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Carnosine, a specific constituent of excitable tissues of vertebrates, exhibits a significant
antioxidant protecting effect on the brain damaged by ischemic-reperfusion injury when it was
administered to the animals before ischemic episode. In this study, the therapeutic effect of

carnosine was estimated on animals when this drug was administered intraperitoneally
(100 mg/kg body weight) after ischemic episode induced by experimental global brain
ischemia. Treatment of the animals with carnosine after ischemic episode under long-term

(7–14 days) reperfusion demonstrated its pronounced protective effect on neurological
symptoms and animal mortality. Carnosine also prevented higher lipid peroxidation of brain
membrane structures and increased a resistance of neuronal membranes to the in vitro induced

oxidation. Measurements of malonyl dialdehyde (MDA) in brain homogenates showed its
increase in the after brain stroke animals and decreased MDA level in the after brain stroke
animals treated with carnosine. We concluded that carnosine compensates deficit in

antioxidant defense system of brain damaged by ischemic injury. The data presented
demonstrate that carnosine is effective in protecting the brain in the post-ischemic period.
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INTRODUCTION

Carnosine (b-alanyl-L-histidine) is a specific
constituent of excitable tissues of vertebrates pos-
sessing significant antioxidant properties (1–4). As it
was found in model experiments, carnosine inhibits

Fe2+-induced oxidation of membrane lipids (5),
oxidative modification of proteins (6), or DNA
fragmentation induced by reactive oxygen species
(ROS) (7,8). Carnosine was found to suppress ROS
generation taking place under activation of iono-
tropic glutamate receptors in vitro and to prevent
neuronal cell death both by apoptosis and necrosis
(9). When carnosine was injected into rats intraperi-
toneally before experimental ischemia it supported
microcirculation (10) and normalized a number of
biochemical parameters in the brain including syn-
aptosomal Na/K-ATPase (11,12) and mitochondrial
monoamine oxidase B (12). Moreover, using the same
application (intraperitoneally) of carnosine before
ischemic injury, it prevented also brain membrane
lipid disordering induced by oxidative stress, and
decreased animal mortality at the same time (10,12).
More recent studies demonstrated that carnosine can
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protect both in vitro and in vivo activity of some
important antioxidant enzymes like ceruloplasmine
(13) or superoxide dismutase (14,15)

In this study, the antioxidant ability of carnosine
was estimated on animal models when it was
administered intraperitoneally following free radical
brain damage induced by experimental brain ische-
mia. We were able to demonstrate the pronounced
protective effect of carnosine on neurological symp-
toms, animal viability and reparation of brain mem-
branes damaged by oxidative stress under
experimental brain ischemia.

EXPERIMENTAL PROCEDURE

Animals. Two different kinds of animals were used in our

experiments: Wistar rats and Mongolian gerbils. The animals were

purchased from The Institute of Experimental Pharmacology,

Slovak Academy of Sciences, Slovak Republic. Animals were

treated and handled according to the guidelines of the European

Union Council. This was controlled by the Jessenius Faculty of

Medicine, Comenius University Ethics Committee and approved

by the State Veterinary Commission of the Slovak Republic (No

3669/00–220). The animals were housed in a well ventilated animal

room under a light/dark cycle of 12:12 h (light on from 06:00 to

18:00 h). The animals had free access to food (MP 30, Dobra Voda,

Slovak Republic) and water.

Surgical Methods. Two experimental brain ischemia models

(Models 1 and 2), induced by a short-term occlusion of the head

arteries with subsequent long-term reperfusion, were used in this

study.

Model 1: Wistar rats (280–300 g body weight, n = 20) were

used in this set of experiments. Modification to the 4-vessel

occlusion model (16) was made and animals were exposed to 3-

vessel occlusions (both common carotid arteries and the left arteria

vertebralis) for 15 min. One group of animals (n = 7) was treated

with i.p. injection of 1 ml saline, 1 min before clip removal; injec-

tions were repeated after 3, 8, 24 h, and each day during the entire

6-day reperfusion period. The second group of animals (n = 8)

were treated with carnosine dissolved in saline solution in amount

corresponding to dose of 100 mg/kg body weight) using the same

protocol. From the second day, both groups of animals were

treated with 3-nitropropionic acid (3-NP) (30 mg/kg body weight

during 2–4 days and 20 mg/kg body weight during the 5th and 6th

days after the surgical operation). The morbidity of the rats of both

groups was analyzed throughout the experimental period using the

6-point neurological symptoms scale to classify ‘‘Huntington’s

disease’’ induced by 3-NP (17,18). At the end of experiment (7th

day) the rats were decapitated and the gray matter was used for

biochemical analysis. Remaining animals (n = 5) were not oper-

ated and used as a control.

Model 2: (Mongolian gerbils). Two-vessel occlusion (left and

right arteria carotis communis) producing brain ischemia was fol-

lowed by long-term reperfusion in this animal group (19,20).

Mongolian gerbils of 65–75 g body weight (n = 29) were subjected

to 30-min brain ischemia followed by 13-day reperfusion. The

animals of the first group (n = 15) were treated with an i.p.

injection of 0.5 ml saline fifteen minutes before reperfusion. The

injections were repeated at 3, 8, and 24 h and each day of the

experiment. The animals of the second group (n = 8) were treated

with carnosine (100 mg/kg, dissolved in 0.5 ml saline) using the

same protocol. Morbidity was estimated using the McGrow Stroke

Index (21). After 13 days of reperfusion the living animal from

both groups were decapitated and gray matter was used for bio-

chemical analysis. The data from biochemical analysis were com-

pared with that obtained from control gerbil brain samples (n=6)

that were not subjected to surgery.

Biochemical Methods. Brain gray matter membrane fractions

were obtained and Fe2+-induced chemiluminescence (CL) was

measured as described in detail earlier (22) using LKB)1251
chemiluminometer. Fast CL response (h, mV) was used as an index

of lipid hydroperoxide,s stationary level in the sample analyzed; lag

period (s, s)––between addition of 2.5 mM FeSO4 and slow CL

flash––as a factor characterizing oxidative resistance of the mem-

brane structures. The CL yield during 15 min of measurement (H)

was used as an index characterizing susceptibility of the samples to

oxidation (23). In addition to this procedure, the lipid peroxidation

end products in the brain homogenate were measured with 2-

thiobarbituric acid taking the amount of malonic dialdehyde

(MDA) measured as the primary parameter indicating damage to

brain lipids (24).

Chemicals. Carnosine was purchased from Hamary Chemi-

cals Ltd. (Japan). 3-Nitropropionic acid, 2-thiobarbituric acid,

butanol, glacial acetic acid and other bench reagents were pur-

chased from Sigma Chemical Co., St.Luis, Mo. (USA).

RESULTS

Estimation of Clinical Status of the Animals

The rats that survived ischemic attack do not
demonstrate in general neurological symptoms until
day 7 of reperfusion. This hampers quantification of
both the individual response of animals to the dam-
aging effect of ischemia and the possible protection of
the animals by drugs injected after the ischemic epi-
sode. In order to increase post-ischemic injury we
used 3-NP, which was injected according to the
protocol described in Materials and methods. As a
result of the combination of ischemia and 3-NP
treatment, strong neurological symptoms developed
over time (starting from day 3 of the experiment), the
level of neurological defects being notably milder in
the group of animals that had been treated with
carnosine during the period directly following ische-
mic injury (Fig. 1). There was no mortality during the
observation period in either group of animals.

Mongolian gerbils subjected to experimental
ischemia demonstrated both progressive mortality
and increased neurological symptoms during the first
days post surgery (see Fig. 2a and b). Early cases of
mortality in the group of un-treated animals were
noted on the 2nd day after ischemia and progressively
increased until the 7th day (80%). In the group of
animals treated with carnosine, mortality was noted
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starting from the 3rd day after ischemia; the number
of dead animals was significantly lower (42%). Neu-
rological symptoms in this group were also markedly
less. While the Stroke Index in both groups of ani-
mals (untreated and treated with carnosine) de-
creased with time to nearly the same level. This level
was achieved at a much faster rate in the carnosine
treated animals (2 days after the operation); in un-
treated animals this process took 7 days. Further
recovery was slower and indistinguishable for both
ischemic groups of animals (Fig. 2b).

Biochemical Results

Following the acute post-ischemic period (7th
day in rats and 14th day in gerbils) the animals were
decapitated and the brain homogentates were used to
determine MDA and resistance of neuronal mem-
branes to in vitro Fe2+-induced lipid peroxidation. In
Tables I and II the results of these experiments are
presented for rats and Mongolian gerbils respectively.

As seen in Table 1, the stationary level of lipid
hydroperoxides (h) is greatly increased after brain
stroke in rats. However, when the animals were
treated with carnosine during the post stroke period,
the hydroperoxides accumulated to the significantly
lower rate. The CL lag-period (s) is reversed: it was
shortened after ischemic injury, but restored nearly to
the control level when carnosine treated animals were
analyzed. The parameter H (oxidizability character-
istic of membrane lipids) was similar in all three
cases, which demonstrates that membrane lipid pat-
tern is conservative and unchanged during the
experimental period. Thus, CL parameters showed
pronounced rat brain membrane oxidative damage
after an ischemic episode, which was not repaired
until the 7th day of ischemia. This is consistent with
severe neurological symptoms during this period
(Fig. 1). In the group of carnosine treated rats, the
CL parameters are close to control level, which cor-
relates with less severe neurological symptoms.

Measurements of MDA in brain homogenates of
the same animals demonstrate a tendency similar to
the above mentioned lipid hydroperoxides with an
increase in MDA level in the ischemic brain and a
decrease in that of animals treated with carnosine
(Table I). However, stationary levels of brain MDA
are very low and individual variations between the
animals are relatively high, therefore the differences
obtained are not statistically significant. It should be
noted that lipid hydroperoxides are more objective
parameters for evaluation of the brain membranes
damage due to ischemic-reperfusion injury than
MDA is.

Also the above parameters were found to be
similar in the Mongolian gerbils living to the 14th day
after-stroke injury (Table II). The stationary level of
lipid hydroperoxides (h) increased by ischemic injury
was normalized by carnosine. A lag-period (s) of lipid
peroxidation, decreased by brain ischemic injury, was
not only restored to previous level, but exceeded that
after carnosine treatment. At the same time, total

Fig. 1. Neurological symptoms in rats after experimental ischemia.
3-NP administration is shown by thick (30 mg/kg body weight,
2–4 days) and thin (20 mg/kg body weight, 5–6 days) lines with
arrow: full black line – animals treated with carnosine, dashed line
– untreated animals.

Table I. Chemiluminescence Parameters of the Fe2+-Induced Brain Membrane Oxidation Isolated from Control [Ischemic Rats Untreated
and Treated with Carnosine–Model 1]

Groups of animals n

Parameters of Fe2+-Induced Chemiluminescence

MDA nmoles/g tissueh, mV s, s H, mV

1 (Ischemia) 6 127.5±17.5* 67±8* 442±40 24.4±3.5
2 (Ischemia +Carnosine) 8 90.0±13.8** 110±12** 489±40 21.8±3.4
3 (Control) 5 69.5±10.6 98±7 458±26 21.6±2.6

*P<0.05 with respect to group 3 animals.
**P<0.05 with respect to group 1 animals.
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oxidizability of membrane lipids (H) and MDA level
changed non-significantly again (Table II).

DISCUSSION

The both approaches to the brain ischemia-rep-
erfusion injury used in our study, the modified

Pulsinelli model conducted by 3-NP injections in rats
and two-vessel occlusion of the carotides in Mongo-
lian gerbils, allowed us to estimate neurological def-
icit development in time. Clinical symptoms of the
brain damage in Mongolian gerbils are expressed
very well in comparison to the rats; thus in these
cases, one can characterize the gravity of ischemic
injury by the mortality of the animals.

Table II. Chemiluminescence Parameters of the Fe2+-Induced Brain Membrane Oxidation Isolated from Control [Ischemic Mongolian
Gerbils Untreated and Treated with Carnosine–Model 2]

Groups of animals n

Parameters of Fe2+-Induced Chemiluminescence

MDA nmoles/g tissueh, mV s, s H, mV

1 (Ischemia) 3 127±22.2* 66±8* 552±39 21.8±2.6
2 (Ischemia +Carnosine) 5 94.5±35.1 120±23*, ** 583±58 17.0±5.1
3 (Control) 6 78±13.9 87±6 677±69 23.4±2.6

*P<0.05 with respect to group 3 animals.
**P<0.05 with respect to group 1 animals.

Fig. 2. Mortality (a) and morbidity (b) of Mongolian gerbils at different periods following experimental ischemia. 1 – untreated animals
(full line). 2 – animals treated with carnosine as described in Materials and Methods (dashed line).
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Therefore, neurological deficit accumulation
after an ischemic episodes in rats can be only eluci-
dated when 3-NP was used in combination with
ischemia itself. This compound in the in vitro exper-
iments suppresses glucose transport into the neural
cells and glutamate re-uptake by brain synaptosomes.
It irreversibly inhibits mitochondrial succinate dehy-
drogenase and stimulates ROS formation by mito-
chondria. Therefore the administration of 3-NP
results in a chronic deficit in cellular energy supply
(25). Simultaneously 3-NP induces persistent
NMDA-receptors activation with calcium ions influx
into the neuronal cells and increase generation of
superoxide radicals (26). It is also known that 3-NP
administration leads to GSH depletion and diminu-
tion of glutathion peroxidase activity (27). All these
factors reinforce the oxidative stress induced by
ischemic injury and stimulate neuronal cell death
(28). The evidence exist that several antioxidants like
N-acetylcysteine prevent brain damage induced by
3-NP; when brain protein carbonyle amounts were
decreased, the striatum area specifically damaged by
3-NP was decreased (29).

Using both approaches, we were able to dem-
onstrate the protective effect of natural antioxidant
carnosine, injected into the blood of animals after
ischemic injury. The concentration (100 mg/kg)
which was previously effective in the experiments
with radioprotection (30) or prophylactic carnosine
injection 30 min before ischemic injury (12), was
also effective in experiments where carnosine was
injected into the blood stream after an ischemic
episode.

It is well known that initially, after ischemic in-
jury, brain neurons are subjected to ROS attack that
can induce immediate (necrotic) cell death; later, de-
layed apoptotic cell death can also take place (31).
3-NP exhausts the energy supply of the cells and thus
stimulates necrotic processes; in our experiments this
resulted in pronounced neurological symptoms after
the injection (Fig. 1). Carnosine not only decreases
the antioxidant stationary ROS level in the cells (10),
but it is also the compound that prevents neurode-
generation by both necrotic or apoptotic mechanisms
(9). Carnosine in physiological concentrations
(2–20 mM) is a more effective protector than
N-acetylcystein, (-tocopherol, ascorbic acid (32), or
cavinton (33). It could be that the above mentioned
properties of carnosine, in combination with its
ability to penetrate through the blood-brain barrier
and to be accumulated in the brain, might result in
neurological symptom improvement (rats and

gerbils) and in viability (gerbils) when it is injected
into blood after an ischemic episode.

Simultaneously, in a neurological situation,
carnosine improves biochemical parameters. Injec-
tion results in decreased lipid hydroperoxide levels
(which are very toxic for brain) and an increased
brain membrane resistance to ferrous ion induced
oxidation. Taken together these data demonstrate
that carnosine compensates deficits in the antioxidant
defense system damaged by ischemic injury, and ef-
fects the process even when carnosine is used after
ischemic conditions. These results are especially
important when considering the possibility of using
carnosine for treatment of the patients after a stroke.

ACKNOWLEDGMENT

This work was supported by the Ministry of Education grant

aAV/1105/2004, MVTS grant JLF II and MVTS grant JLF 03.

REFERENCES

1. Boldyrev, A. A., Dupin, A. M., Bunin, A. Ya., Babizhaev,

M. A., and Severin, S. E. 1987. The antioxidative properties of

carnosine, a natural histidine-containing dipeptide. Biochem.

Int. 15:1105–1113.

2. Boldyrev, A. A., Dupin, A. M., Pindel, E. V., and Severin, S. E.

1988. Antioxidative properties of Histidine-containing dipep-

tides from skeletal muscles of vertebrates. Comp. Biochem.

Physiol. 89B:245–250.

3. Kohen, R., Yamamoto, Y., Cundy, K., and Ames, B. 1988.

Antioxidant activity of carnosine, homocarnosine and anserine

present in muscle and brain. Proc. Natl. Acad. Sci. USA

85:3175–3179.

4. Aruoma, O. L., Laughton, M. J., and Halliwell, B. 1989.

Carnosine, homocarnosine and anserine: Could they act as

antioxidants in vivo? Biochem. J. 264:854–869.

5. Dupin, A. M., Boldyrev, A. A., Arkhipenko, Yu. V., and

Kagan, V. E. 1984. Protection by carnosine of Ca2+ transport

from lipid peroxidation. Byul. Eksp. Biol. Med. (in Russian) 98

8:186–188.

6. Kurella, E. G., Tyulina, O. V., and Boldyrev, A. A. 1999.

Oxidative resistance of Na,K-ATPase from brain and kidney.

Cell. Mol. Neurobiol. 19:133–140.

7. Chikira, M. and Mizukami, Y. 1991. Stereo-specific binding of

dinuclear Copper (II) complex of L-carnosine with DNA.

Chem. Lett. 1:189–190.

8. Boldyrev, A. A., Leinsoo, T. A., and Abe, H. 2002. Methyla-

tion of Neuropeptide Carnosine Modifies its Protecting but not

Antioxidant Properties. 33rd Annual Meeting Soc. Neurosci.,

Abstract #671.7, Washington, DC, USA.

9. Boldyrev, A. A., Song, R., Lawrence, D., and Carpenter, D. O.

1999. Carnosine protects against excitotoxic cell death

Carnosine Protective Effect Against the Brain Ischemic Injury 1287



independently of effects on reactive oxygen species. Neurosci-

ence 94:571–577.

10. Boldyrev, A. A., Kukley, M. L., Stvolinsky, S. L., and

Gannushkina, I. V. 1996. Carnosine and free radical defense

mechanisms in brain. Pages 600–613, in Packer, L., Traber, M.

G. and Xin, W. (eds.), Natural Antioxidants: Molecular

Mechanisms and Health Effects. Champaign, II: AOCS Press.

11. Kurella, E., Kukley, M., Tyulina, O., Dobrota, D., Matejovi-

cova, M., Mezesova, V., and Boldyrev, A 1997. Kinetic

parameters of Na/K-ATPase modified by free radicals in vitro

and in vivo. Ann. NY Acad. Sci. 834:661–665.

12. Stvolinsky, S., Kukley, M., Dobrota, D., Mezesova, V., and

Boldyrev, A. 2000. Carnosine protects rats under global

Ischemia. Brain Res. Bull. 33:445–448.

13. Kang, J. H., Kim, K. S., Choi, S. I., Kwon, H. Y., Won,

M. H., and Kang, T. C. 2002. Carnosine and related dipeptides

protect human ceruloplasmin against peroxyl radical-mediated

modification. Mol. Cells 13: 498–502.

14. Choi, S. Y., Kwon, H. Y., Kwon, O. B., and Kang, J. H. 1999.

Hydrogen peroxide-mediated Cu, Zn-superoxide dismutase

fragmentation: protection by carnosine, homocarnosine and

anserine. Biochim. Biophys. Acta. 1472:651–657.

15. Stvolinsky, S. L., Fedorova, T. N., Yuneva, M. O., and

Boldyrev, A. A. 2003. Protection of Cu/Zn-SOD by carnosine

under conditions of oxidative stress in vivo. Byul. Eksp. Biol.

Med. (in Russian). 135:151–154.

16. Pulsinelli, W. A. and Brierley, J. B. 1979. A new model of

bilateral hemispheric Ischemia in the un-anaesthetized rat.

Stroke 10:267–272.

17. Beal, M. F. 1994. Neurochemistry and toxin models in Hun-

tington’s disease. Curr. Opin. Neurol. 7:542–547.

18. Guyot, M. C., Hantaraye, P., Dolan, R., Palfi, S., Maziere, M.,

and Brouillet, E. 1997. Quantifiable bradykinesia, gait abnor-

malities and Huntington’s disease-like striated lesions in rats

chronically treated with 3-Nitropropionic acid. Neuroscience

79:45–56.

19. Kirino, T., Tamira, T. A., and Sano, K. 1985. Selective vul-

nerability of the hippocampus to Ischemia––reversible and

Irreversible types of Ischemic cell damage. Prog. Brain Res.

63:39–58.

20. Imon, H., Mitani, A., Andou, Y., Arai, T., and Kataoka, K.

1991. Delayed neuronal death is induced without postischemic

hyperexcitability: Continuous multiple-unit recording from

Ischemic CA1 neurons. J. Cerebr. Blood Fl. Metab. 11:819–823.

21. McGrow, C.P. 1977. Experimental cerebral infarction effects of

pentobarbital in Mongolian gerbils. Arch. Neurol. 34:334–336.

22. Fedorova, T. N., Boldyrev, A. A., and Gannushkina, I. V.

1999. Lipid peroxidation during experimental brain Ischemia.

Biochemistry (Moscow) 64:94–98.

23. Vladimirov, Y. A. 1966. Studies of antioxidant activity by

measuring chemiluminescence kinetics. Pages 125–144, in

Packer, L., Traber, M. G. and Xin, W. (eds.), Natural An-

tioxidants: Molecular Mechanisms and Health Effects.

Champaign, II: AOCS Press.

24. Umemura, K., Wada, K., Uematsu, T., Mizuno, A, and

Nakashima, M. 1994. Effect of 21-aminosteroid lipid peroxi-

dation inhibitor, U 74006F, in the rat middle cerebral artery

occlusion model. Eur. J. Pharmacol. 251: 69–74.

25. Guo, Z., Ersoz, A., Butterfield, A., and Mattson, M. P. 2000.

Beneficial effects of dietary restriction on general cortical syn-

aptic terminals: preservation of glucose and glutamate

transport and mitochondrial function after exposure to amy-

loid (-peptide, Iron, and 3-nitropropionic acid. J. Neurochem.

75:314–320.

26. Lafon-Casal, M., Pietry, S., Culcasi, M., and Bockaert, J. 1993.

NMDA-dependent superoxide production and neurotoxicity.

Nature 364:535–537.

27. Binienda, Z., Simmons, C., Hussain, S., Slikker, W. Jr., and

Ali, S. F. 1998. Effect of acute exposure to 3-Nitropropionic

acid on activities of endogeneous antioxidants in the rat brain.

Neurosci. Lett. 251:173–176.

28. Shulz, J. B., Henshaw, D. R., MacGarwey, U., and Beal, M. F.

1996. Involvement of oxidative stress in 3-Nitropropionic acid

neurotoxicity. Neurochem. Int. 29:167–171.

29. La Fontain, M. A., Geddes, J. W., Banks, A., and Butterfield,

A. 2000. Effect of exogenous and endogenous antioxidants on

3-nitropropionic acid-induced in vivo oxidative stress and stri-

atal lesions: Insights into Huntington’s disease. J. Neurochem.

75:1709–1715.

30. Boldyrev, A. A. and Severin, S. E. 1990. The Histidine-con-

taining dipeptides, carnosine and anserine: Distribution,

properties and biological significance. Adv. Enzyme Reg.

30:175–194.

31. Nicotera, P. 2000. Apoptosois and neurodegeneration: Role of

caspases. Pages 3–9, in Krieglstein, J. and Klumpp, S. (eds.),

Pharmacology of Cerebral Ischemia. Stuttgart: Med. Pharm.

Sci. Publ.

32. Klebanov, G. I., Teselkin, Yu. O., Babenkova, I. V., Popov,

I.N., Levin,G., Tyuina,O.V., Boldyrev,A.A., andVladimirov,

Yu. A. 1997. Evidence for a direct interaction of superoxide

anion radical with carnosine. Biochem. Mol. Biol. Int. 43:

99–106.

33. Chasovnikova, L. V., Formazyuk, V. E., Sergienko, V. I.,

Boldyrev, A. A., and Severin, S. E. 1990. Antioxidant prop-

erties of carnosine and other drugs. Biochem. Int. 20:1097–

1103.

1288 Dobrota et al.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /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 <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


