Materials and methods
Fish

Healthy crucian carp (mean body weight
265.0 + 22.6 g) were purchased from a fish hatchery,
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and were transported to the laboratory. The experiment
was conducted with a water temperature of 25 £ 1°C
and a dissolved oxygen concentration between 6.0
and 7.1 mg 1~ by continuously aerating. Fish were
allowed to acclimate for 14 days prior to experimen-
tation in a 150-1 aquarium containing dechlorinated
tap water and were fed with commercial crucian carp
food at a rate of 2.0% of body weight per day.
Feeding was terminated 48 h before initiation of the
experiment, and no food was supplied to fish
throughout the experiment. Fish were kept in a 12-h
light/dark photoperiod.

Crude cyanobacterial extracts

Cyanobacteria (mainly composed of Microcystis
spp.) were collected from surface blooms of Lake
Dianchi, Yunnan of China; the predominant species
was Microcystis aeruginosa. Crude microcystins in the
cyanobacteria were extracted three times with 75%
(v/v) methanol and were suspended in distilled water
for the toxicity experiment. For determination of the
MC content of the cyanobacteria, the extract was
filtered through a glass microfibril filter (Whatman
GF/C; Maidstone, UK) and the filtrate was diluted 1:5
with distilled water. The diluted filtrate was then
applied to a 5-g reversed-phase ODS (octadecylsilane)
column previously activated with 50 ml methanol
(100%) followed by 50 ml distilled water. The
cartridges were then washed with 50 ml distilled
water. Microcystins were eluted from the cartridges
with 100 ml 100% methanol and then evaporated to
dryness. The residue was dissolved in 10 ml distilled
water and used for final detection. Quantitative
analysis of MCs was performed by reversed-phase
high-performance liquid chromatography (HPLC; LC-
10A; Shimadzu, Nakagyo-ku, Kyoto, Japan) on an
ODS column (Cosmosil 5C18-AR, 4.6 x 150 mm;
Nacalai, Japan); detection was with an SPA-10A UV-
vis spectrophotometer set at 238 nm. MC concentra-
tions were determined by comparing peak areas of the
test samples with those of the standards (MC-LR and
MC-RR; Wako Pure Chemical Industries, Japan).The
MCs content was 1.34 mg g~' dry weight (DW),
among which MC-RR and -LR were 0.84 and
0.50 mg g~' DW, respectively. The crude microcys-
tins extracts was finally diluted with aqueous salt
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solution (0.9% NaCl) to 136.5 pg ml~' MC-RR and
22.7 ug ml~' MC-LR.

Experimental protocol

Ten acclimated fish without administration were
denoted 0 h and sampled 2 h prior to injection. A total
of 180 acclimated crucian carp were injected intraper-
itoneally (i.p) under the ventral fin, into the peritoneum,
by syringe. Fish in the low-dose (n = 60) and high-
dose (n = 60) groups were injected i.p. with crude
cyanobacterial extracts containing 600 and 150 pg
microcystins (MC-LR + MC-RR) per kg body weight
(BW). Since LDsq (i.p.) in mice for MC-RR is about
five times higher than for MC-LR (Gupta et al. 2003),
the doses of 600 and 150 pg kg~ ! extracted MC-RR
and MC-LR toxins injected in this study were equiv-
alent to 200 and 50 pg kg 'purified MC-LR,
respectively. Control fish (n = 60) were injected i.p.
with an equal volume of distilled water. The 60 fish in
each dose group and in the control group were divided
equally into 12 aquariums. Six sampling points were
set during a period of 7 days in the experiment (1, 3, 12,
24,48 h, and 7 days post treatment). At each sampling
point, ten fish (from two tanks) for each dose group and
the control were anaesthetized with 0.02% pH-neu-
tralized tricaine methane sulfonate MS222 (ethyl ester
3-aminobenzoic acid; Sigma) and blood samples were
taken by caudal puncture with heparinized syringes.
Blood was centrifuged at 3,000g for 15 min at4°C; and
plasma was stored at —70°C until analysis.

Plasma biochemical analyses

For determinations, plasma enzyme activities (ALT,
AST, LDH, and ALP) and concentrations of GLU,
CHO, TG, and TP were measured with commercially
available reagent kits (Zhongsheng, China) based on
colorimetric reaction in an automatic analyzer (ACTA,
Italy). According to the manufacturers’ methods,
activities of enzymes ALT (EC 2.6.1.2) and AST
(EC 2.6.1.1) were determined by the method of
Bergmeyer et al. (1976). LDH (EC 1.1.1.27) activity
was measured by the method of Bergmeyer et al.
(1974), and ALP (EC3.1.3.1) activity was determined
according to method of McComb and Bowers (1972).
Other plasma biochemical indices (GLU, CHO, TG,

and TP) were measured by use of standard methods
(Lowry et al. 1951; Hawk et al. 1954).

Statistical analysis

Values were expressed as mean £ SD. One-way
Analysis of Variance (ANOVA) followed by Dun-
nett’s test was used to determine the levels of
difference between all doses groups over time, using
the Statistica software package (Version 6.0, Stat-
soft). Differences were measured and considered to
be statistically significant at P < 0.05.

Results

In the high-dose group (200 ug MC-LR equiv kg™
BW), 3, 5, and 11 fishes died 12, 24, and 48 h post
injection, respectively, and 100% fish mortality was
observed 60 h post injection. In contrast, no mortality
was found in the low-dose group (50 pg MC-LR
equiv kg~' BW) or the control group. In the high-
dose group, ALT, ALP, and AST activities all
increased significantly (P < 0.05) from 1 h post
injection, with rises of 69.44 £ 5.72, 55.17 + 4.33,
and 34.24 £ 2.58%, respectively, while LDH activity
increased significantly (P < 0.01) from 3 h post
injection with an increase of 37.25 £ 7.36%. How-
ever, in the low-dose group, ALT and ALP activities
increased significantly (P < 0.05) from 1 h post
injection whereas AST and LDH activities increased
significantly (P < 0.01) from 3 h post injection.
ALT, AST, ALP, AST, and LDH activities exhibited
significant differences (P < 0.05) at 48 h between the
low-dose and high-dose groups. Activities of the four
enzymes were apparently lower after 7 days than at
48 h post injection, and the fish exposed to the low
dose of MC-LR exhibited a recovery trend. Enzymes
AST, ALT, and ALP activities remained significantly
(P < 0.05) higher than in the control group until the
end of experiment and there were no significant
changes (P > 0.05) in the control (Fig. 1).

Similar changes of GLU (P <0.01) were
observed in both dose groups, with maximum values
at 12 h. TP, TG, and CHO levels in the high-dose
group exhibited significant changes (P < 0.01),
whereas no prominent changes (P > 0.05) were
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Fig. 1 Effect of i.p.
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observed in the low-dose group and control (Fig. 2).
TP, TG, and CHO levels exhibited significant
differences at 48 h between the low-dose and
high-dose groups.

Discussion

In this study, high mortality was observed in the high-
dose group injected with crude cyanobacterial
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extracts (200 pg MC-LR equiv kg~' BW). This dose
is evidently lower than the lethal dose of 550 pg kg™
in the common carp (Cyprinus carpio) and the LDs,
for rainbow trout (Oncorhynchus mykiss), which is
between 400 and 1,000 pg kg~', on injection of pure
MC-LR (Rabergh et al. 1991; Kotak et al. 1996).
These substantially different lethal doses might be
attributed to the strong toxic effects of crude cyano-
bacterial extracts, as previous studies indicate that
toxic effects of crude cyanobacterial extracts are
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much more evident than those of pure MC-LR
(Oberemm et al. 1997, 1999; Buryskova et al. 2006;
Palikova et al. 2007). Buryskova et al. (2006) support
the suggestion that microcystins are not the only or
major toxic compounds in the complex cyanobacte-
rial samples (at least for some species) and that more
attention should be paid to other components of
complex cyanobacterial biomass.

Blood parameters are useful and sensitive for
diagnosis of diseases and monitoring of the physio-
logical status of fish exposed to toxicants (Adhikari
et al. 2004). MC-induced alteration of the activities
of plasma enzymes (e.g. ALT, AST, ALP, and LDH)
are frequently used to determine the toxic effects of
microcystins (Rabergh et al. 1991; Vajcova et al.
1998; Malbrouck et al. 2003; Molina et al. 2005).
These enzymes are present at low concentrations in
plasma, and increases of their activities in plasma
indicate the development of tissue lesions, particu-
larly hepatic lesion (Malbrouck et al. 2003). In the
current study, activities of the four liver-correlated
enzymes progressively increased over time, an indi-
cator of severe injury of the liver of crucian carp.
Malbrouck et al. (2003) have demonstrated that
significant increases in enzyme activity occurred in
the order ALT > AST > LDH in goldfish (Carassius
auratus) from 3, 24, and 24 h post injection with
125 pg pure MC-LR kg~' BW. Rabergh et al.
(1991) reported rather irregular changes in the
activities of plasma enzymes (ALT, LDH, and
AST) in common carp (Cyprinus carpio) after an
intraperitoneal injection of 150 pg pure MC-LR kg™
BW. Few studies have demonstrated ALP activity
alterations caused by microcystins in fish (Molina
et al. 2005). In the current experiment, significant
increases in the activities of ALT, ALP, and AST
were observed 1 h post injection, and LDH activity
increased dramatically from 3 h; the magnitude of
increase was in the order ALT > ALP > AST >
LDH. On the other hand, the extents of the increase in
enzyme activity in the current study exceeded those
of the earlier studies (Rabergh et al. 1991; Vajcova
et al. 1998; Malbrouck et al. 2003). It seems that
crude cyanobacterial extracts have more prominent
effects than purified MC-LR on alterations of the
activity of plasma enzymes in crucian carp. Similar
phenomena were also observed in the embryonic
development of aquatic organisms treated with crude
cyanobacterial extracts (Oberemm et al. 1999;

Buryskova et al. 2006; Palikova et al. 2007). It has
also been reported that the toxic effects of crude
extracted microcystins are much more evident than
those of pure MC-LR, probably because substances
(not yet identified) in the crude extracts increase the
rate of uptake of toxins; synergistic actions of toxins
and unknown substances could also increase toxicity.
Falconer (2007) reports that cyanobacterial toxins
present in Microcystis aeruginosa extracts are more
toxic than microcystins, and that the potentially
numerous nonmicrocystin compounds with bioactiv-
ity will not be quantitated. In fact, it has been
reported that lipopolysaccharides and microcystins
have a synergistic relationship; lipopolysaccharides
in the cell extracts might therefore enhance the
toxicity of microcystins (Best et al. 2002; Ding et al.
2006). It is worth noting that in the current study,
activities of all plasma enzymes in the low-dose
(50 pg MC-LR equiv kg~' BW) group were revers-
ible, suggesting a possible trend of the fish to return
to their normal status. This recovery was similar to
results for juvenile Carassius auratus i.p. injected
with 125 pg pure MC-LR kg~™' BW (Malbrouck
et al. 2003).

In fish, mobilization of energy stores is required
to maintain homeostasis during a chemical chal-
lenge. Blood concentrations of energy-related
biomolecules may be useful biomarkers of toxicant
stress, and GLU, TP, CHO, and TG may also be
used as energy sources during severe stress (Vajcova
et al. 1998; Re€hulka 2000). Plasma GLU is an
indicator of metabolic stress, and the biological
significance of elevated glucose levels in fish is
probably related to an increased demand for meta-
bolic substrates after exposure to a stress stimulus.
Rabergh et al. (1991) and Malbrouck et al. (2003)
explain alterations in plasma GLU levels as a
consequence of disruption of glycogen homeostasis
resulting from protein phosphatase inhibition. The
gradually decreasing GLU level was probably a
result of acute failure of hepatic gluconeogenesis
and of altered glucose mobilization and metabolism
(Beasley et al. 2000). In the current study, TP, CHO,
and TG in the high-dose group gradually decreased,
levels becoming very low compared with the
control, indicating a possible nutritional imbalance
after exposure to MC-LR; this result is in accor-
dance with earlier studies (Vajcova et al. 1998;
Beasley et al. 2000) in which it is concluded that
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decreased TP implies a failure of protein synthesis
because of liver injury caused by microcystins. In
the low-dose group, TP, CHO, and TG levels
exhibited no remarkable changes, indicating a
dose-dependent effect.

In conclusion, this study demonstrates that i.p.
injection of crude cyanobacterial extracts induced
significant elevations in the activity of liver-related
enzymes, and such increases were faster and greater
in extent than in previous studies with i.p. injection of
pure MC-LR. Plasma concentrations of energy-
related biomolecules changed markedly in the high-
dose group, possibly because of nutritional imbalance
correlated with hepatic injury after exposure to the
cyanobacterial extracts.

Acknowledgements We would like to express our sincere
thanks to Dr H.J.T. Goos and the anonymous reviewer for their
useful comments and suggestions on the manuscript. This
study is supported by a fund for lecture professor from
Huazhong Agricultural University and the National Natural
Science Foundation of China (30530170).

References

Adhikari S, Sarkar B, Chatterjee A, Mahapatra CT, Ayyappan
S (2004) Effects of cypermethrin and carbofuran on cer-
tain haematological parameters and prediction of their
recovery in a freshwater teleost., Labeo rohita (Hamilton).
Ecotoxicol Environ Saf 58:220-226

Andenen DE, Reid SD, Moon TW, Perry SF (1992) Metabolic
effects associated with chronically elevated cortisol in
rainbow trout (Oncorhynchus mykiss). Can J Fish Aquat
Sci 48:1811-1817

Beasley VR, Lovell RA, Holmes KR, Walcott HE, Schaeffer
DJ, Walcott HE, Schaeffer DJ (2000) Microcystin-LR
decreases hepatic and renal perfusion, and causes circu-
latory shock, severe hypoglycemia, and terminal
hyperkalemia in intravascularly dosed swine. J Toxicol
Env Health Part A 61:281-303

Bernet D, Schmidt H, Wahli T, Burkhardt HP (2001) Effluent
from a sewage treatment works causes changes in serum
chemistry of brown trout (Salmo trutta L.). Ecotox
Environ Safe 48:140-147

Bergmeyer HU, Gawehn K, Grassl M (1974) Enzymes as
biochemical reagents. In: Bergmeyer HU (ed) Methods of
enzymatic analysis, vol 1. Academic Press, New York,
pp 481-482

Bergmeyer HU, Bowers GN, Horder M, Moss DW (1976)
Provisional recommendations on IFCC methods for the
measurement of catalytic concentrations of enzymes. Clin
Chim Acta 70:F12, FM

Best JH, Pflugmacher S, Wiegand C, Eddy FB, Metcalf JS,
Codd GA (2002) Effects of enteric bacterial and cyano-
bacterial lipopolysaccharides, and of microcystin-LR, on

@ Springer

glutathione-S-transferase activities in zebra fish (Danio
rerio). Aquat Toxicol 60:223-231

Buryskova B, Hilscherova K, Babica P, Vrskova D, Marsélek
B, Bldha L (2006) Toxicity of complex cyanobacterial
samples and their fractions in Xenopus laevis embryos and
the role of microcystins. Aquat Toxicol 80:346-354

Ding XS, Li YY, Duan HY, Chung IK, Lee JA (2006) Toxic
effects of Microcystis cell extracts on the reproductive
system of male mice. Toxicon 48:973-979

Falconer IR (2007) Cyanobacterial toxins present in Micro-
cystis aeruginosa extracts—more than microcystins.
Toxicon 50:585-588

Fischer WJ, Dietrich DR (2000) Pathological and biochemical
characterization of microcystin-induced hepatopancreas
and kidney damage in carp (Cyprinus carpio). Toxicol
Appl Pharmacol 164:73-81

Gupta N, Pant SC, Vijayaraghavan R, Lakshmana Rao PV
(2003) Comparative toxicity evaluation of cyanobacterial
cyclic peptide toxin microcystin variants (LR, RR, YR) in
mice. Toxicology 188:285-296

Hawk PB, Oser BL, Summersion WH (1954) Practical physi-
ological chemistry. McGraw-Hill, New York

Kotak BG, Semalulu S, Fritz DL, Prepas EE, Hrudey SE,
Coppock RW (1996) Hepatic and renal pathology of
intraperitoneally administered microcystin-LR in rainbow
trout (Oncorhynchus mykiss). Toxicon 34:517-525

Li L, Xie P, Chen J (2005) In vivo studies on toxin accumu-
lation in liver and ultrastructural changes of hepatocytes
of the phytoplanktivorous bighead carp i.p.-injected with
extracted microcystins. Toxicon 46:533-545

Lowry OH, Rosebrough NJ, Farr AL, Randall RJ (1951) Pro-
tein measurement with the folin phenol reagent. J Biol
Chem 193:269-275

Malbrouck C, Trausch G, Devos P, Kestemont P (2003)
Hepatic accumulation and effects of microcystin-LR on
juvenile goldfish Carassius auratus L. Comp Biochem
Physiol Part C 135:39-48

Malbrouck C, Kestemont P (2006) Effects of microcystins on
fish. Environ Toxicol Chem 25:72-86

McComb RR, Bowers GN Jr (1972) Study of optimal buffer
conditions for measuring alkaline phosphatase activity in
human serum. Clin Chem 18:97-104

Molina R, Moreno I, Pichardo S, Jos A, Moyano R, Monterde
JG (2005) Acid and alkaline phosphatase activities and
pathological changes induced in Tilapia fish (Oreochr-
omis sp.) exposed subchronically to microcystins from
toxic cyanobacterial blooms under laboratory conditions.
Toxicon 46:725-735

Oberemm A, Fastner J, Steinberg CEW (1997) Effects of mi-
crocystins-LR and cyanobacterial crude extracts on
embryo-larval development of zebrafish (Danio rerio).
Water Res 31:2918-2921

Oberemm A, Becker J, Codd GA, Steinberg C (1999) Effects
of cyanobacterial toxins and aqueous crude extracts of
cyanobacteria on the development of fish and amphibians.
Environ Toxicol 14:77-88

Palikova M, Krej¢i R, Hilscherova K, Babica P, Navratil S,
Kopp R, Blaha L (2007) Effect of different cyanobacterial
biomasses and their fractions with variable microcystin
content on embryonal development of carp (Cyprinus
carpio L.) Aquat Toxicol 81:312-318



Fish Physiol Biochem (2008) 34:323-329 329

Réhulka J (2000) Influence of astaxanthin on growth rate, Xie L, Xie P, Ozawa K (2004) Dynamics of microcystins-LR
condition, and some blood indices of rainbow trout, On- and -RR in the phytoplanktivorous silver carp in a sub-
corhynchus mykiss. Aquaculture 190:27-47 chronic toxicity experiment. Environ Pollut 127:431-439

Rabergh CMI, Bylund G, Eriksson JE (1991) Histopathological Xie P (2006) Microcystins in aquatic animals with potential
effects of microcystin-LR, a cyclic peptide toxin from the risk to human health. Science Press, Beijing
cyanobacterium (blue-green alga) microcystis aeruginosa, Zhang X, Xie P, Li D, Shi Z (2007) Haematological and
on common carp (Cyprinus carpio L.). Aquat Toxicol plasma biochemical responses of crucian carp (Carassius
20:131-146 auratus) to intraperitoneal injection of extracted micro-

Vajcova V, Navrati S, Palikovda M (1998) The effect of intra- cystins with the possible mechanisms of anemia. Toxicon
peritoneally applied pure microcystin-LR on haematological, 49:1150-1157

biochemical and morphological indices of silver carp
(Hypophthalmichthys molitrix Val.). Acta Vet Brno
67:281-287

@ Springer



	Plasma biochemical responses of the omnivorous crucian carp (Carassius auratus) to crude cyanobacterial extracts
	Abstract
	Introduction
	Materials and methods
	Fish
	Crude cyanobacterial extracts
	Experimental protocol
	Plasma biochemical analyses
	Statistical analysis

	Results
	Discussion
	Acknowledgements
	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


