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Abstract Standard microelectrode technique was used to

study electrical activity of the isolated heart of the poly-

chaete annelid, Arenicola marina. Typical pacemaker

activity with slow diastolic depolarization was observed in

all recordings. The average maximum diastolic potential

(-58.4 ± 3.2 mV), the average amplitude of the action

potential (28.7 ± 4.7 mV) and the average total duration

of the action potential (2,434 ± 430 ms) were determined.

There has been no gradient of automaticity observed in our

studies, which suggests that all regions of the Arenicola

heart could possess pacemaker functions. Acetylcholine

(ACh) produced a concentration dependent (5 9 10-8–

5 9 10-5 M) increase of the beating rate via increase in

the rate of the diastolic depolarization. ACh (5 9 10-5 M)

increased beating rate by 2.5-fold compared to the control

rate. A stronger action of ACh resulted in depolarization,

block of action potential generation and contracture of the

heart. The non-hydrolysable ACh analog carbacholine

(10-8–10-6 M) produced similar effects. All effects of

ACh and carbacholine were abolished by 5 9 10-6 M

atropine. D-Tubocurarine (5 9 10-5 M) did not signifi-

cantly alter effects of ACh or carbacholine. Epinephrine

(10-8–10-6 M) caused the slowing of pacemaker activity

and marked decrease of action potential duration. 10-6 M

epinephrine produced complete cardiac arrest. The

effects of epinephrine were not significantly altered by the

b-blocker propranolol (5 9 10-6 M). The b-agonist iso-

proterenol (10-7–10-5 M) and the a-agonist xylometazo-

line (10-6–10-5 M) did not produce significant effects.

Thus, cholinergic effects in the Arenicola heart are likely to

be mediated via muscarinic receptors, while the nature of

adrenergic effects needs further investigation.
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Abbreviations

ACh Acetylcholine

AP Action potential

APD50 Action potential duration to 50% of

repolarization

Introduction

During the course of the evolution of invertebrate animals,

Annelida was the first phylum that has a fully developed

heart as a specialized organ that pumps blood with stable

rhythmic activity. Although, polychaete annelids have

well-developed closed circulatory system with ventral and

dorsal longitudinal vessels (Prosser et al. 1951) that can

perform pumping function in most of the species, only few

species among polychaete and oligochaete worms have

developed specialized hearts to improve their blood

pumping capabilities. In Hirudinea annelids two lateral

heart tubes are present, which run longitudinally along the

entire length of an animal (Maranto and Calabrese 1984a).
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The two hearts of Arenicola marina are oval muscular

organs attached to the dorsolateral walls of the stomach,

one on each side (Fig. 1). Blood enters the heart from the

gut sinus and then flows to the ventral longitudinal vessel.

This heart has only one chamber, which consists of two

layers of myoepithelial cells and a layer of extracellular

matrix between them (Martynova and Chaga 2002). These

cells are 5–10 lm in diameter, non-striated and contain

thick and thin filaments and Z-bodies (Jensen 1974).

The physiology of the Arenicola heart is poorly investi-

gated. One of the hypotheses suggests a neurogenic nature of

the electrical activity of Arenicola heart. It was proposed

because of the stimulatory effect of acetylcholine (ACh) and

some specific extracellular recordings of the electrical

activity of the heart (Prosser and Zimmerman 1943; Prosser

1950; Prosser et al. 1951). Although modern morphological

studies haven’t described innervation in this heart (Marty-

nova and Chaga 2002), it is still unclear whether its electrical

activity has myogenic or neurogenic nature. In our earlier

study, we have also demonstrated the ability of the Arenicola

heart to generate a spontaneous rhythm which was inde-

pendent of its filling with blood (Tennova et al. 1982).

Among annelids, only leech heart physiology has been

extensively investigated in several studies. Leech hearts are

myogenic and isolated myocytes are capable of generating

their own spontaneous rhythm, but the heartbeat pattern is

driven by a central pattern generator (Maranto and Cala-

brese 1984b, c).

In this study, we show intracellular recordings of the

electrical activity of Arenicola heart that are similar to that

of some invertebrates with myogenic hearts, especially the

heart of mussel, as well as to that of vertebrate pacemaker

cardiomyocytes. We have also studied the stimulating

effect of acetylcholine (ACh) and the inhibitory effect of

epinephrine on action potentials (APs) generation in

Arenicola heart. Surprisingly, the pattern of electrical

activity in Arenicola heart and the receptor mechanisms of

cholinergic effects were found to be quite different from

those shown in other annelids with developed hearts, such

as leeches.

Materials and methods

The experimental protocol was approved by the Bioethics

Committee of Moscow State University.

Experiments were performed at the White Sea Biolog-

ical Station of Moscow State University (Karelia, Russia).

Adult polychaete annelids Arenicola marina L. were col-

lected at the littoral near the station in July–September. The

animals were kept in an aquarium with running sea water

(15�C) before experiment.

Registration of electrical activity

Worms were fixed in the preparation dish and a longitu-

dinal section of the muscular wall was made (Fig. 1). After

30 min, both hearts were separated from the stomach and

the efferent vessel, which connects the heart with the

ventral longitudinal vessel, was ligatured. After the heart

was filled with blood, the afferent vessel was also ligatured.

Finally the heart was removed and placed in the experi-

mental chamber with 3 ml of artificial sea water containing

NaCl 335.7 mM, KCl 7.25 mM, MgSO4 17.7 mM, MgCl2
21.4 mM and CaCl2 6.58 mM, and bubbled with O2. pH

was adjusted to 7.6 ± 0.2 with 1 N NaOH and 1 N HCl.

The heart was superfused at 15�C with a flow rate of 12 ml/

min. Work of the isolated heart remained stable for 3–4 h

with rhythm fluctuations that did not exceed 15% of the

rate after isolation. Both hearts were isolated from the

animal but only the most stable of the two hearts was used

in the final experiment.

Fig. 1 The location of hearts in

the dissected lugworm

Arenicola marina. a Photograph

of the right heart. b General

view of the dissected worm.

H heart, DV dorsal vessel,

LV vessel of lateral (gastral)

sinus, G gut, SG salivary gland
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The floating microelectrode technique that has been

described earlier (Coraboeuf 1969) was used with some

modifications for the intracellular electrical activity regis-

tration. Transmembrane potentials were recorded with

glass microelectrodes (20–30 MX) filled with 3 M KCl and

connected to the high input impedance amplifier using

50 lm tungsten wire. This configuration allowed micro-

electrode to stay inside a cell during contraction of the

heart. The signal was digitized, recorded and analyzed

using specific software (L-card, Moscow, Russia; Syna-

ptosoft, Fort Lee, NJ, USA). Spontaneous APs were reg-

istered from the outer heart surface. Stable impalements

were maintained during the entire period of drug action.

However, it was quite difficult to obtain such stable

impalement due to the high amplitude of the heart con-

tractions and the small size of the cells. The rate of suc-

cessful experiments was 64.4%. Changes in the beating

rate of the heart and the AP duration at 50% of repolari-

zation (APD50) were determined.

Drugs

ACh chloride, carbacholine chloride, atropine, D-tubocu-

rarine chloride hydrate, epinephrine, propranolol hydro-

chloride, xylometazoline hydrochloride and isoproterenol

were purchased from Sigma (St. Louis, MO, USA).

Statistical analysis

A total of 87 animals were used in this study, but only 56

experiments were successful. Data are expressed as

mean ± S.D. The effects of ACh, carbacholine, epineph-

rine and other agonists on APD50 and heart rate were

compared with respective basal values of APD50 and heart

rate using the Wilcoxon test. The effects of ACh and other

agonists alone and in the presence of different antagonists

were compared using a Mann–Whitney test. P B 0.05 was

adopted as the level of significance.

Results

Morphology of the electrical activity

of the Arenicola heart

The pattern of electrical activity varied greatly among the

cells of the Arenicola heart. Different types of activity are

shown in Fig. 2. However, the membrane potential was not

stable in all cells during diastole, and slow diastolic

depolarization was always observed. Maximal diastolic

potential was -58.4 ± 3.2 mV (n = 22).

AP amplitude also varied among the cells and the hearts;

the average amplitude of AP was 28.7 ± 4.7 mV (n = 22).

Positive values of the peak potential were never registered.

AP duration varied from 1,200 to 4,000 ms, with an

average duration of 2,434 ± 430 ms. Average AP upstroke

velocity was 0.36 ± 0.04 V/s. Input resistance of the cells

was about 12–14 MX. This relatively low input resistance

could possibly be explained by the electrical coupling

between myocytes within the heart (Maranto and Calabrese

1984a) but further investigation is needed to obtain accu-

rate data for the cell coupling inside the heart tissue.

Some cells showed a smooth transition between dia-

stolic depolarization and the AP upstroke (Fig. 2c) but in

some cells, such transition was quite abrupt. However, we

could not determine any specific morphological location

for these two different types of electrical activity; both of

these types of activity were observed throughout the heart.

Moreover, in six experiments, we found that the change of

activity from one type to another occurred during the long

AP registration. In seven additional experiments, we cut

the heart into two pieces and studied each part separately.

We found that each piece was able to generate its own

rhythm. The beating rate of the upper part was higher in

four out of seven hearts, and in the other three hearts the

beating rate was higher in the lower part. Thus, there seems

to be no gradient of automaticity in the Arenicola heart.

Cholinergic effects

ACh was tested in concentrations from 5 9 10-8 M up to

5 9 10-5 M followed by 30-min washouts after each

ACh application. ACh caused dose-dependent increase in

Fig. 2 Original traces of APs recorded from different hearts. a, b APs

in latent pacemaker cells. c APs in primary pacemaker cells
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the beating rate of the Arenicola heart (Figs. 3, 4a). A

representative example of 10-5 M ACh effect is shown in

Fig. 3a. 5 9 10-5 M ACh caused a prolongation of the

AP depolarization and arrest of heart activity in systole in

five out of six experiments. The average maximum

increase of beating rate during the action of 5 9 10-5 M

ACh was 254.5 ± 37.7%, compared to the control heart

rate. Other concentrations did not significantly affect the

AP amplitude. Only the high ACh concentrations

(5 9 10-6 M–5 9 10-5 M) caused a significant reduction

in AP duration (Figs. 3b, 4a): 5 9 10-6 M reduced

APD50 by 12.2 ± 1.9% of the control APD50;

5 9 10-5 M by 14.7 ± 1.7% (n = 6). During the ACh

effect, diastolic depolarization rate was increased and in

some cases, ACh caused a transformation of the transition

between diastolic depolarization and the AP upstroke

from abrupt to smooth.

All effects of ACh were mimicked by its non-hydroly-

sable analog carbacholine (10-8–10-6 M) (Fig. 4b, c).

10-6 M carbacholine stopped the heart right after exces-

sive rhythm increase. In additional series of experiments,

the muscarinic antagonist atropine (5 9 10-6 M) was

applied 5 min before adding 10-5 M ACh or 10-6 M

carbacholine. Atropine completely abolished all effects of

ACh and carbacholine (Fig. 4c). In another set of experi-

ments the nicotinic antagonist D-tubocurarine

(5 9 10-5 M) did not significantly alter the effects of ACh

and carbacholine (Fig. 4c).

Thus, the cholinergic agonists markedly increase the beating

rate of the heart and slightly reduce APD of the isolated heart of

Arenicola marina. All effects of ACh and carbacholine were

blocked by atropine, but not by D-tubocurarine.

Fig. 3 Original traces of APs during the action of 10-5 M ACh.

a Electrical activity during the action of 10-5 M ACh, the first arrow
marks the moment when solution of ACh came to the experimental

chamber. b Changes in AP configuration induced by ACh: APs which

are marked in a by arrows are superimposed

Fig. 4 Cholinergic effects on

the isolated Arenicola heart.

Ordinates: % increase in beating

rate or % decrease in APD.

a Dose-dependent effects of

ACh (n = 6). B Dose-

dependent effects of

carbacholine (n = 6).

c Influence of muscarinic

antagonist atropine (n = 6)

and nicotinic antagonist

D-tubocurarine (n = 6) on the

effects of ACh and

carbacholine. *P \ 0.05 versus

the respective control values,

Wilcoxon test. & P \ 0.05

effects of ACh or carbacholine

in the presence of atropine

versus ACh or carbacholine

alone, Mann–Whitney test
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Adrenergic effects

Epinephrine was studied in concentrations from 10-8 M up

to 10-6 M, followed by 30-min washouts after each epi-

nephrine application. Epinephrine caused a dose-dependent

reduction in the beating rate of the Arenicola heart (Figs. 5,

6a). A representative example of a 5 9 10-7 M epineph-

rine effect is shown in Fig. 5a. In four out of six experi-

ments, 5 9 10-7 M epinephrine caused a cardiac arrest

during the diastole phase of the heart cycle. At 10-6 M,

epinephrine stopped the heart in all experiments. Slowing

of rhythm was accompanied by the reduction of diastolic

depolarization rate. We have also found a marked reduc-

tion of APD during application of epinephrine (Figs. 5b,

6a). In four experiments, 5 9 10-7 M and 10-6 M epi-

nephrine also caused a gradual suppression of AP ampli-

tude before the final cessation of the heart activity

(Fig. 5c). However, lower epinephrine concentrations,

which did not suppress the electrical activity completely,

had no effect on the AP amplitude.

A synthetic agonist of b-adrenoreceptors, isoproterenol

(10-7 and 10-6 M) did not significantly alter the heart

rhythm and APD (Fig. 6b). Higher concentration of

isoproterenol (10-5 M) caused minor increase of the

rhythm. Agonist of a-adrenoreceptors, xylometazoline

(10-6 and 10-5 M) had no significant effect on the heart

function (Fig. 6c). In another series of experiments,

b-antagonist propranolol (5 9 10-6 M) was used 5 min

before adding epinephrine (10-7 M). Propranolol did not

alter the effects of epinephrine at all (Fig. 6c).

Thus, epinephrine reduces the heart rate and markedly

reduces APD in the isolated heart of Arenicola marina.

However, selective synthetic adrenomimetics did not

reproduce these effects.

Discussion

In this study, we demonstrate intracellular recording of the

electrical activity of the heart of a polychaete annelid. The

structure of Arenicola heart’s electrical activity closely

resembles electrical activity in the hearts of bivalve mol-

lusks (Shigeto 1970), insects (Hertel and Pass 2002), some

primitive crustaceans (Yamagishi 2003) and even, in part,

mammalian sinoatrial node (West 1955). The presence of

the diastolic depolarization, maximal diastolic potential

near -50–60 mV, rather small amplitude of AP (about 25–

30 mV) and absence of overshoot is typical for the pace-

maker cells of all these myogenic hearts. So, the electrical

activity of Arenicola heart markedly differs from the

myogenic activity of the heart cells from other annelids,

such as leeches, that have rhythmic bursts consisting of a

slow potential with several superimposed spikes (Maranto

and Calabrese 1984b). No typical excitatory junctional

potentials, which are the specific attribute of neurogenic

hearts (Sakurai and Yamagishi 2000), were observed in

Arenicola heart. Rapid potential rising in the beginning of

AP is likely to be rather a spike of AP than a junctional

potential, note that it appears at the end of the slow rising

of AP. Some cells that we observed in our experiments

were without this rapid rising of potential (Fig. 2b).

Moreover, according to some morphological studies, no

nerve elements were found in these hearts. The ability of

isolated Arenicola heart to work stable for several hours

could also be indicative of its myogenic rhythm nature.

Thus, we suggest that the automaticity of Arenicola heart

has a myogenic nature.

All cells in the Arenicola heart demonstrate the main

attribute of pacemaker activity which is confirmed by the

presence of the diastolic depolarization. It is generally

accepted that in the mammalian sinoatrial node, smooth

transition is typical for the primary pacemaker site cells

and sharp transition is registered in other parts of the node

that are driven by the leading pacemakers (Boyett et al.

2000). So, we propose that the cells of Arenicola heart with

a smooth transition also could represent the primary

Fig. 5 Original traces showing effect of epinephrine in high concen-

trations. a electrical activity during the action of 5 9 10-7 M

epinephrine, the first arrow marks the moment when solution of

epinephrine reached the experimental chamber. b Changes in the AP

shape induced by epinephrine: APs which are marked by arrows in

a are superimposed. c Electrical activity during the action of 10-6 M

epinephrine; epinephrine causes a reduction of AP amplitude
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pacemaker cell of the Arenicola heart. Moreover, we

believe that most of the cells may act as a primary pace-

maker and location of the leading pacemaker site may

change due to conditions. We could not find the gradient of

automaticity in Arenicola heart which suggests that auto-

maticity potentially has a diffuse nature and that the whole

heart could act as a pacemaker structure.

ACh had a strong positive chronotropic effect on the

Arenicola heart, which was mediated by the increased

slow diastolic depolarization rate. It is well known that

ACh usually causes reduction of rhythm in the hearts of

vertebrates as well as in most mollusks and some

arthropods and that it usually has a stimulating effect on

the neurogenic hearts (Prosser et al. 1951). It has been

shown also that besides Arenicola, positive cardiotropic

effects of ACh were found only in myogenic hearts of

insects (Pitman 1971; McFarlane and Ting-Ya Fong

1972) and Mytilidae mollusks (Shigeto 1970). The latter

studies have demonstrated that the effects of ACh in

mussel myocardium are very similar to those that we

observed in Arenicola heart. Shigeto (1970) noted that the

ACh-induced acceleration of the rhythm correlates with

increase in the diastolic depolarization rate and the

reduction of maximal diastolic potential within the range

of 2–13 mV. In several experiments, ACh caused com-

plete cardiac arrest after a strong increase in beating rate

and following membrane depolarization. However, Shigeto

(1970) did not explore the receptor nature of positive

ACh effects. In Hirudinea annelids, ACh causes depo-

larization of the cell membrane which can be effectively

blocked by curare and mimicked by nicotinic agonists

(Calabrese and Maranto 1986). Therefore, the effects of

ACh in leech heart seem to be mediated by nicotinic-like

receptors, which are pharmacologically similar to those

on annelids body wall muscle and vertebrate autonomic

ganglia (Calabrese and Maranto 1986). Our results indi-

cate that the effects of ACh and its non-hydrolysable

analog carbacholine in Arenicola heart are very sensitive

to muscarinic antagonist atropine, but almost insensitive

to high concentration of D-tubocurarine. Thus, the mech-

anisms of cholinergic effects are significantly different in

Polychaeta and Hirudinea annelids.

The physiological role of ACh for the lugworm heart is

also of interest. ACh usually acts as a neurotransmitter, but

Arenicola heart does not have innervation. Therefore, we

hypothesize that ACh could play a role as a humoral agent

in Arenicola heart. Further experiments are required to

locate the actual source of ACh in Arenicola’s heart and to

understand the physiological mechanisms of cholinergic

regulation on the Arenicola’s heart function in vivo.

Epinephrine (10-8–10-6 M) caused dose-dependent

reduction of the rhythm in Arenicola heart up to the

complete cessation of the pacemaker activity. It is known

that among invertebrates, similar inhibitory effect of nor-

epinephrine was observed only in the heart of the mussel

(Wollemann and Rozsa 1975), although it was exerted by

higher concentrations of norepinephrine (10-6–10-4 M).

Wollemann and Rozsa (1975) demonstrated that these

negative cardiotropic effects are mediated via inhibition of

adenylate cyclase but they did not study a receptor

Fig. 6 Adrenergic effects on

the isolated Arenicola heart.

Ordinates: % decrease in

beating rate or APD.

a Dose-dependent effects of

epinephrine (n = 7).

b Dose-dependent effects of

isoproterenol (n = 6).

c Effects of b-adrenoblocker

propranolol (n = 7); agonist

of b-adrenoreceptors,

isoproterenol (n = 6); and

agonist of a-adrenoreceptors,

xylometazoline (n = 6).

*P \ 0.05 versus the respective

control values, Wilcoxon test
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mechanism of norepinephrine action directly. Thus, Aren-

icola marina is found to be the second species that dem-

onstrates cardioinhibitory effects in response to some

adrenergic agonists. Moreover, the classical agonists and

antagonists of mammalian a and b-adrenoreceptors, which

are effective in the myocardium of vertebrates and several

invertebrate species, did not affect Arenicola heart’s

function substantially. Therefore, we suggest that the

myocardium of Arenicola marina expresses special type of

adrenoreceptors that are pharmacologically different from

the known vertebrate adrenoreceptor types.

Acknowledgments Authors are very grateful to Prof. Alexander

B. Tsetlin for the invaluable support of this study. Authors thank

Dr. Aleksey E. Lyashkov for important suggestions and analysis of

the manuscript.

Conflict of interest statement The authors declare that they have

no conflict of interest.

References

Boyett MR, Honjo H, Kodama I (2000) The sinoatrial node, a

heterogeneous pacemaker structure. Cardiovasc Res 47:658–687

Calabrese RL, Maranto AR (1986) Cholinergic action on the heart of

the leech, Hirudo medicinalis. J Exp Biol 125:205–224

Coraboeuf E (1969) Resistance measurements by means of micro-

electrodes in cardiac tissues. In: Lavallee M, Schanne OF,

Habert NC (eds) Glass microelectrodes. Wiley, New York,

pp 224–271

Hertel W, Pass G (2002) An evolutionary treatment of the morphol-

ogy and physiology of circulatory organs in insects. Comp

Biochem Physiol A Mol Integr Physiol 133(3):555–575

Jensen H (1974) Ultrastructural studies of the hearts in Arenicola
marina L. (Annelida: Polychaeta). Cell Tiss Res 156:127–144

Maranto AR, Calabrese RL (1984a) Neural control of the hearts in the

leech, Hirudo medicinalis. I.Anatomy, electrical coupling, and

innervations of the hearts. J Comp Physiol A 154:367–380

Maranto AR, Calabrese RL (1984b) Neural control of the hearts in the

leech, Hirudo medicinalis. II.Myogenic activity and its control

by heart motor neurons. J Comp Physiol A 154:381–391

Maranto AR, Calabrese RL (1984c) Neural control of the hearts in the

leech, Hirudo medicinalis. III.Regulation of myogenicity and

muscle tension by heart accessory neurons. J Comp Physiol A

154:393–406

Martynova MG, Chaga OY (2002) Heart and the peritoneal cover of

the gut sinus in the polychaete Arenicola marina: an ultrastruc-

tural and autoradiographic study. J Morphol 254:312–319

McFarlane JE, Ting-Ya Fong K (1972) Differences in the effect of

drugs on young and old hearts of the house cricket, Acheta
domesticus (L.). Comp Gen Pharmacol 3:271–276

Pitman RM (1971) Transmitter substances in insects: a review. Comp

Gen Pharmacol 2(7):347–371

Prosser CL (1950) The electrocardiogram of Arenicola. Biol Bull

98(3):255–257

Prosser CL, Zimmerman GL (1943) Effects of drugs on the hearts of

Arenicola and Lumbricus. Physiol Zool 16:77–83

Prosser CL, Brown FA, Bishop DW, Jahn TL, Wulff VJ (1951)

Comparative animal physiology. Saunders, Philadelphia

Sakurai A, Yamagishi H (2000) Graded neuromuscular transmission

in the heart of the isopod crustacean Ligia exotica. J Exp Biol

203:1447–1457

Shigeto N (1970) Excitatory and inhibitory actions of acetylcholine

on hearts of oyster and mussel. Am J Physiol 218(6):1773–1779

Tennova NV, Sukhova GS, Udel’nov MG (1982) The effect of stretch

and blood pressure on rhythmic activity of the heart in the

lugworm Arenicola marina. Zh Evol Biokhim Fiziol 18(5):460–

464

West TC (1955) Ultramicroelectrode recording from the cardiac

pacemaker. Pharmacol Exp Ther 115(3):283–290

Wollemann M, Rozsa SK (1975) Effects of serotonin and catechol-

amines on the adenylate cyclase of molluscan heart. Comp

Biochem Physiol 51C:63–66

Yamagishi H (2003) Aminergic modulation of the myogenic heart in

the branchiopod crustacean Triops longicaudatus. Zool Sci

20:841–846

J Comp Physiol B

123


	Bioelectrical activity in the heart of the lugworm Arenicola marina
	Abstract
	Introduction
	Materials and methods
	Registration of electrical activity
	Drugs
	Statistical analysis

	Results
	Morphology of the electrical activity  of the Arenicola heart
	Cholinergic effects
	Adrenergic effects

	Discussion
	Acknowledgments
	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 true
  /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 [5952.756 8418.897]
>> setpagedevice


