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Multitarget approach in the treatment of gastroesophagel reflux disease – 
comparison of a proton-pump inhibitor with STW 5 
Abdel-Aziz H.1,2, Khayyal M. T.3, Kelber O.2, Weiser D.2, Ulrich-Merzenich G.4 
1Inst. of Pharmaceutical & Medicinal Chemistry, University of Münster Pharmacology, 
Hittorfstr 58-62, 48149 Münster, Germany  
2Steigerwald Arzneimittelwerk Wissenschaft, Havelstr 5, 64295 Darmstadt, Germany  
3Faculty of Pharmacy, Cairo University Pharmacology, Cairo Egypt  
4Medizinische Poliklinik, University of Bonn, Wilhelmstr. 35-37, 53111 Bonn, Germany  
  
Gastroesophageal reflux disease (GERD) was the most common GI-diagnosis (8.9 
million visits) in the US in 2012 (1). Proton pump inhibitors (PPI) are presently the 
mainstay of therapy, but in up to 40% of the patients complete symptom control fails. 
STW5 was shown to relief coconcomitant reflux symptoms in patients with functional 
dyspepsia (2) and to prevent inflammation in an acute model of GERD without affecting 
the pH of the refluxate (3).  In the present study, the efficacy of STW5 compared to 
omeprazole was assessed in a sub-chronic model of GERD. Rats were pre-treated for 
7d either with STW5 (0.5 or 2 ml) or omeprazole (as reference drug). Esophagitis was 
induced surgically. Rats were treated for a further 10d with STW5 or omeprazole and 
sacrificed. The esophagi of the 5 groups (STW5, omeprazole, Sham, Control) were 
excised and evaluated.  Both treatments improved macroscopic parameters to a similar 
extent. Proteom-profiling of the tissue homogenates revealed a stronger and dose-
dependent down-regulation of proinflammatory parameters like IL-1ß, thymuschemokine 
or  Cinc2 in the STW5 groups compared to omeprazole.  Agilent whole genome 
microarrays of tissue and blood samples supported these findings (downregulation of 
IL1, IL1r, IL6r, IL-17, VCAM-1).  In addition both, STW5 and omeprazole, strongly 
modulated cerulosporin (CP; 63, 62 fold), prostacyclin synthase 1 (PS1; 51, 62fold) and 
CD163 (58, 54 fold). 
Gastric acid appears to be not the only causative agent in GERD. Since CP, PS1 and 
CD163 are recently discovered inflammatory and immune-modulators they may 
represent novel therapeutic targets of the inflammatory processes in GERD. The present 
findings might pave the way for the clinical use of multi-target anti-inflammatory agents 
like STW 5 in the treatment of GERD, especially in patients not adequately controlled by 
PPIs. 
  
1- Perry, et al. Gastroenterology 2012; 143:1179-1187 
2- Gundermann, et al.  Adv Ther  2003; 20:43–49 
3- Abdel-Aziz, et al. J Pharmacol Sci 2010; 113:134-42 
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Peak levels of cyanide after consumption of foods containing cyanogenic 
glycosides: A cross-over study on bioavailability in humans 
Abraham K., Buhrke T., Lampen A. 
Bundesinstitut für Risikobewertung Abt. Lebensmittelsicherheit, Max-Dohrn-Str. 8-10, 
10589 Berlin, Germany  
  
Background: The toxicity of cyanide after its release from cyanogenic glycosides in 
plants eaten as food (e.g. bitter almonds) is well-known. However, in terms of risk 
assessment, data is missing on the velocity of surge of cyanide levels in blood: In this 
special case of peracute toxicity, for a given dose, this surge determines the resulting 
peak levels and therefore the risk of toxic effects. In humans, clinical data of cyanide 
levels is available, but its use in risk assessment is an overly conservative approach, as 
the surge of cyanide after ingestion of inorganic salts is very rapid. In case of foods with 
cyanogenic glycosides, especially the velocity of the release of cyanide and the duration 
of the digestion processes are expected to cause a delay of this surge, leading to lower 
toxicity of the same dose. 
Study design: Cross-over study in healthy adults (n=12), consumption of persipan (100 
and 200 g, equivalent total cyanide: 68 mg/kg), linseed (30.9 g, cyanide: 220 mg/kg) and 
bitter apricot kernels (6 pieces, about 2.1 g, cyanide about 3200 mg/kg). Measurements 
of cyanide in whole blood (at least n=15 points of time), using a GC/MS method with 
K13C15N as internal standard. 
Results: Mean peak levels of cyanide were highest after consumption of bitter apricot 
kernels (14.2 µM, after 20 min, n=10), followed by linseed (5.7 µM, after 40 min) and 
100 g persipan (1.3 µM, after 105 min). All these “meals” contained equivalents of about 
6.8 mg cyanide. The double dose eaten with 200 g persipan resulted in a mean peak 
level of 2.9 µM (after 150 min). Interindividual variability was considerable; critical 
cyanide levels above 20 µM (maximum: 22.5 µM) were reached in a few individuals after 
consumption of bitter apricot kernels. 
Conclusion: In case of foods containing cyanogenic glycosides, not only the dose, but 
importantly the velocity of the surge of cyanide levels in blood determines possible acute 
toxicity. Due to the digestion process necessary in case of persipan (460 kcal/100 g), 
peak levels of cyanide are reached relatively late; accordingly, they are low and without 
risk for the consumer, even after consumption of a high amount with an equivalent 
cyanide concentration slightly above the EU maximum of 50 mg/kg. In contrast, after 
consumption of few bitter apricot kernels, peak levels of cyanide occur much earlier and 
may reach the range of 20 to 40 µM identified from clinical data to be associated with 
first symptoms of cyanide toxicity. 
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Nucleoside Diphosphate Kinase B is a Novel Receptor-independent Activator of 
G-protein Signaling in Clinical and Experimental Atrial Fibrillation 
Abu-Taha I.1, Voigt N.1, Nattel S.2, Wieland T.3, Dobrev D.1 
1Universität Duisburg-Essen Institut für Pharmakologie, Hufelandstr. 55, 45122 Essen, 
Germany  
2McGill University Montreal Heart Institute, 3655 Promenade Sir-William-Osler, Montréal 
Québec H3G 1Y6, Canada  
3Medizinische Fakultät Mannheim der Universität Heidelberg Institutes für 
Experimentelle und Klinische Pharmakologie und Toxikologie, Maybachstr. 14, 68169 
Mannheim, Germany  
  
Background: Chronic atrial fibrillation (cAF) is associated with abnormal atrial Ca2+ and 
protein-kinase signaling, with G-protein related, cyclic AMP (cAMP)-mediated protein 
kinase A hyperphosphorylation playing a significant role. Nucleoside diphosphate kinase 
B (NDPK-B) increases ventricular cAMP levels through receptor-independent Gs-protein 
activation involving direct Gs-protein β-subunit interaction/phosphorylation. Here, we 
assessed NDPK-B expression and Gs-protein signaling in atria from sinus rhythm (SR) 
vs cAF patients, in canine atria with atrial tachycardia remodeling (ATR), and in isolated 
canine atrial myocytes. 
Methods: NDPK-B and G-protein expression was assessed in atria from 23 SR and 23 
cAF patients, in atria from 7 control (Ctl) and 7 ATR (1-wk at 400 bpm) canines and in 
isolated canine atrial myocytes paced at 1-Hz (P1) and 3-Hz (P3) by immunoblotting. 
cAMP levels were measured by immunoassay. 
Results: NDPK-B was robustly expressed in atria from both canines and patients. In 
cAF patients, the protein levels of NDPK-B were increased by 96%* (cAF, 1.96±0.23*-
fold n=7 vs SR, 1.0±0.13-fold n=6; *P<0.05) and this was accompanied by 80%* 
increases in both Gαs and Gβ1 proteins. Protein levels of Gαi2, Gαi3 and Gβ2 were 
unchanged. Similarly, protein abundances of NDPK-B (increased by 161%*), Gαs (by 
45%*) and Gβ1 (by 120%*) were higher in ATR than in Ctl, whereas Gαi2 and Gαi3 were 
unaltered. NDPK-B (by 81%*) and Gαs (by 62%*) protein levels were higher in P3 
compared to P1 myocytes. In addition cAMP content was higher in P3 than in P1 atrial 
myocytes (P3, 39.0±4.7*, n=6 vs P1, 56.1±7.8, n=6 pmol/mg). In cAF, Gβ1 
immunoprecipitation resulted in enhanced co-immunoprecipitation of NDPK-B and 
immunoprecipitation of NDPK-B yielded in increased Gβ1 co-immunoprecipitation, 
pointing to augmented complex formation between NDPK-B and Gβ1 in cAF patients. 
cAMP content was higher in cAF than in SR (cAF, 20.2±1.8*, n=16 vs SR, 13.1±0.9, 
n=16 pmol/mg), indicating an increase in receptor-independent Gs activation and thus 
cAMP formation in cAF. 
Conclusion: NDPK-B is expressed in human and canine atria, is upregulated in both 
clinical and experimental AF, and enhances Gs and cAMP signaling. NDPK-B may 
constitute a novel pathway for abnormal atrial G-protein/cAMP signaling, with potentially 
important implications for AF pathophysiology. 
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Phosphorylation-dependent receptor memory of the human β1-adrenergic 
receptor 
Ahles A.1, Rochais F.2, Hinz L.1, Rodewald F.1, Bünemann M.3, Engelhardt S.1,4 
1Technische Universität München Institut für Pharmakologie und Toxikologie, 
Biedersteiner Straße 29, 80802 München, Germany  
2Universität Würzburg Rudolf-Virchow-Zentrum / DFG-Forschungszentrum für 
Experimentelle Biomedizin, Josef-Schneider-Str. 2, Haus D15, 97080 Würzburg, 
Germany  
3Philipps-Universtität Marburg Institut für Pharmakologie und Klinische Pharmazie, Karl-
von-Frisch-Straße 1, 35032 Marburg, Germany  
4DZHK (Deutsches Zentrum für Herz-Kreislauf-Forschung) Standort Munich Heart 
Alliance, Biedersteiner Straße 29, 80802 München, Germany  
  
Signaling properties of G protein-coupled receptors are affected by receptor 
polymorphisms, yet the molecular basis for the functional differences of individual 
receptor variants is poorly understood. Recent structural data suggest that the frequent 
Arg389Gly polymorphism in the proximal carboxy terminus of the human β1-adrenergic 
receptor (β1AR) presumably affects the stability of the receptor protein by specific 
interaction of arginine (but not glycine) with transmembrane helix 1. 
To investigate a possible impact of the Arg389Gly polymorphism on receptor 
conformation we developed fluorescence resonance energy transfer (FRET)-based 
sensors for the β1AR-variants at position 389. These sensors retained the 
pharmacological and functional characteristics of the native receptors. Upon stimulation 
of the sensors we determined the activation of the receptor variants in real time and in 
living cells and found that the Gly389 variant responded to repeated activation with a 
change of its activation kinetics during subsequent stimulations. In contrast to the 
hyperfunctional Arg389-variant of the β1AR, the “hypofunctional” Gly389-β1AR displayed 
a significant slowing of its activation kinetics upon repeated activation. This difference 
was dependent on phosphorylation of the receptor through G protein-coupled receptor 
kinases. We then tested whether these differences in activation kinetics would result in 
more effective signaling to downstream effectors. Indeed, we found agonist-induced 
cAMP formation to be approx. 50% more effective upon stimulation of the Arg389-β1AR 
compared to the Gly389 variant. Likewise, the interaction of the Arg389 variant with β-
Arrestin2 was significantly enhanced. 
Our findings suggest a polymorphism-specific memory of the human β1AR. This property 
of the β1AR yields altered activation kinetics upon continued stimulation, is based on 
receptor phosphorylation and may account for the individual drug responses observed 
for polymorphic variants of the β1AR. 
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Dendritic Core-Multishell Nanocarrier – Skin Absorption in Intact, Damaged and 
Diseased Skin 
Alnasif N.1, Küchler S.2, Zoschke C.1, Fleige E.3, Eckl K. - M.4, Merk H. - F.5, Hennies H. 
C.4, Haag R.3, Schäfer-Korting M.1 
1Freie Universität Berlin, Institute for Pharmacy Pharmacology and Toxicology, Königin-
Luise-Straße 2+4, 14195 Berlin, Germany  
2Ludwig-Maximilians Universität, Department of Pharmacy Pharmaceutical Technology 
and Biopharmaceutics, Butenandtstraße 5-13, Building, 81377 Munich, Germany  
3Freie Universiät Berlin, Institute for Chemistry and Biochemistry Organic Chemistry, 
Takustr. 3, 14195 Berlin, Germany  
4University of Cologne Cologne Center for genomics, Zülpicher Str. 47, 50674 Cologne, 
Germany  
5University Hospital RWTH Aachen Department of Dermatology and Allergology, 
Pauwelsstraße 30, 52074 Aachen, Germany  
  
Facilitating skin penetration nanocarriers may contribute to future topical use of drugs for 
skin diseases.  Efficient and reproducible drug delivery to the site of disease and low 
systemic drug load are the major aims. Previous studies have shown most efficient 
dermal penetration of the lipophilic dye probe Nile red when loaded to core-multishell 
nanotransporters (outer shell: polyethylene glycol; CMS NT; Küchler et al, 2009). In 
addition, the nanocarrier itself has to be free of unwanted adverse reactions, retainment 
to the horny layer is most welcome. Consequently, the depth of skin penetration of of 
drug and carrier is crucial. 
In this study we focussed on the penetration of diseased skin. Once more Nile red was 
loaded onto CMS NT, in addition indocarbocyanine was covalently bound to the 
nanocarrier. The nanodispersions were applied to intact and tape-stripped human skin, 
reconstructed normal skin, constructs of hyperkeratotic skin modeling peeling skin 
disease generated by knock down of the corneodesmosin gene (Oji et al, 2010) as well 
as  constructs of non-melanoma skin cancer (NMSC; Hoeller Obrigkeit et al, 2009). 
CMS NT remained in the stratum corneum of intact skin and of normal and 
hyperkeratotic skin constructs. However, we detected nanoparticles in viable epidermis 
and dermis of stripped skin and of non-melanoma skin constructs. Thus both physical 
damage of the skin barrier and NMSC allowed the nanomaterial to penetrate. Other than 
with the nanocarrier, considerably amounts of Nile red penetrated the epidermis of 
normal and damaged skin as well as normal and disease constructs. Dye penetration 
layers increased considerably in damaged skin and in NMSC constructs. As to be 
expected no increase in dye penetration compared to normal skin constructs was 
observed when CMS NT were applied to hyperkeratotic constructs. 
In conclusion, reconstructed full-thickness skin proved to be suitable for efficient and 
non-animal based risk assessment of nanoparticles and loaded drugs. Disease models 
can be constructed which appear suitable for an evaluation of drug penetration into 
lesional skin as well as for hazard analysis of nanomaterials making contact with skin, 
both intended and unintended. 
  
Kuchler S, Radowski MR, Blaschke T, Dathe M, Plendl J, Haag R, Schafer-Korting M, 
Kramer KD (2009) Eur J Pharm Biopharm 71(2): 243-250 
Oji V, Eckl KM, Aufenvenne K, Natebus M, Tarinski T, Ackermann K, Seller N, Metze D, 
Nurnberg G, Folster-Holst R, Schafer-Korting M, Hausser I, Traupe H, Hennies HC 
(2010) Am J Hum Genet 87(2): 274-281 
Hoeller Obrigkeit D, Jugert FK, Beermann T, Baron JM, Frank J, Merk HF, Bickers DR, 
Abuzahra F (2009) Photochem Photobiol 85(1): 272-278 
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Mechanism of arginine-mediated regulation of human cationic amino acid 
transporters hCAT1 and hCAT-3 in T cells 
Amann E.1, Schmitz B.1, Leuchtner N.1, Habermeier A.2, Munder M.1, Closs E.2 
1III. Medizinische Klinik, Mainz, Germany  
2Institut für Pharmakologie, Mainz, Germany  
  
The amino acid arginine is crucial for the activation of human T lymphocytes. 
Proliferation and cytokine release are reduced in the absence of arginine and thus the 
effector functions of T cells diminished. Therefor, the regulation of arginine transport into 
these cells is of interest. Earlier studies of our group have demonstrated that the 
expression of the human cationic amino acid transporter hCAT-1 is induced in primary T 
cells after stimulation with anti-CD3/anti-CD28-coupled beads for 48h (see abstract by 
Schnitzius et al.). In the absence of arginine, the induction of hCAT-1 expression is 
higher then in the presence of 1mM arginine. In resting cells the expression of hCAT-3 is 
higher than the expression of hCAT-1. It persists at this high level after stimulation in the 
absence of arginine, but is down-regulated in the presence of 1mM arginine. 
We now ask what signaling pathways were involved in the regulation of hCAT-1 and -3 
expression. We observed that the phosphorylation of the protein kinase B/Akt in 
activated T cells is enhanced in the absence of arginine compared to 1mM arginine. We 
also found a reduced activity of the mammalian Target of rapamycin Complex 1 
(mTORC1) and the MAP-kinase Mnk1 in the absence of arginine. 
To investigate if these pathways are involved in the regulation of hCAT expression we 
used first phospatidyl-3-inositol-kinase (PI3K) inhibitors to diminish the phosphorylation 
of Akt. They reduced hCAT-1 expression in the absence of arginine, whereas the 
expression in the presence of arginine was not affected. The expression of hCAT-3 was 
unaffected under either condition. 
We next used rapamycin, a specific mTORC1 inhibitor, and the dual mTORC1/2 inhibitor 
OSI-027 as well as the selective Mnk1 inhibitor CGP57380 for inhibition of the MAP 
kinase pathway. The inhibition of these signaling pathways had no influence on mRNA 
or protein expression of hCAT-1 or hCAT-3, neither in the absence nor the presence of 
arginine. 
In spite of further reduction of Akt phosphorylation by OSI-027, the mTORC1/2 inhibitor 
did not enhance the reduction of hCAT-1 expression mediated by PI3K inhibitors alone. 

In contrast, hCAT-3 expression in the absence of arginine was reduced by the 
combination of PI3K and mTORC1/2 inhibitors compared to the PI3K inhibitor alone. 
These results suggest that Akt is an important kinase in the regulation of hCAT-1 and 
hCAT-3 expression. Inhibition of this pathway could potentially regulate arginine 
transport into T lymphocytes. This may be a new approach to manipulate T cell effector 
functions during immune response. 
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Role of the ionic lock of the α2A-adrenergic receptor 
Ambrosio M., Lohse M. J. 
Universität Würzburg Institut für Pharmakologie, Versbacher Str. 9, 97078 Würzburg, 
Germany  
  
The α2A-adrenergic receptor (α2A-AR) is a class A GPCR. The members of this receptor 
family are characterized by conserved sequence motifs and share common structural 
features and activation processes. Over the last years, great attention has been focused 
on the DRY motif, a highly conserved region considered as a crucial element of receptor 
activation mechanisms. In the crystal structures of rhodopsin in its inactive conformation, 
the R3.50 of the DRY motif is stabilized by two salt bridges: one to the D3.49 and one to 
E6.30, a conserved residue on TM6. The observation that the disruption of these 
interactions generates constitutively activated mutants and that this ionic lock cannot be 
observed in the crystal structure of an active form of rhodopsin suggests that both the 
R3.50/D3.49 and the R3.50/E6.30 salt bridges play a key role in stabilizing rhodopsin in its 
quiescent state. However, it is not possible to define a consensus picture about the role 
of the ionic lock within all class A GPCRs. Mutations of the DRY motif generate at least 
2 distinct phenotypes: whereas in a majority of receptors neutralization of D3.49 or E6.30 

results in an increase of basal activity indicating these residues to function as locks in 
the receptor inactive state, in other receptors the mutational analysis does not show an 
increase of constitutive activity. Furthermore, even though all the inactive structures of 
GPCRs crystallized so far confirm the presence of the R3.50/D3.49 interaction, most of 
them lack the expected interhelical R3.50/E6.30  bond and do not clarify the role of the 
DRY motif and its interaction partners. 
Here, using a well characterized FRET-based technique [1, 2], we examined the effects 
of the substitution of D3.49 and E6.30 on the α2A-AR conformation in real time. The results 
show that neutralization of these residues generates 2 distinct α2A-AR conformational 
states. The E6.30V receptors show a constitutively active phenotype characterized by 
high basal signals that can be reverted by an inverse agonist, thus suggesting the 
R3.50/E6.30 ionic lock of the α2A-AR to play a key role in the stabilization of the receptor 
inactive conformation. In contrast, the D3.49 residue does not seem to play the same role, 
as the D3.49V receptors show a basal activity similar to the WT. However, the D3.49V 
mutation triggers a facilitated receptor activation in response to partial agonists, thus 
indicating a different activation process compared to the native α2A-AR. 
  
1. Vilardaga, J.P., et al., Measurement of the millisecond activation switch of G protein-
coupled receptors in living cells. Nat Biotechnol, 2003. 21(7): p. 807-12. 
2. Hoffmann, C., et al., A FlAsH-based FRET approach to determine G protein-coupled 
receptor activation in living cells. Nat Methods, 2005. 2(3): p. 171-6. 
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Morphine alters ErbB signaling in human BT474 breast cancer cells 
Weingärtner I., Koutnik S., Ammer H. 
Institut für Pharmakologie, Toxikologie und Pharmazie, Ludwig-Maximilians-Universität 
München, Königinstrasse 16, 80539 München, Germany  
  
Opioids are potent analgesics and widely used for anesthetic premedication in cancer 
surgery and management of cancer pain. There is increasing evidence that opioid 
analgesics may interfere with several aspects of tumor growth, including proliferation, 
metastasis and survival. It is currently thought that these effects are mediated by 
transactivation of receptor tyrosine kinase-controlled ERK1/2 and Akt signaling. The 
growth of many mammary carcinoma cells is dependent on hyperactive ErbB receptor 
networks and one of the most successful approaches in antineoplastic therapy during 
the last decade was the development of ErbB-targeted therapies. Here we demonstrate 
chronic morphine treatment interferes with the growth of human BT474 breast cancer 
cells by regulating the ErbB receptor network. The ErbB2 overexpressing BT474 human 
breast cancer line was used, because it carries fully functional endogenous mu-opioid 
receptors. Chronic morphine treatment changed considerably the acute opioid effects on 
basal and Heregulin (ErbB3)-stimulated ERK1/2 and Akt phosphorylation. Investigation 
into the underlying mechanisms by the use of protein kinase inhibitors, analysis of 
ectodomain shedding and co-immunoprecipitation studies revealed that chronic 
morphine treatment redirects Heregulin-stimulated ERK1/2 signaling to a newly 
established phosphatidylinositol 3-kinase (PI3K)-dependent autocrine mechanism that 
involves the release of an EGF-like ligand and activation of ErbB1/ErbB2 heterodimers. 
These chronic morphine-induced changes in the ErbB signaling network result in the 
induction of apoptosis leading to an overall attenuation of Heregulin-induced cell growth 
and migration and the enhancement of anti-ErbB2-directed treatments. Because a 
similar switch in Heregulin-stimulated ERK1/2 signaling from an ErbB2-independent to 
an ErbB2-, PI3K- and metalloproteinase-dependent mechanism was also observed in 
kappa-opioid receptor expressing SKBR3 human mammary adenocarcinoma cells, 
these data indicate that the ErbB receptor network of human breast cancer cells 
represents a target for chronic morphine treatment. Rearrangement of ErbB signaling by 
chronic morphine may provide a strategy to enhance the sensitivity of breast cancer 
cells to ErbB-directed therapies and to prevent the development of escape mechanisms. 

S4 
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Prediction of drug metabolites using computational approaches 
Anger L. T.1,2,3, Brigo A.2, Kansy M.2, Gundert-Remy U.1 
1Charité University Medical School Berlin Institute of Clinical Pharmacology and 
Toxicology, Luisenstr. 7, 10117 Berlin, Germany  
2F. Hoffmann-La Roche Ltd. Non-Clinical Safety, 4070 Basel, Switzerland 
3currently: BASF SE Computational Chemistry and Biology, GVM/C - A030, 67056 
Ludwigshafen, Germany  
  
Today, an increasing number of computational tools aimed at predicting drug 
metabolism has become available. Those tools could most probably be used in an 
extended way to consider potential drug metabolites earlier in toxicity prediction of for 
example genotoxicity or carcinogenicity. Therefore it is important to understand the 
quality and limitations of metabolism prediction tools if applied in a broader context. Up 
to now, the software packages used in the prediction of drug metabolites have only been 
validated with datasets containing a limited number of compounds. Hence, a more 
thorough assessment is required. 
Aim: Meteor (Lhasa Ltd., Leeds, UK), an available prediction tool, has been used to 
predict metabolites of 325 drugs in therapeutic use. The results were compared to the 
known human metabolites. 
Methods: The WHO ATC index was used to extract drugs for the therapeutic classes of 
anti-inflammatory drugs & antirheumatic agents, central nervous system & muscle 
relaxant drugs, cardiovascular drugs, anticancer drugs, virustatic drugs. 
PharmaPendium and DrugBank were the sources to obtain information on the human 
metabolites of the drugs observed in clinical studies. 
Meteor (v. 13.0.0, Lhasa Ltd.) is a so called knowledge-based expert system that 
implements structured expert knowledge. It predicts the structures of metabolites along 
with an estimate of the probability of their formation. 
Results: 325 drugs were included in the study from which the formation of 876 human 
metabolites was confirmed in experimental studies. With the used Meteor settings, 398 
out of the 876 confirmed metabolites were correctly predicted by Meteor (true positives), 
478 metabolites could not be predicted (false negatives) and 9272 additional in vivo 
metabolites were predicted (unconfirmed positives). 
With the validation set used in the present study, the overall sensitivity of the program is 
45.4% and the positive predictive value is 4.1%. 
This validation study shows that, at present, the prediction of human metabolites is not 
trivial and presents a lot of challenges. Hence, more development work and 
experimental data are necessary to further improve Meteor’s predictive power. 
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Functional characterization of ABCC11 protein variants by a targeted Tet-Off gene 
expression system in HEK 293 cells 
Arlanov R.1,2, Ishikawa T.3, Porter A.4, Schwab A.1,2,5, Lang T.1,2 
1Dr. Margarete Fischer-Bosch Institute of Clinical Pharmacology, Stuttgart, Germany  
2University of Tübingen, Tübingen, Germany  
3Omics Science Center RIKEN Yokohama Institute, Yokohama Japan  
4Imperial College London Centre for Haematology, Faculty of Medicine, London, Great 
Britain 
5University Hospital Dept. of Clinical Pharmacology, Tübingen, Germany  
  
Introduction: The major physiological role of multidrug resistance protein 8 
(MRP8/ABCC11) is to protect cells and tissues against endobiotics and xenobiotics and 
thus ABCC11 plays a critical role in the disposition of drugs (e.g. 5-FdUMP, PMEA, 
methotrexate). As natural occurring ABCC11 missense variants may affect individual 
drug response, we systematically examined ABCC11 protein variants in vitro on their 
functional consequences. 
Methods: Four selected variant ABCC11 cDNAs were constructed by site-directed 
mutagenesis. We made use of our previously established ”Screen and Insert” method 
for isolating stable transfected HEK 293 clones expressing tet-regulated ABCC11 
protein variants. Immunoblotting of crude membranes, immunolocalization by confocal 
laser scanning microscopy and ABCC11 substrates (5-FdUMP, cGMP) were used to 
determine possible effects of the ABCC11 missense variants on protein expression, 
localization and activity. 
Results: HEK 293 cells were stably transfected with tetracycline transactivator protein 
and with a single integration of tetracycline-regulated d2EGFP reporter which was linked 
to a lox71 site positioned upstream of d2EGFP. A tet-regulated and green fluorescent 
clone (Rhek-IV) was selected for co-transfection with a Cre-expression plasmid and a 
promoterless insertion construct containing ABCC11 (WT, variants) which was linked to 
a lox66 site positioned upstream of ABCC11. Hygromycin B resistant colonies were 
selected. Clones of high purity as judged by PCR for correct insertion events showed a 
clear ABCC11 (WT, variants) fluorescence in the plasma membrane and a tet-regulated 
protein expression. Both seemed not to be affected by the ABCC11 missense variants. 
Moreover, ABCC11 was functional expressed and at least one ABCC11 variant affected 
transport activity. 
Conclusion: The ”Screen and Insert” method approach is a feasible and reliable 
method to functionally characterize systematically ABCC11 variants in a HEK 293 cell 
background. 
  
Supported by the Robert Bosch Foundation, Stuttgart, Germany 
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Metabolite Profile in Brain and Plasma of L-Arginine:Glycine-Amidinotransferase 
(AGAT)-Deficient Mice 
Atzler D.1, Prehn C.2, Burhenne H.3, Choe C. - U.4,5, Isbrandt D.4, Böger R.1, 
Schwedhelm E.1, Adamski J.2,6, Kaever V.3 
1UKE Klinische Pharmakologie und Toxikologie, Martinistr. 52, 20246 Hamburg, 
Germany  
2Helmholtz Zentrum München Institute of Experimental Genetics, Genome Analysis 
Center, Ingolstädter Landstr. 1, 85764 Neuherberg, Germany  
3Metabolomics and Institute of Pharmacology, Hannover Medical School Research Core 
Unit Mass Spectrometry, Carl-Neuberg-Str. 1, 30625 Hannover, Germany  
4UKE Center for Molecular Neurobiology, Martinistr. 52, 20246 Hamburg, Germany  
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Background: AGAT is the first enzyme in the creatine synthesis and is also responsible 
for the generation of the L-arginine homologue homoarginine. In experimental stroke, 
infarct sizes are increased in AGAT-deficient mice compared to wildtype (WT) 
littermates, which normalize on homoarginine supplementation. We aimed to investigate 
metabolic changes in brain and plasma of AGAT-deficient mice. 
Methods: We quantified 188 targeted metabolites from 5 compound classes in brain 
and plasma of WT, AGAT-deficient, and homoarginine supplemented AGAT-deficient 
(AGAT-Homoarg) mice (n=5/5/5) using LC-MS/MS and FIA-MS/MS (AbsoluteIDQTM 
p180, Biocrates).          
Results: In brain, we found 13 metabolites and 3 metabolic ratios with significant 
variation between AGAT-deficient and WT mice (2 acylcarnitines, 4 amino acids, 3 
biogenic amines, 4 phospho- and sphingolipids), e.g. valine, dopamine, and 
hydroxysphingomyelin (SMOH C22:1), and citrulline/arginine-ratio (p<0.05 for all). 8 out 
of these metabolites in the brain were not different between WT and AGAT-Homoarg 
mice. Valine, SMOH C22:1, and as well the citrulline/arginine-ratio were also different in 
plasma of WT and AGAT-deficient mice. 
Summary: AGAT-deficiency is associated with altered metabolite levels in the brain and 
plasma. Homoarginine supplementation normalized SMOH C22:1 of AGAT-deficient 
mice to WT level in brain. 

 
 

012 

Air-liquid interface exposure of human lung cells in the CULTEX® Radial Flow 
System (RFS) 
Aufderheide M., Möhle N. 
Cultex Laboratories GmbH, Feodor-Lynen-Straße 21, 30625 Hannover, Germany  
  
The respiratory tract is the main portal of entry to the human body for inhaled particles 
and toxic substances. Over the last decade, nanotechniology has developed at a 
tremendous pace, taking into account that the safety and risk assessment of 
nanoparticles will challenge current toxicological approaches. The EU regulation REACH 
(Registration, Evaluation, Authorization and Restriction of Chemicals) thus demands the 
development and implementation of alternative methods to examine these substances 
for potential hazardous effects. In the field of inhalation toxicology, a variety of different 
in vitro models have been developed for screening and mechanistic studies. In order to 
simulate the in vivo situation, an adequate exposure device is necessary, to guarantee a 
direct exposure of cultivated lung cells at the air-liquid interface (ALI). The 
CULTEX® RFS fulfills these requirements and has been optimized to expose cell 
populations to aerosolized suspensions, gases, and volatile compounds as well as 
micro- and nano-sized particles by guiding the test atmosphere directly to the surface of 
the cell cultures (air-lifted cultures). 
Using CFD (Computational Fluid Dynamics) analysis, the aerosol flow within the system 
was simulated and the technical design optimized to realize a stable, reproducible and 
homogeneous deposition of airborne particles. The efficiency of the exposure procedure 
is demonstrated by exposing A549 cells to a variety of micro- and nano-sized particles in 
a dose-dependent manner. 
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Throughout the daily rhythm, the lung shows physiological and functional changes. 
Disruption of the circadian rhythm is associated with alterations in the immune system 
and its dysfunction as seen in chronic lung diseases such as asthma and COPD. The 
circadian rhythm, being a 24-hour period, is regulated by the central clock in the brain. 
However, circadian timers (Zeitgeber) are also found in peripheral tissues such as the 
lung. Physiological changes of peripheral organs due to a circadian rhythm may be an 
important factor of pre-disposition causing significant differences in toxic reactions to 
xenobiotics. 
To investigate a time-dependent sensitivity to inhalable particules, carbon nanoparticles 
as model particles for combustion-derived air pollution were applied to C57BL/6 mice at 
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four different time points throughout the day. Twelve hours upon instillation, total cell 
counts as well as neutrophil and macrophage populations were analyzed in the 
bronchoalveolar lavage (BAL). The group being exposed at the late time point during the 
light phase showed a 2-fold increase in total cell numbers and in particular the 
neutrophils in the BAL, compared to the other three groups. An additional experiment 
should clarify whether inverted feeding can uncouple the lung from the central light 
stimulus and reprogram the lung responsiveness. Therefore, mice were either fed during 
the light cycle or at night. The previously observed sensitivity was abrogated when 
changing the feeding rhythm. Nevertheless, animals inversely fed showed significantly 
higher inflammatory markers independent of the administration time point. 
Until now, the experimental system has been validated for environmental exposure, 
revealing strong differences in lung inflammation depending on the time point of 
exposure. Still, the underlying circadian mechanisms regulating the neutrophil-
dominated acute inflammation remain elusive. Further studies will, among others, 
concentrate on the involvement of different inflammatory and lung cell types mediating 
the circadian changes in sensitivity to particle exposure. 
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Silibinin as a potential therapeutic for sulfur mustard injuries 
Balszuweit F., Schmidt A., John H., Kehe K., Thiermann H., Steinritz D. 
Institut für Pharmakologie und Toxikologie der Bundeswehr, Neuherbergstrasse 11, 
80937 München, Germany  
  
Introduction: 
Sulfur mustard (SM) is a vesicating chemical warfare agent causing skin blistering, 
ulceration, impaired wound healing, prolonged hospitalisation and permanent lesions. 
Silibinin, the lead compound from Silybum marianum, approved for therapeutic use 
against Amanita phalloides (Green deathcap) poisoning, has also been discussed as a 
potential antidote to SM poisoning. However, its efficacy has been demonstrated only 
with regard to nitrogen mustards. Moreover, there are no data on the efficacy of the 
water-soluble prodrug silibinin-bis-succinat (silibinin-BS). 
Aim: 
We investigated the effect of silibinin-BS treatment against SM toxicity in HaCaT cells 
with regard to potential reduction of necrosis, apoptosis and inflammation including 
dose-dependency of any protective effects. We also aimed to demonstrate the 
biotransformation of the prodrug into free silibinin. 
Methods: 
HaCaT cells were seeded in multi-well plates, exposed to SM (30, 100 and 300 µM) for 
30 min and treated thereafter with silibinin-BS (10, 50 and 100 µM) for 24 hours. 
Necrosis and apoptosis were quantified using the ToxiLight BioAssay and the 
nucleosome ELISA (CDDE). Pro-inflammatory cytokines IL-6 and IL-8 were determined 
by ELISA. HaCaT cells, incubated with silibinin-BS were lysed and investigated by LC-
MS/MS. 
Results: 
LC-MS/MS results suggest that silibinin-BS is absorbed by HaCaT cells and 
biotransformed into free silibinin. Silibinin-BS dose-dependently reduced SM cytoxicity, 
even after 300 µM exposure. Doses of 50-100 µM silibinin-BS were required for 
significant protection. Apoptosis and interleukin production remained largely unchanged 
by 10-50 µM silibinin-BS but increased after 100 µM treatment. 
Conclusion: 
Observed reductions of SM cytotoxicity by post-exposure treatment with silibinin-BS 
suggest this as a promising approach for treatment of SM injuries. Whilst 100 µM 
silibinin-BS is most effective to reduce necrosis, 50 µM may be safer to avoid pro-
inflammatory effects. Pro-apoptotic effects after high doses of silibinin-BS are in 
agreement with findings in literature and might even be useful to eliminate cells 
irreversibly damaged by SM. Further investigations will focus on the protective 
mechanism of silibinin and its prodrug and should establish an optimum concentration 
for treatment. The fact that the compound is already an approved therapeutic might 
facilitate its introduction into therapy of SM injuries, compared to the development of a 
completely new drug. 
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Nevirapine (NVP) is a non-nucleoside reverse transcriptase inhibitor widely used in 
resource-limited countries to reduce mother-to-child transmission of HIV-1. The long 
elimination half-life of 61-66h is the likeliest cause of HIV-1 resistance mutations arising 

in 15-75% of treated mothers. In the VITA1 study, single-dose carbamazepine (sdCMZ) 
accelerated NVP elimination in HIV-infected, pregnant women given both drugs at birth 
onset. There was a non-significant trend towards fewer nevirapine resistance mutations 
in patients on sdCMZ vs. controls. We investigated in VITA1 study patients whether the 
effect of sdCMZ is influenced by the inter-individual variability in the activity status of the 
NVP-metabolizing enzymes CYP2B6 and CYP3A, and of the NVP transporter MRP7. 
HIV mutation status was available for 68 participants, equally divided between the two 
arms of the study. Nine of 34 (25%) sdNVP women had 1 or more nevirapine-associated 
resistance mutations, compared with 3 of 34 (9%) in the sdNVP/CBZ arm. The reduction 
of HIV-1 mutations by sdCMZ reached statistical significance (p=0.04) upon 
consideration of the CYP3A activity, assessed through the 4β-OH-
cholesterol/cholesterol ratio and it was more likely in women with higher CYP3A enzyme 
activity. The genetic polymorphisms in CYP2B6 and in the NVP transporter MRP7 had 
no effect on NVP kinetics and the development of HIV-1 resistance. These findings were 
in agreement with the inducing effect of sdCMZ on CYP3A and with in vitro data. Thus, 
CMZ and NVP given together induced CYP3A4 but not CYP2B6. This effect was 
mediated by CAR and PXR, i.e. by both xeno-sensors known to regulate CYP3A4 
transcription level in vivo. Taken together, our results demonstrate that the induction of 
NVP disposition reduces HIV-1 resistance mutations but this effect is modulated by the 
individual CYP3A activity. 
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Although within the REACH regulation a comprehensive toxicological data set is 
required for risk assessment it is stipulated that animal experiments are to be avoided 
whenever possible. Thus, methods that allow predicting the inherent toxic properties of 
chemical substances are needed. The aim of the present project is to develop an 
innovative strategy for setting up categories that will enable a toxicological assessment 
for repeated-dose administration. Based on published in vivo studies, identical 
toxicological properties of chemicals (toxicological fingerprinting) in combination with 
similarity in the chemical structure shall be used to group substances in categories. This 
2-dimensional matrix will then allow the toxic properties of untested chemical materials 
to be estimated. The prediction rules will be implemented in a publicly available product 
that is able to assign chemicals to categories and thus maps to anticipated toxicity in-
silico. 
The data basis for these developments consists of two independent data bases for 
industrial chemicals (RepDose and Neustoff). In a first step those data which are 
suitable had to be extracted in a so called homogeneous subset and for any exclusion 
the criteria had to be clearly defined. In a second step it was decided to merge both data 
bases at this point to enhance the applicability domain. Two independent sets were 
created in a random selection process – one for model development and a second one 
for validation. At present a dataset of about 800 chemicals tested in more than 900 
studies is available for modeling. On this basis data clustering is performed on structural 
and on toxicological basis at the moment. Recurring problems and discussion points in 
the clustering process is the handling of „missing values”. Different clustering strategies 
are followed so far and software is available which can be shared by all project partners. 
Furthermore, prediction models for specific organ toxicity are evaluated. Refinement of 
the datasets and continuous adaptation of the processes is ongoing work at the 
moment. 
  
This project is supported by BMBF in the funding focus “Ersatzmethoden zum 
Tierversuch” 
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toxicity 
Lewin G., Batke M., Escher S., Mangelsdorf I. 
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Assessment of reproductive toxicity is an animal-, time- and cost-consuming process. In 
order to refine, replace and reduce animal testing, the use of in-silico, in-vitro and 
alternative in-vivo strategies is tested for their value to predict adverse reproductive 
outcomes. Due to the complexity of the reproductive cycle, encompassing maturation of 
gametes, mating, implantation of the conceptus, intra-uterine survival and maturation as 
well as postnatal development, no alternative testing strategies so far are able to cover 
all aspects of fertility. One approach should therefore be the use of existing animal study 
data, especially from repeated dose studies, to analyse indicators for reproductive 
toxicity. 
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The current versions of OECD Guideline requirements for repeated dose toxicity include 
structural changes in reproductive organ tissues (mainly testes, epididymides, prostate, 
seminal vesicles and ovaries and uterus). Based on this information repeated dose 
toxicity studies are useful for selection of substances for further reproductive toxicity 
testing, for appropriate dose selection and for selection to incorporate additional 
parameters, e.g. for endocrine testing, into reproductive toxicity studies. In addition 
repeated dose studies can have a predictive value for detecting certain impairments of 
reproductive function. These conclusions have been extended by analysing animal 
studies from the Fraunhofer ITEM databases RepDose for repeated dose toxicity and 
FeDTex for reproductive toxicity. Further, based on the analysis of FeDTex, and in view 
of the development of AOP (adverse outcome pathway)-based approaches it should be 
considered to enhance the list of mandatory study parameters in repeated dose studies 
by hormone and sperm parameters and oestrus cyclicity in order to increase the 
predictivity for reproductive toxicity. 
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Spatial learning capabilities and olfactory functions depend on Slack channel 
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Bausch A., Meyerdierks N., Hausmann M., Ruth P., Lukowski R. 
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Background: The Na+-activated K+ channel Slack has been supposed to shape various 
neuronal firing patterns including burst firing, adaptation of firing rate and general 
excitability. Additionally, it was shown that Slack is activated by the Fragile X mental 
retardation protein (FMRP). Loss of FMRP in humans results in Fragile X syndrome, a 
common inherited form of intellectual disability. FMRP knockout mice show deficits in 
hippocampus-dependent and motor learning, however, lack of FMRP did not cause 
substantial defects in general motor performance. 
Methods: Mice with a targeted ablation of Slack (Slack KO) and age- and litter-matched 
wildtype (WT) mice were subjected to a set of behavioural experiments. Motor function 
was tested by the beam walk test and footprint analysis. The Morris water maze was 
used to assess spatial learning abilities. Expression patterns of Slack transcripts and 
related potassium channels (Slick and Kv1.3) were analysed by RT- and qPCR. Slack 
levels were assessed by immunohistochemistry and Western blot. Finally, olfactory 
functions of Slack KO mice were tested using the food finding test since gene 
inactivation of Kv1.3 was linked to a compensatory up-regulation of Slack currents 
producing a “super-smeller” phenotype. 
Results: Although we detected high Slack mRNA- and protein levels in brain regions 
involved in motor coordination, Slack KO show normal motor functions. In contrast, a 
high Slack expression level in the olfactory bulb might be important to adequately 
address olfactory cues since the latency for locating buried food pellets was increased in 
Slack KO. The olfactory function of Slack may explain the decreased body weight of 
Slack mutants in their early stage of development, presumably because of impaired 
odour processing and suckling behaviour. Slack channels were also detected in defined 
hippocampal layers (e.g. stratum lacunosum-moleculare of CA1 and the molecular layer 
of the dentate gyrus) of WT. Lack of Slack in the hippocampal formation of mutants is 
associated with a significantly impaired water maze performance during early training 
phases. 
Conclusion: Slack KO mice exhibit problems to address basic olfactory tasks and show 
mild spatial learning deficiency. Thus, our results indicate for the first time that 
hippocampal Slack channels are important for neurosensory functions and spatial 
learning and memory. 
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Outer segments (OS) of photoreceptors are highly specialized compartments harboring 
all essential proteins of the phototransduction signaling cascade. The cyclic nucleotide-
gated (CNG) channels contribute to the final step of the phototransduction cascade by 
converting light-induced chemical signals to electrical responses. These channels are 
heterotetrameric complexes assembled by A and B subunits. To identify proteins that 
interact with the rod CNG B subunit (CNGB1a) we combined immunoprecipitation from 
retinal lysates with subsequent quantitative mass spectrometric analysis. We could show 
that CNGB1a together with peripherin-2 and rhodopsin forms a protein complex in the 
rod OS. In vitro co-immunoprecipitation (co-IP) and fluorescence resonance energy 
transfer (FRET) studies revealed that peripherin-2 binds to both, CNGB1a and 
rhodopsin, while no direct binding of rhodopsin to CNGB1a was detectable. In in vitro 
FRET experiments we could narrow down the peripherin-2 / rhodopsin interaction 
domain to transmembrane domain 4 of peripherin-2. In additional co-IP experiments we 

demonstrated that peripherin-2 also interacts with cone opsins while it does not bind to 
the cone CNG channel. Finally, the presence of a peripherin-2 / rhodopsin / CNG 
channel complex could also be verified in situ by immunoelectron microscopy and in ex 
vivo FRET experiments in rod OS. Based on these results, we conclude that this novel 
signaling complex could influence some basic functional properties of rods such as light 
sensitivity and single photon responses. 
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Kratom – Effects on behaviour and receptor binding 
Stolt A. - C.1, Schröder H.1, Havemann-Reinecke U.2, Höllt V.1, Becker A.1 
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Kratom, which is botanically known as Mitragyna speciosa (Rubiaece), is a tropical tree 
indigenous to Asian countries. More than 40 alkaloids were isolated from the leaves. 
The alkaloids are used in traditional medicine to alleviate musculoskeletal pain, 
hypertension, cough, diarrhea, to improve physical stamina and sexual performance, 
and to substitute for morphine in treating addicts. The effects of the predominant 
alkaloids, i.e. mitragynine, 7-hydroxy-mitragynine, and paynanthein, were mainly 
explained by interactions with opioidergic, adrenergic, serotonergic, and dopaminergic 
receptors. A number of publications are reporting the effects of single constituents of the 
extract. Kratom as dried leaves or extract also gained interest in Western countries. 
Development of addiction to Kratom in opioid addiction and in alcohol dependence has 
been recently shown and will be presented in a poster by N. Ziebold et al. Here, it 
appears to enjoy widespread use among specific populations. However, there is a 
paucity of systematic pharmacokinetic, pharmacodynamics, and toxicological data. 
Therefore, the aim of the present study was to investigate the effects of commercially 
available kratom extract on behaviour in mice after oral (po), intraperitoneal (ip), and 
intracerebroventricular (icv) application. Moreover, receptor-binding studies were 
performed.  
In µ opioid receptor knock-out mice (MOR KO) and respective wild-type (WT) animals, 
the extract reduced locomotor activity after ip and low po doses in WT, but not after icv 
administration. This effect after kratom ip was counteracted by simultaneous application 
of 0.3 mg/kg Apomorphine suggesting dopaminergic pre-synaptic activity. An analgesic 
effect was only found in MOR KO after icv application. Pretreatment with nor-
Binaltorphimine abolished the analgesic effect but not the depressive effect on 
locomotor activity. This indicates that at least the analgesic effectiveness is mediated via 
κ opioid receptors. Oral doses, which did not diminish locomotor activity, worsened the 
acquisition of shuttle-box avoidance learning. There was no effect on consolidation. 
Results obtained by using single alkaloids indicate an addiction potential. However, 
effects induced by single constituents of kratom extract may not be identical to those 
found with whole extract. Considering our results basing on kratom extract it is 
questionable whether the extract should be scheduled for control under the Narcotic Act. 
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The receptor-bound guanylyl cyclase daf-11 is the mediator of H2O2-induced 
cGMP increase in C. elegans 
Beckert U., Seifert R. 
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cGMP is a well-known second messenger in mammals and other species including the 
nematode C. elegans which is an established model organism for oxidative stress and 
aging research. Daf-11 is one of the receptor-bound GCs in C. elegans and an ortholog 
of human particulate guanylyl cyclase A (pGC-A). pGC-A has not been shown yet to be 
in involved in mammalian oxidative stress response, but previous studies in C. elegans 
showed that daf-11 loss of function mutants have a significant higher life expectancy 
under normal and oxidative stress conditions than wild-type nematodes due to lower 
cGMP concentrations [1]. 
  
We tested the hypothesis whether an exposure of daf-11 mutants to H2O2 leads to no 
change in cGMP levels and thus daf-11 can be the mediator of the H2O2 response in 
wild type animals. Beside daf-11, two other mutants of the cGMP signaling cascade in 
C. elgans, a protein kinase G (pkg-1) and a quadruple phosphodiesterase (pde) mutant, 
were examined. 
  
In the presence of 10 mM H2O2, wild-type animals, as well as the pkg-1 and pde 
mutants, showed highly significant and time dependent increases in cGMP 
concentrations while the cGMP concentration of the daf-11 mutant was not affected by 
oxidative stress. Interestingly, the basal cGMP concentration of the daf-11 mutant was 
not lower than in wild-type animals even though the daf-11 lifespan was significantly 
extended under normal growth conditions. Under oxidative stress conditions the lifespan 
of the C. elegans strains tested could directly be correlated to the individual pattern of 
the cGMP increase. Those animals which showed the fastest increase of cGMP died 
first and vice versa. 
  
In conclusion, our data suggest that the receptor-bound GC daf-11 is the mediator of the 
H2O2-induced cGMP increase in C. elegans wild-type and cGMP signaling mutants. In 
addition we showed that under normal growth conditions there is no evidence for lower 
cGMP concentrations in daf-11 mutants than in wild-type animals proposing that not only 
low cGMP levels are responsible for the extended lifespan of daf-11 mutants [1]. 
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Future studies in a human pGC-A overexpression system are aiming to elucidate in how 
far the C. elegans results can be compared to the mammalian system and which role C. 
elegans could play as model organism for GC studies. 
  
1. Hahm, J.-H., Kim, S., and Paik, Y.-K., (2009) Aging Cell 8, 473-483 
 

 
Figure 1: 
Lifespan analysis of wild-type C. elegans vs. daf-11 mutants in the presence of 10 mM 
H2O2. 
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The adaptor protein SLy2 modulates B-1 cell mediated humoral immune 
responses 
Schmitt F., Beer-Hammer S. 
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The SH3 Lymphocyte protein 2 (SLy2), also termed HACS1 or SAMSN1, is a 441 amino 
acid adaptor protein highly expressed in immune cells. In humans, SLy2 is located on 
chromosome 21q11.2, a region that is frequently affected by translocation events 
leading to hematopoietic malignancies. SLy2 has been reported to be strongly 
expressed in myeloma cell lines and its expression in human peripheral B lymphocytes 
has been shown to be induced by proliferation and differentiation inducing stimuli. Using 
HEK-293T cells, we have shown that SLy2 targets the SAP30/HDAC1 co-repressor 
complex in the nucleus and thereby induces HDAC1 enzymatic activity (Brandt et al., 
2010). This provides a potential mechanism by which the expression of cell cycle 
proteins, and hence, lymphocyte proliferation are governed by SLy2. 
To study the function of SLy2 in the immune system, we established SLy2-/- and tg-SLy2 
mouse models (von Holleben et al., 2011). Interestingly, SLy2-/- mice showed an 
increased B-1 cell population in the peritoneal cavity, whereas tg-SLy2 mice featured the 
opposite phenotype with significantly less peritoneal B-1 cells compared to wild-type 
controls. B-1 cells are the major source of natural poly-specific IgM in the serum, which 
contributes to the first-line defense of pathogens. Accordingly, in vivo experiments 
demonstrate that SLy2 influences basal serum IgM levels as well as specific IgM titers 
following Pneumovax23 immunizations. In contrast TNP-Ficoll specific IgM titers, which 
are produced by marginal zone B cells, were not altered. Since we observed no severe 
defects in any other lymphocyte subpopulation, we hypothesize specific defects in B-1 
cell development and/or proliferation in SLy2-/- and tg-SLy2 mice, leading to altered B-1 
cell numbers and subsequently defective IgM immune responses. 
In conclusion, our data indicate an immune-inhibitory role for SLy2 and brings out a 
novel potential target for immune-modulatory strategies. 
  
Brandt, S., Beuter-Gunia, C., Schuster, M., Hausser, A., Schmitz, I., Beer-Hammer, S. 
(2010) The nucleo-cytoplasmic protein SLy2 targets the SAP30/HDAC1 complex. Int J 
Biochem Cell Biol 42: 1472-1481. 
von Holleben, M., Gohla, A., Janssen, K.-P., Iritani, B., Beer-Hammer, S. (2011) The 
immunoinhibitory adapter protein SRC homology domain 3 lymphocyte protein 2 (SLy2) 
regulates actin dynamics and B cell spreading. J Biol Chem 286: 13489-13501. 
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The biogenic amine histamine is recognized by target cells via four different histamine 
receptors subtypes (H1R - H4R), which all belong to the family of G-protein-coupled 
seven-transmembrane receptors. The H1R mainly coupling to Gq- and the H4R coupling 
to Gi-proteins are both involved in the acute inflammation in type I allergic reactions 
such as rhinitis or conjunctivitis and also in allergic asthma. Application of H1R and H4R 
antagonists in combination shows functional interaction in a murine allergic asthma 
model. 
In the present study, we recombinantly expressed murine H1R and H4R in HEK 293 
cells either alone or in combination and analyzed their signaling properties. Using the 

H1R-antagonist mepyramine, the H4R-antagonist JNJ7777120 and the Gi/0-protein-
selective pertussis toxin, proximal signaling events such as intracellular calcium 
mobilization and cAMP accumulation were determined. More distally located 
phosphorylation of mitogen-activated protein kinases (MAPK) and the mRNA expression 
of target genes, IL-8 and EGR-1, were also analyzed using selective MAPK inhibitors. 
Histamine induced intracellular calcium mobilization more potently and effectively via the 
mH1R compared to the mH4R. When both receptors were expressed on the same cells, 
intracellular calcium mobilization was only increased via mH1R. The forskolin-induced 
cAMP accumulation was enhanced by histamine via the mH1R, while it was reduced by 
histamine via the mH4R. Using mepyramine and JNJ7777120 in cells expressing mH1R 
and mH4R in combination, we could demonstrate that cAMP generation was affected by 
both receptors. Phosphorylation of the MAPKs p38, SAPK/JNK, ERK1/2, and the 
transcription factor CREB were induced by histamine in cells expressing the mH4R more 
effectively than in mH1R-expressing cells. When both receptors were present on the 
same cells, the activation profiles of p38 and SAPK/JNK differed from that observed in 
cells expressing a single receptor. IL-8 mRNA expression was induced by histamine via 
the mH1R, but not via the mH4R. EGR-1 mRNA expression was induced via both 
receptors, but, far more effectively via the mH1R as compared to the mH4R. In cells 
expressing both receptors in combination, EGR-1 expression was comparable to that of 
cells expressing the mH1R. Incubation with MAPK inhibitors showed that histamine-
induced expression of IL-8 and EGR-1 is mainly mediated by ERK1/2 MAPK-signaling 
pathway. 
We conclude that the mH1R and the mH4R interact on two levels of the signaling 
cascade, i.e. second messenger generation (cAMP) and protein kinase activation (p38, 
SAPK/JNK). 

 
 

024 

Protective effects of boric acid against lead- and cadmium-induced genotoxicity  
in vitro 
Behm C.1, Üstündag A.2, Duydu Y.2, Föllmann W.1, Degen G. H.1 
1IfADo - Leibniz Research Centre for Working Environment and Human Factors, 
Ardeystrasse 67, 44139 Dortmund, Germany  
2Ankara University, Faculty of Pharmacy Department of Pharmaceutical Toxicology, 
06100 Ankara, Turkey  
  
Cadmium and lead compounds are well known hazards at workplaces and important 
environmental pollutants that can cause serious damage to human health. As the metal 
ions (Cd2+ and Pb2+) accumulate in the organism, there is special concern regarding 
chronic toxicity and damage to the genetic material. Genotoxicity induced by these toxic 
heavy metals has been attributed to indirect mechanisms, such as induction of oxidative 
stress and interference with DNA repair. Boron is a naturally occuring element and 
considered to be an essential micronutrient, although the cellular activities of boron 
compounds remain largely unexplored. The present study has been conducted to 
evaluate potential protective effects of boric acid against genotoxicity induced by 
cadmium chloride (CdCl2) and lead chloride (PbCl2) in vitro. Cytotoxicity assays (Neutral 
Red uptake and Alamar Blue assay) served to determine concentrations suitable for 
subsequent genotoxicity assays in V79 (hamster lung fibroblast) cell cultures. 
Chromosomal damage and DNA strand breaks were assessed by micronucleus and by 
Comet assays. Both PbCl2 and CdCl2 (at 3, 5 and 10 µM) were shown to induce 
concentration-dependent increases in frequencies of micronuclei and of DNA strand 
breaks in V79 cells. Boric acid (BA) did not show cytotoxicity (up to 300 µM) and no 
genotoxic effects. Upon pretreatment of cells with low BA concentrations (2.5 and 10 
µM, close to physiological levels), it was found that the boron compound strongly 
reduced the genotoxic effects of the tested metals. Based on the findings of this in vitro 
study, it can be suggested that boric acid provides an efficient protection against the 
induction of DNA strand breaks and micronuclei by lead and cadmium. Further studies 
on the underlaying mechanisms for the protective effect of boric acid are indicated. 
Acknowledgement: This work has been financially supported by DFG and Tubitak with a 
travel stipend to Aylin Üstündag. 
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Genetic variants of human ATP-binding cassette (ABC) transporter ABCG2: 
analysis of interaction with the AT1 receptor antagonist telmisartan 
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Introduction 
The human ATP-binding cassette (ABC) transporter breast cancer resistance protein 
(BCRP/ABCG2) affects the pharmacokinetics of numerous drugs and plays a role in 
stem cell biology. We have previously demonstrated that telmisartan, an AT1 receptor 
antagonist, interacts with BCRP, thereby inhibiting its transport capacity. The aim of this 
study was to evaluate whether single nucleotide polymorphisms (SNPs) or somatic 
mutations in the BCRP-gene affect the interaction of telmisartan with the efflux 
transporter. 
Materials and Methods 
For this purpose, we first established a cellular system for the conditional (doxycyclin-
dependent) expression of BCRP. Next, we generated via site-directed mutagenesis 
several BCRP variants (V12M, Q141K, S248P, F431L, R482G, F489L), expressed them 
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in HEK 293 Tet-on cells, and subsequently investigated the interaction of telmisartan 
with these BCRP variants using the pheophorbide A efflux assay. Moreover, we 
analysed the membranous localization and expression levels of the BCRP variants using 
confocal laser scanning microscopy and western blot. 
Results 
All BCRP variants showed a membranous localization pattern. Nevertheless, the 
expression levels of the Q141K and especially the F489L variant were considerably 
reduced. Moreover, telmisartan-induced inhibition of BCRP-mediated pheophorbide A 
transport was almost abolished in cells expressing the R482G variant, whereas it was 
more pronounced in cells expressing the F489L variant. In contrast, interaction of 
telmisartan with BCRP was not significantly affected by the other mutations. 
Conclusion 
Reduced BCRP expression levels in subjects carrying the Q141K or F489L mutations 
may affect drug pharmacokinetics in these individuals. Moreover, the arginine residue at 
position 482 of the BCRP molecule appears to be critical for the interaction of 
telmisartan with the ABC transporter. 
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Raf1 kinase inhibitor protein (RKIP) knockout mice develop a severe heart failure 
in response to pressure overload 
Berlin C.1, Lohse M. J.1, Lorenz K.1,2 
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The tight regulation of cellular networks is a complex task. Previously, we have identified 
RKIP as a protein that coordinates vital signaling networks such as the mitogen-
activated kinase cascade Raf1/MEK/ERK1/2 as well as G protein coupled receptors. 
Dependent on its phosphorylation state, RKIP exists as a monomer or a dimer. 
Monomeric RKIP inhibits Raf1 and thus the Raf1/MEK/ERK1/2 cascade, whereas 
dimeric RKIP inhibits G protein coupled receptor kinase 2, which is an important 
regulator of e.g. β-adrenergic receptors. Both kinases play a major role in cardiac 
hypertrophy, contractility and cardiac remodeling. 
The aim of this study was, thus, to investigate the role of this kinase modulator in heart 
using RKIP knockout mice (RKIP-/-). 
To characterize the effect of RKIP loss in the heart, we analyzed parameters for cardiac 
hypertrophy under basal conditions and in response to chronic left ventricular pressure 
overload induced by transverse aortic contriction (TAC). Heart weight-to-tibia length 
ratios, echocardiographic analyses of interventricular septum thickness as well as 
histological analyses of cardiomyocyte size did not show any significant differences 
between wild-type (BL6/C57) and RKIP-/- mice under basal conditions. Similarly, 
hypertrophic parameters were undistinguishable in both genotypes in response to 
chronic pressure overload. Further, echocardiographic studies of cardiac function 
revealed no difference in contractility under basal conditions as determined by fractional 
shortening. 
Interestingly, however, echocardiagraphic analyses revealed signs of heart failure in 
RKIP-/- mice after TAC: cardiac contractility was markedly decreased, while left 
ventricles were significantly dilated. Further, real-time PCR analyses of wild-type and 
RKIP-/- mice detected significantly increased expression levels of the brain natriuretic 
peptide and collagenase 3, which are markers of heart failure and cardiac remodeling, 
respectively. In line with these results, interstitial fibrosis detected by Sirius-Red staining 
and mortality were markedly higher in RKIP-/- than in wild-type mice after TAC. 
Taken together, RKIP-/- mice do not have an overt cardiac phenotype under basal 
conditions, but they develop an evident phenotype of heart failure in response to chronic 
pressure overload. Our study indicates that RKIP is protective in pressure overload-
induced heart failure and it may thus be a promising principle in heart failure therapy. 
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Guanylyl cyclase independent signaling of nitric oxide via TRPA1 
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The Transient Receptor Potential Ankyrin 1 (TRPA1) is a non-selective ion channel and 
acts as a polymodal receptor for exogenous irritants and pro-inflammatory stimuli. 
Recently, nitric oxide (NO) has been shown to activate TRPA1 in neuronal cells. Thus, 
guanylyl cyclase independent signaling cascades of NO may be mediated via TRPA1. 
To identify signaling cascades promoted via NO and TRPA1 in lung epithelial cells, we 
used the alveolar type II-like cell line A549 endogenously expressing TRPA1 as well as 
TRPA1-positive HEK293 cells. By using structurally unrelated NO donators, we could 
demonstrate a phosphorylation of ERK1/2 dependent on the expression of TRPA1 and 
responsive to the TRP-blocker ruthenium red. Of note, an involvement of guanylyl 
cyclase- and protein kinase G-dependent pathways was not detectable in our model 
systems. Moreover, an involvement of calmodulin/CaMKII, PI3 kinase, phospholipase C 
and protein kinase C in ERK1/2 stimulation could be ruled out. In contrast, activation of 
ERK1/2 by NO donators was blocked by the selective Pyk2 inhibitor PF431396 and 
PP2, a Src-kinase-inhibitor, proposing an involvement of both kinases in NO-induced 
ERK1/2 phosphorylation. Since ERK1/2 is a well established regulator of mucin 
production in lung epithelial cells, we further tested, whether NO also leads to an 
induction of mucin in TRPA1-expressing lung cells. In fact, NO donators led to an 

induction of mucin mRNA in A549 cells. As a consequence TRPA1 appears to be part of 
a Pyk2/Src/ERK1/2 dependent signaling pathway in epithelial cells leading to the 
induction of mucin. 
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Shape of manganese nanoparticles as a determining parameter for cytotoxic 
effects on lung epithelial cells 
Bieschke C. 
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Düsseldorf, Germany  
  
Nanoparticles consisting of manganese oxide have been suggested for several 
innovative technological approaches, including the use in nanomedicine and 
diagnostics. Therefore, the interaction of such nanoparticles with human target cells is of 
particular interest for the success of nanomedical approaches but also with regard to 
unintended side effects. To address this problem, we tested a set of manganese 
nanoparticles (MnNP) with significant differences in particle properties with regard to 
shape, size and oxidation state in an in vitro system which we earlier evaluated for 
subacute toxic responses in the lung. 
MnNP were synthesized, physicochemically characterized and subsequently subjected 
to the analysis of particle-specific effects in epithelial cells in comparison to carbon 
nanoparticles (CNP). Cytotoxicity was determined, both, as measures of membrane 
damage (Trypan blue assay) and metabolic activity (water soluble tetrazolium 
conversion). The particle-specific phosphorylation of src family kinases (SFK) and 
mitogen activated protein kinases Erk1/2 were investigated using Western Blot 
techniques. The ability to induce cell proliferation due to treatment with low doses of 
nanoparticles was examined using a BrdU incorporation assay. 
The WST-Assay appeared to be very sensitive with regard to effects of the Mn-NP of the 
metabolic activity in the mitochondria. Rod-like particles showed a decrease in 
mitochondrial activity of 50% in a concentration range above 0,5 µg/cm2. Rather cube-
shaped particles appeared to be less toxic. In contrast to these results, none of the 
particles had effects on the membrane integrity of the cells. 
Interestingly, in the very low doses tested during the WST-Assay (0,001 and 0,0001 
µg/cm2), the Mn4 particle showed tendencies to increase the viability of the cells. As this 
phenomenon may be due to a stimulation of cell proliferation, this parameter is studied 
by BrdU incorporation assays. 
Additionally, the proliferative signalling, consisting of the phosphorylation of MAPK 
(mitogen activated kinases) and SFK (src family kinases) was investigated using 
Western blot techniques. 
The data demonstrate that MnNP, unlike other poorly soluble nanoparticles (e.g. CNP), 
mainly trigger adverse health effects of the mitochondria in high doses. Relating to the 
trypan blue assay, the particles did not show a significant decrease in membrane 
integrity. The data indicate that Mn-NP may specifically target the mitochondria and 
have an effect on the metabolic activity of the cells. 
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β1-adrenergic receptor activation is voltage-sensitive 
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Seven-transmembrane-spanning G-protein coupled receptors (GPCRs) comprise the 
largest superfamily of membrane proteins that translate extracellular stimuli into 
intracellular responses. Besides the classical way of activation by agonists like 
neurotransmitters, hormones or photons there is experimental evidence suggesting that 
some GPCRs may be sensitive to alterations in the membrane potential. We used 
different FRET-based assays combined with voltage-clamp recordings to address the 
question whether the β1-adrenergic receptor (β1-AR) exhibits voltage-sensitivity. HEK 
293 cells stably expressing a FRET-based β1-AR-biosensor were used to detect 
conformational changes underlying receptor activation as decreases in FRET-ratio at 
defined membrane potentials. Depolarizing membrane potentials inhibited the 
isoproterenol (ISO)-induced activation of the β1 -AR-biosensor. This voltage-dependent 
effect at the receptor level was also transmitted to β-arrestin recruitment measured with 
a FRET-assay directly detecting receptor-arrestin interaction. The interaction was 
inactivated at positive membrane potentials like the receptor molecule itself. The 
voltage-induced offrates of the β1 -AR were much faster than the offrates induced by 
ligand washout: about 80-times faster with the biosensor and about 20-times faster in 
the arrestin-FRET-assay. These large differences in offrate kinetics suggest that 
depolarizing membrane potentials inactivate the receptor while ISO remains in the 
binding pocket. From these findings we conclude that the receptor´s active conformation 
is promoted by negative membrane potentials whereas depolarizing potentials inactivate 
the receptor, hence, that the β1 –AR is voltage-sensitive. 
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Use of biocides – Toxicological effects versus microbiological efficacy 
Zwintscher A., Bitsch A. 
Fraunhofer Institute for Toxicology and Experimental Medicine ITEM Chemical Risk 
Assessment, Nikolai-Fuchs-Str. 1, 30625 Hanover, Germany  
  
The use of biocidal products is regulated in the European Union based on the biocidal 
products directive 98/8/EC (BPD) and the biocidal products regulation (BPR). 
  
By definition biocidal products are “preparations intended to destroy, render harmless, 
prevent the action of, or otherwise exert a controlling effect on any harmful organism by 
chemical or biological means”. 
  
This already includes a toxic action which should ideally be directed only against the 
target organisms (e.g. bacteria) and not against humans and the environment. 
Since the actual effect depends on specific use concentrations, several endpoints have 
to be addressed for final evaluation: 

• Testing of biocidal efficacy 
• Risk assessment for humans (consumer and worker) and the environment. 

Whereas the requirements for toxicological studies used for risk assessment are well 
known and defined, this is not given for all efficacy studies. 
Here different study requirements are based on the specific application, which would 
include different matrices (e.g. cooling liquids), residence times and a varying spectrum 
of pathogenic microorganisms. 
  

Application Target  Examples Risk by target 
(to humans) Risk by biocide 

Disinfection 
(e.g. surfaces) 

Bacteria 
Fungi 
Yeasts 
Viruses 

Staphylococcus 
Salmonella 
Noro virus 

Sepsis / Pneumonia 
Gastroenteritis 

Preservatives 
(e.g. cooling 
liquids) 

Bacteria 
Fungi 
Yeast 

Legionella 
Mycobacteria 
Fusarium 

Legionnaires’ 
Disease 
Tuberculosis 
Production of 
mycotoxins 

Depending on 
area of use 
e.g. 
Chronic toxicity 
Sensitization 

  
Especially in the area of disinfection (hygiene, hospital) the requirements for efficacy 
testing are well established and the benefit of biocidal use is evidenced. 
In the area of preservation the testing methods are not yet standardized. Many biocides 
are therefore not tested according to comparable conditions and the effective use 
concentration is difficult to derive. In consequence this might lead to ambiguous results 
and hence to a possibly overestimation in risk assessment. 
  
However, generally a risk-benefit analysis would be desirable for products, especially for 
those which display unique properties (essential use) in preventing infectious diseases 
in humans evoked by pathogenic microorganism and/or bacterial toxins. 
  
In summary for the evaluation of biocides the testing guidance’s regarding microbial 
efficacy have to be further developed. Additionally guidance’s on risk-benefit analysis 
would help to ensure a justified use of biocides. 
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Pregnane X receptor-dependent regulation of the detoxifying enzyme AKR1B10 
connects xenobiotic metabolism and lipid homeostasis 
Bitter A.1, Kandel B.1, Nüssler A. K.2, Schwab M.1,3, Burk O.1 
1Dr. Margarete Fischer-Bosch Institute of Clinical Pharmacology, Auerbachstr. 112, 
70376 Stuttgart, Germany  
2University of Tübingen Department of Traumatology, Tübingen, Germany  
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Introduction: Pregnane X receptor (PXR) mediates the induction of drug metabolizing 
enzymes and transporters by xenobiotics. Additionally, PXR was shown to affect 
glucose and lipid homeostasis in rodent models, thereby promoting hepatic steatosis. It 
is currently unknown whether PXR plays a similar role in human liver. 
Methods: Clones of human hepatoma HepG2 cells, showing variable PXR protein 
expression, were generated by stable overexpression or siRNA-mediated knock-down of 
PXR. Basal and ligand-dependent steatosis and the respective modulation of gene 
expression were analyzed by quantification of intracellular triglycerides and by use of 
Affymetrix gene chips, respectively. Differential expression was confirmed by 
quantitative real-time RT-PCR and corresponding protein expression by immunoblotting. 
Results: Knock-down as well as ligand-dependent activation of PXR, both promote 
intracellular lipid accumulation. Looking for genes with a corresponding expression 
pattern, we identified AKR1B10. AKR1B10 is strongly induced by PXR ligands, both on 
the mRNA and protein level. Induction was significantly attenuated in cells with low PXR 
expression and inhibited by treatment with a PXR antagonist. On the other hand, “low-
PXR” cells demonstrate an increase in basal AKR1B10 mRNA and protein expression. 
The results obtained in the HepG2 cell model were confirmed in primary human 
hepatocytes. Finally, AKR1B10 expression was shown to correlate with protein levels of 
acetyl-CoA-carboxylase (ACC), one of the key enzymes in de novo lipogenesis. 
Conclusion: We here identified the PXR-dependent regulation of the detoxifying 
enzyme AKR1B10 as a potential mechanism to explain the steatotic effects of both PXR 
knock-down and activation in human liver cells, as it was previously shown that 
AKR1B10 protects the ACC enzyme from degradation. 
Supported by the Robert Bosch Foundation, Stuttgart, Germany. 

032 

Cardiac fibroblasts inhibit β- adrenoceptor dependent connexin43 expression in 
neonatal rat cardiomyocytes 
Blanke K.1, Djilali H.1, Gonzales Casanova J.1, von Salisch S.2, Savtschenko A.2, Dhein 
S.2, Dähnert I.1, Salameh A.1 
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Question: Cardiac fibroblasts play a pivotal role in adverse cardiac remodeling. In 
various cardiac diseases the expression of the gap junction protein Cx43 is altered. With 
this in view we investigated if cardiac fibroblasts affect the Cx43 expression. 
Methods: Therefore we used three different cell culture systems of neonatal rat 
cardiomyocytes and fibroblasts: a pure cardiomyocyte culture, a pure fibroblast culture 
and a co-culture of cardiomyocytes and fibroblasts. Cells were treated with either 
isoprenaline or angiotensin II alone or isoprenaline in combination with the AT1-receptor 
blocker lorsartan or the PKC inhibitor BIM. Furthermore, cells were treated 
simultaneously with isoprenaline and angiotensin II with or without the inhibition of AT1-
receptor or PKC. PCR were carried out to examine the Cx43- mRNA expression and 
Western Blots to obtain the Cx43- and the ERK- protein expression. The translocation of 
AP1 and CREB was analysed by EMSA. HPLC was performed to determine the 
concentration of basal angiotensin II in the three cell culture systems.  
Results: Stimulation of cardiomyocytes with isoprenaline resulted in a significant 
increase in Cx43- mRNA and -protein expression, an enhanced phosphorylation of ERK 
as well as translocation of AP1 and CREB into the nucleus. In contrast isoprenaline 
treatment had no effect on fibroblasts and the co-culture. HPLC analysis revealed that 
the co-culture exhibited significant higher angiotensin II release than cardiomyocyte 
culture and isoprenaline stimulation led to a further increase in angiotensin II release in 
the co-culture but not in cardiomyocyte culture. Furthermore, inhibition of the angiotensin 
II signaling by blockade of the AT1-receptor and the PKC restored the isoprenaline- 
dependent enhancement of Cx43- protein expression in the co-culture. Moreover, 
external angiotensin II suppressed the isoprenaline- stimulated increase in Cx43- protein 
expression, while this adverse effect of angiotensin II was abolished by blockade of AT1- 
receptor or the PKC. 
Conclusion: Cardiac fibroblasts inhibit the isoprenaline- dependent Cx43 response in 
cardiomyocytes via release of angiotensin II in an AT1-receptor- and PKC- dependent 
manner. 
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Establishment of an in vitro method for genotoxicity testing with 3-D human skin 
models 
Blatz V.1,1,1, Bartel M.1, Jäckh C.1, Fabian E.1, Schulz M.1,1, van Ravenzwaay B.2,2, 
Landsiedel R.1,1 
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The skin represents a barrier between the body and the environment. Some xenobiotic 
substances can penetrate the upper layer of the skin, the stratum corneum, and cause 
toxic effects. Some of these xenobiotic substances are metabolized in the skin either 
attenuating their toxic effects (thus adding to the barrier function) or forming protein- or 
DNA-reactive metabolites leading to skin sensitization or genotoxicity, respectively. 
Reconstructed 3-dimensional human skin models have become valid alternative 
methods for the evaluation of skin irritation; in this study the skin models are applied to 
genotoxicity studies with substances requiring metabolic activation. 
The metabolic capacities of three skin models – the epidermal model EpiDermTM, the 
full-thickness models EpiDermTMFT (both MatTek, US), Phenion®FT (Henkel AG & Co. 
KGaA) -  were characterized in comparison to ex vivo human skin. In general, the 
enzyme activities detected were similar, but the epidermal model lacked activities 
located in the dermis: for example the alcohol dehydrogenase (1, 2, 3). 
A test protocol for the alkaline Comet Assay was established for the full thickness 
models, that enables the detection of substance-induced DNA single and double strand 
breaks. The direct mutagen methylmethane sulfonate was used as a positive control and 
induced a dose-related increase of DNA damage after topical exposure for 3 hours. As a 
pro-mutagen, 2-acetylaminofluorene was investigated and no genotoxic effect was 
determined, which may result from the low the basal cytochrome P450 activities of the 
skin models. 
  
We acknowledge funding from the German Federal Ministry for Education and Research 
(BMBF; 0315226D & 0316008D). 
  
1 Jäckh et al., 2011 [Toxicol In Vitro 25 (6)] 
2 Götz et al., 2012 [Exp Dermatol 21(5)] 
3 Blatz et al., 2012 [Naunyn-Schmiedeberg's Archives of Pharmacology 385 (1)] 
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Early Ca2+ Shifts as Common Denominator in Cell Death 
Blenn C., Wyrsch P., Pesch T., Beneke S., Althaus F. R. 
University of Zurich-Vetsuisse Institute of Pharmacology and Toxicology, 
Winterthurerstrasse 260, 8057 Zurich, Switzerland 
  
The determination of the cytotoxic potential of new and so far unknown compounds as 
well as their metabolites is fundamental in risk assessment. A variety of strategic 
endpoints have been defined to describe toxin-cell interactions, leading to prediction of 
cell fate. They involve measurement of metabolic endpoints, bio-energetic parameters or 
morphological cell modifications. Here, we investigated compound-induced free cytosolic 
Ca2+ increases as a very early determinant of cytotoxicity in a panel of toxins (As2O3, 
gossypol, H2O2, staurosporine, and titanium(IV)-salane complexes) in four different 
mammalian cell lines covering three different species (human, mouse, and African green 
monkey). All tested compounds induced an increase in cytosolic Ca2+ within the first 5 s 
after toxin application. Cytosolic Ca2+ shifts occurred independently of the chemical 
structure in all tested cell systems and were persistent until up to 3 h. The linear 
increase of cytosolic Ca2+ within the first 5 s of drug treatment correlates with the EC25 
and EC75 values obtained in the metabolic Alamar Blue assays one day after toxin 
exposure. Moreover, a rise of cytosolic Ca2+ was detectable independent of induced cell 
death mode as assessed by caspase and poly(ADP-ribose) polymerase (PARP) activity 
in HeLa versus MCF-7 cells. In conclusion, a cytotoxicity assay based on Ca2+ shifts has 
a lower limit of detection (LOD) compared with Alamar Blue metabolism assay, is less 
time consuming (at least 24 times faster) and is suitable for high-troughput-screening 
(HTS). 
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Adenine receptors: Novel ligands and their function during hypoxia 
Bloßfeld M.1, Bumnaran B.1, Obst A.1, Siegert F.1, Müller C. E.2, Nieber K.1 
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Adenine has recently been identified as an endogenous ligand of a novel G-protein 
coupled receptor in rats. Radioligand binding studies using membrane preparations 
provide evidence for expression of adenine receptors in rat neuronal tissue which could 
be coupled to a Gi-protein. The function and relevance of these new receptors are still 
unknown. The aim of the present study was to investigate the influence of adenine and 
the novel receptor ligands TB-74 and PSB-08162 on B104 neuroblastoma cells using 
cytotoxicity assays and calcium imaging. Additionally the role of adenine receptor 
activation on the amplitude of electrically evoked postsynaptic potentials (PSPs) during 
normoxic (95% O2; 5% CO2) and hypoxic (1% O2; 5% CO2; 94% N2) conditions was 
examined. Therefore intracellular recordings were performed on cortical pyramidal cells 
in rat brain slices. Adenine, TB-74 and PSB-08162 (all 10 nM to 1 mM) concentration-
dependently reduced cell viability and increased cell death in B104 cells. The ligands did 
not influence the basal intracellular calcium concentration, but inhibition of the ATP-
induced increase of intracellular Ca2+ concentration was observed. In rat brain slices 
adenine depressed concentration-dependently the PSP amplitude, but had no effect on 
membrane potential and input resistance. Exposure to hypoxia (5 min) resulted in a 
decreased PSP amplitude. This reduction was mediated by adenosine1. Superfusion 
with adenine (1 mM), 5 min before hypoxia, diminished the hypoxia-induced decrease of 
the PSPs. Therefore an interaction of the adenine receptor with the adenosine A1 
receptor could be possible. Activation of the adenosine A1 receptor by the selective 
agonist CPA (100 nM) resulted in a decreased amplitude of PSPs. Adenine reduced the 
effect of CPA. This resulted in an increased synaptic transmission. Our results 
demonstrate that the activation of the adenine receptor by its endogenous ligand and the 
novel selective ligands stimulates cell death in B104 neuroblastoma cells. In this respect 
TB-74 and PSB-08162 are more potent than adenine. Our results pointed out that during 
hypoxia adenine modulates synaptic transmission by interaction with the adenosine A1 
receptor. Whether this effect is neurotoxic remains unclear. 
  
1. Hentschel et.al.: Activation of A(3) receptors by endogenous adenosine inhibits 
synaptic transmission during hypoxia in rat cortical neurons. Restor. Neurol. Neurosci., 
2003, 21(1-2), 55-63 
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Extracellular allosteric domains control intracellular signaling of a Class A G 
protein-coupled receptor 
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G protein-coupled receptors (GPCRs) compose a superfamily of seven transmembrane-
spanning proteins which sense extracellular stimuli and consequently exert cell signaling 
via intracellular adaptor proteins such as G proteins and β-arrestin. GPCRs can be 
regulated allosterically by ligands which bind to an allosteric domain topographically 
distinct from the endogenous ligand’s orthosteric binding site. The low conservation of 
such allosteric binding sites provides a basis to design subtype-selective ligands. Hence, 
allosteric ligands are in the focus of current drug discovery. However, the biological 
functions of allosteric binding sites have not yet been fully disclosed. 
The muscarinic M2 receptor serves as the prototypical receptor to study allosteric 
modulation of Class A GPCRs. The crystal structure of the inactive M2 receptor proves 
the allosteric binding site to be situated right on top of the acetylcholine transmembranal 
orthosteric binding pocket1. The connection between theses binding sites allowed the 
design of heterobivalent ligands which bind to both the orthosteric and allosteric binding 
site simultaneously. These so-called dualsteric ligands engender functional selectivity in 
favoring Gi- over Gs-signaling2. 
Here, we report on the identification of a biological function of GPCR’s allosteric binding 
sites to ‘fine-tune’ GPCR signaling3. A set of ‘tailor-made’ biased ligands – composed of 
the orthosteric superagonist iperoxo4 and various fragments of allosteric inverse 
agonists connected via a hexa- or octamethylene linker – was designed. Applying a 
variety of signaling readouts, we show that the level of ligand bias is dependent on the 
extent of allosteric domain rearrangement. Upon orthosteric receptor activation, a 
standard allosteric rearrangement allows intracellular Gi-coupling whereas Gs-coupling 
requires an extended allosteric movement. The allosteric domain arranges intracellular 
G protein-coupling in a hierarchical manner; the Gs-competent receptor conformation is 
only reached via an intermediate conformation with full Gi-signaling efficacy. It is 
tempting to speculate that intracellular signaling controlled by extracellular allosteric 
domains might be a general principle in GPCR biology. 
  
[1] Haga, K. et al. Structure of the human M2 muscarinic acetylcholine receptor bound to 
an antagonist. Nature 482, 547-551 (2012). 
[2] Antony, J. et al. Dualsteric GPCR targeting: a novel route to binding and signaling 
pathway selectivity. FASEB J. 23, 442–450 (2009). 
[3] Bock, A. et al. The allosteric vestibule of a seven transmembrane helical receptor 
controls G-protein coupling. Nat. Commun. 3:1044 doi: 10.1038/ncomms2028 (2012). 
[4] Schrage, R. et al. Agonists with supraphysiological efficacy at the muscarinic M2 
acetylcholine receptor. Br. J. Pharmacol. 2012 Oct 12. doi: 10.1111/bph.12003 
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RGS2 fine tunes dynamics of Gαq-p63RhoGEF interactions without attenuating 
Rho signaling 
Bodmann E. - L.1, Rinne A.1, Wieland T.2, Bünemann M.1 
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Major cell biological processes are regulated by Rho-GTPases, actin-mediated 
processes in particular. Amongst others, Rho-GTPases are stimulated by the receptor-
mediated activation of Gα12/13 and Gαq via specific RhoGEFs. The p63RhoGEF is 
activated by Gαq and plays a major role in the acute response of vascular smooth 
muscle cells to angiotensin II treatment. A trimeric complex of p63RhoGEF, Gαq and 
Regulator of G-protein signaling 2 (RGS2) was described before. In order to gain more 
information on the dynamics of this putative complex FRET-based as well as Serum 
response factor (SRF)-dependent luciferase assays were used. The dynamic of 
Gαq-p63RhoGEF-interaction after rapid application of agonist paralleled very closely the 
activation and deactivation kinetic of Gαq. Furthermore we observed a robust 
acceleration of the dissociation of p63RhoGEF and Gαq as well as Gαq deactivation in 
the presence of RGS2. Both accelerations are probably due to RGS2´s ability to 
stimulate GTPase activation of Gαq. The RGS2 effect could occur within the described 
trimeric complex, but also in the absence of such a complex by short term interactions of 
Gαq with either of the two. Noteworthy RGS2 has neither an influence on the 
steady-state of G-protein-RhoGEF-interaction nor on the activation of p63RhoGEF´s 
downstream target SRF, which is in contrast to RGS2´s effect towards PLCß signaling. 
Futhermore robust, agonist-induced increase in FRET between Gαq and RGS2 was not 
significantly altered by p63RhoGEF. Taken together this data support the concept of a 
functional, activation dependent p63RhoGEF-Gαq-RGS2 complex. 
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The bioactive lipid sphingosine-1-phosphate enhances thrombin-induced 
migration of human monocytes via transcriptional upregulation of the protease-
activated receptor-4 
Böhm A., Sostmann B., Rauch B. H. 
Universitätsmedizin Greifswald Institut für Pharmakologie, Felix-Hausdorff-Str. 3, 17487 
Greifswald, Germany  
  
Thrombin, in addition to its key function in blood coagulation, stimulates inflammatory 
responses such as monocyte migration via activation of the protease-activated receptors 
(PARs). Chemotaxis of monocytes is modulated by the sphingosine-derived lipid 
signaling molecule sphingosine-1-phosphate (S1P). The present study investigates the 
effect of S1P on expression of the thrombin receptors PAR-1 and PAR-4 and its effect 
on thrombin-induced chemotaxis in the monocytic cell line U937 and in primary human 
monocytes. 
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U937 cells were used in as a model for human monocytes. Primary monocytes were 
isolated from healthy volunteers using the Dynabeads® Untouched™ human Monocytes 
kit (Invitrogen). Effects of S1P on PAR expression were measured by flow cytometry, 
Western blotting and Taqman® real-time PCR. Migration of cells was determined in a 
modified Boyden Chamber assay. 
S1P (0.1 – 10 µM) stimulated the generation of PAR-1 and PAR-4 mRNA and resulted in 
an enhanced PAR-1 and PAR-4 total protein expression (about 2-fold) in U937 cells and 
in primary monocytes. In addition, cell surface expression of PAR-1 and PAR-4 were 
also enhanced by 2-fold. Selective activating peptides (PAR-APs) for PAR-1 and PAR-4 
mimicked these effects. Interestingly, at the cell surface only expression of PAR-4 was 
increased by S1P while PAR-1 levels was not affected. Incubation of primary monocytes 
or U937 cells with S1P (1 µM) for 16 hours resulted in an enhanced chemotaxis towards 
thrombin compared to untreated cells. Migration towards PAR-1-AP or PAR-4-AP after 
S1P pretreatment indicated that the enhanced chemotaxis was mediated by PAR-4. 
In conclusion, S1P affects monocyte migration by enhancing the levels of PAR-4 
expression in monocytes which results in an enhanced migration towards thrombin. This 
mechanism may attract monocytes towards sites of vessel injury, plaque rupture and 
infected tissue. 

 
 

039 

Physicochemical characterisation and toxicological testing of commercially 
available silver nanoparticles 
Böhmert L.1, Lichtenstein D.1, Horzowski S.1, Harwardt T.1,2, Girod M.2, Hansen U.2,1, 
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Colloidal silver supplements are advertised as Panacea especially from the internet. 
They supposed be anti-dandruff and fight against AIDS. Although silver is licensed as 
additive E174, the potential risk of silver nanoparticles should be assessed. Due to the 
small size the properties of a material could change in the nano-state. 
A commercially available colloidal silver supplement was characterised and 
toxicologically tested. The product was an aqueous suspension of silver nanoparticles. 
The physicochemical characterisation was done by asymmetric flow field-flow 
fractionation (A4F) in combination with dynamic light scattering (DLS) and small angle X-
ray scattering (SAXS). The additional toxicological testing was done with human Caco-2 
cells, a common model for the intestinal barrier, using cell viability assay, DNA staining 
and impedance measurement. 
The analysed nanoparticles had a hydrodynamic radius of 8 to 13 nm. The zeta potential 
was -25 mV at a physiological pH of 7,5. A concentration- and time-depending effect on 
the cell viability of proliferating and differentiated Caco-2 cells was detectable. The 
serum content of the cell culture medium had a stabilising effect on the nanoparticles, 
which slightly reduced the toxicity. 
It could be shown that the product, promoted with “authentic colloidal silver” contained 
silver nanoparticles. The manufacturer recommends an uptake of 2.5 mL of the 500 ppm 
silver supplement on an empty stomach. The in vitro testing showed an acute cytotoxic 
effect on intestinal cells with an EC50 of about 10 ppm after 24 h of inkubation. 
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Polycyclic aromatic hydrocarbons (PAH) and neoplasms of the human bladder - A 
metabolomic study of bladder cancer cells after exposure 
Boland S., Pink M., Rettenmeier A., Schmitz-Spanke S. 
Uniklinikum Essen Institut für Hygiene und Arbeitsmedizin, Hufelandstr 55, 45147 
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Introduction: The exposure of PAH on the human body is considered as a possible 
trigger for the development of urinary bladder cancer (BC). Epidemiological data on 
occupational diseases point to an association between exposure to PAH at the 
workplace and the development of various malignancies, such as BC in coke plant 
workers. Nevertheless, the mechanism underlying the potential carcinogenicity of PAH 
in bladder remains poorly understood. In former studies we analyzed the effect of an 
exposure to benzo[a]pyrene (B[a]P) – a key substance of this group – on the proteome 
of bladder cancer cells (RT4 cells). Among others, several metabolic processes were 
regulated after exposure. 
Hence, in this work B[a]P associated changes in cell metabolome were examined. To 
reveal the metabolic response along a time axis, bladder cancer cells were exposed for 
24 h and 4 weeks to a low dose of B[a]P. 
Method: The changes of the metabolome was analyzed by GC-MS. Human bladder 
cancer cells (RT4) were exposed to 0.5 µM B[a]P for 24 hours, and over a period of 4 
weeks (0.2 µM B[a]P, 0.5 µM B[a]P). Cell controls were cultured in parallel as 
references. Intracellular metabolites were determined in addition to metabolites secreted 
in the medium of cells. The extraction of the aqueous metabolites was carried out with 
methanol, the hydrophobic ones using MTBE/hexane. After gas chromatographic 
separation the chromatograms of cell controls and exposed cells were compared, along 
with the GC-spectra of the different B[a]P concentrations. Metabolites whose 
concentration was changed, ± 50% compared to the other state, were considered as 
“altered”. 
Results: The comparison of the chromatograms revealed changes in the metabolome 
between the various states. Right now, after an exposure period of 24 hours, 40 
metabolites were detected as significantly altered. These metabolites could be assigned 
to different classes of substances, e.g. lipids, amino acids and intermediates of energy 
metabolism. Some of the altered metabolites in our study were also found to have the 

potential to discriminate between BC-patients and non-BC-patients. For example, as in 
the urine of patients with BC, glycerol was increased in the exposed cells indicating an 
increased rate of glycolysis. 
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Synthetic cannabinoids added to smoked herbal mixtures inhibit GABAergic and 
glutamatergic synaptic transmission 
Boros E., Lederer M., Szabo B. 
Institut für Experimentelle und Klinische Pharmakologie und Toxikologie, Universität 
Freiburg Abteilung II, Albertstraße 25, 79104 Freiburg im Breisgau, Germany  
  
Introduction. The primary neuronal target of D9-tetrahydrocannabinol, the CB1 
cannabinoid receptor, is typically located on axon terminals, and its activation leads to 
presynaptic inhibition of synaptic transmission. Recently, synthetic cannabinoids were 
introduced to the drug market: herbal mixtures for smoking (“Spice”, “Yucatan Fire”, 
“Smoke”…) are “enriched” with such synthetic cannabinoids. Our aim was to 
characterize the synaptic effects of two frequently used synthetic aminoalkylindoles, 
JWH-018 and JWH-210. 
Methods. 300 µm-thick sagittal slices were prepared from the cerebella of young NMRI 
mice and superfused. Purkinje cells in the cerebellar cortex were patch-clamped and 
GABAergic inhibitory postsynaptic currents (IPSCs) and glutamatergic excitatory 
postsynaptic currents (EPSCs) were recorded. 
Results. JWH-018 (10-7 and 10-6 M) did not affect the GABAergic sIPSCs. JWH-018 (5 x 
10-6 M) lowered the frequency and cumulative amplitude of sIPSCs without changing 
their amplitude. JWH-210 (10-6 and 5 x 10-6 M) concentration-dependently suppressed 
the frequency and cumulative amplitude of sIPSCs, and these effects were prevented by 
the CB1 antagonist taranabant (10-6 M). Depolarization of the postsynaptic Purkinje cells 
induced an endocannabinoid- and CB1 receptor-mediated suppression of the GABAergic 
inhibitory input to the Purkinje cells (DSI). DSI was occluded by superfusion of JWH-210 
(5 x 10-6 M). JWH-210 (5 x 10-6 M) suppressed the frequency but not the amplitude of 
miniature IPSCs (mIPSCs) recorded in the presence of tetrodotoxin, pointing to 
presynaptic inhibition of synaptic transmission. JWH-210 (5 x 10-6 M) lowered the 
amplitude of glutamatergic EPSCs. This was due to presynaptic inhibition, because 
JWH-210 increased the ratio of the amplitudes of two EPSCs elicited within 40 ms. 
Conclusion. JWH-018 and JWH-210 inhibit GABAergic synaptic transmission with a 
presynaptic action. JWH-210 also presynaptically inhibits glutamatergic synaptic 
transmission. As additives in herbal mixtures, the synthetic aminoalkylindoles will 
probably inhibit GABAergic and glutamatergic synaptic transmission in humans and 
interfere with endocannabinoid-mediated synaptic plasticity. Consequently, impairments 
in cognitive functions are to be expected. 
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Varenicline: effects on cognition via regulation of neuronal nicotinic acetylcholine 
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Purpose: The smoking cessation aid Varenicline, a subtypselective partial agonist on 
nicotinic acetylcholine receptors, has a low intrinsic activity, but a high affinity at α4β2 
receptors. We sought to determine whether nicotine and varenicline change mRNA and 
protein expression of cortical and hippocampal α4ß2 subunits and whether this is 
associated with alterations of cognition. Methods: Male C57/Bl6 mice, 6-7 months old, 
were subjected to placebo controlled treatments with either i.p. varenicline (3mg/kg/day), 
oral nicotine (16mg/kg/day), oral varenicline (0,01; 0,1; 1; 3 mg/kg/day), combined 
nicotine (16mg/kg/day) and varenicline (3mg/kg/day), varenicline (3mg/kg/day) following 
nicotine treatment (16mg/kg/day) mimicking varenicline aided smoking cessation and 
vehicle following nicotine treatment (16mg/kg/day) mimicking non-aided smoking 
cessation. The novel object recognition task was used to measure varenicline`s effects 
on cognition. Following euthanasia of C57/Bl6 mice we determined receptor expression 
via realtime PCR and western blotting in the hippocampus and the cortex. Responses of 
neuronal hippocampal cells (HT-22) to increasing concentrations of varenicline were 
evaluated. Results: Nicotine treatment upregulated both subunits of α4ß2 in cortex and 
hippocampus and similar results were obtained with i.p. varenicline. In contrast, oral 
varenicline increased ß2 but not α4 subunit expression in a dose dependent manner in 
the cortex. This lack of cortical α4 protein upregulation was confirmed in the groups, in 
which nicotine and varenicline were given together or varenicline treatment followed 
nicotine exposition. Vehicle following nicotine treatment resulted in baseline levels of 
α4ß2 protein expression, indicating the reversibility of nicotine-induced upregulation of 
α4ß2. Levels of mRNA were unchanged after all interventions indicating posttranslational 
mechanisms for α4ß2 subunit regulation. Cell culture experiments confirmed varenicline-
induced upregulation of both α4 and ß2 protein without changing mRNA expression. 
Upregulation of ß2 protein was observed with lower doses of varenicline than that of α4 
protein. The object recognition task revealed no reinforcing effect of varenicline on 
cognitive abilities. Conclusions: Our data suggest that varenicline-induced α4ß2 protein 
upregulation is subunit specific and mediated via posttranslational mechanisms but does 
not change cognitive performance in the novel object recognition task. 
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The indirubin derivative 6-bromo-indirubin-3’-oxime inhibits breast cancer cell 
metastasis 
Braig S.1, Kressirer C.1, Liebl J.1, Bischoff F.1, Zahler S.1, Meijer L.2, Vollmar A.1 
1University of Munich Department of Pharmacy, Pharmaceutical Biology, Butenandtstr. 
5-13, 81377 Munich, Germany  
2CNRS Station Biologique, place G. Teissier, 29682 Roscoff, France  
  
Since metastasis is the major cause of mortality in breast cancer and as currently no 
distinct antimetastatic therapies are available, the development of novel therapeutic 
agents targeting the migration and invasion of tumor cells into the surrounding 
microenvironment is urgently needed. 
In this study, we present the indirubin derivative 6-bromo-indirubin-3´-oxime (6BIO) as a 
promising antimetastatic agent, as injection of 6BIO strongly reduces the formation of 
lung metastasis in a mouse 4T1 mammary tumor model. Major hallmarks of the 
metastatic processes are affected by 6BIO. A subtoxic concentration of 6BIO inhibits 
adhesion, migration and invasion of breast cancer cells (SK-BR-3), as demonstrated in 
vitro by wound healing and Boyden chamber assays. 
To analyze the underlying mechanisms and targets involved in the antimetastatic action 
of 6BIO, known targets of 6BIO were silenced. Surprisingly, neither knockdown of 
GSK3β nor of PDK1, both known modulators of cellular metastasis and targets of 6BIO, 
led to a significant reduction of migration in SK-BR-3 cells. In contrast, the Jak/STAT3 
signaling pathway with its downstream migration regulators CTEN and MMP2 seem to 
be the major players mediating inhibition of migration and invasion of 6BIO. However, 
PDK1 and GSK3β also contribute to the overall effect of 6BIO, as silencing of all three 
targets resulted in almost complete inhibition of migration. Thus, the antimetastatic 
potential of 6BIO is due to its ability to simultaneously inhibit several kinase cascades 
involved in metastasis of cancer cells. This finding supports the emerging concept of 
using “polypharmacologically” active drugs in cancer therapy. 
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Angiotensin II causes oxidative stress and DNA damage in mouse kidneys via the 
angiotensin II type 1 receptor 
Brand S.1, Amann K.2, Schupp N.1 
1Institut für Pharmakologie und Toxikologie, Versbacherstr. 7, 97078 Würzburg, 
Germany  
2Institut für Pathologie, Krankenhaussstraße 8-10, 91054 Erlangen, Germany  
  
Angiotensin II (Ang II), the reactive peptide of the renin-angiotensin-system, causes 
vasoconstriction and, in higher levels hypertension, which is connected to an increased 
kidney cancer risk. Treatment of mice with Ang II results in the formation of reactive 
oxygen species (ROS) and DNA damage in the kidney as well as in the heart. To further 
investigate the mechanism of DNA damage caused by Ang II, mice were treated with the 
angiotensin-converting-enzyme inhibitor ramipril, the Ang II receptor blocker 
candesartan, the antioxidant tempol and the vasodilator hydralazine. 
Treatment with Ang II led to a significant increase in blood pressure, which candesartan 
and hydralazine could decrease, whereas ramipril and tempol had no effect. 
Ang II-treated animals developed histopathological changes like glomerular and 
tubulointerstitial damage which was significantly improved by candesartan and tempol. 
Hydralazine and ramipril mitigated the observed renal damage but less effective than 
candesartan. 
Furthermore, Ang II-induced formation of ROS in the kidney and the heart was slightly 
affected by all interventions. Genomic damage, in the form of double strand breaks was 
prevented by candesartan and tempol. 
Ang II treatment also caused activation of the transcription factor Nrf2, up-regulation of 
the expression of the antioxidative protein heme oxygenase-1 and DNA repair. 
Candesartan and tempol led to a significant decrease of these markers, whereas 
hydralazine had no effect. 
To sum up, the results from this study show that Ang II induces the elevation of markers 
of kidney failure and DNA damage, which is prevented by candesartan, showing the 
involvement of the Ang II receptor. The importance of ROS for the formation of DNA 
damage and an independency of this damage from the increased blood pressure was 
shown by the effects of the antioxidant tempol, which, although not lowering the blood 
pressure, was able to prevent oxidative stress and DNA damage. 
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Sensory neuron-specific G protein-coupled receptors-4 and bradykinin-2-
receptors modulate transient receptor potential cation channel V1 activity by 
diverging signalling networks in a dorsal root ganglia-like cell model 
Breit A., Solinksi H. J., Zierler S., Gudermann T. 
LMU Walther-Straub-Institut für Pharmakologie und Toxikologie, Goethestrasse 33, 
80336 München, Germany  
  
Gq-protein activating neuropeptides such as bradykinin (BK) sensitise the transient receptor 
potential cation channels V1 (TRPV1) for heat or protons via protein kinase C (PKC)-
promoted phosphorylation in primary sensory neurons. Coterminously, diacylglycerol 
(DAG), phosphatidyl inositol bisphosphate (PIP2) and lipoxygenase products have been 
proposed to modulate basal TRPV1 activity at physiological temperature or proton levels. 
However, it is not known whether distinct Gq-protein activating neuropeptides modulating 
TRPV1 activity differently or if these processes act in combination or independently from 

each other. Measuring intracellular calcium concentrations, manganese influxes and whole 
cell calcium currents, we report here that activation of human sensory neuron-specific 
GPCR-4 by their natural agonist, bovine adrenal medulla peptide-8-22 (BAM8-22), directly 
activated and sensitised the TRPV1 when co-expressed in a DRG-like cell line (F11 cells). 
Using a set of TRPV1 mutants and kinase inhibitors we found that TRPV1 sensitisation for 
heat and protons required PKC activity whereas BAM8-22-promoted direct TRPV1 
activation occured independently of PKC and strongly depended on DAG production (71 %) 
and to a lesser extent on PIP2 degradation (44 %). In contrast, BK-promoted TRPV1 
activation required PIP2 degradation (100 %), DAG production (88 %), PKC (53 %) and 
lipoxygenase activity (44 %). Consequently, BAM8-22-promoted signalling pathways acted 
rather independently wherease BK-induced pathways in concert to activate TRPV1. In 
conclusion, we report that TRPV1 sensitisation and activation can be discriminated on the 
molecular level and that different Gq-protein activating, nociceptive stimuli employ distinct 
signalling networks to modulate basal TRPV1 activity in the same cells. 
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Influence of protein interactions and PKC activity on MRP4 (ABCC4) 
Bröderdorf S., Schaletzki Y., Kromrey M. - L., Kroemer H. K., Siegmund W., Jedlitschky 
G. 
Universität Greifswald Institut für Pharmakologie, Felix-Hausdorff-Str. 3, 17489 
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Background: MRP4, an ATP-binding cassette (ABC) transporter, is typically known for the 
transport of endogenous signaling molecules like cyclic nucleotides, bile salt conjugates and 
conjugated steroids and nucleoside-based agents like 6-mercaptopurine. The unique 
substrate specificity and the cell-type dependent membrane localization in different tissues 
are special properties of MRP4 and distinguish it from other ABCC subfamily members. In 
polarized cells MRP4 may localize either to apical or basolateral plasma membranes or to 
intracellular storage compartments as the delta-granules of platelets.1 In patients with delta-
storage pool deficiencies, which lead to impaired function of platelets, a disturbance of the 
correct localization of MRP4 was observed.2 It has been recognized that protein-protein 
interactions are important for transporter localization and their function. We therefore 
investigated protein interactions of MRP4 especially in platelets as well as its regulation on 
the transcriptional as well as post-transcriptional level. 
Methods and results: We screened for possible adaptor proteins binding to the C-terminus 
of MRP4 containing a PDZ interaction motif in platelets and in kidney-derived epithelial cells. 
The approach included a pull-down system with a glutathione S-transferase/MRP4 fusion 
protein and with a synthetic peptide consisting of the C-terminal MRP4 sequence coupled to 
a sepharose matrix. In addition, co-staining of MRP4 with possible interacting proteins in 
immunofluorescence microscopy was performed. Candidates identified as possible 
interaction partners of MRP4 in platelets include several PDZ domain-containing adaptor 
proteins, including NHERF-1/EBP50 and proteins which were so far mainly described in 
neurons. Furthermore, MRP4 was found to be regulated by protein kinase C activation 
resulting in an internalization of the transporter, as indicated by accumulation assays and 
immunofluorescence microscopy. The internalized MRP4 was detected in lysosomes as 
well as in  recycling endosomes. 
Conclusions: Interactions with several adaptor proteins may be fundamental for correct 
localization and function of MRP4. Plasma membrane localization of MRP4 is also 
regulated by protein kinase C. 
  
1Jedlitschky, G., et al., (2012), Blood, 119:3394 
2Jedlitschky, G., et al., (2010), Am. J. Pathol., 176: 1097 
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Antipsychotic-like effect and cataleptogenic potential of the dopamine D2 receptor 
partial agonist 2-bromoterguride 
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Background: Schizophrenia is a psychosis that seriously impairs the quality of life for 
patients. Current therapy seems to be insufficient. Therefore, great efforts are needed to 
develop new drugs that are effective antipsychotic medications with a diminished risk of 
side-effects. Dopamine D2 receptor partial agonists represent an option for 
schizophrenic patients with a lower risk to develop extrapyramidal side-effects. 
Methods: In vitro data revealed that the terguride derivate 2-bromoterguride is a partial 
agonist of low intrinsic activity at dopamine D2short receptors and a potent antagonist at 
D2long and 5-HT2A receptors as well as α2C-adrenoceptors. Here, we aimed at 
characterizing the antipsychotic-like effect and the cataleptogenic potential of 2-
bromoterguride in rats. The influence of 2-bromoterguride (0.1 and 0.3 mg/kg) on 
spontaneous behaviour was investigated in the open-field box, the antipsychotic-like 
effect was studied using amphetamine-induced locomotion. Extrapyramidal side-effect 
liability was evaluated by catalepsy test and amphetamine-induced stereotypy. 
Results: Administration of 2-bromoterguride to rats decreased locomotion of the animals. 
In addition, 2-bromoterguride antagonized psychomimetic-induced hyperlocomotion did 
not induce catalepsy and attenuated stereotyped behavior. 
Conclusion: 2-bromoterguride shows antipsychotic-like activity and low extrapyramidal side-
effect liability in vivo. The mild sedative effect is in agreement with observations of other 
studies showing an attenuating response on locomotion by D2 receptor partial agonists. 
These properties in line with a novel receptor binding profile highlighted by the in vitro data, 
make 2-bromoterguride a promising candidate for the treatment of schizophrenia. 
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Influence of Roux-en-Y gastric bypass surgery on the gene expression of 
metabolism and transport proteins in the small intestine 
Bruckmüller H.1, Oswald S.2, Häsler R.3, Ludwig K.4, Siegmund W.2, Cascorbi I.1 
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2University of Greifswald Institute of Pharmacology, Friedrich-Loeffler Str 23d, 17487 
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Introduction: 
Obesity is an increasing global health problem, associated with numerous comorbidities 
including type 2 diabetes mellitus, hyperlipidemia, hypertension. Despite all preventive 
and therapeutic efforts, long-term weight loss often fails. Procedures like Roux-en-Y 
gastric bypass (RYGB) are well accepted in weight loss surgery, causing significant 
reduced body weight and obesity-related comorbidity. Through the intestinal 
reorganization caused by the surgery, in particular the jejunum is subjected to altered 
influences. The aim of our study was to investigate the gene and microRNA expression 
profiles of duodenum compared to jejunum during surgery and the possible changes in 
the jejunum one year after RYGB. Furthermore, pathways involved in intestinal 
adaptation processes as well as  microRNA – target gene interactions should be 
studied. 
Methods: 
Biopsies from twelve obese patients were obtained during RYGB (duodenum, jejunum) 
and one year later (only jejunum). mRNA expression was analyzed by Affymetrix Human 
Gene 1.0 ST chip while microRNA expression was analysed by TaqMan Low-Density 
Arrays Pool A+B.To define overrepresented pathways among the significant deregulated 
genes a gene ontology analysis was performed. MicroRNA target prediction was 
conducted using TargetScan, Diana and the miRanda algorithm. For studying microRNA 
– target gene 3’UTR interactions  luciferase assays were done. 
Results: 
We found significant mRNA expression differences comparing duodenal and jejunal 
tissue after RYGB (e.g. INSIG1 fold change 3.78, p=0.03) and within jejunal tissue 
before and after RYGB (e.g. HMGCS2 fold change -5.57, p=0.02). In particular genes 
related to cholesterol metabolism were deregulated. MicroRNA expression varied 
significantly between duodenal and jejunal tissue before surgery and within jejunal tissue 
before and after RYGB. Inverse correlation of microRNA and predicted target mRNA 
expression were found for cholesterol metabolism related genes like INSIG1, SREBF2 
and NCP1L1. 
Conclusion: 
 RYGB leads to a strong change of the mucosal gene expression profile in the relocated 
jejunum during one year possibly due to altered external influences as evidenced by the 
change of the initial jejunal microRNA to the profile of the initial duodenum. 
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Methoxylated myricetin derivatives modulate ROS production, stress resistance 
and life span in Caenorhabditis elegans 
Büchter C.1, Ackermann D.1,2, Chovolou Y.1, Fritz G.1, Wätjen W.1,3 
1Heinrich-Heine-University, Intitute of Toxicology, Universitätsstraße 1, 40225 
Düsseldorf, Germany  
2Heinrich-Heine-University, Institute of Pharmaceutical Biology, Universitätsstraße 1, 
40225 Düsseldorf, Germany  
3Martin-Luther-University Halle-Wittenberg, Institute of Agriculture and Food Science, 
06099 Halle (Saale), Germany  
  
Polyphenolic compounds in herbal food are discussed to contribute to the health 
beneficial effects of a diet rich of vegetables and fruits. Distinct substances display 
interesting pharmacological properties, e.g. antioxidative activity and modulation of 
redox-active signaling pathways. We investigated the effects of myricetin, a flavonoid 
that occurs in several species of berries, as well as methoxylated derivatives of myricetin 
on ROS production, stress resistance and life span in the relatively simple but 
genetically tractable and versatile in vivo model organism Caenorhabditis elegans. 
Myricetin caused an increase in mean adult lifespan of C. elegans of 32.9%. This 
longevity effect was associated with a decrease of the aging marker lipofuscin as well as 
a decrease in ROS induction, measured by using the H2DCF-DA assay. However, 
myricetin failed to improve heat stress resistance in C. elegans, an attribute often 
associated with longevity in this organism. The methoxylated myricetin derivatives 
extended mean adult lifespan of C. elegans, in a degree that is comparable with 
myricetin. These compounds also showed a decrease in ROS induction and an even 
stronger reduction of lipofuscin compared with myricetin. The methoxylated derivatives 
further improved the heat stress resistance of C. elegans. 
In order to elucidate the basis of the life prolonging action of myricetin, we investigated 
its influence on factors known to have important functions in stress response and the 
regulation of aging, namely the FoxO homologue DAF-16, the NAD+-dependent protein 
deacetylase SIR-2.1 and the heat-shock transcription factor HSF-1, respectively. 
Lifespan extension by myricetin disappeared in daf-16 and sir-2.1 loss of function mutant 
strains, showing the effect is at least partially dependent on these signaling molecules. 
By using a hsf-1 loss of function mutant strain, it was further shown that the life 
prolonging effect of myricetin is independent of hsf-1. 
In conclusion, our results indicate that myricetin and the methoxylated derivatives exert 
their biological properties not only due to direct antioxidative activities, but also by 
modulating specific signaling pathways involved in stress response and aging. We were 
able to show that the life prolonging effect of myricetin is at least in part dependent on 
daf-16 and sir-2.1 and that a methoxylation of myricetin can increase its biological 
activity. 
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Molecular effects of perfluorooctanoic acid (PFOA) on the transcriptome of human 
primary hepatocytes 
Buhrke T., Scharmach E., Rößler M., Bitter K., Lampen A. 
Bundesinstitut für Risikobewertung (BfR) Lebensmittelsicherheit, Max-Dohrn-Str. 8-10, 
10589 Berlin, Germany  
  
Perfluorooctanoic acid (PFOA) is an industrial chemical that is used for the fabrication of 
numerous products with oil-, dirt- and water-repellent properties. PFOA is resistant to 
chemical, thermal and biological degradation and has become a global contaminant of 
soil, water, air and food in the meantime. The toxicological data of PFOA give cause for 
concern as the substance was shown to damage the liver of rodents and to impair 
embryo development. Currently, the hazard potential of PFOA for humans is 
controversially discussed. 
In this study, a microarray analysis was conducted to screen for PFOA-mediated 
alterations in the transcriptome of human primary hepatocytes by using the GeneChip 
HG-U133 plus 2.0 (Affymetrix). A subsequent network analysis revealed that PFOA had 
an impact on several signalling pathways in addition to the well-known activation of the 
peroxisome proliferator-activated receptor alpha (PPARα). PFOA was shown (i) to 
induce activation of the AP-1 transcription factor via upregulation of the proto-oncogenes 
c-Jun and c-Fos (ii) to downregulate the estrogen receptor ERα (iii) to activate the 
pregnane X receptor (PXR) and the constitutive androstan receptor (CAR), and (iv) to 
inhibit the function of the hepatocyte nuclear factor 4α (HNF4α) which is an essential 
factor for liver development and embryogenesis. The results were confirmed by real-time 
PCR by using the RNA samples of the human primary hepatocytes that had been used 
for the microarray experiment. Moreover, the hypotheses derived from the microarray 
data were further confirmed by using the HepG2 cell line as a model for human 
proliferating hepatocytes. With respect to the observed activation of the AP-1 
transcription factor it was shown that PFOA stimulates cellular proliferation via 
upregulation of the expression of various cyclines and simultaneous downregulation of 
the expression of cell cycle repressors such as p21 and p53. Moreover, PFOA-mediated 
inhibition of HNF4α activity was confirmed by various molecular assays. In sum, the 
results of the study indicate that additional, PPARα-independent mechanisms may 
contribute to the observed hepatotoxicity of PFOA. The elucidation of novel modes of 
action of PFOA is relevant for the ongoing risk assessment of the substance. 
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Metabolic alterations in Lesch-Nyhan syndrome 
Burhenne H.1,2, Tschirner S.1,2, Kuhn M.1, Kaever A.3, Seifert R.1, Kaever V.1,2 
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Lesch-Nyhan syndrome is an X-chromosomal neurodevelopmental disorder 
characterized by hyperuricemia and severe neuropsychiatric symptoms including 
dystonic cerebral palsy, choreoathetosis, aggression and compulsive self-injury. The 
causal defect of the disease is a congenital deficiency of the purine salvage enzyme 
hypoxanthine-guanine phosphoribosyl transferase (HPRT). 
Up to date, the linkage between missing HPRT activity and the typical neuropsychiatric 
perturbations is still unknown. To learn more about the metabolic alterations in Lesch-
Nyhan syndrome and for the identification of new biomarkers, we investigated rat B103 
neuroblastoma HPRT knockout cells, a cell culture model for Lesch-Nyhan syndrome 
[1]. In comparison to the wildtype, we analyzed the concentrations of intracellular 
metabolites in a targeted and non-targeted approach. In the targeted metabolomic 
research, 185 metabolites were analyzed via liquid chromatography-coupled quadrupole 
tandem mass spectrometry (HPLC-MS/MS) using the AbsolutelDQ-p180 Kit (Biocrates, 
Austria). Non-targeted metabolomic studies were performed on a quadrupole time of 
flight (QTOF) tandem mass spectrometer coupled with HPLC. This method based on 
accurate mass detection, generation of fragment spectra and database researches.    
Our studies show that hypoxanthine, a substrate of HPRT, is accumulated in the HPRT 
knockout cells. Moreover, we found putrescine and deoxycytidine at significant higher 
amounts in the knockout cells than in the wildtype cells. In contrast, the levels of cytidine 
5’-monophosphate (CMP) and various amino acids were, compared to the wildtype, 
decreased. 
This study demonstrates that our method allows a reliable identification of metabolites in 
complex biological matrices. Thus, in further experiments brain tissue from HPRT-
deficient mice as well as samples from Lesch-Nyhan patients will be investigated. Our 
aim is the development of a screening method for neuropsychiatric diseases in order to 
find new biomarkers that may serve as diagnostic markers and help to improve 
therapeutic strategies. 
  
[1] Kinast L, von der Ohe J, Burhenne H, Seifert R. Impairment of adenylyl cyclase 2 
function and expression in hypoxanthine phosphoribosyltransferase-deficient rat 
B103 neuroblastoma cells as model for Lesch-Nyhan disease: BODIPY-forskolin 
as pharmacological tool Naunyn-Schmiedeberg's Archives of Pharmacology 2012 
Jul;385(7):671-83. Epub 2012 May 3. 
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The hepatoma cell line Huh-7 cultured in the r-3D-KITChip bioreactor shows 
improved functionality and higher sensitivity towards acetaminophen as 
compared to static 2D culture 
Burkhardt B.1, Lukas R.1, Damm G.2, Ehnert S.1, Giselbrecht S.3, Gottwald H. - E.3, 
Nüssler A. K.1 
1Eberhard-Karls-Universität Tübingen Siegfried Weller Institut, Schnarrenbergstr. 95, 
72076 Tübingen, Germany  
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3Karlsruher Institut für Technologie (KIT) Institut für Biologische Grenzflächen-1, 
Herrmann-von-Helmholtz-Platz 1, 76344 Eggenstein-Leopoldshafen, Germany  
  
In the last few years, the development of in vitro cell culture models suitable for 
preclinical hepatotoxicity studies has become more and more important. Most of the new 
systems are based on 3D scaffolds or collagen sandwiches, because hepatocytes that 
are cultured in 2D rapidly lose their characteristic hepatic functions. In the present study, 
we used a chip-based miniaturized bioreactor (r-3D-KITChip bioreactor) for 3D culture 
under continuous flow. As primary human hepatocytes are of limited access, there is 
need for alternative cell systems, e.g. hepatoma cell lines. We therefore tested the 
functionality of Huh-7 cells and their sensitivity towards acetaminophen (APAP) in the r-
3D-KITChip bioreactor in comparison to static 2D culture. 
As one characteristic hepatic function, the activity of multidrug resistance protein 1 
(MRP1) was determined by using the model substrate 5-carboxyfluorescein diacetate. 
While with Huh-7 cells cultured in 2D almost no efflux could be detected, a clear time-
dependent efflux of 5-carboxyfluorescein was observed with cells of the r-3D-KITChip 
bioreactor. This indicates a higher activity of MRP1 in cells cultured in 3D. Furthermore, 
the activity of characteristic metabolic enzymes, e.g. CYP 1A2, was determined by 
fluorimetric assays. However, we were not able to detect any enzyme activity in our 
samples, which might be due to the low expression of phase I enzymes in cell lines in 
general. 
It has already been shown that APAP-induced toxicity is more pronounced in 3D 
cultures of hepatocytes compared to 2D. We therefore treated Huh-7 cells with APAP for 
24 h and determined cell viability by resazurin conversion as well as leakage of lactate 
dehydrogenase. As expected, cells that were cultured in the r-3D-KITChip bioreactor 
showed a higher sensitivity towards APAP. This might be linked to an increased activity 
of transport proteins or CYP isoforms that are involved in APAP metabolism. In order to 
investigate this, we are currently determining the expression of CYP isoforms and 
hepatic transporters in the samples of 3D and 2D cultures. 
In conclusion, Huh-7 cells cultured in the r-3D-KITChip bioreactor show improved hepatic 
functionality as compared to static 2D culture. However, the system has to be further 
characterized in order to prove its suitability for in vitro drug toxicity testing. 
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Multiplexed protein MRM assay panel for high throughput toxicological 
assessment in rat liver samples 
Ossola R., van Den Heuvel J., Escher C., Bruderer R., Miladinovic S., Reiter L., Rinner 
O., Butscheid Y. 
BiognoSYS AG, Wagistrasse 25, 8952 Schlieren, Switzerland 
  
Background 
Early prediction of drug toxicity remains challenging in pre-clinical toxicology as only a 
limited number of proven toxicity biomarkers is available. Especially in proteomics there 
is a lack of methods enabling discovery and validation of predictive biomarker signatures 
in animal or cell-based models exposed to known toxic insults. Recently, Collins et al1 
reported identification of 48 putative protein biomarkers in rat liver tissue that are related 
to certain toxicological mechanisms. Our research was aiming for development and 
validation of a mass-spectrometric multiple reaction monitoring (MRM) assay panel 
enabling high throughput accurate quantification of 100 proteins in rat liver samples for 
toxicity marker identification and early toxicological assessment. 
 
Methods 
In the first step we generated a comprehensive MRM assay library from rat liver tissue 
samples. Then, the most robust MRM assays were chosen for 100 selected proteins. 46 
out of 48 putative toxicity biomarkers identified by Collins et al.1 were included into our 
MRM assay library. The MRM assays were assembled into a single panel enabling 
simultaneous quantification of all 100 proteins. The panel then was optimized and 
subsequently validated. 
 
Results 
We developed and validated a simple MRM proteomics workflow allowing high 
throughput profiling of 100 putative liver toxicity markers in a single LC-MRM analysis. 
The developed label-free MRM assay panel demonstrated industry leading precision 
with the median CV below 15% among technical replicates. 
 
Conclusion 
The developed MRM assay panel is suitable for fast pre-clinical toxicological evaluation 
and validation of new toxicity biomarker signatures. 
  
1 Collins et al: Mol Cell Proteomics. 2012 Aug;11(8):394-410. Epub 2012 Apr 23 
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TRPC1 and TRPC4 are the indispensible members of the TRPC protein family 
mediating neurohumoral-induced cardiac hypertophy in mice 
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Cardiac hypertrophy develops during maladaptive remodeling in the course of numerous 
cardiac diseases and cardiac Ca2+ homeostasis is fundamental for the transcriptional 
activation that occurs during the cardiac growth response to various stressors. 
Remodeling is triggered by neurohumoral activation with increased levels of circulating 
catecholamines and angiotensin II, and it is mediated by complex mechanisms that 
involve different cell types e.g. within the heart, the vasculature and the kidney where 
expression of TRPC cation channels was reported by us and by others. However, their 
functional role in these cells remains largely unknown. In cardiomyocytes purified by 
laser capture microdissection we amplified cDNA fragments of Trpc1, Trpc2-, Trpc3 and 
Trpc4 transcripts. We systematically analysed multiple TRPC single and compound 
knock-out mouse lines with respect to hypertrophic response which was not affected in 
mice lacking both TRPC3 or TRPC6 proteins (TRPC3/TRPC6 (-/-)2 ) after infusion with 
isoproterenol or angiotensin II, nor by aortic banding. In contrast, development of cardiac 
hypertrophy was significantly reduced in TRPC1/TRPC4 (-/-)2 mice compared to 
wildtype controls with both agonists, but it was unaltered in both TRPC1- and TRPC4-
single knockout mice. We ruled out that the reduced hypertrophy response in 
TRPC1/TRPC4 (-/-)2 mice is due to (i) alterations in renal renin secretion, (ii) differences 
in the regulation of heart rate or blood pressure and (iii) differences in cardiac 
contraction parameters. 
On the other hand, using microfluorimetric measurements in electrically paced 
cardiomyocytes we show that the diastolic Ca2+ concentration is significantly lower in 
TRPC1/TRPC4 (-/-)2 mice, and that the amplitude of electrically evoked Ca2+ transients 
is reduced in steady state conditions and following angiotensin II application. 
Furthermore, we show that a Gd3+-sensitive Ca2+ entry via the plasma membrane is 
absent in electrically paced TRPC1/TRPC4 (-/-)2 cardiomyocytes explaining reduced 
cytosolic Ca2+ levels. 
Taken together, both TRPC1 and TRPC4 proteins are essential for the development of 
neurohumoral cardiac hypertrophy and TRPC1 and TRPC4 channels in cardiomyocytes 
are likely to contribute to this process either as complementary or independent channels 
that can substitute each other, or as heteromultimeric channel complexes. 
  
Supported by: Klinische Forschergruppe 196, SFB 530, GK 1326 and DZHK. 
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Platelets play an important role in primary cellular hemostasis. Changes in intracellular 
Ca2+ concentration either due to Ca2+ entry from the extracellular space or due to Ca2+ 
release from internal stores are critical in activation and aggregation. Ca2+ entry follows 
activation of plasma membrane receptors including Gq-coupled such as the P2Y1 
receptor, the prostanoid receptor TP and Protease activated receptor 4 (PAR4), which 
are activated by ADP, Thromboxane A2 (TxA2) and thrombin, respectively. These 
cellular signaling pathways involve Phospholipase C (PLC) activation and subsequent 
Diacylglycerol (DAG) and inositol 1,4,5-trisphosphate formation, second messengers 
that are known to mediate activation of TRPC channels. TRPC proteins form essential 
subunits of receptor-operated cation channels, but their activation mode and 
permeability differ significantly depending on the cellular systems analysed. 
Using an antibody raised against mouse TRPC6 we identify TRPC6 proteins (~100 kDa) 
in platelets from wild type but not from TRPC6-/- mice and we also detected TRPC6 
proteins in human platelets. Expression of TRPC1, TRPC3, TRPC4 and TRPC6 
transcripts were amplified from purified mouse platelets.Therefore, we systematically 
analyzed aggregation induced by several agonists using washed platelets isolated from 
different TRPC deficient mouse lines, including mouse lines lacking either TRPC1, 
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TRPC3, TRPC4 or TRPC6 as well as from TRPC compound knockout mice derived 
thereof. 
We found that deletion of TRPC6 alone has no effect in platelet aggregation using 
diverse agonists, as well as in changes in intracellular Ca2+ concentration after OAG 
stimulation. This may be due to compensatory mechanisms, e.g. by the presence of 
TRPC3 which is expressed but not upregulated in TRPC6-/- platelets. In contrast, 
aggregation induced in platelets from TRPC1/ TRPC3 /TRPC6 compound knockout 
mice was significantly reduced following stimulation with ADP or Thromboxane. Our data 
shows that the defect in ADP-induced aggregation is mediated through P2Y1 signaling. 
Taken together, TRPC1, TRPC3 and TRPC6 proteins are essential for normal platelet 
aggregation and these channels in platelets are likely to contribute to this process either 
as complementary or independent channels that can substitute each other, or as 
heteromultimeric channel complexes. 
  
Supported by: Klinische Forschergruppe 196, SFB 530, GK 1326 and DZHK. 
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Toxicological Properties of Methyleugenol and Methylisoeugenol Metabolites 
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Purpose: We studied the metabolism of methyleugenol (ME) in microsomes and 
primary rat hepatocytes. The aim was to identify other metabolites than 1’OH-ME which 
may also contribute to the toxicity and carcinogenicity of ME and to evaluate their 
possible (geno)toxic properties.  
  
Methods: microsomal and hepatocyte incubations, DAD-HPLC, LC-MS, UPLC-MS/MS, 
1H-NMR, LDH-leakage-, Alamar Blue-, DNA adduct formation. 
  
Results: We identified nine phase I metabolites of ME in microsomes: 1’OH-ME, 3’OH-
methylioseugenol (3’OH-MIE), their oxo-analogues, 6-OH-ME, 6-OH-MIE, eugenol, 
chavibetol and the 2’3’-diol for which the 2’,3’-epoxide is probably the precursor. In 
incubations with rat hepatocytes we found the same metabolites (partly conjugated as 
glucuronide or sulfate) except 3’-OH-MIE, 6-OH-MIE and the oxo-compounds. The 
metabolites were synthesized as reference compounds for quantification and the further 
studies. Highest cytotoxicities (rat hepatocytes) were found for 1’oxo-ME and 1’OH-ME 
with EC50 values of 10 and 50 µM, respectively. The other metabolites were less 
cytotoxic than the parent compounds (EC50 of ME 300 µM; MIE 165 µM). 1’OH-ME, and 
to a smaller extend ME, 3’OH-MIE and 3’oxo-MIE generated significant amounts of DNA 
adducts in rat hepatocytes with dG and dA after 2 and 12 h. No adducts were found by 
incubation with MIE, 1’oxo-ME, 6-OH-ME and the ME-epoxide. 
  
Conclusions: Given our findings, not only the reported 1’-sulfate metabolite but also 
other phase I metabolites of ME and MIE are potential genotoxicants in vitro 
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Intracellular ion channels are present in various cellular organelles and fundamental for 
their physiological functions. To investigate the in situ properties of lysosomal ion 
channels in whole lysosomes, we reported a successful method using solid matrix 
planar glass chips that contain a small hole to immobilize and support the isolated 
lysosome (Schieder et al., 2010 JBC; Schieder et al.2010 Science Signaling). This 
technique involves lysosomal swelling and preparation of purified lysosomes from cells 
by modified differential centrifugation steps. Here, we apply this whole-lysosome patch-
clamp technique to investigate two-pore channel 2 (TPC2) and mucolipin transient 
receptor potential channel 1 (TRPML1) which both encode ion channels in intracellular 
vesicles, i.e. endosomes and lysosomes and which were proposed to mediate 
endolysosomal inward cation currents by certain agonists (Grimm et al., 2010 Chem. 
Biol.). Our electrophysiological recordings from whole-lysosomes reveal that small 
compound chemical agonist SF-22 specifically evokes TRPML1 cation currents and also 
demonstrate that not only nicotinic acid adenine dinucleotide phosphate (NAADP) but 
also endolysosome-specific phosphoinos   itide PI(3,5)P2 can evoke TPC2 inward cation 
currents. 
  
M. Schieder, K. Rötzer, A. Brüggemann, M. Biel, C. A.Wahl-Schott, J. Biol. Chem. 285, 
21219–21222 (2010). 
M. Schieder, K. Rötzer, A. Brüggemann, M. Biel, C. A.Wahl-Schott, Science Signaling.3, 
pl3 (2010). 
C. Grimm, S. Jörs, SA. Saldanha, AG. Obukov, B. Pan, K. Oshima, MP. Cuajungco, P. 
Chasse, P. Hodder, S. Heller, Chem. Biol. 17, 135-148 (2010) 
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The redox-sensitive transcription factor NF-kappa B is a key regulator of cellular 
responses involved in inflammation, cancer cell survival and apoptosis. In normal cells 
NF-kappa B activity is tightly regulated by its interaction with inhibitory proteins of the I-
kappa B family sequestering the inactive transcription factor in the cytoplasm. Aberrant 
regulation of NF-kappa B contributes to human diseases like chronic inflammation, 
autoimmune disorders or cancer. In addition, NF-kappa B mediates resistance of cancer 
cells to several cytostatic drugs by induction of antiapoptotic response - one main 
reason for reduced cancer therapy efficiency and chemoresistance. It is therefore of 
great interest to identify specific and potent compounds that are capable of modifying 
this NF-kappa B signaling pathway. 
  
In this study we analyzed the NF-kappa B modulating potential of selected 
isothiocyanates. Isothiocyanates are naturally occurring compounds found as 
glucosinolates in cruciferous vegetables like cauliflower, broccoli and cabbage. One of 
the best characterized isothiocyanates is sulforaphane, which is found in high 
concentrations in broccoli. Sulforaphane has been found to be a very potent 
chemopreventive agent in numerous animal and cell culture models and exerts its 
effects by interfering with various signalling pathways involving oxidative stress, 
inflammation and cellular proliferation. One important chemopreventive mechanism of 
sulforaphane besides activation of Nrf2-Keap1 pathway is considered to be the inhibition 
of the NF-kB signaling pathway. A cell-based reporter assay was used to investigate the 
NF-kappaB modulating potential of several natural compounds structurally related to 
sulforaphane. From these compounds erysolin -a sulphonyl analogue of sulforaphane- 
was identified as a very potent candidate. Erysolin was able to inhibit NF-kappa B 
activation in response to several known NF-kappa B activators like tumor necrosis 
factor-alpha (TNF-alpha), phorbol 12-myristate 13-acetate (PMA) or interleukin 1beta 
(IL1-beta). Pretreatment of cells with erysolin prevented nuclear translocation of the NF-
kappa B subunit p65 and inhibited DNA binding of NF-kappa B in response to TNF-
alpha. In addition, comaparvin was able to suppress TNF-induced expression of NF-
kappa B target genes and sensitizes cells to apoptosis induced by TNF-alpha. Overall, 
we identified the isothiocyanate erysolin as a new inhibitor of the NF-kappa B signaling 
pathway. 
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Transcriptional regulation of DNA repair genes and adaptive response 
Christmann M., Tomicic M., Aasland D., Rasenberger B., Kaina B. 
University Medical Center Mainz Department of Toxicology, Obere Zahlbacher Str. 67, 
55131 Mainz, Germany  
  
Cells deficient for transcription factors like c-Fos/AP-1 are hypersensitive to the various 
enviromental genotoxins like ultraviolet light or BPDE. This hypersensitivity is due to the 
involvement of these factors in transcriptional regulation of various DNA repair genes. 
Thus, previous experiments performed in mouse fibroblasts revealed a c-Fos/AP-1 
mediated regulation of the NER endonuclease XPF and XPG, leading to enhanced NER 
activity (1). Transcriptional activation of XPF, XPG and ERCC1 was also observed in 
human fibroblasts and was associated with increased cellular repair capacity and 
protection against UV-induced DNA damage (2). In addition, pre-exposure to a low non-
toxic UV dose accelerated DNA repair and protected the cells against a subsequent high 
UV dose, indicating a protective role of transcriptional regulation by triggering an 
adaptive response (2). Furthermore we also provide initial data showing that an adaptive 
response is also observed upon exposure to environmental mutagens. Thus 
transcriptional induction of DDB2, ERCC1, XPC, XPF and XPG was observed upon low 
dose BPDE exposure of human fibroblasts, which led to protection against a subsequent 
higher BPDE dose. 
  
(1) Christmann et al., 2006, Nucleic Acids Res. 34(22):6530-9. 
(2) Tomicic et al., 2011, Cell Mol Life Sci. 68(10):1785-98 
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Drug induced liver injury: Establishment of a human in vitro model to investigate 
Kupffer cell related inflammatory reactions after hepatocyte damage 
Damm G.1, Kegel V.1, Schulz T.1, Burkhardt B.2, Seehofer D.1, Glanemann M.1, Nüssler 
A.2 
1Charité Universitätsmedizin Berlin Klinik für Allg.-, Viszeral und 
Transplantationschirurgie, Augustenburger Platz 1, 13353 Berlin, Germany  
2Eberhard Karls Universität Tübingen Klinik für Unfall- und Wiederherstellungschirurgie, 
Schnarrenbergstr. 95, 72076 Tübingen, Germany  
  
Background: 
Hepatic tissue damage can occur due to surgical interventions, infections or drug 
induced liver injury (DILI). Kupffer cells (KC) play an important role in initiating tissue 
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damage but also in regenerative processes. KC activation by LPS, foreign proteins or 
endogenous proteins can lead to an activation of the NF-κB signaling pathway mediated 
by reactive oxygen intermediates (ROI). Once activated, KCs release different cytokine 
patterns that support inflammation or induce tolerance reactions. Aim of the present 
study was to establish a human in vitro model which enables the detection of cell-cell-
communication between KCs activated by damaged or stressed hepatocytes. 
  
Materials/Methods: Primary human hepatocytes (PHH) and KCs were isolated from 
human liver resectates using a two-step collagenase perfusion technique. The isolated 
KC population was characterized by CD68 immunfluorescent staining and by the ability 
for phagocytosis of latex beeds. KC activation was investigated measuring the 
intracellular formation of reactive oxygen intermediates (ROI) using the DCF-assay with 
and without lipopolysaccharides (LPS) treatment.  The cell viability was measured using 
the XTT-assay. In order to simulate the activation of KC following hepatocyte damage, 
KCs were incubated with supernatants of PHH previously incubated with diclofenac or 
acetaminophen, respectively. 
Results: The isolated KC yield was 1.23±0.89x106 cells/g liver tissue with a purity of 
>80% measured by immunofluorescent staining. The isolated KCs showed partly high 
initial ROI levels, which correlated with different conditions of the donor livers. The 
stimulation of KCs with LPS leads to a concentration dependent increase in ROI 
formation. The incubation of KCs with supernatants from drug-treated PHH leads to 
donor and drug dependant changes in the formation of intracellular ROIs compared to 
untreated KCs. 
  
Conclusion: In summary, most of the isolated KCs showed high basal ROI levels, 
which are linked to the isolation process and to the quality of the donor liver tissue. 
However, LPS and drug-damaged hepatocytes led to an activation of KCs. The KC 
activation and reaction depends strongly on the donor liver tissue and the patients’ 
original disease state. 
  
This study was supported by the Virtual-Liver-Network, BMBF:0315741 
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In vitro-in vivo correlations regarding the action of isoflavonoid aglycon genistein 
on murine melanoma 
Danciu C.1, Dehelean C.1, Herrero Juan M.2, Pfarr K.2, Radeke H.2 
1University of Medicine and Pharmacy “Victor Babeş "-Faculty of Pharmacy 
Pharmacology-Toxicology, Eftimie Murgu Square, 300041 Timişoara, Romania  
2Pharmazentrum Frankfurt/Center for Drug Research, Development and Safety Immune 
Pharmacology, Theodor-Stern-Kai 7, 60590 Frankfurt/Main, Germany  
  
The isoflavonoid, genistein is a phytocompound which is in clinical studies for patients at 
risk for breast, prostate, bladder, kidneys, pancreatic and endometrial cancer. This study 
has proposed to investigate both in vitro and in vivo action of this agent on murine 
melanoma. 
For in vitro analysis, namely ballance proliferation-apoptosis parent B164A5 murine 
melanoma cell line and high metastaic B16F10 cell line were employed. Dose response 
curves in the range 1-150µM genistein, after 24 h of incubation were analysed. MTT 
proliferation assay showed the fallowing values for IC50 genistein: 41,09µM for B164A5 
and 64,05µM for B16F10. Additionally cytotoxicity potential determined by simple trypan 
blue staining indicated 78,2 ± 12,49 live cells for B164A5 and 73,2 ± 14,82 for B16F10 
corresponding the highest chosen concentration of genistein, 150µM. A five day study 
by CFSE labeling of the cells indicate that genistein reduce remarkable cell division 
starting from the concentration of 30µM after 48h of incubation for both cell lines. At 
100µM after 72h of incubation genistein blocks cell cycle in G2/M phase. Double staining 
Annexin-FITC-7AAD shows that genistein leads to both early and late apoptosis on the 
two cell lines directly proportional with the concentration. This compound expresses the 
pro-apoptotic potential also by inducing caspase-3 cleavage but it dose not affect bax or 
bcl2 expression at 100µM after 24h of incubation. In vivo results, using the B16 mouse 
model singenic with the C57BL6J mouse showed that genistein decreased tumor 
volume by 34,60%. Non-invasive measurements for melanin and erythema 
demonstrated that genistein reduced the quantity of melanin and the degree of erythema 
direct proportionally with the number of days of treatment. Histological analyses 
diagnosed malignant melanoma in the skin of both groups but no metastasis was 
recorded in the treated group compared to the liver metastasis in the un-treated group 
(for 60% of the analyzed samples) after a period of 15 days of treatment at a dose of 15 
mg/kg body weight genistein. 
In vitro-in vivo correlations regarding the action of isoflavonoid aglycon genistein on 
murine melanoma shows that this phytocompound can represent a promising agent that 
can be used for prevention or can be associated with consacrated drugs in order to fight 
this pathology. 
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Defining the physiological function of the A-kinase anchoring protein GSKIP 
using different GSKIP knockout mouse models 
Deák V., Skroblin P., Rosenthal W., Klussmann E. 
MDC Berlin Anchored Signalling, Robert-Rössle-Str. 15, 13125 Berlin, Germany  
  
The localisation of cAMP-dependent protein kinase A (PKA) is mainly controlled by A-
kinase anchoring proteins (AKAPs). However, AKAPs not only tether PKA to distinct 
cellular compartments but form multi-protein complexes through direct protein-protein-
interactions with PKA substrates and other signalling proteins. Thereby they regulate 
access of PKA to its substrates and crosstalk of PKA with other signalling pathways [1, 

2]. We recently identified glycogen synthase 3β (GSK3β) interaction protein (GSKIP) as 
an AKAP. GSKIP forms a complex comprising PKA and GSK3β and facilitates an 
inhibitory phosphorylation of GSK3β on Ser9 by PKA in cultured cells [3]. 
The aim of my project is to define the physiological function of GSKIP in different 
conditional knockout mouse models. 
In order to elucidate the physiological function of GSKIP and its involvement in PKA and 
GSK3β signalling, a conditional knockout (KO) mouse model was developed which is 
currently being analysed. When mating heterozygous GSKIP KO mice, there are no 
homozygous GSKIP knockout progeny born. To narrow down the possible time point 
and define the cause of embryonic lethality, we are investigating embryonic 
development. To overcome the embryonic lethality of the constitutive GSKIP knockout, 
we are generating different inducible knockout mouse models by using tissue-specific 
promoters combined with the Cre/loxP-system. 
The high degree of evolutionary conservation [3] and the ubiquitous expression pattern 
of GSKIP point to an important physiological role. As shown by the embryonic lethality of 
GSKIP KO mice GSKIP is likely to have an essential function of GSKIP in development. 
  
1. Skroblin, P., et al., Mechanisms of protein kinase A anchoring. Int Rev Cell Mol Biol, 
2010. 283: p. 235-330. 
2. Scott, J.D. and L.F. Santana, A-kinase anchoring proteins: getting to the heart of the 
matter. Circulation, 2010. 121(10): p. 1264-71. 
3. Hundsrucker, C., et al., Glycogen synthase kinase 3beta interaction protein functions 
as an A-kinase anchoring protein. J Biol Chem, 2010. 285(8): p. 5507-21. 
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Biomonitoring of citrinin and a major metabolite in human blood and urine as tool 
for investigations on exposure to this mycotoxin 
Degen G. H., Blaszkewicz M., Munoz K. 
IfADo - Leibniz Research Centre for Working Environment and Human Factors, 
Ardeystrasse 67, 44139 Dortmund, Germany  
  
Citrinin (CIT) is detected as contaminant in a wide range of foods and feeds. This 
mycotoxin can cause nephrotoxic effects in several animal species and has genotoxic 
properties [1]. Thereby CIT resembles the structurally related mycotoxin ochratoxin A 
(OTA), also found as co-contaminant in grain and grain-based products. The 
significance of CIT for human health is unknown due to limited toxicological data. 
Moreover, the available information is not adequate to perform a human dietary 
exposure assessment for the general population or specific groups (e.g. children, 
vegetarians) [1]. Whilst biomonitoring studies have considerably advanced human 
exposure assessment for OTA, there are no studies for CIT, also due to a lack of 
suitable analytical methods. Thus, we have developed and validated procedures for an 
analysis of this mycotoxin in blood and urine which allow the sensitive detection of CIT 
and its metabolite dihydrocitrinone [2]. Blood plasma proteins are precipitated with 
acetonitrile, supernatants are evaporated to dryness, reconstituted with methanol and 
injected for analysis by HPLC with tandem mass spectrometric detection (LOQ 100 
ng/L). Urine samples are cleaned up by immunoaffinity extraction (CitriTest®) prior to 
LC-MS/MS analysis; the LOQ is about 50 ng/L for both CIT and dihydrocitrinone. 
Application of these methods in a small pilot study revealed: i) the presence of CIT at 
concentrations between 50 to 200 ng/L in most (8/10) urines and ii) up to 5-fold higher 
concentrations of its metabolite dihydrocitrinone (150-1120 ng/L). CIT was also detected 
in plasma of eight German adults (100-250 ng/L), at similar levels as OTA. This is the 
first study reporting the frequent occurrence of CIT in human biological samples. 
  
[1] EFSA Panel on Contaminants in the Food Chain (CONTAM). Scientific Opinion on 
the risks for public and animal health related to the presence of citrinin in food and feed. 
EFSA Journal (2012) 10(3):2605; doi:10.2903/j.efsa.2012.2605 
[2] Blaszkewicz M, Muñoz K, Degen GH. Methods for analysis of citrinin in human blood 
and urine. Archives of Toxicology, in press. 
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Pharmacovigilance and Clinical Pharmacology 
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With the new pharmacovigilance legislation of the European Union that came into force 
in July 2012, various new aspects for clinical physicians arose, having impact on the 
conduct of clinical trials, patient enquiries and daily practice. According to our 
experience, many health care professionals (HCP), particularly physicians, are not 
directly involved the pharmaceutical industry’s drug safety activities and thus are 
unaware of their important role in pharmacovigilance and as a source of safety data. On 
the other hand, HCPs suffer from enormous workload. 
It may be assumed that the reason for this wide-spread unawareness is almost complete 
absence of pharmacovigilance as an educational topic of today’s medical schools. As a 
result, considerable amounts of safety-relevant information that is generated in everyday 
clinical practice is neither made available to the pharmaceutical companies nor to the 
competent authorities and there is no sufficient opportunity for this “lost” but valuable 
information to influence medicinal products’ benefit risk ratio. 
With the present work we summarize the network of European pharmacovigilance, the 
up to date requirements as recently amended by the updated legislation and possible 
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interfaces with the physicians’ and nurses’ daily practice. We summarize organizational 
features for implementation of tools for reporting ADRs as set out by the physicians 
pertinent Medical Association’s code of conduct. We outline the draft framework of an 
educational program which points towards implementation of basic pharmacovigilance 
knowledge into the official curricula of advanced medical students’ clinical pharmacology 
training courses. 
The aim of the program is a better cooperation between physicians in clinical practice on 
one hand side and pharmaceutical industry and authorities on the other hand side for 
the sake of a better patient safety by means of an improved information interchange 
between the involved parties. 
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Analysis of TRPC6-function in mesangial cells and podocytes of kidney glomeruli 
Demleitner J., Gudermann T., Dietrich A. 
LMU-München Walther-Straub-Institut für Pharmakologie und Toxikologie, Nußbaumstr. 
26, 80336 München, Germany  
  
Members of the transient receptor potential TRP superfamily of cation channels are 
divided into six families consisting of 28 known members: Although classical TRP 
channels (TRPC) were the first to be cloned their physiological function is still elusive. 
By analysis of TRPC-deficient mouse models and TRPC-mutations in patients however, 
important roles of these channels in lung and kidney pathophysiology became evident. 
Gain of function mutations of TRPC6 a member of the TRPC family were identified in 
patients suffering from focal segmental glomerular sclerosis (FSGS), a disease 
displaying increasing proteinuria due to a defect in the glomerular filtration process of 
the kidney (reviewed in 1). The cell type responsible for the pathophysiological 
processes initiated by these mutations, however, remains elusive. In the glomerulus 
podocytes and mesangial cells contribute to the ultrafiltration process as well as to the 
regulation of blood flow. After isolation of podocytes and mesangial cells from kidneys of 
wild-type and TRPC6-deficient mice we quantified expression of different TRPC 
channels and phospholipase C (PLC) isoforms, because activation of TRPC3, TRPC6 
and TRPC7 channels is induced by diacylglycerol produced by PLCs after receptor 
activation. Next, we set out to reconstitute TRPC6 mutants in TRPC6-deficient cells by 
infection with recombinant lentiviral vectors expressing TRPC6 gain-of-function 
mutations from patients. By using these techniques, we are able to study the mutated 
channels in their natural cellular environment. Changes in actin polymerization, 
contractility and barrier function as well as proliferation and cell death can be compared 
in wild-type cells, TRPC6-deficient cells and TRPC6-deficient cells expressing gain-of-
function TRPC6. By this approach, we hope to understand the physiological and 
pathophysiological role of TRPC6 in podocytes and mesangial cells for glomerular 
filtration. 
  
1. Dietrich, A., Chubanov, V., and Gudermann, T., Renal TRPathies. J. Am. Soc. 
Nephrol. 21: 736-44 (2010) 
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On the role of gap junctions in the regulation of angiogenesis. A possible new 
pharmacological target? 
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1Herzzentrum Leipzig Klinik f. Herzchirurgie, Struempellstr.39, 04289 Leipzig, Germany  
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Objective: angiogenesis is a process which is important for organ development, growth, 
cancer growth, wound healing, regeneration and repair. However, the processes 
underlying directed and regular growth of a capillary network are only partially 
understood. We wanted to elucidate (a) whether the endothelial gap junction proteins 
connexin37 (Cx37), connexin40 (Cx40) or connexin43 (Cx43) are involved in the 
regulation of angiogenesis and (b) whether this can be modulated pharmacologically. 
Methods: Several parameters of angiogenesis were assessed in 18h Matrigel in vitro 
angiogenesis assays with human umbilical vein endothelial cells (HUVEC). To 
eludcidate the role of gap junctions siRNA-knockdown of either Cx37, Cx40 or Cx43 was 
performed in cells prior to culture on Matrigel. Changes in Cx expression and their 
effects on gap-junctional communication were investigated using immunofluorescence 
microscopy, Western Blot and Lucifer yellow dye transfer. For pharmacological 
modification we used (a) the gap junction opener AAP10 (50 nM; H2N-Gly-Ala-Gly-4-
OH-Pro-Pro-Tyr-CONH2), (b) the gap junction blocker palmitoleic acid (10 µM PA) (c) 
100 nM isoprenaline, which is known to enhance connexin expression and (d) 1 µM 
nicotine, which can decrease connexin expression. 
Results: siRNA-knockdown significantly reduced the expression of the specific Cx 
isoform in HUVEC. All Cx-knockdowns as well as treatment with PA reduced gap 
junctional intercellular communication and decreased the number of capillary branches 
(p<0.05), showing that connexins are involved in capillary network formation. 
The gap junction opener AAP led to an increase in the length of capillary branches and 
reduced the number of cells (p<0.05). Isoprenaline enhanced the number of capillary 
branches. Nicotine significantly reduced expression of Cx43 and Cx37 as well as 
average length of capillary branches, number of branches and pattern in the Matrigel 
assay. 
Conclusions: Connexins are involved in angiogenesis and modulate branch formation. 
Enhanced coupling seems to increase branching and complexity of a network while 
reduced coupling induces the opposite. Nicotinic acetylcholine receptors, gap junction 
targeting peptides like AAP10 and isoprenaline could be new targets for 
pharmacological approaches to angiogenesis. 
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Characterization of periaortic hyaluronan-matrix in atherosclerotic mice 
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The extracellular matrix component (ECM) hyaluronan (HA) contributes to 
atherosclerosis through its immunomodulatory actions and ability to regulate cell 
proliferation and migration. ApoE-/- mice develop atherosclerotic lesions particularly in 
the abdominal aorta, suggesting intrinsic differences between thoracic and abdominal 
aortae. Both periaortic adipose tissue (PVAT) and adventitial connective tissue are rich 
in ECM containing HA, which could conceivably influence local inflammation and 
susceptibility to plaque formation. Our objective was to characterize components of the 
periaortic HA-matrix in ApoE-/- mice. 
Periaortic tissue, composed of adventitial layers and PVAT, was collected from 
atherosclerotic ApoE-/- mice at 25, 40 and 52 weeks of age respectively for analysis by 
flow-cytometry, real-time PCR and histology. Cultured human coronary artery smooth 
muscle cells (CaSMC) were synchronized by serum-deprivation prior to stimulation and 
analysis by real-time PCR.  
In keeping with the stronger pro-atherosclerotic susceptibility of abdominal vs. thoracic 
aorta, abdominal periaortic tissue exhibited greater expression of inflammatory markers 
specifically, TNFα upregulated 70 fold and MCP-1 upregulated 3 fold compared to 
thoracic periaortic tissue. IL-1ß, known to promote the generation of a pro-inflammatory 
HA-matrix, was also modestly increased. 
Expression of genes controlling HA turnover and function also differed markedly, with 
transcript levels of HA synthases Has2 and Has3 significantly elevated in abdominal vs. 
thoracic periaortic tissue. Hyaluronidase 2 was also upregulated, potentially leading to 
an increased generation of pro-inflammatory HA-fragments. 
HA mediates its effects in part via cellular receptors such as CD44 and RHAMM. Gene 
expression of both was increased in tissue surrounding the abdominal aorta, as well as 
in CaSMC exposed to pro-inflammatory cytokines. RHAMM in particular was time-
dependently and synergistically upregulated in CaSMC by IL-1ß (10 ng/ml) and PDGF-
BB (10 ng/ml) at 18-24h of stimulation. 
Collectively, we show augmented expression of HA matrix components and 
inflammatory genes in tissue surrounding the abdominal aorta. HA turnover, secretion 
and signaling through cellular HA receptors are likely to favor migration and proliferation 
of vascular SMC and the formation of a leukocyte-adhesive matrix. This may contribute 
to local vascular inflammation and thereby accelerating atherosclerosis development 
and progression. 
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A novel monocyte/macrophage-selective transporter based on Clostridium 
botulinum C3bot 
Dmochewitz L., Förtsch C., Barth H. 
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The C3 toxin from Clostridium botulinum (C3bot) is selectively taken up into the cytosol 
of monocytes/macrophages where it ADP-ribosylates RhoA, -B and -C (Fahrer et al. 
2010. Cellular Microbiology 12, 233-247). C3bot is endocytosed and translocates from 
acidified early endosomes into the cytosol of monocytes/macrophages while it is not 
taken up into epithelial cells or fibroblasts when applied in low concentrations. Therefore, 
enzymatically inactive C3botE174Q should represent an ideal carrier for selective 
delivery of cargo proteins into the cytosol of macrophages. Here, we used the actin 
ADP-ribosylating C2I protein from Clostridium botulinum (~50 kDa), which is not taken 
up into cells by its own, as a reporter enzyme. C2I was genetically fused to C3botE174Q 
and the fusion toxin C3botE174Q-C2I expressed in Escherichia coli. Purified 
C3botE174Q-C2I was recognized by antibodies against C2I and C3 and ADP-
ribosylated actin in vitro, indicating its identity and C2I-specific enzyme activity. 
C3botE174Q-C2I, but not C2I, was taken up into the cytosol of J774A.1 and RAW264.7 
macrophages as determined by sequential ADP-ribosylation of actin from lysates of 
these cells and confocal fluorescence microscopy. In contrast, the fusion toxin was not 
internalized into the cytosol of HeLa and Vero epithelial cells. Finally, C3botE174Q alone 
had no adverse effect on macrophages. Taken together, C3botE174Q serves as an 
efficient and cell-type-selective transport system for the delivery of foreign proteins 
including enzymes into the cytosol of living macrophages. Recombinant C3 fusion 
proteins could be attractive molecular tools in experimental monocyte/macrophage 
pharmacology and toxicology and a potential basis for development of novel 
therapeutics for treatment of monocyte/macrophage-associated diseases. 
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PARAOXONASE-2: A NOVEL MODULATOR OF COAGULATION 
Ebert J., Horke S., Horke S. 
University Medical Center Mainz Department of Pharmacology, Obere Zahlbacher Str. 
67, 55131 Mainz, Germany  
  
Enhanced blood coagulation is a common risk factor for atherothrombosis and is linked 
to a variety of diseases such as atherosclerosis, stroke or heart attack. Important 
underlying cellular mechanisms are increased oxidative stress and inflammatory 
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processes, resulting in a pro-coagulant phenotype of the endothelial layer, overactive 
platelets and / or an imbalance of pro- and anti-coagulant modifiers in blood plasma. 
Human Paraoxonase-2 (PON2) is a ubiquitously expressed, intracellular protein with 
known anti-oxidative and anti-inflammatory properties. Moreover, when fed with Western 
diet PON2-/- mice develop atherosclerotic plaques, despite a normal ApoE and LDLR 
genetic background. However, the link between PON2, hemostasis and atherogenesis is 
less clear. Our new data suggest that PON2 acts as a novel modulator of blood 
coagulation, which may explain its beneficial anti-atherogenic effects. 
Here we demonstrate, for the first time, that PON2-deficient mice show markedly 
enhanced coagulation. To reveal underlying mechanisms, we addressed platelet 
functions and endothelial effects. For the former, we monitored platelet reactivity and 
thrombin generation tests, revealing overactive platelets, likely resulting from enhanced 
oxidative stress in PON2-/- mice. Likewise, we studied gene expression profiles of 
isolated aortic endothelial cells. Interestingly, PON2 altered the expression of 
coagulation- and inflammation-triggering factors, rendering the endothelium to a more 
pro-coagulant phenotype. Using fluorescence and chemiluminescence assays we also 
found higher levels of reactive oxygen spices in arterial vessels of PON2-/- mice, 
indicating that PON2 may modulate coagulation via its anti-oxidative effect. In addition, 
we present data that uncover how PON2 modulates thrombin-induced signaling in 
primary human endothelial cells. Hence, we perceive a distinct effect of PON2 on 
intracellular thrombin signaling. 
Our results indicate that PON2 represents a novel, yet unstudied anti-coagulant 
modifier, which may exert its anti-coagulant function by regulating endothelial expression 
of important players of the hemostatic system and inflammation, by diminishing oxidative 
stress in the arterial vessel wall and by modifying platelet function. 
Therefore, PON2-knockout mice are a unique model that links redox-signaling with 
coagulation and atherosclerosis, demonstrating that the coagulation system may be an 
important determinant of atherogenesis and atherothrombosis. 
  
Co-authors: Wilgenbus P., Förstermann U. 

 
 

070 
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The assessment of pro-arrhythmic risks of drugs remains challenging. We have 
previously shown that fibrin-based mini-engineered heart tissues (EHT) from neonatal 
rat exhibit concentration-dependent prolongations of relaxation time in response to 
quinidine or erythromycin, a potential pro-arrhythmic surrogate parameter. Here we 
systematically evaluated the suitability of the assay for the detection of drug-induced 
pro-arrhythmic effects and tested underlying mechanisms. 
Methods: The spontaneous contractile activity of EHTs cultured in 24-well plates was 
monitored by an automated video-optical system in the presence of epinephrine (50 nM) 
to mimic physiological sympathetic baseline stimulation. To identify surrogate 
parameters for pro-arrhythmic events we analysed the effects of 47 well known 
torsadogenic drugs on EHT force, times of contraction and relaxation and rhythm. Drugs 
were tested at cumulative 1-10-100x free therapeutic plasma concentration in 4-6 EHTs 
each. Effects were correlated with published hERG IC50 and clinical reports. Inhibitors of 
INa, ICa, SERCA, ryanodine receptors (RyR2) or the sodium calcium exchanger (NCX) 
were used to test the involvement of different effector systems in the pro-arrhythmic 
effects of 4-aminopyridine (4AP) and thioridazine. 
Results: Specific hERG blockers (dofetilide, ibulitide) had no effect at any 
concentration. In contrast, the IKs-blocker chromanol 293B, the Ito-blocker 4AP and 20 
known pro-arrhythmic drugs such as quinidine, erythromycin, flecainide induced 
concentration-dependent, reversible prolongations of relaxation time (T2). Three drugs 
(thioridazine, bepridil, imipramine) induced irregular beating. Two drugs (verapamil, 
astemizole) had mild negative inotropic effects. 20/22 drugs with T2 or rhythm effects 
were known as dangerous in the clinic. The effects of 4AP and thioridazine were studied 
in more detail. They were resistant to verapamil, thapsigargin, tetrodotoxin or tetracaine, 
but almost prevented by JTV-519 or the NCX-blocker SEA0400. 
Conclusion: The 24-well rat EHT-technique appears well suitable for detecting non-
hERG-related effects of pro-arrhythmic drugs. Increases in T2 and irregular beating 
indicated a pro-arrhythmic potential with high specificity, whereas the hERG-insensibility 
causes low sensitivity. The protective effects of JTV-519 and SEA0400 suggest the 
involvement of RyR2 and NCX in the pro-arrhythmic effects in rat EHTs. 
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1Institut für Pharmakologie, Toxikologie und Pharmazie Toxikologische Analytik, 
Königinstrasse 16, 80539 München, Germany  
2Food and Veterinary Agency, Industrie Zone nn, 10000 Pristina, Kosovo (Republik 
Kosovo) 
  
Cyanide poisoning is rare in animals and sporadically reported for bovines after ingestion of 
fruit kernels or plants containing cyanogenic glycosides. Cyanogenic glycosides appear in 
more than 1000 plant species, but only a part of them contain sufficient amounts to induce 
cyanotoxicosis by released hydrogen cyanide. However, various exogenic factors such as 
fertilizers, sudden changes in temperature or long-term droughts may increase the content 
of the glycosides, so that also innocuous plants may become harmful. Such an incident has 
happened in summer 2012 in Suhareke/Republic of Kosovo and is reported here. After a 
drought period of several months, a herd of 54 milk cows of different breeding and ages 
were brought to a dry pasture conterminous to a maize field. After a while, 16 cows 
suddenly showed ataxia, dyspnoe, foaming from the mouth and convulsions. In ten animals, 
these symptoms were less intensive. Six of them recovered within 2 hours without therapy, 
four were treated symptomatically. Six animals that were affected by these clinical signs 
more severely died: two of them several minutes after the onset of the symptoms, four 
within two hours. Clinical examination established tachycardiac arrhythmia. Diarrhea or 
bleedings were not observed. At necropsy blood was found partially coagulated. One 
animal exhibited icterus and destroyed soft textured liver. No other visible lesions were 
noted. The rumen content was reported as normal. Chemical analysis of blood taken from 
affected bovines revealed presence of cyanide. A collective sample of different grass 
species from the pasture was also tested positive for cyanide. Leaves of maize plants, 
however, did not contain detectable amounts. Because of rapid degradation of cyanide and 
the long time of transport from Kosovo to Germany where samples were subjected to 
chemical analysis, the original amount of cyanide in the specimens tested can not be 
assessed. Thus, no evidence exists whether animals showing the signs of intoxication really 
had harmful or lethal cyanide blood concentrations. Nevertheless, the clinical signs and 
pathological findings are comparable to that reported for intoxications by diverse cyanogenic 
glycosides seen in bovines before. Also high susceptibility to cyanogenic glycosides due to 
enzymes of ruminal microbes that rapidly hydrolyse the glycosides, the detection of cyanide 
in blood samples of affected animals and the long drought period together let suggest acute 
cyanide poisoning. 
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Calcium Channels In Keratinocytes Are Modulated Differentially By Th1 And Th2 
Cytokines. Implications For Proliferation and Differentiation 
Elsholz F.1, Woelfle U.2, Leuner K.3, Schempp C. M.2, Mueller W. E.1 
1Goethe University Frankfurt am Main Department of Pharmacology, Biocenter, Max-
von-Laue-Straße 9, 60435 Frankfurt am Main, Germany  
2University Freiburg Medical Center Department of Dermatology, Competence Center 
skintegral, Hauptstraße 7, 79104 Freiburg, Germany  
3University of Erlangen Department of Molecular and Clinical Pharmacy, Cauerstr. 4, 
91058 Erlangen, Germany  
  
Cytokines play a pivotal role in the pathogenesis of skin diseases. For example, during the 
course of atopic dermatitis (AD) both Th2 and Th1 immune responses are involved. AD is 
characterised by disturbed maturation of keratinocytes which is regulated by a calcium 
gradient within the epidermis. This gradient seems to be defective in AD. However, the 
interplay between cytokines and calcium regulation is not clear. To elucidate the link 
between cytokine levels and disturbed differentiation, we investigated the effects of 
interleukin-4 (IL4), interleukin-13 (IL13) and interferon-gamma (IFNγ) on differentiation and 
intracellular calcium concentration in HaCaT keratinocytes. 
Cytokine effects on intracellular calcium were investigated by conducting calcium imaging 
experiments. Stimulating HaCaT cells with the respective cytokine, only IFNγ induced a 
calcium influx. IFNγ only evokes a calcium influx in the presence of extracellular calcium 
indicating that calcium enters the keratinocytes via the plasma membrane. In order to 
identify IFNγ-sensitive ion channels, HaCaT cells were incubated with well-known calcium 
channel inhibitors like SK&F96365, ruthenium red, lanthan and gadolinium salts or 
flufenamic acid. 
To confirm cytokine effects on calcium-induced differentiation, we investigated 
transglutaminase 1 (TGM1) and filaggrin mRNA expression. HaCaT cells were treated with 
cytokines for 24h. mRNA levels were quantified by polymerase chain reaction. IFNγ dose-
dependently increased TGM1 mRNA levels after 24h hours. Microscopic evaluation of 
haematoxylin eosin staining also showed a strong promoting effect in the presence of IFNγ. 
Exploring long-term effects on non-differentiated and differentiating keratinocytes, HaCaT 
cells were treated with a cytokine in the presence of 0.07 mM or 2 mM calcium. IL4 and 
IL13 enhanced calcium-induced calcium influx in non-differentiated cells after 24h whereas 
IL4 reduced it. Detection of calcium sensing receptor protein by western blot completes our 
data. Additionally, we tested cytokine effects on TRPC6 channels which are essential for 
keratinocyte differentiation. After 24h treatment, IL4 and IL13 diminished hyperforin-induced 
calcium influx via TRPC6 in differentiating cells. IL13 also decreased calcium influx in non-
differentiated keratinocytes. Data on protein level confirm our findings. 
Altogether, our data indicate a direct cytokine effect on differentiation and ion channels 
linked to keratinocyte differentiation. 
  
Leuner et al. (2011) PloS One 
Woelfle et al. (2010) J Invest Dermatol 
Gläser et al. (2009) J Invest Dermatol 
Kim et al. (2008) Clin Immunol 
Müller et al. (2008) J Biol Chem 
Howell et al. (2007) J Allergy Clin Immunol 
Thepen et al. (1996) Clin Immunol 
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Characterizing the expression and interindividual variability of organic anion 
transporter 7 (OAT7) in human liver 
Emami Riedmaier A.1,2, van Eijck B.1,2, Schaeffeler E.1,2, Burk O.1,2, Zanger U.1,2, 
Schwab M.1,2,3, Nies A.1,2 
1Dr. Margarete Fischer-Bosch Institute of Clinical Pharmacology, Stuttgart, Germany  
2University of Tübingen, Tübingen, Germany  
3University Hospital Institute of Experimental and Clinical Pharmacology and Toxicology, 
Tübingen, Germany  
  
INTRODUCTION: Organic anion transporters (OAT) of the SLC22 family mediate the 
transport of various lipophilic organic anions, thus playing a significant role in the 
absorption, distribution and excretion of a variety of endogenous organic compounds 
and xenobiotics. Recent studies have identified a novel liver-specific member belonging 
to the solute carrier (SLC) family, known as OAT7 (SLC22A9). As current knowledge on 
OAT7 is limited, the aim of this study was to carry out a comprehensive analysis of 
various genetic, non-genetic and regulatory factors on inter-individual variability of 
hepatic OAT7 expression. 
METHODS: An expression profile of OAT7 for 20 human tissues was obtained by real-
time quantitative polymerase chain reaction (TaqMan). Analysis of OAT7 mRNA 
expression was carried out in well-characterized human liver samples (including detailed 
demographic and clinical data) from 150 Caucasians. OAT7 was localized in human liver 
cryosections and hepatic OAT7 protein levels were determined using a self-designed 
antibody. Genome-wide single nucleotide polymorphism microarray technology served 
to genotype 8 variants in the SLC22A9 gene region. 
RESULTS: Specific OAT7 expression was found in the liver, where it was localized to 
the basolateral membrane of hepatocytes. Hepatic expression of OAT7 mRNA and 
OAT7 protein varied 340-fold and 18-fold, respectively. OAT7 mRNA and protein levels 
showed a strong correlation with each other (Rs = 0.3007). Variable expression was not 
affected by non-genetic factors (e.g. age, sex, smoking behavior, alcohol consumption, 
cholestasis). Univariate analyses indicate that OAT7 expression is affected by some of 
the investigated genetic variants. Furthermore, OAT7 mRNA or protein correlation was 
observed with mRNA expression of SHP and FXR or HNF1α, respectively. 
CONCLUSION: Inter-individual variability of OAT7 protein levels in human liver may 
influence hepatic transport of organic anions. Since the thus far investigated variants 
appear to have limited influence on hepatic OAT7 expression and non-genetic factors 
are not major determinants of these expression levels, additional, as yet unidentified 
genetic variants, regulatory factors as well as epigenetic factors may contribute to 
variable OAT7 expression. 
  
Supported by the Robert Bosch Foundation, Stuttgart, Germany, and the 7th FP EU 
Initial Training Network program “FightingDrugFailure” (PITN-GA-2009-238132). 
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Requirement of host cell factors Hsp90 and PPIases might be a common 
characteristic for cellular uptake of bacterial ADP-ribosylating toxins 
Ernst K., Langer S., Barth H. 
Institut für Pharmakologie und Toxikologie, Albert-Einstein-Allee 11, 89081 Ulm, 
Germany  
  
The uptake of AB-type protein toxins like Clostridium (C.) botulinum C2 toxin, 
Corynebacterium diphtheriae diphtheria toxin and Bacillus anthracis anthrax toxin into 
mammalian cells proceeds according to the same general mechanisms. They are 
composed of an A-domain which harbors enzymatic activity and a B-domain that 
facilitates binding and translocation of the toxin. It was shown by our group that the host 
cell chaperone Hsp90 and the peptidyl-prolyl cis/trans isomerase (PPIase) cyclophilin A 
(CypA) are required to facilitate the translocation of the ADP-ribosylating C. botulinum 
C2 toxin, C. perfringens iota toxin and C. difficile CDT into the cytosol. Latest results 
also proofed the involvement of the PPIase FK506-binding protein (FKBP) 51 in 
translocation of these toxins [1]. Moreover, further ADP-ribosylating toxins like diphtheria 
toxin need Hsp90 to reach the cytosol of their host cells [2]. In contrast, other AB-type 
toxins like Bacillus anthracis lethal toxin (LT) which displays structural and functional 
homology but features a different enzyme activity (metalloprotease) do not require the 
investigated host cell factors [3], suggesting that the requirement of Hsp90 and PPIases 
depends on the catalytic domain of the toxin. To address this question, we investigated 
the uptake of fusion toxins for example C2IN-C3lim consisting of the adapter domain of 
C2I and C3lim of C. limosum which mono-ADP-ribosylates Rho-GTPases and we 
showed that Hsp90, CypA and FKBPs are involved in translocation of this ADP-
ribosyltransferase as well [1]. Taken together, all ADP-ribosylating toxins investigated so 
far require Hsp90 and PPIases for their translocation whereas toxins with different 
catalytic domains act independently of these factors, suggesting a selective mechanism 
for this toxin family. Based on these results, we are looking for new pharmacological 
strategies employing specific inhibitors of host cell factors to inhibit the uptake of clinical 
relevant ADP-ribosylating toxins thus preventing toxic effects on patients. 
  
[1] Kaiser et al. Cell. Microbiol. 14, 1193-1205 (2012) 
[2] Ratts et al. JCB Vol.160 No.7 1139-1150 (2003) 
[3] Dmochewitz et al. Cell. Microbiol. 13, 359-373 (2011) 
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Protein phosphatase 2A improves resistance against ischemia 
Eskandar J.1, Boknik P.1, Gergs U.2, Müller F. U.1, Neumann J.2, Schmitz W.1, 
Kirchhefer U.1 
1Institut für Pharmakologie und Toxikologie, Domagkstr. 12, 48149 Münster, Germany  
2Institut für Pharmakologie und Toxikologie, Magdeburger Str. 4, 06112 Halle/S., 
Germany  
  
There is indirect evidence that an enhanced phosphorylation state of cardiac proteins by 
inhibition of protein phosphatase (PP) activity is associated with a reduction of cellular 
death or infarct size after ischemic periods even in the absence of preconditioning. Thus, 
it was concluded from these studies that a higher PP2A activity is detrimental in 
conditions of ischemia. Here we addressed this issue by an opposite approach, in which 
we applied a standard ischemic protocol in transgenic mouse models (TG) with 
enhanced PP2A activity. PP2A activity was increased directly by cardiac-specific 
overexpression of the catalytic subunit Ca of PP2A (TGCa) and the targeting subunit 
B56a of PP2A (TGB56a) or indirectly by overexpression of the inhibitor 2 of PP1 (TGI2). 
Isolated Langendorff-perfused hearts received a 40 min-stabilization period, a 20 min-
phase of global ischemia, and a 40 min-reperfusion period. On the other hand, 10 
nmol/L okadaic acid (OA), which specifically blocks PP2A without affecting PP1, was 
applied 15 min before ischemia and during the period of reperfusion. In contrast to the 
studies mentioned above, contractility was higher up to 25 min after ischemia in TGCa 
compared to wild-type (WT) hearts (n=5-6, P<0.05). Contractility was already enhanced 
by 52% after 1 min of reperfusion in TGCa compared to WT hearts. An increase in 
contractility was also measured after reperfusion in the other gain of function models of 
PP2A, namely TGB56a and TGI2, compared to WT hearts. However, the protective effect 
on cardiac contractility exhibited a different time course, starting 25 min after reperfusion 
(n=5-6, P<0.05). Inhibition of PP2A by OA before ischemia and during reperfusion 
decreased contractility by 21% in TGB56a (P<0.05) and by 11% in WT hearts compared 
to values in the absence of OA and therefore blunted the protective effect of increased 
PP2A in TG B56a. Our data on different transgenic models suggest that a higher PP2A 
activity provides cardioprotection to the mouse heart after ischemic phases. The extent 
and onset of this effect may depend on the cellular regulation of the PP2A holoenzyme. 
Thus, PP2A might be a novel target to protect ischemic myocardium. 
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Activities of xenobiotic metabolizing enzymes in cell lines used for skin 
sensitization testing in vitro 
Fabian E.1, Vogel S.1, Ramirez-Hernandez T.1, Eltze T.1, van Ravenzwaay B.2, 
Landsiedel R.1 
1BASF SE GV/TB, Carl-Bosch-Str. 38, 67056 Ludwigshafen, Germany  
2BASF SE GV/T, Carl-Bosch-Str. 38, 67056 Ludwigshafen, Germany  
  
Skin sensitization is caused by repeated contact with an allergen. An early step in the 
sensitization process is the interaction of haptens with proteins. In some cases the 
hapten is formed from pro-haptens by enzymatic reactions in the skin (1). Several in 
vitro methods are currently in the validation process as alternative methods to test for 
skin sensitization (2,3). 
The metabolic activities of selected enzymes were assayed in keratinocyte-like cells 
Keratinosens® (Givaudan, Switzerland) and LuSens (BASF, Germany) as well as in the 
dendritic-like cell U937 (used for the MUSST assay) and THP-1 (used for the h-CLAT). 
Protein and cytochrome c reductase contents as well as activities of oxidizing enzymes 
(CYP, FMO, ADH, AlDH), hydrolysing enzymes (esterase) and conjugating enzymes 
(NAT and UGT) weremeasured in subcellular fraction of the cells by monitoring 
metabolic transformation of model substrates. CYP, FMO,UGT and ADH activities were 
below the detection limit for all investigated cells. NAT1 and esterase activities were 
detectable in all cell lines. AlDH activities were detected in the keratinocyte-like cells 
Keratinosens® and LuSens but not in U937 or THP-1 cells. 
These results demonstrate that potential pro-haptens can be metabolically activated 
during sensitization testing in vitro. The xenobiotic metabolizing enzymes of the 
respective cells need, however, to be compared to those of native skin. 
  
Jäckh C et al. (2012) Relevance of xenobiotic enzymes in human skin in vitro models to 
activate pro-sensitizers. J Immunotoxicol. [Epub ahead of print] 
2  Mehling A et al. (2012) Non-animal test methods for predicting skin sensitization 
potentials. Arch Toxicol. 86(8):1273-95 3  Bauch C et al. (2012) Putting the parts 
together: combining in vitro methods to test for skin sensitizing potentials. Regul Toxicol 
Pharmacol. 2012 Aug;63(3):489-504 
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The antioxidant lipoic acid induces cell death in colorectal cancer cells and 
sensitizes to 5-Fluorouracil treatment 
Fahrer J., Dörsam B., Göder A., Kaina B. 
University Medical Center Mainz Institute of Toxicology, Obere Zahlbacher Str. 67, 
55131 Mainz, Germany  
  
Colorectal cancer (CRC) is the third most common tumor type worldwide.  Its treatment, 
in particular in advanced stage disease, involves 5-Fluorouracil (5-FU)-based 
chemotherapy. Despite improved treatment modalities, 5-year survival rate is low and 
therefore requires novel therapeutic approaches. Alpha-lipoic acid (ALA) is an 
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endogenous dithiol compound with potent antioxidative properties, which is also 
absorbed orally after dietary supplementation. Recent studies have shown that ALA 
triggers cell death in a plethora of tumor cell lines, whereas primary cells such as 
lymphocytes are not affected. 
Objective of the present study was to analyze the impact of ALA on CRC cells with 
different p53 status (HCT116, CaCO-2, HT-29). To this end, tumor cells were challenged 
with increasing concentrations of ALA (100 – 1000 µM) for 72 h. Cell viability decreased 
in a concentration-dependent manner in all cell lines tested, yielding  IC50 values 
between 440 and 580 µM as assessed by MTS and ATP assays. Next, the mode of cell 
death was studied in more detail by Annexin-V/PI staining and revealed a strong 
induction of apoptosis and concomitant necrosis after 72 h treatment with 500 µM ALA. 
Caspase-dependent cell death was confirmed by monitoring caspase 3/7 activity, which 
was strongly stimulated after 72 h. In line with this finding, extensive PARP-1 cleavage, 
a substrate of caspase 3/7 and hallmark of apoptosis, was detected by immunoblotting. 
Interestingly, ALA does not significantly alter endogenous ROS levels at high 
concentrations, but exerts an antioxidative effect at 200 µM as shown by flow cytometry. 
In addition, ALA treatment did not give rise to single strand breaks as monitored by 
alkaline Comet assay. Finally, we were interested if ALA is capable of sensitizing CRC 
cells towards 5-FU, an anticancer drug frequently used in the clinics. Co-treatment of 
ALA with 5-FU significantly reduced cell viability of HCT116 and CaCO-2 cells already at 
200 µM ALA, as determined by the ATP assay. 
Collectively, these findings demonstrate that ALA is a strong inducer of cell death in 
CRC cells independent of their p53 status and potentiates 5-FU-mediated cell death 
without causing DNA damage on its own. This combination treatment may provide a 
novel rational to target CRC and will be detailed in future xenograft studies in vivo. 
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Calsequestrin knockout leads to increase in basal cardiac contractility 
Fahrion C. M., Bock P., Fischer M., Gergs U., Neumann J. 
Institut für Pharmakologie und Toxikologie Medizinische Fakultät, Martin-Luther-
Universität Halle-Wittenberg, Magdeburger Str. 4, 06112 Halle/Saale, Germany  
  
In the heart, the calcium homeostasis is a key component for regulation of myocardial 
contractility. The main Ca2+ binding protein in the heart is the cardiac isoform of 
calsequestrin (CSQ2) that is located in the junctional sarcoplasmic reticulum (SR). 
Clinical data suggest that mutations or deletions of CSQ2 are accompanied by altered 
sensitivity to β-adrenergic stimulation, catecholaminergic polymorphic ventricular 
tachycardia (CPVT), and sudden cardiac death. For a better understanding of the 
underlying mechanism, we generated and initially characterized a CSQ2 knockout 
mouse. We could demonstrate by Western blotting that CSQ2 was only slightly reduced 
in heterozygous knockout (CSQ2+/-) mice compared to wild type (CSQ2+/+), while CSQ2 
was not detectable in homozygous knockout (CSQ2-/-) mice. Moreover, SERCA 
expression was increased in CSQ2-/- compared to CSQ2+/+ and CSQ2+/-, whereas 
phospholamban (PLB) was unchanged in all groups suggesting an increased SR Ca2+ 
uptake. We determined CSQ1 and CSQ2 expression in fast and slow skeletal muscles, 
confirming the global knockout of CSQ2 in CSQ2-/- mice without effects on CSQ1 
expression. To characterize cardiac function of the mice, isolated atrial preparations and 
isolated perfused hearts (Langendorff mode) were used. We found an increased basal 
contractility of CSQ2-/- atria and ventricles compared to CSQ2+/+ and CSQ2+/-. Whereas 
the positive responsiveness to β-adrenergic stimulation by isoprenaline was unchanged 
in atria of all groups, contractile force of CSQ2-/- ventricles could not be further increased 
by isoprenaline. To address Ca2+ handling, post rest potentiation was analyzed in left 
atrial preparations and the effect of 10 mM caffeine on force of contraction was 
determined in left atria and in Langendorff-hearts. In all CSQ2-/- preparations, effects of 
post rest potentiation and caffeine were decreased compared to CSQ2+/+ arguing for a 
lower SR Ca2+ content in CSQ2-/- hearts. These data support the view that CSQ is 
important for basal force generation, not only for calcium homeostasis and not only in 
ventricle but also in the atrium. This should incite interest in looking for the involvement 
of CSQ mutations in supraventricular arrhythmias in patients and possible small 
alterations in basal ventricular function hitherto overlooked. 
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Valerian extract characterized by high valerenic acid and low acetoxy valerenic 
acid contents demonstrates anxiolytic activity 
Felgentreff F.1, Becker A.1, Schröder H.1, Meier B.2, Brattström A.1,3 
1O.-v.-Guericke University, Faculty of Medicine Institute of Pharmacology and 
Toxicology, Leipziger Str. 44, 39120 Magdeburg, Germany  
2Inst. Biotechnology, Zürich University of Applied Sciences, Wädenswil, Switzerland 
3ohne, A.-Puschkin-Str. 50, 39108 Magdeburg, Germany  
  
Valerian is one of the most commonly used herbal remedies for the treatment of 
insomnia and anxiety. Valerian extracts allosterically modulate GABAA receptors, an 
action related to valerenic acid, which is one of the active compounds determined from 
pharmacological studies. Derivatives of valerenic acid, i.e. acetoxy valerenic acid or 
hydroxy valerenic acid do not allosterically modulate GABAA receptors, but they bind to 
identical binding sites. Therefore, the question arises whether they might interfere with 
the effects of valerenic acid. Two valerian extracts were tested in the elevated plus maze 
test and the tail suspension test for anxiolytic and antidepressive activity, respectively. 
Reference substances were diazepam (1.0mg/kg) and imipramine (30mg/kg). The 
extracts were standardized to the identical total amounts of the acids (0.1; 0.5; 1.0 and 
2.0mg/kg), i.e. valerenic and acetoxy valerenic acid, but the ratio between the acids was 
different (12:1 and 1:1.5). The extract with the ratio 12:1 prolonged the time spent on the 
open arm significantly when 0.5mg/kg was applied. Of the other extract, with the ratio 

1:1.5, four times that amount was required (2.0mg/kg). Both of the tested extracts did 
not show any antidepressive effect, rather the other way around, and the extract with the 
ratio 1:1.5 prolonged the immobility phase. Binding studies confirmed an affinity to 
GABAergic binding sites but not to benzodiazepinergic binding sites. 
In conclusion, the anxiolytic activity of the valerian extract seems rather related to 
valerenic acid and, moreover, standardization with respect to the total amount of 
valerenic acids, i.e. valerenic acid together with acetoxy valerenic acid, is misleading. 
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Do cannabinoids exhibit a tyramine-like effect? 
Ilayan E., Feliszek M., Schlicker E. 
Universität Bonn Institut für Pharmakologie und Toxikologie, Sigmund-Freud-Str. 25, 
53105 Bonn, Germany  
  
Cannabinoids show cardiovascular effects in addition to their well-known psychotropic 
activity. In an in vivo study on rats, Adams et al. (J Pharmacol Exp Ther 196, 649-656, 
1976) provided evidence that ∆9-tetrahydrocannabinol has cardiovascular effects related to 
the reverse transport of noradrenaline from the noradrenergic nerve endings via the 
neuronal noradrenaline transporter back to the synaptic cleft ("carrier-mediated 
noradrenaline release").  The aim of the present study was to examine (1) whether this so-
called tyramine-like effect can also be shown in vitro and (2) extends to another plant-
derived cannabinoid, cannabidiol, to the endocannabinoids anandamide and 2-arachi-
donoyl glycerol and the synthetic cannabinoids WIN 55,212-2 (R(+)-[2,3-dihydro-5-methyl-3-
[(morpholinyl)methyl]pyrrolo-[1,2,3-de]-1,4-benzoxazin-yl](1-naphthalenyl)methanone) and 
CP 55,940 ((-)-cis-3-[2-hydroxy-4-(1,1-dimethylheptyl)phenyl]-trans-4-(3-hydroxypropyl)cyc-
lohexanol). Experiments were carried out on tissue pieces prepared from the renal cortex 
(from mice), which were preincubated with 3H-noradrenaline and then superfused. 
Tyramine 0.1, 1 and 10 µM increased basal tritium efflux by 39 % (P < 0.05), 91 % (P < 
0.05) and 212 % (P < 0.001), respectively. These effects were completely prevented by 
desipramine 1 µM, an inhibitor of the neuronal noradrenaline transporter. Unlike 
tyramine, ∆9-tetrahydrocannabinol, cannabidiol, anandamide, 2-arachidonoyl glycerol and 
WIN 55,212-2, each at 0.1, 1 and 10 µM, and CP 55,940 at 0.1, 1 and 3.2 µM did not affect 
basal tritium efflux. In conclusion, our in vitro data suggest that the plant-derived 
cannabinoids ∆9-tetrahydrocannabinol and cannabidiol, the endocannabinoids anandamide 
and 2-arachidonoyl glycerol and the synthetic cannabinoids WIN 55,212-2 and CP 55,940 
do not act via carrier-mediated noradrenaline release and that other mechanisms account 
for their cardiovascular effects. 
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Genetic delineation of the kinase and channel functions of TRPM7 in embryonic 
development and postnatal life of mice 
Ferioli S.1, Wisnowsky A.1, Sytik L.1, Heilmaier R.1, Hofmann T.2, Gudermann T.1, 
Chubanov V.1 
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2Philipps-Universität Marburg Biochemisch-Pharmakologisches Centrum Marburg, Karl-
von-Frisch-Straße, 35032 Marburg, Germany  
  
TRPM7 is a ubiquitously expressed protein consisting of a transient receptor potential 
ion channel segment linked to an α-type protein kinase domain. The TRPM7 channel 
mediates divalent cation-selective currents induced upon removal of intracellular 
magnesium. Substrates for the TRPM7 kinase are widespread and include annexin A1, 
myosin IIA heavy chain, eukaryotic elongation factor 2 kinase and phospholipase C γ2. 
Alterations in the expression of TRPM7 protein in vitro result in profound effects on 
cellular metabolism and cell cycle. Constitutive inactivation of Trpm7 gene in mice 
results in embryonic lethality at E7.5. Mutant mice with a deletion of exons encoding the 
TRPM7 kinase domain also displayed early embryonic lethality suggesting a key role of 
the TRPM7 kinase in the prenatal development of mice. The cellular and molecular 
mechanisms underlying the phenotypes of Trpm7 deficient mice remain poorly 
understood. Therefore, we performed a phenotypic analysis of new Trpm7 mutant mice 
carrying a point mutation (K1646R) in the catalytic site of the kinase domain leading to a 
complete block of its phosphotransferase activity. Surprisingly, we found that mice 
homozygous for the K1646R allele are viable, fertile and display no obvious growth 
defect in their postnatal life. Furthermore, we were able to generate viable offspring 
deficient in the kinase activities of both TRPM7 and its genetic homolog, TRPM6, ruling 
out the possibility that TRPM6 kinase compensates for the fetal function of TRPM7. We 
conclude that the protein kinase activity of TRPM7 is not required for the prenatal 
development of mice, and the mortality of Trpm7 null embryos is caused by a loss of 
TRPM7 currents. The generated mutant mouse line deficient in the kinase activities of 
both TRPM6/M7 will be instrumental in defining the role of channel-linked a-kinases in 
living organisms. 
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The Isolated Perfused Lung (IPL) as a screening tool for aerosol products 
Fischer M.1, Dasenbrock C.1, Koch W.2 
1Fraunhofer Institut für Toxikologie und Experimentelle Medizin Toxikologie und 
Umwelthygiene, Nikolai-Fuchs-Str. 1, 30625 Hannover, Germany  
2Fraunhofer Institut für Toxikologie und Experimentelle Medizin Aerosolforschung und 
Chemische Analytik, Nikolai-Fuchs-Str. 1, 30625 Hannover, Germany  
  
The use of aerosol products containing surface active agens frequently results in 
adverse, sometimes even severe, health effects in consumers. Upon use of 
waterproofing sprays in particular, severe cases of acute lung injury have been reported 
repeatedly. It is hypothesized that impairment of the pulmonary surfactant by deposition 
of inhaled respirable particles of the active compound is one of the main causes of the 
acute lung injury. Since the inhalation toxicity cannot be predicted a priori based on the 
physical and chemical properties of the formulation, proper test strategies are required 
to ensure consumer safety. 
We propose to combine screening tests addressing both, exposure and acute lung 
toxicity. The exposure potential of the spray product is characterized by determining the 
release fraction of the active compound in the respirable particle size range under 
conditions relevant for the product application. This is carried out by spraying defined 
quantities of the product into a control volume and measuring the concentration of health 
related size fractions. This procedure takes into account spray ageing, especially size 
reduction of the droplets due to solvent evaporation. 
The isolated perfused lung is proposed as a model for testing acute toxicity. Ventilated 
rat lungs are exposed to aged aerosols with proper particle size of approximately 1 µm 
MMAD generated from the liquid spray formulation. Lung compliance and lung 
resistance are continuously monitored during exposure. Dose dependent deviations 
from the controls are used as read-out parameters. The results and in particular the 
comparison of the results with those of the corresponding animal experimental studies 
have shown that the isolated perfused lung can be used to screen for substances that 
exhibit acute inhalation toxicity. So, the test in the isolated lung could be performed 
before any testing of a surface active substance in living animals is undertaken, to allow 
formulations exhibiting acute lung toxicity to be identified and discarded in advance. 
Using the isolated perfused lung as screening method may help avoid acute animal 
inhalation studies in the future in line with the”3-Rs” principles. 
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Absorption of Alternaria mycotoxins with a perylene quinone structure in Caco-2 
cells 
Fleck S. C., Pfeiffer E., Metzler M. 
Karlsruhe Institute of Technology (KIT) Institute of Applied Biosciences, Department of 
Food Chemistry and Toxicology, Adenauerring 20a, 76131 Karlsruhe, Germany  
  
Fungi of the genus Alternaria are ubiquitous in regions with moderate climate and infest 
fruits, vegetables and grains. Over 70 secondary metabolites have been identified. 
Toxicological studies have so far focused on two major Alternaria toxins with a dibenzo-
α-pyrone structure, i.e. alternariol (AOH) and its monomethyl ether (AME). Only little 
information is available for Alternaria toxins with a perylene quinone structure, e.g. 
altertoxins (ATX). Recently we have reported that ATX II is a strong mutagen at the 
HPRT gene locus in V79 cells and that its genotoxicity by far exceeds that of AOH and 
AME [1]. 
We have now investigated the absorption of four Alternaria toxins with a perylene 
quinone structure, i.e. ATX I and II, alteichin and stemphyltoxin (STX) III, using the 
Caco-2 cell model. These four mycotoxins differ only in the substituents of their basic 
chemical structure, containing either a hydroxyl group (ATX I, alteichin) or an epoxide 
group (ATX II, STX III), or an additional double bond (alteichin, STX III). Cultured Caco-2 
cells feature many characteristics of intestinal epithelial cells after formation of a 
confluent monolayer and subsequent differentiation, and thus represent a widely 
accepted in vitro model system for human intestinal absorption and metabolism. 
In our study, Caco-2 cells were cultivated for 21 days on a 24-well Transwell® plate, 
which separated each well into an apical and a basolateral compartment, corresponding 
to the intestinal lumen and portal blood, respectively. Subsequently, the cells were 
incubated with the four mycotoxins on the apical side and the concentration of the toxins 
in the incubation media of both chambers and in the cell lysate were determined by LC-
MS. Based on the apparent permeability coefficients (Papp), the following ranking order 
for the permeation into the basolateral compartment was obtained: ATX I > alteichin > 
ATX II > STX III. Total recovery of the four toxins decreased in the same order. It is 
assumed that the high losses of ATX II and STX III are caused by covalent binding to 
cellular components due to the presence of the epoxide group and, in the case of STX III 
the additional α,β-unsaturated carbonyl group. 
We conclude from this study that all four perylene quinone-type Alternaria toxins must 
be expected to be absorbed from the intestinal lumen into the portal blood in vivo, 
although the extent of absorption depends on the specific chemical structure. 
  
[1] Fleck SC, Burkhardt B, Pfeiffer E, Metzler M (2012) Alternaria toxins: Altertoxin II is a 
much stronger mutagen and DNA strand breaking mycotoxin than alternariol and its 
methyl ether in cultured mammalian cells. Toxicology Letters 214, 27-32. 
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The calcium channel blocker Diltiazem prevents work-induced diastolic 
malfunction in cardiomyocytes of a hypertrophic cardiomyopathy mouse model 
Flenner F., Friedrich F. W., Eschenhagen T., Carrier L. 
Universitätsklinikum Hamburg Institut für experimentelle Pharmakologie und Toxikologie, 
Martinistraße 52, 20246 Hamburg, Germany  
  
Background. Diastolic dysfunction (DD) is a common feature of hypertrophic 
cardiomyopathy (HCM), eventually leading to dyspnea and exercise intolerance in 
patients. A possible underlying cause for DD at the cardiomyocyte level is myofilament 
Ca2+ hypersensitivity, which could potentially lead to residual actin-myosin interaction in 
diastole. In the present study we evaluated whether the non-dihydropyridine calcium 
channel blocker Diltiazem could improve diastolic relaxation in intact cardiomyocytes 
isolated from a mouse model of HCM. 
Methods. The mouse model used in this study carries a point mutation in the cardiac 
myosin binding protein gene (Mybpc3), which frequently causes HCM and is associated 
with a severe phenotype in humans. Intact cardiomyocytes were isolated from adult 
homozygous knock-in (KI) and wild-type (WT) mouse hearts. Their contractile behaviour 
was analyzed in baseline condition (1 Hz pacing) and after increase of workload (30 nM 
isoprenaline, 5 Hz pacing) with or without a pre-treatment with 1 µM Diltiazem (n = 12 for 
each genotype and condition). 
Results. Diastolic sarcomere length (dSL) was shorter in KI than WT cardiomyocytes in 
baseline condition (KI: 1.82 µm, WT: 1.88 µm). This difference was more pronounced 
upon increased workload, where dSL was markedly reduced in KI (1.7 µm) and only 
faintly decreased in WT (1.85 µm). Additionally, KI cardiomyocytes showed a stronger 
positive inotropic response to isoprenaline and had tendency towards arrhythmic 
behaviour under higher workload. Pre-treatment of cardiomyocytes with 1 µM Diltiazem 
prevented arrhythmias and improved diastolic relaxation in KI and in WT (dSL 1.78 µm 
and 1.87 µm, respectively). Interestingly, 1 µM Diltiazem influenced systolic parameters 
in WT cardiomyocytes already in baseline condition, while this negative inotropic effect 
was not visible in KI cardiomyocytes until β-adrenergic stimulation, shifting their 
isoprenaline response to the level seen in untreated WT cardiomyocytes. 
Conclusion. These data suggest that Diltiazem improves diastolic relaxation under 
increased workload in cardiomyocytes derived from HCM mice and attenuates their 
hypersensitive reaction to isoprenaline. Further investigations are needed to evaluate 
whether these effects may help to improve HCM-related symptoms on the whole organ 
or animal level. 
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Metabolic conversion of the mycotoxin citrinin to dihydrocitrinone: Impact on 
toxicity 
Föllmann W., Behm C., Degen G. H. 
Leibniz-Institut für Arbeitsforschung an der TU Dortmund, Ardeystr. 67, 44139 
Dortmund, Germany  
  
The mycotoxin citrinin (CIT), produced by species of the fungal genera Penicillium, 
Aspergillus and Monascus, has been detected as contaminant in a wide spectrum of 
food commodities and in animal feed. The kidney is the major target organ of CIT toxicity 
in several species, and CIT is known to have genotoxic properties [1]. The role of CIT for 
human health is still unclear due to limitations in the toxicological database, and 
insufficient analytical data on human dietary exposure to this mycotoxin contaminant. 
Just recently, the frequent occurrence of CIT and its metabolite dihydrocitrinone (DH-
CIT) in human urines has been demonstrated [2]. From these data it can be concluded 
that measurable amounts of CIT are ingested with the normal diet and metabolized to 
dihydrocitrinone. Since this major metabolite in humans has not been characterized with 
regard to its toxicity, we now performed cytotoxicity and genotoxicity tests in vitro to 
compare the toxicity of CIT and dihydrocitrinone. 
Cytotoxicity of the two compounds was determined in V79 hamster fibroblasts by means 
of the neutral red uptake assay. The results show a distinctly lower cytotoxicity for 
dihydrocitrinone (IC50 of 320 µM) compared to CIT (IC50 of 70 µM) after treatment for 24 
h. In the micronucleus assay with V79 cells CIT was found to induce increased 
frequencies of micronuclei at concentrations >30 µM whereas dihydrocitrinone showed 
no genotoxic effect up to 300 µM. According to these data the conversion of citrinin to 
dihydrocitrinone can be regarded as a detoxification step since the metabolite shows a 
much lower toxic potential than the parent compound. The new results raise further 
questions regarding the enzymes involved in citrinin metabolism in humans. 
  
[1] EFSA Panel on Contaminants in the Food Chain (CONTAM). Scientific Opinion on 
the risks for public and animal health related to the presence of citrinin in food and feed. 
EFSA Journal (2012) 10(3):2605; doi:10.2903/j.efsa.2012.2605 
[2] Degen GH, Blaszkewicz M, Muñoz M (2013) Analysis of citrinin and a major 
metabolite in human blood and urine as a tool for investigations on exposure to this 
mycotoxin. Naunyn-Schmiedeberg's Archives of Pharmacology, this volume. 
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β2-Adrenoceptor stimulation inhibits equine bronchial fibroblast proliferation and 
transformation but does not affect collagen synthesis 
Franke J., Abs V., Hofmann-Orsetti C., Abraham G. 
Universität Leipzig Institut für Pharmakologie, Pharmazie und Toxikologie, An den 
Tierkliniken 15, 04103 Leipzig, Germany  
  
Introduction 
In large animal model of recurrent airway obstruction (RAO), horse, abnormal growth 
and proliferation of airway fibroblasts may result in narrowing of airway calibre with 
airflow limitation. Such fibrotic processes might be characterized by an exaggerated 
deposition of extracellular matrices (ECM) such as collagen, elastin, fibronectin or 
laminin associated with enhanced fibroblast transformation to myofibroblasts. The aim of 
the study was to establish cultures of equine bronchial fibroblast (EBF) and examine 
TGF-β-stimulated fibrotic changes by measuring α-sma and collagen content as well as 
the influence of β2-adrenoceptor (β2AR) stimulation and glucocorticoids on cell growth 
and proliferation. 
Material and Methods 
EBFs were isolated from bronchial segments and cultured in DMEM. The presence of 
βARs was assessed by [125I]-cyanopindolol binding (1). Cell proliferation was measured 
by quantitative [3H]-thymidine incorporation assay in the presence or absence of βAR 
agonists and antagonists and dexamethasone for 24h. Also, the effect on cell 
transformation rate of TGF-β pre-treated cells was studied by measuring α-sma by 
immune-staining. βAR regulation of collagen synthesis was examined by [3H]-proline 
incorporation assay. 
Results 
EBFs express β2ARs in large numbers. The receptor number was reduced to 75%, 61% 
and to 39% by isoproterenol, salbutamol and clenbuterol, respectively. These agonists 
reduced significantly the proliferation rate of EBFs in a concentration-dependent manner 
which was antagonized by propranolol and ICI 118,551 but not CGP 20712A (p<0.001). 
Dexamethasone had a more pronounced effect on cell proliferation. TGF-β markedly 
enhanced α-sma expression indicating EBF transformation to myofibroblasts. 
Dexamethasone, isoproterenol and clenbuterol decreased TGF-β-induced α-sma 
formation but not salbutamol. Dexamethasone reduced as well [3H]-proline incorporation 
in EBFs but not β-agonists. 
Summary 
Results suggest that stimulation of the β2ARs with β-agonists and glucoocorticoids in 
EBFs inhibit cell proliferation and mesenchymal transition. The decrease in collagen 
synthesis by dexamethasone might be due to stimulation of glucocorticoid-receptors but 
not βARs. Since in our animal model RAO can be associated with increased 
mesenchymal proliferation and transformation, β2-agonists and glucocorticoids would be 
beneficial inhibit early airway remodelling processes. 
  
1. Abraham G, Shibeshi W, Ungemach FR (2011) Pulm Pharmacol Therap 24(1):174-
81. 
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The aryl hydrocarbon receptor plays an anti-apoptotic role in UVB-exposed 
keratinocytes and is a putative target for chemoprevention 
Frauenstein K.1, Tigges J.1, Majora M.1, Hanenberg H.2, Esser C.1, Fritsche E.1, 
Krutmann J.1, Haarmann-Stemmann T.1 
1Leibniz-Institut für umweltmedizinische Forschung (IUF), Auf'm Hennekamp 50, 40225 
Düsseldorf, Germany  
2Heinrich Heine Universität Düsseldorf, Düsseldorf, Germany  
  
Ultraviolet (UV) radiation, especially its UVB part, is the most important factor 
contributing to the development of non-melanoma skin cancer (NMSC). Exposure of 
keratinocytes to UV radiation results in initiation of apoptosis, a protective mechanism 
that eliminates cells harbouring DNA damage. A modulation of this process may 
influence the initiation and progression of UV-induced skin cancer. A few years ago, it 
was shown that the aryl hydrocarbon receptor (AHR), a ligand-activated transcription 
factor well known for its role as mediator of dioxin toxicity, is a critical regulator of UVB 
stress response in skin. 
The aim of this work was to identify new functions of the AHR in human NCTC 2544 
keratinocytes, an established non-tumorigenic in vitro model for keratinocyte biology. In 
stable transfected AHR-knockdown keratinocytes (NCTC-shAHR) AHR signaling was 
significantly repressed compared to the respective empty vector control cells (NCTC-
EV), as demonstrated by a reduced expression of CYP1A1 and COX2 expression upon 
UVB exposure. Both shRNA-mediated and chemical disturbance of AHR signaling 
resulted in a significantly higher apoptosis rate after UVB exposure, indicating that the 
AHR has an anti-apoptotic function in human keratinocytes. Accordingly, epidermal cell 
death was more pronounced in UVB-exposed AHR-deficient than AHR-proficient SKH-1 
hairless mice. The underlying molecular mechanism involves a loss of expression of 
E2F1 and its target gene checkpoint kinase-1 (CHK1), two critical components of the 
DNA damage response. Ectopic overexpression of both E2F1 and CHK1 in AHR-
knockdown keratinocytes diminished the observed sensitization to UVB-induced 
apoptosis. Further mechanistic studies indicated that the AHR represses basal p27KIP1 
expression to maintain E2F1 and CHK1 expression. The identified AHR-E2F1-CHK1 
axis as a novel anti-apoptotic pathway in human keratinocytes could represent a 
putative target for chemoprevention of NMSC. 
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The role of the anthracycline target Topoisomerase II beta in cardiomyocyte 
function 
Frensch I.1, Deng S.1, Gödtel-Armbrust U.1, Brandt M.2, Schönfelder T.3, Wiesnet M.4, 
Wietelmann A.4, Sehn E.5, Wolfrum U.5, Wenzel P.2, Braun T.4, Wojnowski L.1 
1University Medical Center, Johannes Gutenberg University Mainz Department of 
Pharmacology, Obere Zahlbacher Strasse 67, 55131 Mainz, Germany  
2University Medical Center, Johannes Gutenberg University Mainz Department of 
Cardiology, 2nd Medical Clinic, Langenbeckstrasse 1, 55131 Mainz, Germany  
3University Medical Center, Johannes Gutenberg University Mainz Center for 
Thrombosis and Haemostasis (CTH), Langenbeckstrasse 1, 55131 Mainz, Germany  
4Max-Planck-Institute for Heart and Lung Research, Ludwigstrasse 43, 61231 Bad 
Nauheim, Germany  
5Johannes Gutenberg University Mainz Institute of Zoology, Cell & Matrix Biology, 
Muellerweg 6, 55128 Mainz, Germany  
  
Anthracyclines such as doxorubicin belong to the most successful oncological drugs, but 
they result in congestive heart failure in up to 20% of cancer survivors. There is 
emerging evidence that the cardioprotection conferred by the iron chelator dexrazoxane 
is mediated by the cardiac depletion of the anthracycline target topoisomerase II beta 
(TOP2B). The cardiac role of TOP2B and the consequences of its depletion are poorly 
understood. We investigated the consequences of TOP2B depletion from 
cardiomyocytes of adult mice using a tamoxifen (TAM)-inducible Cre recombinase 
model. TAM treatment led to a 60-80% decrease of TOP2B at DNA, mRNA and protein 
level 14 days following treatment onset. Eight weeks after the treatment TOP2B-
depleted animals exhibited dilative cardiomyopathy evidenced by reduced ejection 
fraction and increased left ventricular end diastolic volume. This was accompanied by 
fibrosis detected by Masson-Goldner staining and by transmissionelectron microscopy. 
To elucidate the earlier, immediate effects of TOP2B depletion, we conducted next 
generation sequencing of mRNA from cardiomyocytes 14 days after TAM treatment 
onset. The 278 genes found differentially expressed between TOP2B-depleted and 
control mice were from pathways related to cardiovascular and muscle development and 
function, cell death and survival, cardiovascular disease, and cell cycle. We then 
analyzed the length distribution of genes down-regulated in TOP2B-depleted 
cardiomyocytes, in TOP2B knockout cells and in mouse neurons and compared it to the 
length distribution of all mouse genes. TOP2B depletion depressed a distinct group of 
large transcripts with a median at approximately 1 million bp, including the 
cardiomyopathy-predisposing dystrophin gene. These results indicate that TOP2B 
depletion may result in a dilative cardiomyopathy, perhaps via impaired expression of 
TOP2B transcriptional targets such as dystrophin. Several lines of experimental 
evidence point to an important physiological role of TOP2B in cardiomyocyte function. 
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Role of the endogenous hyaluronan-synthesis in angiogenesis 
Freudenberger T., Fischer J. W. 
Institut für Pharmakologie und Klinische Pharmakologie, Universitätsklinikum 
Düsseldorf, Heinrich-Heine-Universität Düsseldorf, Moorenstraße 5, 40225 Düsseldorf, 
Germany  
  
Background Angiogenesis is defined as formation of neovessels from pre-existing 
vessels and plays a major role in chronic ischemic conditions as well as in cancer 
progression. In this context, it is known that extracellular matrix (ECM) plays a role in 
stabilization of the newly formed vessels. Exogenous hyaluronan (HA), a carbohydrate 
component of the ECM, influences angiogenesis dependent on the molecular weight. 
However, the role of the endogenous HA-system during angiogenesis is not fully 
understood. Methods Human coronary artery endothelial cells (HCAEC) were seeded 
on growth-factor reduced matrigel in the presence or absence of 4-methylumbelliferone 
(4-MU), an inhibitor of HA-synthesis. After 24 hours network-formation was 
microscopically documented. To analyse the potential role of HA in the interactions of 
HCAEC with `periendothelial cells`, HCAEC were co-cultured with murine aortic cells 
(mAC) for 7 days. Cells were immunocytochemically stained and mRNA-expression of 
genes related to the HA-system was analysed in either of the cell types performing 
quantitative real-time PCR using species-specific primer-pairs. Results Inhibition of the 
endogenous HA-system using 4-MU enhanced tube-formation of HCAEC on matrigel as 
compared to DMSO-control. This was evidenced by a higher number of closed meshes 
(DMSO: 16 ± 2 vs. 4-MU: 35 ± 7, n = 5, p < 0.05) as well as an increased amount of 
branching points (DMSO: 40 ± 3 vs. 4-MU: 77 ± 12, n = 5, p < 0.05). Of note, after co-
culture of HCAEC with mAC for 7 days, endothelial cells formed tube-like structures that 
were not detectable in mono-culture. These phenotypic changes were accompanied by 
specific changes in mRNA-expression of genes related to the HA-matrix in HCAEC and 
mAC in the co-cultures as compared to the respective mono-cultures. Specifically, 
mRNA-expression of HA synthase (HAS) 1 was significantly reduced in mAC while 
mRNA-expression of HAS2 and HAS3 showed a trend towards induction in HCAEC. 
Furthermore, mRNA-expression of the HA receptor CD44 was significantly reduced 
specifically in HCAEC. Conclusion These data suggest that tube formation can be 
enhanced by inhibition of endothelial HA synthesis and that HA participates in the 
interactions of endothelial cells with `periendothelial` cells. 
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Synthetic gestagens attenuate hyaluronan-synthesis in human vascular smooth 
muscle cells 
Seiler L. F., Fischer J. W., Freudenberger T. 
Institut für Pharmakologie und Klinische Pharmakologie, Universitätsklinikum 
Düsseldorf, Heinrich-Heine-Universität Düsseldorf, Moorenstraße 5, 40225 Düsseldorf, 
Germany  
  
Background It is known that proliferation and migration of vascular smooth muscle cells 
(VSMC) contribute to progression of atherosclerosis. Although it has been described that 
both processes are affected by progesterone and medroxyprogesterone acetate (MPA) 
the role of gestagens in terms of atherosclerosis is still a matter of debate. Additionally, 
proliferation and migration are known to be partially regulated by components of the 
extracellular matrix (ECM), amongst others, hyaluronan (HA). However, it is so far 
unknown if synthetic gestagens affect HA-synthesis in VSMC and might thereby affect 
their proliferative and migratory phenotype. Methods VSMC were synchronized by 
serum withdrawal and subsequently stimulated with MPA or norethisterone acetate (NA) 
(10-8 M and 10-5 M), two gestagens with divergent receptor profiles, alone or in 
combination with platelet-derived growth factor (PDGF)-BB (10 ng/ml). Realtime 
quantitative PCR was performed to investigate hyaluronan synthase (HAS)-mRNA 
expression. ELISA was used to analyse HA-secretion into the medium. Finally, the 
proliferative and migratory capacities of VSMC were determined performing cell-
counting and Boyden-Chamber experiments. Results MPA significantly reduced HAS2-
mRNA expression in the presence of PDGF and HAS3-mRNA expression in the 
presence as well as in the absence of PDGF after 6 hours. In parallel, HA-secretion into 
the medium was significantly reduced 24 hours after treatment with MPA alone (MPA 10-

8 M: 0.65 ± 0.03; MPA 10-5 M: 0.52 ± 0.09, fold of control, n = 3 – 5) or in combination 
with PDGF (PDGF+MPA 10-8 M: 0.68 ± 0.09; PDGF+MPA 10-5 M: 0.50 ± 0.09, fold of 
PDGF, n = 3). Interestingly, NA reduced HAS2- and HAS3-mRNA expression only in the 
presence of PDGF. Of note, HA-secretion into the medium was significantly reduced by 
NA alone and in combination with PDGF. Furthermore, the proliferative capacity of 
VSMC showed a trend towards reduction 96 hours after stimulation with PDGF+MPA as 
compared to PDGF alone as evidenced by cell-counting (PDGF+MPA 10-8 M: 0.83 ± 
0.12; PDGF+MPA 10-5 M: 0.92 ± 0.12, fold of PDGF, n = 5). Of note, migration of VSMC 
towards PDGF was not affected by  MPA. Conclusion Synthetic gestagens, namely 
MPA and NA, attenuate HA-synthesis in VSMC, however, to a different extent, possibly 
reflecting differential receptor profiles of these gestagens. In terms of MPA, inhibition of 
HA-synthesis seems to contribute to attenuation of proliferation in VSMC. 
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Insulin increases proliferation, activates MAP-Kinase and opposes TGF-β-induced 
epithelial mesenchymal transitory influences in human lung cancer cells 
Frisch C.1, Fuhrmann M.1, Harst A.2, Mayer P.2, Racké K.1 
1Institut für Pharmakologie und Toxikologie, Sigmund-Freud-Str.25, 53127 Bonn, 
Germany  
2Bundesinstitut für Arzneimittel und Medizinprodukte Forschung, Kurt-Georg-Kiesinger-
Allee 3, 53175 Bonn, Germany  
  
Background: Due to its structural similarity to the insulin-like growth factor (IGF-1), 
insulin came under suspicion to support survival and proliferation of tumour cells. 
Therefore we aimed to clarify the role of insulin in three different human bronchial 
epithelial cancer cell lines  (H-292, H-226, H-177) with regard to proliferation, gene 
expression and intracellular signalling pathways. The interaction between insulin and the 
cytokine TGF-β was studied too, because it is known to induce changes in a 
mesenchymal phenotype in bronchial epithelial cells (epithelial mesenchymal transition, 
EMT). 
Methods: Cell proliferation was assessed by [3H] thymidine incorporation. Gene 
expression was measured by quantitative PCR (qPCR) and activation of signalling 
pathways was detected by phosphoprotein Western blot. 
Results: In H-292, 10nM insulin increased cell proliferation by 43 ± 8% (p<0.01). In 
contrast, TGF-β (40pM) caused a decrease in proliferation by 40 ± 7%). Insulin, present 
together with TGF-β counteracted the inhibitory effect of TGF-β. Similar observations 
were obtained in H-226, although proliferative effects of insulin were less pronounced. In 
contrast, H-177 cells did not reveal any response towards insulin or TGF-β. 
With regard to intracellular signalling pathways, insulin markedly entailed Akt 
phosphorylation at low nanomolar ranges in all three cell lines. However, MAPK 
phosphorylation revealed characteristic differences between the cell lines. In H-292 
MAP-kinase was strongly induced by insulin. H-226 possess a high basal activity, 
consequently insulin showed a comparably weak added phosphorylation. In H-177, 
insulin did not activate MAPK at all. 
As a correlate of EMT we measured endothelin- and N-cadherin- gene expression via 
qPCR after 24h of substance incubation. 
The expression of both genes were upregulated by TGF-β (40pM) and diminished by 
insulin (100nM) in H-292 and H-226. Notably, in H-177 insulin enhanced TGF-β 
implications on endothelin expression and only higher concentrations of TGF-β (2nM) 
lead to an increase in N-cadherin expression, whereas insulin does not show any 
influences. 
Conclusion: Insulin activates MAPK, increases proliferation and affects TGF-β -induced 
differentiation in human bronchial carcinoma cells, but there exist differences between 
various lines. Further studies will reveal whether the insulin receptor or the IGF-1 
receptor is involved in this complex matter and at which level the interaction with TGF-β 
takes place. 
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Regulation of the arachidonic acid mobilization in macrophages by combustion-
derived particles 
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1Karlsruhe Institute of Technology Institute of Toxicology and Genetics, Hermann-von-
Helmholtz-Platz 1, 76344 Eggenstein-Leopoldshafen, Germany  
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Acute exposure to elevated levels of environmental particulate matter (PM) is associated 
with increasing morbidity and mortality rates as demonstrated by a multitude of 
epidemiological studies. However, the underlying mechanisms relevant for toxicity are 
not completely understood. Especially the role of particle-induced reactive oxygen 
species (ROS), oxidative stress and inflammatory responses is of particular interest. 
In this in vitro study we examined the influence of particle-generated ROS on signalling 
pathways leading to activation of the arachidonic acid (AA) cascade [1]. Incinerator fly 
ash particles (MAF02) were used as a model for real-life combustion-derived particulate 
matter. As macrophages, besides epithelial cells, are the major targets of particle 
actions in the lung murine RAW264.7 macrophages and primary human macrophages 
were investigated. 
The interaction of MAF02 particles with macrophages induced the generation of ROS, 
which resulted in the induction of the antioxidative enzyme heme oxygenase-1 (HO-1) 
and accumulation of the transcription factor Nrf2. As part of the inflammatory responses, 
a dose- and time-dependent increase of free AA, prostaglandin E2/thromboxane B2 
(PGE2/TXB2), and 8-isoprostane was observed. Additionally, increased phosphorylation 
of the mitogen-activated protein kinases JNK1/2, p38 and ERK1/2 was detected, the 
latter of which was shown to be involved in MAF02-generated AA release and 
phosphorylation of the cytosolic phospholipase A2. The initiation of the AA pathway due 
to MAF02 exposure was demonstrated to depend on the formation of ROS since the 
presence of the antioxidant N-acetyl-cysteine prevented the MAF02-mediated level of 
free AA, the subsequent conversion to PGE2/TXB2 and the ERK1/2 and JNK1/2 
phosphorylation. Finally we showed that the particle-induced formation of ROS, 
liberation of AA and PGE2/TXB2 together with the phosphorylation of ERK1/2 and 
JNK1/2 proteins was decreased after pre-treatment of macrophages with the metal 
chelator deferoxamine mesylate (DFO). In addition, DFO pre-treatment reduced the 
MAF02-induced stabilisation of Nrf2 and induction of HO-1. 
These results indicate that one of the primary mechanism initiating inflammatory 
processes by MAF02 particles seems to be the metal-mediated generation of ROS, 
which triggers via the MAPK cascade the activation of the AA signalling pathway. 
This study was partly funded by the Federal Institute for Risk Assessment (BfR), 
Germany (BfR-ZEBET-1238-182). 
  
[1] Fritsch-Decker,S., Both,T., Mülhopt,S., Paur,H.R., Weiss,C., and Diabaté,S. (2011). 
Regulation of the arachidonic acid mobilization in macrophages by combustion-derived 
particles. Part. Fibre Toxicol. 8, 23. 
 

Scheme: 
The MAF02-induced activation of the arachidonic acid cascade in macrophages 
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The Special AT-rich Binding Protein 1 as a putative therapeutic target in colorectal 
cancer 
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Colorectal cancer is one of the most common causes for cancer-related deaths 
worldwide. Although methods of diagnosis and treatment have improved over the last 
few decades, the tumor stage at diagnosis is still the most important prognostic marker 
and the overall survival of patients with advanced colorectal cancer is still poor due to 
the high risk of metastasis. Therefore, it is critical to determine potential targets for new 
therapeutic strategies. 
Predominantly expressed in thymocytes, the Special AT-rich Binding Protein 1 (SATB1) 
is a particular type of DNA-binding protein. It is critical for the structure of chromatin and 
coordinates the expression of a large number of genes by its dual function as a 
chromatin organizer and a regulator of gene expression. Recent studies showed the 
overexpression of SATB1 in several human cancers and connected it to carcinogenesis. 
Furthermore, the expression of SATB1 correlates with tumor progression and is 
associated with poor prognosis. In this study, we have analyzed the function and 
therapeutic potential of SATB1 in colorectal cancer. 
Transfection of specific siRNAs in different colorectal cancer cell lines led to a transient 
knockdown of SATB1. In addition, stable knockdown cells were generated through 
transfection of shRNA-containing plasmids and subsequent clonal selection. In both 
systems, the expression of SATB1 mRNA and protein was markedly reduced. The 
effects on proliferation were examined in WST-1 and soft agar assays in vitro. SATB1 
knockdown caused an inhibition of anchorage-dependent as well as anchorage-
independent proliferation. Further analysis of the cell cycle showed a significant 
deceleration of cell cycle progression. In addition, pro-apoptotic effects were determined 
and subsequently characterized in greater detail with regard to the underlying cellular 
mechanisms. To explore the therapeutic potential of SATB1, stable LS174T knockdown 
cells were also analyzed in vivo in an s.c. tumor xenograft model in athymic nude mice. 
Notably, a marked inhibition of tumor growth was observed.  
Taken together, these results indicate that the SATB1 may have an important role in 
tumorigenesis of colorectal cancer, and may thus be a promising target for 
pharmacological intervention. 
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Myocardium-Specific Expression of the Raf Kinase Inhibitor Protein (RKIP) in 
Transgenic Mice Induced Signs of Heart Failure 
Fu X., Abd Alla J., Langer A., Elriedy A., Quitterer U. 
Swiss Federal Institute of Technology (ETH) Zurich Molecular Pharmacology Unit, 
Winterthurerstrasse 190, 8057 Zurich, Switzerland 
  
Increased activity of G-protein-coupled receptor kinase 2 (GRK2) is a hallmark of 
cardiovascular diseases such as hypertension and heart failure. Under those conditions 
of exaggerated GRK2 activity, inhibition of GRK2 can exert cardio-protection. However, 
specific GRK2-inhibitors with in vivo activity are not readily available. In addition to Raf1 
inhibition, the Raf kinase inhibitor protein (RKIP) is also a potent inhibitor of GRK2. We 
therefore investigated the impact of cardiac GRK2 inhibition by RKIP and generated 
transgenic mice with myocardium-specific expression of RKIP under control of the 
alpha-MHC promoter. As a control, transgenic mice with myocardium-specific 
expression of a GRK2-specific inhibitor peptide were also generated. Mouse lines of 
RKIP-transgenic mice and GRK2-inhibitor peptide-transgenic mice on a B6 background 
were all born at Mendelian frequency and grew to adulthood without major 
abnormalities. We analyzed the cardiac phenotype of both transgenes. In contrast to 
age-matched GRK2-inhibitor-expressing mice, five month-old RKIP transgenic mice 
showed a strongly reduced cardiac ejection fraction as determined by echocardiography. 
Cardiac dysfunction of RKIP-transgenic mice was accompanied by heart dilatation and 
cardiomyocyte apoptosis. Concomitantly, genes of the cardiac lipid metabolism were up-
regulated and cardiac lipid overload developed, which marks the onset of heart failure in 
animal models and patients. Taken together, RKIP expression in transgenic mice 
induced signs of heart failure, most likely as a consequence of cardio-toxic Raf1 
inhibition. 
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Investigations into the bioactive constituents of hawthorn extract WS® 1442 
responsible for its endothelial barrier protecting activity 
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We could previously prove that WS® 1442, a herbal drug approved against mild forms of 
heart failure, efficiently prevents inflammation-induced endothelial hyperpermeability in 
vitro and in vivo by blocking the Ca2+/PKC/RhoA pathway and by activating 
cAMP/Rap1/Rac1 signaling [1]. In the search for the constituents responsible for these 
effects, we previously examined 4 different fractions (A-D) of WS® 1442 (Sephadex LH-
20 column chromatography, kindly provided by Dr. Willmar Schwabe GmbH & Co. KG, 
Karlsruhe, Germany) and found that only fraction B (small phenolic compounds, 
flavonoids, and lipophilic components) inhibited calcium signaling, whereas only fraction 
C (oligomeric proanthocyanidins) affected the cAMP pathway. 
Here, we aimed to identify the bioactive compounds by bioguided fractionation. 
Regarding fraction B, 9 subfractions (preparative HPLC) were analyzed for their 
influence on a thrombin-evoked rise of the cytosolic calcium concentration in primary 
human endothelial cells (ratiometric, microscopic analysis using Fura-2). Only one 
subfraction blocked the thrombin effect and was thus judged as active. A preliminary 
HPLC-DAD-MS study revealed that this fraction contains lipophilic, UV inactive 
substances, suggesting that phenolic compounds and flavonoids are not responsible for 
the observed action on calcium levels. A detailed phytochemical analysis of this 
subfraction (isolation, structure elucidation) is in progress. 
The microscopical analysis of endothelial cortactin phosphorylation, a downstream event 
of the cAMP-triggered signaling initiated by WS® 1442, served as read-out parameter to 
judge bioactivity of fraction C. 2 subfractions out of 6 were highly active (preparative 
HPLC). Further separation (Sephadex LH-20 column chromatography) of the two highly 
active fractions resulted in 10 subfractions, of which 8 were active. Prototypical OPCs 
isolated from WS® 1442, i.e. procyanidin B2 (OPC dimer) and procyanidin C1 (OPC 
trimer), were confirmed to trigger endothelial cAMP signaling (cAMP ELISA, phospho-
cortactin Western blots, and microscopical analysis). 
In summary, we got a first insight into the bioactive principles that underlie the 
polypharmacological action of WS® 1442. The inhibition of calcium signaling seems to 
be evoked by lipophilic, non-phenolic compounds, which we currently aim to identify. 
Moreover, we could show the OPCs procyanidin B2 and C1 to be responsible for the 
activation of endothelial cAMP signaling. 
  
Acknowledgments: This work is supported by the German Research Foundation (DFG, 
FU691/7-1). WS® 1442 was kindly provided by Dr. Willmar Schwabe GmbH & Co. KG, 
Karlsruhe, Germany. 
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Constituents of Harpagophytum procumbens (Devil´s claw) extract attenuate 
cisplatin-induced nephrotoxicity in vitro 
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Background: Cisplatin is a widely used chemotherapeutic agent in the treatment of 
various types of tumors. Its major dose-limiting side effect is kidney injury, with proximal 
tubular cells being a relevant target. The mechanisms underlying the nephrotoxicity 
involve oxidative stress and carrier-mediated accumulation of cisplatin through organic 
anion and cation transporters. Pharmacological modulation of kidney-specific toxicity 
mechanisms is a promising approach to circumvent cisplatin nephrotoxicity. Our studies 
aim at identifying compounds capable of attenuating cisplatin side effects without 
affecting its anti-tumor efficacy. 
Methods: For this purpose different natural compounds were tested for their potential to 
modulate cisplatin-induced cytotoxicity in normal rat kidney cells (NRK-52E). The 
anthracycline derivative doxorubicin, an anticancer drug with a mechanism of action 
differing from that of cisplatin, was used for control. Cells were pre-incubated for 24 h 
with the test compound and subsequently co-treated with the compound and different 
concentrations of either cisplatin or doxorubicin. Viability was measured using the MTT 
assay. DNA damage was quantified by measuring Ser139-phosphorylated histone H2AX 
as a surrogate marker of DNA double-strand breaks. Drug-induced effects on cell cycle 
progression and apoptosis were measured via FACS. 
Results: From the substances tested, a crude ethyl acetate extract of devil´s claw 
(Harpagophytum procumbens) attenuated cisplatin-induced decrease in viability and 
slightly reduced DNA damage. By contrast, the extract exhibited sensitizing effects 
following treatment with doxorubicin, indicating that the effects observed with cisplatin 
are specific. FACS analysis revealed protection from cisplatin-induced apoptosis and  
pronounced G2/M arrest. The main known bioactive compound of the extract, 
harpagoside, was not responsible for the effects observed on cisplatin sensitivity. 
Conclusion: The results point to a nephroprotective potential of devil´s claw 
constituents in the course of a cisplatin treatment. Cisplatin-induced DNA damage was 
only minorly affected by the extract, indicating that increased viability and suppression of 
cell death do not rest on a genoprotective activity of the extract. Modulation of apoptosis 
and/or survival pathways by devil´s claw extract as well as its effects on the anti-tumor 
efficacy of cisplatin remain to be elucidated. 
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Role of nuclear xenobiotic receptors CAR and PXR in induction of cytochromes 
P450 by NDL-PCBs in cultured rat hepatocytes 
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Polychlorinated biphenyls (PCBs) are among the ubiquitously detectable ‘persistent 
organic pollutants’. According to their chemical structure, they have been subdivided into 
‘dioxinlike’ (DL) PCBs with a high degree of co-planarity of the two aromatic rings, and 
‘non-dioxinlike’ (NDL) PCBs with a low degree of co-planarity, due to one or more 
chlorine substituents in the ortho position(s). 
In contrast to DL-PCBs, less is known about the molecular mode of action of the larger 
group of the NDL-PCBs. Owing to the life-long exposure of the human population, a 
carcinogenic, i.e., tumour-promoting potency of NDL-PCBs has to be considered in 
human risk assessment.  A major problem therefore is the contamination with dioxin-like 
compounds. 
In the present study, we analyzed the induction of CYP2B1 and CYP3A1 in primary rat 
hepatocytes using a number of highly purified and low TEQ contaminated NDL-PCBs 
with various degrees of chlorination in comparison to phenobarbital. Induction of these 
enzymes is mediated by the nuclear xenobiotic receptors CAR (Constitutive active 
receptor) and PXR (Pregnane-X-receptor). Using small interfering RNAs and the CAR 
antagonist ocadaic acid, we could demonstrate that CAR plays a major, PXR a minor 
role in NDL-PCB-driven induction of CYPs. 
Furthermore, our findings suggest that induction of CYP2B1 and CYP3A1 mRNAs, a 
hallmark of CAR/PXR-mediated hepatic effects, in the case of NDL-PCBs is not highly 
structure-dependent. Higher chlorinated congeners such as PCBs 153 and 180 seem to 
be about tenfold more potent in inducing CYP2B1 and about twice as effective in 
inducing CYP3A1 than the lower chlorinated congeners. As the only obvious relevant 
determinant, the degree of chlorination was found to be positively correlated with the 
inducting potency of the congeners. 
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MicroRNAs (miRs) are a large class of small non-coding RNA molecules that regulate 
gene expression at the posttranscriptional level. A defined set of the roughly 2000 
human miRs appears in the heart, and several of them have been shown to regulate 
gene expression in this organ. Moreover, dysregulation of their expression has been 
correlated with cardiac disease. miR-378 is one of the most dominant miRs in the 
mammalian heart and downregulated when the heart undergoes chronic pressure 
overload. While tumors seem to overexpress miR-378 as a means to promote cell 
survival, the cardiac function of miR-378 remains elusive. 
Here, we provide evidence from various independent lines that miR-378 prevents 
cardiomyocyte (CM) hypertrophy. Antihypertrophic activity of miR-378 was first observed 
by screening a synthetic miR library for morphologic effects on cardiomyoyctes, and 
validated in vitro. We then combined bioinformatic prediction and experimental 
approaches to identify mRNA targets of miR-378. Analysis in silico suggested that 
factors of the MAP kinase pathway are enriched among miR-378 targets, namely 
MAPK1 itself (also termed ERK2), the insulin-like growth factor receptor 1 (IGF1R), 
growth factor receptor-bound protein 2 (GRB2) and kinase suppressor of ras 1 (KSR1). 
Regulation of these targets by miR-378 was confirmed by mRNA and protein expression 
analysis. The use of luciferase reporter constructs with natural or mutated binding sites 
for miR-378 further validated these four key components of the MAP kinase pathway as 
targets of miR-378. To investigate a functional connection between miR-378 and its 
targets in cardiac hypertrophy, we asked whether the pro-hypertrophic effect of inhibitors 
against miR-378 could be prevented by siRNA-based RNA interference with MAPK1. 
Indeed, knocking down the expression of MAPK1 efficiently mitigated the effects of anti-
miR-378, thus supporting the idea that MAPK1 and miR-378 are antipodes in the 
regulation of cardiomyocyte cell size.  
We conclude from our findings that miR-378 is an antihypertrophic microRNA in 
cardiomyocytes, and the main mechanism underlying this effect is the suppression of 
four components in the MAP kinase-signaling pathway on several distinct levels. 
Restoration of disease-associated loss of miR-378 through CM-targeted expression of 
miR-378 may prove as an effective therapeutic strategy in myocardial disease. 
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The time point of β-Catenin knockout in hepatocytes determines their response to 
xenobiotic activation of the constitutive androstane receptor 
Ganzenberg K., Singh Y., Schwarz M., Braeuning A. 
Universität Tübingen Toxikologie, Wilhelmstr. 56, 72074 Tübingen, Germany  
  
Agonists of the constitutive androstane receptor (CAR) induce transcriptional programs 
which affect the expression of drug-metabolizing enzymes and regulate proliferation in 
the liver. Recent studies have established a link between CAR and Wnt/β-Catenin 
signaling. Studies with transgenic mice in which the β-Catenin gene is deleted in 
hepatocytes right after birth by means of an Albumin promoter-driven Cre recombinase 
revealed that β-Catenin deficiency affects the magnitude of the induction of drug-
metabolizing enzymes by xenobiotic CAR activators, abrogates zonal differences in the 
hepatocytes’ susceptibility to these compounds, and impacts on the induction of 
hepatocyte proliferation. These data have significantly helped to uncover the important 
role of β-Catenin in hepatic drug metabolism, but are not suitable to distinguish between 
effects caused by β-Catenin deficiency during postnatal liver development and the acute 
effects of β-Catenin deficiency in the adult animal at the time point of treatment. To 
address this issue, consequences of CAR activation were studied in a different mouse 
model allowing for a hepatocyte-specific knockout of β-Catenin in adult animals by a 
modified, tamoxifen-inducible Cre recombinase. A comparison of results obtained from 
these mice after treatment with 3 mg/kg body weight of the model CAR activator 1,4-Bis-
[2-(3,5-dichloropyridyloxy)]benzene (TCPOBOP) with the data from the Albumin-Cre-
driven knockout model confirmed many previous findings related to the coordinate 
regulation of drug metabolism by β-Catenin and CAR, but also revealed interesting 
differences between the two mouse models, thus pointing towards a role of β-Catenin 
during postnatal liver development, later affecting the response of adult animals to CAR-
activating xenobiotics. 
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Influence of engineered silica nanoparticles on the proliferation and signalling 
pathways in gastro intestinal cells 
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The use of nanostructured silica particles (SiO2-NPs) has been extended from 
biomedical and biotechnical fields to applications in cosmetics, varnishes and food. 
While previous studies mainly focused on the toxicity of SiO2-NP in the respiration tract, 
this study contributes to the rarely investigated effects in cells of gastrointestinal origin. 
Therefore the present study on the toxicological relevance of SiO2-NPs focused, with 
respect to the different particle sizes of SiO2-NPs (12, 40, 200 nm), on proliferative 
effects as well as on the influence on cellular signalling pathways, including the 
MAPK/ERK1/2 as well as the Nrf2/ARE pathway. 
The investigated particles were all commercially available and were used in a 
concentration range from 15.6 µg/cm² to 156.3 µg/cm² (50 µg/ml – 500 µg/ml). The study 
was performed in different human carcinoma cell lines, all originating from the 
gastrointestinal tract (KYSE510 - oesophagus, GXF251 – stomach, HT29 -colon). 
Influence on the cell growth of the different cell lines was determined with the SRB-
assay, both for different particles sizes and incubation times (24, 48 and 72 h). 
Furthermore, interference with the MAPK/ERK1/2 pathway was investigated by Western 
blot analysis, while the effects on Nrf2/ARE-driven genes were analysed by qPCR. 
The results of this study indicate that the investigated SiO2-NPs may stimulate the 
proliferation/cell growth of human carcinoma cells, depending on the incubation time as 
well as on the particle size. Furthermore, the results showed that the effects discern 
within the different cell lines. While for the HT29- as well as for the KYSE510-cells the 
most pronounced effects was observed for the smallest SiO2-NPs (12 nm), for the 
GXF251-cells the cell growth was most affected by 40 nm SiO2-NPs. In contrast, 200 nm 
SiO2-NP showed no influence on the cell growth at all. Further investigations in HT29-
cells revealed that these effects were mediated by interference with the MAPK/ERK1/2, 
leading to an increased phosphorylation of ERK1/2. Additionally, interactions with the 
Nrf2/ARE signalling pathway were observed, by an increased transcription of the 
Nrf2/ARE-driven gene γ-GCL. However, this effect could be suppressed by co-
incubation with a specific MEK-inhibitor (PD98059), indicating a cross-like between 
these two pathways [Gehrke et al., 2012]. 
In summary, the results of the study indicate that these SiO2-NPs elicited cell growth 
may be mediated by interference with the MAPK/ERK1/2 and/or the Nrf2/ARE signalling 
pathways, both deeply involved in the regulation of cellular processes like the 
antioxidative defense system as well as the cell cycle progression. 
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Cytoprotective activity of the small GTPase RhoB expressed upon treatment of 
fibroblasts with the E. coli cytotoxic necrotizing factor 1 
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RhoB is the only member of the Rho subfamily of small GTPases, which is classified as 
an immediate early gene product. RhoB is up-regulated in response to growth factors as 
well as cytotoxic and genotoxic agents. Clostridial glucosylating toxins have been 
reported to evoke pronounced RhoB expression, based the inactivation of Rho/Ras 
proteins. In this study, we report on a long lasting expression of RhoB in cultured cells 
upon activation of Rho proteins by the cytotoxic necrotizing factor 1 (CNF1) from 
Escherichia coli. The observations of this study highlight a new pathway involving Rac1, 
which positively regulates the activity of the rhoB promoter and RhoB expression. 
Conversely, the isomeric cytotoxic necrotizing factor from Yersinia pseudotuberculosis 
(CNFY) activates endogenous RhoB but fails to cause activation of the rhoB promoter 
and RhoB expression. CNF1 induces the formation of bi-nucleated (tetraploid) cells. 
Upon long term treatment with CNF1, RhoB-/- mouse embryonic fibroblasts (MEFs) 
exhibit DNA fragmentation, phosphatidylserine exposure, and loss of membrane 
integrity, while RhoB+/- MEFs persist as bi-nucleated (tetraploid) cells without any signs 
of cell death. In conclusion, the cytoprotective RhoB response is not only evoked by 
bacterial protein toxins inactivating Rho/Ras proteins but also by the Rac1-activating 
toxin CNF1. 
  
Huelsenbeck, S. C., May, M., Schmidt, G., and Genth, H. (2009) Inhibition of cytokinesis 
by Clostridium difficile toxin B and cytotoxic necrotizing factors--reinforcing the critical 
role of RhoA in cytokinesis. Cell Motil.Cytoskeleton 66, 967-975. 
May, M., Kolbe, T., Wang, T., Schmidt, G., and Genth, H. (2012) Increased Cell-Matrix 
Adhesion upon Constitutive Activation of Rho Proteins by Cytotoxic Necrotizing Factors 
from E. Coli and Y. Pseudotuberculosis. J.Signal.Transduct. 2012, 570183. 
 

 
RhoB expression by CNF1: 
RhoA deamidation results in inhibited cytokinesis and the formation of bi-nucleated 
(tetraploid) cells. Rac1 deamidation causes RhoB expression based on transscriptional 
activation. RhoB suppresses cell death/polyploidy. 
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Intramolecular interactions of Clostridium difficile toxin A 
Olling A., Goy S., Kreimeier I., Tatge H., Just I., Gerhard R. 
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Clostridium difficile releases its major pathogenicity components, TcdA and TcdB, to the 
extracellular environment where they enter host cells after passing an acidic endosomal 
compartment. Upon pore formation the glucosyltransferase domain translocates into the 
cytosol where it is autocleaved in the presence of inositol hexaphosphate (IP6). 
Based on the observation that full length TcdA is a poor substrate for IP6-induced 
cleavage under neutral conditions, though being quantitatively processed in an acidic 
milieu, pH-dependent conformational changes are proposed as a prerequisite for 
enzyme translocation. We systematically examined IP6-mediated and pH-dependent 
processing of truncated toxin forms. Interestingly, even at neutral pH, cleavage of 
truncated TcdA1-1065 was as effective as cleavage of full length TcdA under acidic 
conditions. This finding indicates that following toxin secretion, the C-terminal part might 
protect the toxin from premature release of its enzyme domain by maintaining a closed 
conformation. We therefore assume that the C-terminally located combined repetitive 
oligopeptides (CROPs) form intramolecular interactions with the N-terminal part of the 
toxin. This is corroborated by the fact that binding of the CROP deletion mutant TcdA1-

1874 dramatically increases to cells decorated with the isolated CROP domain. In order to 
identify interacting regions we performed GST pull down assays with toxin domains and 
verified the data by Microscale Thermophoresis, a method based on the directed 
movement of molecules along a temperature gradient. Elucidation of the toxins 
intramolecular structure might be supportive in the development of toxin neutralizing 
agents. 
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Do MRP-transporters contribute to the defence of human lung cells against 
mercury-ions? 
Glahn F., Harders A., Foth H. 
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1a, 06097 Halle / Saale, Germany  
  
After inhalation of elementary mercury it is oxidized to Hg(II) in erythrocytes, lung and 
most other tissues of the human body. ABC-transporters like multidrug resistance-
associated proteins (MRP) or the ubiquitously expressed mammalian ABC half-
transporter (UMAT) might contribute to the cellular defence against Hg(II) by 
transporting it out of the cells as complexes. 
To elucidate a possible protective effect of MRPs against Hg(II) the human lung tumor 
cell line H322 and primary cultures of normal human bronchial epithelial cells (NHBEC) 
were used. The MTT-assay was used to study the effect of the MRP-inhibitor MK571 on 
Hg-toxicity. In H322 MK571 did not influence Hg-tolerance, whereas in NHBEC it 
significantly increased Hg-toxicity starting at 5 µM Hg(II) which reduced viability to 83% 
or 94% in absence of the inhibitor. 
We also analysed expression of MRP1 to 5 by real-time PCR. Incubation of H322 with 
Hg(II) (24 h) repressed MRP1 0.6 fold at 5 µM, but did not affect its expression at 30 µM, 
MRP3, 4, 5 and UMAT were stable. Prolonged exposure (3 and 7 d) of H322 to Hg(II) 
did not have a significant effect on the levels of MRP1 to 5 or UMAT. When H322 were 
incubated with Hg(II) (2.5; 5 µM) for 28 d all analysed transporters but MRP5 were 
significantly repressed: MRP1 (0.7 fold), MRP2 (0.7 fold), MRP3 (0.6 fold), MRP4 (0.7 
fold) and UMAT (0.5 fold). When NHBEC were exposed to Hg(II) (2.5; 5 µM) for 24 h 
expression of MRP1, 3, 4, 5 and UMAT was stable. Long-term experiments with Hg(II) 
(2.5; 5 µM) on NHBEC from 3 donors showed differences between cultures from 
different donors. After 5 d there were no significant effects on the expression of MRP1, 4 
and 5 in all 3 donors. Also MRP3 was not modulated in two out of three donors (B and 
C), but in the cultures from patient (A) MRP3 was induced 2.1 fold. 
In conclusion the two models of human lung show clear differences with respect to a 
possible contribution of MRPs to the defence against Hg(II). While H322 are more 
tolerant to Hg(II) than NHBEC in cytotoxicity tests MRPs do not seem to contribute to 
this resistance, as it is not influenced by MK571, additionally MRPs can not be induced 
by Hg(II) in H322. On the contrary at least some MRPs might contribute to Hg-tolerance 
in NHBEC, as it is reduced by MK571. Moreover long-term exposure of NHBEC induces 
MRP3 in NHBEC. 
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Cell-specific binding of Clostridium difficile Toxin A and B 
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The intestinal pathogen C. difficile produces two exotoxins, Toxin A and Toxin B. These 
toxins are the major pathogenicity factors of this gram-positive bacterium. Both toxins 
functions as glucosyltransferases glucosylating small GTPases of the Rho-family leading 
to functionalinactivation of these signalling proteins. Toxin A and B are large single-chain 
multi domain proteins with Toxin B being approximately 1000-fold more potent than 
TcdA. They consist of an N-terminal glucosyltransferase domain, a cystein protease for 
release of the glucosyltransferase, a translocation domain and a C-terminal receptor-
binding domain build by combined repetitive oligo peptides (CROPs). The receptor 

S27



structure for both toxins is largely unknown but Toxin A was shown to bind certain 
extracellular sugar structures. It is generally accepted that the complete receptor-binding 
domain is important for binding and endocytosis of Toxin A. However, mutants lacking 
the receptor binding domain, still possess cytotoxic properties indicating that this domain 
is not required for either binding or toxin effect. 
To investigate this, fluorescent labelled toxin fragments were analysed by FACS or by 
immunoblotting with respect to their cell surface binding. The binding of the receptor-
binding domain and full-length Toxin A differs vastly amongst cell lines. HT29 and 
CACO-2 were displaying strong binding whereas CHO-C6 cells were not. This is also 
true for native cells, i. e. monocytes and macrophages,which show strong binding and 
lymphocytes with little binding. Truncated Toxin A lacking the entire receptor-binding 
domain was analysed and revealed binding to all cells tested, indicating an additional 
receptor-binding region. For Toxin B no comparable binding to cells was observed for 
either the isolated receptor-binding domain, full-length or truncated toxin. The cytotoxic 
effect of the truncated toxins are approximately ten-fold less potent compared to full-
length toxins in most cell types. Cells that bound Toxin A beyond detection limit were 
equally sensisitive to truncated and full-length toxin. The binding characteristics of 
truncated and full-length Toxin A were confirmed in overlay assays with immobilized 
membrane proteins, where both toxins exhibited similar binding patterns. We conclude 
that the functional receptor binding domain is not located within the CROPs, which has 
impact for detection and classification of variant C. difficile strains recognized as TcdA-

/TcdB- toxinotypes. 
  
Olling A., Goy S., Hoffmann F., Tatge H., Just I., Gerhard R. (2011). The repetitive 
oligopeptide sequences modulate cytopathic potency but are not crucial for cellular 
uptake of Clostridium difficile toxin A. PLoS One 6:e17623. doi: 
10.1371/journal.pone.0017623 
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Deletion of Hyaluronan synthase 3 protects from inflammatory bowel disease 
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Inflammatory bowel disease (IBD) as a chronic inflammatory disorder is characterized by 
pathological remodeling of the intestinal tissue and infiltration of immune cells. It has 
been shown that hyaluronan (HA), a major component of the extracellular matrix (ECM), 
accumulates during IBD in the intestine. The contribution of the different hyaluronan 
synthase (HAS) isoforms -1, -2 and -3 is still controversially discussed as well as the 
functional consequences of this accumulation for the inflammatory processes. To 
analyze the specific role of components of the ECM in IBD we first used the dextran 
sodium sulfate (DSS)-induced acute colitis model in male, 6-10 weeks old C57BL/6 wild-
type mice pretreated with an unspecific inhibitor of all hyaluronan synthase isoforms, 4-
methylumbelliferone (4-MU), or matching placebo 2 weeks before colitis induction for 5 
days. 
The intestinal accumulation of HA in IBD animals was effectively inhibited by use of 4-
MU as evaluated by HA staining of colon samples. Evaluation of the severity of DSS-
induced colitis by a scoring system based upon histological and macroscopic changes of 
the colon revealed that pharmacological inhibition of all HAS isoforms even worsened 
the analyzed parameters. However, analysis of infiltrating immune cells revealed a trend 
towards a reduced invasion of macrophages under 4-MU treatment while infiltration of 
leukocytes was unaffected as evidenced by Mac2 and CD45 staining of colon tissue. In 
addition, qPCR revealed a significant reduction in receptor for hyaluronan-mediated 
motility (RHAMM) in IBD animals, which was reversed by 4-MU treatment. 
As we were able to detect an increase in HAS3 mRNA expression in colon tissue of 
DSS-treated animals, we next wanted to further specify the role of HAS3 in DSS-colitis 
in HAS3-knockout mice and their respective littermate controls. Evaluation of disease 
score revealed a significantly reduced colitis severity in HAS3-knockout mice compared 
to their wild type littermates. In addition, a decrease in infiltrating macrophages (Mac2) 
and leukocytes (CD45) was detected in HAS3-knockout animals by staining of colonic 
tissue. 
The present study points to a complex role of HA in the development and progression of 
IBD. While a systemic inhibition of HA synthesis has unfavorable effects and even 
worsens the disease pattern, a targeted, HAS3-specific inhibition is protective probably 
mediated via a decreased invasion of inflammatory cells. 
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Cardiovascular diseases such as atherosclerosis are the leading causes of death in 
western societies. Plaque rupture and -erosion are the most abundant causes for 
atherothrombosis, stroke and heart attack. Elastase possibly plays an important role in 
such events as it is able to induce apoptosis in endothelial cells (ECs) and smooth 
muscle cells (SMCs), but also breaks down the fibrous cap of an atherosclerotic plaque. 
In addition, increased concentrations of elastase have found in patients with 
symptomatic stenosis. The activation of a protease-activated receptor-1 (PAR-1) in 
elastase-induced apoptosis is presumed. PAR-1-mediated Ca2+-increase in turn 

suggests an involvement of the unfolded protein response (UPR), an endoplasmatic 
reticulum (ER) stress pathway, critically linked to atherosclerosis and plaque stability. 
Therefore, a detailed understanding of underlying elastase/PAR-1 signaling pathways 
may have the potential to develop novel therapeutic anti-atherogenic options, a regimen 
currently tested in clinical trials. 
In this work we demonstrate the induction of apoptosis in ECs after elastase treatment, 
whereas there were no signs of necrosis or autophagy. In addition, a knock-down of 
PAR-1 verified the involvement of this G-protein coupled receptor in the elastase-
induced endothelial cell death. Gene expression- and protein analyses with UPR 
markers (GRP78, eIF2α, XBP1, CHOP) supported an activation of the UPR pathway. 
Immunohistochemistry analyses of formalin-fixed and paraffin-embedded tissue sections 
of A. carotis interna plaques of patients with symptomatic stenosis with markers for 
cellular inflammation (macrophages, granulocytes), apoptosis (TUNEL) and also UPR 
(GRP78, KDEL, ATF3, CHOP) showed an increased infiltration of proinflammatory cells 
and an activation of the UPR. Colocalisation analyses demonstrated that the UPR is 
activated in macrophages, SMCs and in ECs. 
Activation of proinflammatory and proapoptotic signaling pathways are key events in 
atherosclerotic lesion progression. The verification of upregulation of the proapoptotic 
signaling pathway UPR in A. carotis interna plaques and ECs likely represents the 
molecular link between elastase/PAR-1 and atherosclerosis. 
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Impact of methyleugenol and selected methyleugenol metabolites on histone 
deacetylase (HDAC) activity and HDAC expression 
Groh I. A. M., Löschmann T., Rudakovski O., Esselen M. 
Technische Universität Kaiserslautern Fachbereich Chemie Fachrichtung 
Lebensmittelchemie und Toxikologie, Erwin-Schrödinger-Straße, 67663 Kaiserslautern, 
Germany  
  
Cancer is one of the leading causes of death in the Western-industrialized countries. 
Primarily, dietary habits are associated with an increased tumor incidence notably of 
gastrointestinal carcinomas. Furthermore, evidence has been provided that our diet 
directly influence epigenetic factors linked with cancer development in humans. The 
inhibition of histone deacetylase (HDAC) activity and the disruption of the HDAC 
complex have been recognized as a potent strategy for cancer therapy and 
chemoprevention. However, HDACs are often overexpressed in cancer cells to protect 
these cells from genotoxic insults. Thus, HDAC inhibitors leading to an enhanced 
genomic instability by silencing DNA repair pathways, causing cell cycle arrests and 
inducing DNA damage. We have previously been reported that methyleugenol and three 
oxidative metabolites potently increase DNA damage in the V79 hamster lung fibroblast 
cell line.1 In this study, we addressed the question whether methyleugenol (ME), 1’-
hydroxymethyleugenol (1’-OH-ME), methyleugenol-2’,3’-epoxide (MEE) and 3’-oxo-
methylisoeugenol (3’-OXO-MIE) affect HDAC activity or HDAC protein status in the 
human colon carcinoma cell line HT29 and whether this mechanism of action contribute 
to their observed DNA-damaging properties. MEE and 3’-OXO-MIE, both observed 
DNA-damaging properties in HT29 cells, significantly inhibited HDAC activity in intact 
cells, whereas ME and 1’-OH-ME did not show any effects. All compounds did not affect 
HDAC1 protein status in HT29 cells measured by Western Blot analyses. Experiments 
whether the test compounds influence protein amount of other HDAC classes (HDAC 
isoforms 2,3,4,5 and 6) and cell cycle progression are still under investigation. 
In conclusion, metabolites of methyleugenol possess promising HDAC-inhibitory 
properties, contributing to epigenetic alterations and DNA damage in colon tumor cells in 
vitro. 
  
1 I.A.M. Groh, A.T. Cartus, S. Vallicotti, J. Kajzar, K.H. Merz, D. Schrenk, M. Esselen, 
  “Genotoxic potential of methyleugenol and selected methyleugenol metabolites in 
   cultured Chinese hamster V79 cells”, Food and Function, 3, 428-36, 2012. 

 
 

108 

Effect of Phenobarbital on Signaling through β-Catenin 
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The antiepileptic drug phenobarbital is frequently used in rodent carcinogenicity assays 
where it exerts tumor-promoting or anti-promoting effects in the liver dependent on 
treatment regimen and genetic background of the animals. Previous studies indicated a 
repression of the growth of mouse liver tumors with activated Ha-ras/mitogen-activated 
protein kinase signaling along with a selection for the outgrowth of hepatomas with 
activated β-Catenin. Therefore, consequences of phenobarbital treatment for the activity 
of the Wnt/β-Catenin signaling pathway were analyzed in mouse hepatoma cell lines in 
vitro. Signal transduction through β-Catenin was strongly inhibited in the presence of 
phenobarbital. Luminex-based assays demonstrated a down-regulation of total β-
Catenin and different phosphorylated forms of the protein in response to phenobarbital 
treatment. The inhibitory effect of the barbiturate was independent of the constitutive 
androstane receptor, a known effector of phenobarbital-induced alterations in rodent 
liver and also independent of connexin 32-dependent intercellular communication, 
glycogen synthase kinase 3β-dependent proteasomal degradation of β-Catenin, and 
proteasomal activity. In conclusion, presented data demonstrate that phenobarbital 
interferes with oncogenic signaling downstream of β-Catenin involving mechanisms 
which go beyond activation of the constitutive androstane receptor. 
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Experience with QSAR prediction tools 
Gundert-Remy U. 
Privat, Baerwaldstr. 3, 10961 Berlin, Germany  
  
Tools to derive quantitative toxicological data are of particular interest with regard to risk 
assessment in the absence of toxicological data. We evaluated the prediction precision 
for the commercially available software package TOPKAT 6.2 version 3.1 (Accelrys Inc., 
San Diego, USA) to predict  (sub)chronic oral low observed adverse level (LOAEL). This 
prediction model is based on the chemical structures and LOAELs of 393 chemicals 
taken from publicly accessible data banks. From the ELINKS database we selected 807 
industrial chemicals which had a purity ≥ 95%. For this chemicals chemical structures 
and experimental LOAELs are available. By comparing the predicted values with the 
values derived from repeated dose animal experiments performed according to standard 
guidelines we could assess the prediction precision. Based on the exclusion criteria 
given by the tool we had to exclude 460 chemicals. They had either a lower LD50 as the 
predicted LOAEL (n = 214), or were outside the domain of applicability (n = 175), or 
were used in the training data set (n = 155), or were not known to the system (n = 50) or 
fulfilled other criteria for data exclusion (n = 21). 347 substances remained 
(43%).Depending on the chemical subclass 34 to 62% predicted LOAELs were within a 
range of 1/5 and fivefold of the experimental LOAEL (factor 5), and 84 and 99% of the 
predicted LOAELs were within a range of 1/100 and 100-fold. The results indicate that 
the predictions are highly uncertain and a improved prediction tool is highly warranted. 
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A decreased intake of palatable high calorie food due to a reduced HPA drive 
does only minor contribute to the antiobese potency of AT1-blockers 
Gustaityte V., Müller-Fielitz H., Piehl M., Stölting I., Raasch W. 
Universität Lübeck Institut für Pharmakologie und Toxikologie, Ratzeburger Allee 160, 
23538 Lübeck, Germany  
  
Repetitive stress reduce food intake. In contrast, the stress induced increase of 
glucocorticoids also enhances the intake of palatable high calorie diet to compensate 
stress reactions which may contribute to the development of obesity. AT1-receptors are 
present in all organs of the HPA-axis and their stimulation by AngII increases the activity 
of the HPA-axis leading to impaired glucose utilization. We recently demonstrated the 
efficacy of AT1-blockers (ARB) to improve glucose utilization by lowering the drive of 
HPA axis and we also assumed that reduced HPA activity may contribute to the 
antiobese effects of ARB. The aim of this study was to specifically prove whether minor 
intake of palatable food is related to a reduced HPA activity after AT1-blockade. 
SD rats were fed with either chow or chow plus cafeteria diet (CD; consisting of various 
chocolate bars). Rats of both feeding regimes were treated with either telmisartan (TEL, 
8 mg/kg/d) or vehicle (controls). After 14 and 85 days of treatment, rats were stressed 
over 5 consecutive days by immobilization stress (IMS, 4h) and by additional shaking 
(only day 5). Tail blood was continuously sampled during IMS for determining hormones. 
Stress reactions time dependently declined but recovered at day 5. In the 1st set of IMS, 
ACTH and corticosterone responses were particularly diminished at day 5 in chow/CD- 
compared to chow-fed rats. TEL did not reduce stress hormones in chow- and chow/CD-
fed rats. Compared to the food behaviour before IMS, the CD portion of daily food intake 
during the first 4 days of IMS was increased in controls but remained unchanged in TEL-
treated rats. The food intake at day 5 was more precisely measured by the Phenomaster 
System (TSETM) disclosing a reduced CD intake after IMS selectively in TEL-treated 
rats. Over the course of 84 days, weight gain and energy intake were reduced by TEL 
particularly in chow/CD-fed rats. Similar to the 1st set, corticosterone levels were 
reduced in CD-fed rats at day 5 of the 2nd set of IMS. However, TEL did not further 
reduce stress reactions and did also not lessen the CD intake after IMS. 
We conclude that our manner of CD-feeding indeed diminishes stress reactions as well 
as the intake of CD to compensate stress reactions. If anything, CD intake after stress 
was additionally reduced by TEL only after short term but not after long term drug 
treatment. Thus, the potency of ARB to lower HPA activity only plays a minor role for 
their antiobese effects. 
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Dermal exposure is a relevant parameter for risk assessment of chemicals, cosmetics 
and pesticides. Here, we present potential in silico models for prediction of dermal 
absorption based on realistic exposure scenarios in complex mixtures. 
  

The calculations were based on 342 individual dermal absorption in vitro experiments 
using human or rat skin samples for 56 chemicals (mainly pesticides) in more than 150 
different mixtures containing up to 20 ingredients like water, organic solvents, 
surfactants or thickeners. The first approach was based on the Abraham solute 
descriptors, mixture factors (MFs) as suggested by Riviere and Brooks and the 
logarithmic maximal permeability coefficient (logmaxKp) as response1,2. Additionally, an 
indicator variable for the species (SpI) was introduced. In a second approach class 
variables – which bundled substance-specific information – were used in combination 
with mixture factors. Validation was performed in accordance with the OECD Guidance 
document for QSAR models. 
  
The final validated Abraham-based model comprised the solute excess molar refractivity 
of the penetrant, SpI and topological polar surface area of the mixture (R²:0.38, Q²Ext: 
0.41). Despite the low correlation, the model was suitable to estimate Marzulli classes of 
penetration for unknown penetrants in specific mixtures3. Furthermore, precise 
prediction of mixture effects on well-known substances was possible with the substance-
based approach (R²:0.75, Q²Ext: 0.73). Taken together, both applications are suitable 
screening tools in early stages of product development. 
  
1Abraham et al. 1999. Pesticide Science 55, 78-88 
2Riviere and Brooks 2005. Toxicology and Applied Pharmacology 208, 99-110 
3Marzulli and Brown 1969. Toxicology and Applied Pharmacology 3, 76-83 

 
 

112 

Functional characterization of hypermorphic mutations of phospholipase C-γ2 
involved in autoinflammatory diseases 
Haas J., Bühler A., Walliser C., Gierschik P. 
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Phospholipase C-γ2 (PLCγ2) is predominantly expressed in hematopoietic cells and is 
crucial for B-cell receptor-mediated signaling. PLCγ enzymes contain a so-called 
specific array (SA) between their catalytic subdomains X and Y, consisting of two halves 
of a split pleckstrin homology domain, that are separated by two Src homology 2 (SH2) 
domains and one SH3 domain in tandem. The major function of these structural 
elements is to maintain PLCγ in an autoinhibited state, thereby preventing excessive 
and deregulated activation. 
  
By N-ethyl-N-nitrosourea mutagenesis, two Ali (abnormal limb) mutant mouse strains, 
Ali5 and Ali14, were identified carrying gain-of-function mutations in Plcg2. These mice 
are suffering from systemic inflammatory and autoimmune diseases. At the molecular 
level, it was shown that the two PLCγ2 variants D993G (Ali5) and Y495C (Ali14) are 
compromised in their autoinhibition resulting in enhanced PLC activity and excessive 
external Ca2+ entry into B cells [1-3]. Very recently, a new mutation in PLCG2 was 
identified by whole-exome sequencing, in a family affected by a dominantly inherited 
autoinflammatory disease in combination with immunodeficiency. Interestingly, the 
resulting S707Y mutation is localized in the C-terminal SH2 domain, which is directly 
involved in autoinhibition [4]. 
  
In this study, we characterized the functional consequences of Ali5, Ali14 mutants and of 
this S707Y PLCγ2 variant in more detail. The S707Y mutation results in a constitutively 
active PLCγ2 enzyme with a markedly enhanced basal PLC activity at physiological 
temperatures. The Ali5 mutant also exhibits enhanced basal activity and the double 
mutant Ali5/Ali14 shows very strong constitutive PLC activity. All PLC mutants were 
subject to further stimulation by constitutively active Rac2. Interestingly, the S707Y 
variant is not sensitive to stimulation by sub-physiological temperatures in that it shows 
no increased activity at 27 °C. This feature markedly differs from the phenotype of SA 
deletion mutants causing the PLAID (PLCγ2-associated antibody deficiency and immune 
dysregulation) syndrome in humans, characterized by constitutive PLCγ2 activity at cold 
temperatures [5]. Although phosphomimetic residues E and D mimicked the stimulatory 
effect of Y in position 707, protein tyrosine phosphorylation of Y707 in intact cells is not 
involved in the constitutive activity of the S707Y mutant, since the activities of the 
mutants S707F and S707Y were indistinguishable. 
  
[1] Yu, P., Constien, R., Dear, N., Katan, M., Hanke, P., Bunney, T.D., Kunder, S., 
Quintanilla-Martinez, L., Huffstadt, U., Schröder, A., Jones, N.P., Peters, T., Fuchs, H., 
Hrabe de Angelis, M., Nehls, M., Grosse, J., Wabnitz, P., Meyer, T.P.H., Yasuda, K., 
Schiemann, M., Schneider-Fresenius, C., Jagla, W., Russ, A., Popp, A., Josephs, M., 
Marquardt, A., Laufs, J., Schmittwolf, C., Wagner, H., Pfeffer, K., and Mudde, G.C. (2005) 
Immunity 22, 451-465 
 [2] Abe, K., Fuchs, H., Boersma, A., Hans, W., Yu, P., Kalaydjiev, S., Klaften, M., Adler, T., 
Calazada-Wack, J., Mossbrugger, I., Rathkolb, B., Rozman, J., Prehn, C., Maraslioglu, M., 
Kametani, Y., Shimada, S., Adamski, J., Busch, D.H., Esposito, I., Klingenspor, M., Wolf, E., 
Wurst, W., Gailus-Durner, V., Katan, M., Marschall, S., Soewarto, D., Wagner, S., and 
Hrabe de Anglis, M. (2011) Arthritis Rheum. 63, 1301-1311 
[3] Everett K.L., Bunney T.D., Yoon Y., Rodrigues-Lima F., Harris R., Driscoll P.C., Abe K., 
Fuchs H., de Angelis M.H., Yu P., Cho W., Katan M. (2009) JBC 284, 23083-23093 
[4] Zhou, Q., Lee, G-S., Brady, J., Datta, S., Katan, M., Sheikh, A., Martins, M.S., Bunney, 
T.D., Santich, B.H., Moir, S., Kuhns, D.B., Long Priel, D.A., Ombrello, A., Khan, J., Milner, 
J., Kastner, D.L., and Aksentijevich. I. (2012) Am. J. Hum. Gen. 91, 1-8 
[5] Ombrello M.J., Remmers, E.F., Sun, G., Freeman, A.F., Datta, S., Torabi-Parizi, P., 
Subramanian, N., Bunney, T.D., Baxendale, R.W., Martins, M.S.,  Romberg, N., Komarow, 
H., Askentijevich, I., Kim, H.S., Ho, J., Cruse, G., Jung, M-Y., Gilfillan, A.M., Metcalfe, D.D., 
Nelson, C., O´Brien M., Wisch, L., Stone, K., Douek, D.C., Gandhi, C., Wanderer, A.A., Lee, 
H., Nelson, S.F., Shianna, K.V., Cirulli, E.T., Goldstein, D.B., Long, E.O., Moir, S., Meffre, 
E., Holland, S.M., Kastner, D.L., Katan, M., Hoffman, H.M., and Milner, J.D. (2012) NEJM 
366, 330-338 
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Multiwall carbon nanotubes exhibit a cytotoxic but not directly DNA-damaging 
potential in human LP9/TERT-1 peritoneal mesothelial cells 
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Multiwall carbon nanotubes (MWCNT) are discussed to exhibit an asbestos-like toxic 
potential depending on their length and fiber-like shape. For this reason, potential 
adverse biological effects of MWCNT were investigated in vitro in a German BMBF 
funded project (contract No. 03X0109A). In this project tailor made MWCNT with 
different length and diameter were produced to be able to correlate effects with MWCNT 
characteristics. The present in vitro experiments were performed with the human 
peritoneal mesothelial cell line LP9/TERT-1 as a model system. Cells were exposed for 
24 h to 5 µg/cm2 of 6 different MWCNT and data were compared to long amosite 
asbestos as positive control and more particle-like MWCNT (tangled MWCNT) and 
particles (milled MWCNT, Printex 90) as negative controls. Pre-experiments 
demonstrated that incubation of cells at 5 µg/cm2 for 24 h differentiated best between 
the various treatments. For in vitro experiments MWCNT were directly suspended in cell 
culture medium by using a sonotrode (HD2070; VS70T) twice for 5 minutes at 90 % duty 
cycle and 100 % amplitude. Suspension, size, and distribution of MWCNT were 
monitored by scanning electron microscope (SEM). The cytotoxic potential of MWCNT 
was estimated by means of “relative increase in cell counts” (RICC) and lactate 
dehydrogenase (LDH)-release. An enzyme (hOGG1)-modified comet assay was used to 
determine the direct genotoxic potential. In the present study, only CNT3 (length: 8.57 
µm; diameter: 0,085 µm) mediated a significant increase in LDH-release and thus 
disturbances of membrane integrity, whereas all other MWCNT and reference materials 
demonstrated no marked effect, compared to the medium control. In the hOGG1-
modified comet assay, which detects DNA strand breaks and oxidative DNA-base 
lesion, no significant direct DNA-damaging effect of the investigated MWCNT was 
obvious, independent of length and diameter. In contrast, using RICC as an endpoint 
strong reduction in cell number/proliferation could be demonstrated for CNT1 (length: 
7.91 µm; diameter: 0.037 µm), CNT2 (length: 10.24 µm; diameter: 0.04), CNT3, CNT3a 
(length: 9.3 µm; diameter: 0.061 µm), and long amosite asbestos (length: 13.95 µm; 
diameter: 0.39 µm), as compared to the particulate reference items and the medium 
control. In conclusion, certain MWCNT exhibit a marked cytotoxic/anti-proliferative 
activity in human mesothelial cells (LP9/TERT-1) in vitro, without indications for a direct 
DNA-damaging potential. 
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Background: 
In higher developed organisms differentiated airways deliver oxygen (O2) deep into 
alveolar spaces, where O2 and carbon dioxide (CO2) in exchange, had to be transported 
through different tissues into the blood compartment. A detailed BfR analysis of 
aspiration cases with liquid preparations of lamp oils showed, that the aspiration risk is 
clearly associated with the ingestion of distinct aliphatic hydrocarbons (C8 – C16 
paraffines) characterised by low viscosity, low surface tension and low vapour pressure. 
These substances can enter into the deep alveolar spaces combined with signs of the 
lack of oxygenation. This gives strong clinical indications for an O2 intra-alveolar diffusion 
barrier effect. To prove this hypothesis, the intra-alveolar surface and the O2 transfer 
was simulated in an Alveolar Space Chamber (ASC) experiment. 
Method: 
A gas-tight Plexiglass®- measuring chamber (diameter 115 mm, height 115 mm, wall 
thickness 15 mm) is half-filled with Fluorocarbon (FC-43) to generate a liquid-gas 
surface to simulate the alveolar surface. The O2 transport through the surface is 
measured in the bottom liquid part of the chamber by a Unisense oxygen micro sensor®, 
connected to a high-sensitivity Picoam-meter®. Studies were carried out with O2 
diffusion through liquid-gas surfaces which had been surface donated with water, distinct 
C8 – C16 paraffins and surfactant (Curosurf®) for medical care. 
Results: The results of the experiments reveal that the alveolar surfactant can be 
considered as a strong accelerator of the O2 transfer into the capillary lung system. In 
contrast to these findings, generated microfilms of paraffines are reducing the transfer of 
oxygen through the surface to a high extend (min. 9-15 fold). Transferring these findings 
to the clinical course of the documented serious lamp oil aspiration, the ASC-experiment 
could give clear indications of the pathophysiological mechanism. The characteristic 
physico-chemical properties of ingested lamp oils give these liquids the empowerment to 
spread deep into the lung, finally into the alveolar spaces with the effect to build up a 
persistent diffusion barrier for O2. 
Conclusion: The ASC-experiment could explain the clinical findings in cases of serious 
lamp oil aspirations and might assign a new physiological surfactant function: Following 
the results, alveolar surfactant might act as a physiological diffusion accelerator for O2. 
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The fungicide prochloraz and environmental pollutant dioxin induce BCRP efflux 
transporter in the bovine mammary gland by the arylhydrocarbon receptor 
signalling pathway 
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Introduction: Breast Cancer Resistance Protein (BCRP/ABCG2) is expressed at the 
apical membrane of mammary alveolar epithelial cells and is induced during lactation. 
Despite its major role in active secretion of drugs and toxins into milk, little is known on 
BCRP regulation. As the 5`-untranslated region (5`-UTR) of bovine mammary BCRP 
(bBCRP, [EU570105]) exhibits dioxin response elements (DRE), we have investigated 
the influence of aryl hydrocarbon receptor (AhR) agonists including environmental 
pollutants like 2,3,7,8-tetrachlordibenzo-p-dioxin (TCDD) or pesticides like prochloraz 
and iprodione on functional BCRP activity. 
Methods: BCRP activity was assessed in primary mammary epithelial cells (PBMEC) 
from lactating Holstein cows and bBCRP-expressing MDCKII cells by H33342 
accumulation assays or Transwell transport measurements using 2-Amino-1-methyl-6-
phenylimidazo[4,5-b]pyridine (PhiP). Generally, cells were incubated over 1, 3 or 5 days 
with TCDD, Aroclor 1254, prochloraz (PZ) or iprodione corresponding to respective 1- or 
10-fold residue levels in cattle. BCRP expression was investigated by quantitative RT-
PCR or Western blot and BCRP promoter activity was determined by reporter assays. 
AhR activity was confirmed by 7-ethoxyresorufin-Ο-deethylase (EROD) activity. 
Results: The contaminants TCDD, Aroclor 1254, PZ or iprodione caused a significant 
time- and dose-dependent induction of AhR-mediated EROD activity in PBMECs and 
MDCKII-bBCRP cells. Moreover, TCDD and PZ significantly induced BCRP activity in 
PBMECs. In further mechanistic studies we demonstrated that induction of BCRP efflux 
activity by both contaminants was due to binding of the activated receptor to DRE motifs 
in the BCRP promoter. Induction of AhR finally resulted in a time- and dose-dependent 
up-regulation of BCRP gene expression and elevated carrier protein levels. 
Discussion: Altogether, this study shows that BCRP transport activity in the bovine 
mammary gland is regulated via AhR at the transcriptional level. As BCRP plays a 
crucial role in active secretion of xenobiotics into milk our results suggest that exposure 
of dairy cows with food contaminants including dioxins like TCDD or pesticides such as 
prochloraz increase the risk of relevant drug residues and toxins in milk production. 
Thus, our data contribute to the understanding of carrier- mediated drug transport into 
milk and thereby may help to improve the protection of the consumer of dairy products. 

 
 

116 

Comparison of different injectable anesthetics in Sprague-Dawley rats - a 
contribution to the refinement of animal experiments 
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Injectable anesthetics are widely used in laboratory rodents. Their use is mainly based 
on empirical experience because scientific data about pain and distress during and after 
surgery are rare. To contribute to the refinement of animal experiments, we investigated 
the suitability of different injectable anesthetics during a stereotactic surgery. Male and 
female Sprague-Dawley rats were anesthetized with chloral hydrate (CH: 3.6%, 430 
mg/kg i.p.), with a complete reversible anesthesia (MMF: medetomidine 0.15, 
midazolam 2, fentanyl 0.0005 mg/kg i.m.) without/with reversal (R: atipamezole 0.75, 
flumazenil 0.2, naloxone 0.12 mg/kg s.c.) or with propofol (PROP: bolus 120 mg/kg i.p. + 
i.v. drip 40-60 mg/kg/h). Rats without surgery served as controls. The following 
parameters were assessed before, during and/or after surgery: depth of anesthesia, 
body weight and temperature, heart and respiratory rate, arterial oxygen saturation, 
levels of adrenaline and noradrenaline (A/NA), of corticosterone (CS) and metabolites 
and different signs of pain and distress. 48h after surgery, rats were sacrificed for 
histopathological investigations. In addition, 5 rats were anesthetized with 3% isoflurane 
(ISO) and immediately sacrificed for reference values of A/NA. Although all CH-rats 
exhibited sufficient surgical anesthesia, elevated levels of A/NA and CS indicated a high 
intraoperative distress. Furthermore, all CH-rats exhibited peritonitis, 44% acute 
multifocal liver necrosis and 22% perisplenitis. 95% of MMF-rats reached satisfactory 
surgical anesthesia and had lower A/NA levels compared to CH-rats. Contrary to rats 
without R, animals with R of MMF exhibited increased CS levels after surgery compared 
to those without R. Only 36% of PROP-rats reached sufficient surgical anesthesia and 4 
of 11 rats died during or after surgery. In conclusion, the application of CH should be 
refused in view of histopathology and distress during and after surgery. Due to high 
mortality and insufficient anesthesia, the here used application regime for PROP seems 
to be unsuitable, too. In the present study, MMF represents the best suited anesthetic 
during stereotactic surgery in Sprague-Dawley rats, although the recommended reversal 
of MMF may stress the rats. Since A/NA-levels were higher in rats sacrificed during ISO-
anesthesia compared to rats treated with injectable anesthetics, further experiments 
have to clarify the distress of laboratory rodents during inhalation anesthesia. 
  
Supported by a research commission grant of the FU Berlin. 
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Dendritic cells are the major players for histamine effects mediated by the H4R in 
sensitization phase of asthma 
Hartwig C.1, Munder A.2, Seifert R.1, Neumann D.1 
1MHH Pharmakologie, Carl-Neuberg Str. 1, 30625 Hannover, Germany  
2MHH Pädiatrie, Carl-Neuberg Str. 1, 30625 Hannover, Germany  
  
The incidence of bronchial asthma is increasing throughout the world, especially in 
Western countries. Although histamine (HA) is found at high concentrations in asthmatic 
lungs, a role for HA in this disease is still a neglected topic in research. In particular, the 
activity of HA to modulate the underlying immune reaction is far from being understood. 
The histamine H4-receptor (H4R) is expressed mainly on cells of hematopoietic origin. 
Therefore, the H4R is a promising drug target for the treatment of inflammatory diseases 
and allergic reactions [1]. 
The aim of our study was to analyze H4R-mediated cell-specific HA effects. We took 
advantage of a mouse model of asthma induced by adoptive T-cell transfer in order to 
analyze the role of the H4R specifically on dendritic cells (DCs) and T-cells during the 
sensitization phase of the asthmatic reaction, as well as its role in the effector phase. 
The strategy for ovalbumin (OVA) sensitization and provocation is shown in Figure 1. 
Symptoms were analyzed in the acute phase of the asthmatic reaction and after chronic 
exposure to OVA. When the H4R was absent on DCs during sensitization, intensity of 
asthma symptoms was significantly reduced, demonstrated by diminished pulmonary 
inflammation in general, markedly reduced numbers of eosinophils in bronchoalveolar 
lavage fluid (BAL) and improvement in lung function. None of these protective effects 
were observed in the absence of the H4R on T-lymphocytes. 
To investigate H4R-mediated effects in the effector phase of asthma, we determined the 
chemo-attractive environment in lung tissues of asthmatic and non-asthmatic H4R+/+ and 
H4R-/- mice. Therefore, concentrations of the chemo-attractive factors IL-5, eotaxin and 
RANTES were quantified during the entire period of the asthma model. 
In particular, IL-5 concentrations increased after provocation, dependent on the 
presence of the H4R. 
Collectively, the H4R is involved in both phases of the allergic airway inflammation. In 
the sensitization phase the H4R plays a major role specifically on DCs, while on T-cells 
the H4R is not relevant. In the effector phase, HA via the H4R affects cells other than 
DCs and alters the balance of chemokines in the lung, which will be examined in further 
investigations. Nevertheless, both phases of the disease are suitable for new therapeutic 
approaches using H4R antagonists. 
  
SFB 587, TP B17, German Research Council 
  
[1] Zhang, M., R.L. Thurmond, and P.J. Dunford. 2007. The histamine H(4) receptor: a 
novel modulator of inflammatory and immune disorders. Pharmacol Ther 113:594-606. 
 

 
Figure 1. : 
Design of the adoptive transfer asthma model. 
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Markwardt F.5, Schmalzing G.3 
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P2X receptors are trimeric ATP-gated cation channels involved in fast signal 
transduction in many cell types. Homology modeling of the rat P2X2 receptor with the 
zebrafish P2X4 X-ray template revealed that the side chains of the Glu167 and Arg290 
residues are in close spatial vicinity within the ATP-binding pocket when the rat P2X2 
channel is closed. By charge reversal mutation analysis and mutant cycle analysis, we 
obtained evidence that Glu167 and Arg290 form an electrostatic interaction. Disulfide 
trapping indicated the close proximity of Glu167 and Arg290 when the channel is in the 
closed-state, but not in the ATP-bound open-state. Consistent with a gating-induced 
movement that disrupts the Glu167/Arg290 salt bridge, a comparison of the closed and 
open rat P2X2 receptor models revealed a significant rearrangement of the protein 

backbone and the side chains of the Glu167 and Arg290 residues during the closed-to-
open transition. The associated release of the Glu167/Arg290 salt bridge during channel 
opening allows a strong ionic interaction between Arg290 and a γ-phosphate oxygen of 
ATP. We concluded from these results that the state-dependent salt bridge switching 
from Arg290/Glu167 to Arg290/ATP fulfills a dual role: (i) to destabilize the closed-state 
of the receptor and (ii) to promote the ionic coordination of ATP in the ATP-binding 
pocket. 
  
1Molecular Pharmacology, RWTH Aachen University, 52074 Aachen, Wendlingweg 2; 
2Grünenthal GmbH, Global Drug Discovery, Departments of Molecular Pharmacology 
and Discovery Informatics, Zieglerstrasse 6, 52078 Aachen; 3Institute of Pharmaceutical 
& Medicinal Chemistry, Heinrich-Heine-University Düsseldorf, 40225 Düsseldorf, 
Universitätsstrasse 1; 4Julius-Bernstein-Institute for Physiology, Martin-Luther-University 
Halle, Magdeburger Straße 6, 06097 Halle/Saale. 
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How do addictive drugs act in the brain? Implications for (pharmaco)therapeutic 
strategies 
Havemann-Reinecke U. 
Universitätsmedizin Göttingen Klinik für Psychiatrie und Psychotherapie, von 
Sieboldstr.5, 37075 Göttingen, Germany  
  
The pharmacological and biological effects of addictive drugs on brain and their 
interactions with genetical and environmental psychosocial factors are manifold. The 
knowledge of this processes is important for the therapy of the different drug addiction 
diseases and their somatic and psychic comorbidities. 
In the presentation pharmacological and biological effects of addictive drugs in the brain, 
the resulting behavior and the meaning of genetical and environmental psychosocial 
factors  will be described by an overview. 
Several data show, that the brain reacts to excessive stimulation by addictive drugs on 
one side with homeostatic adaptive biological processes leading to physical 
dependence, and on the other side with processes of synaptic plasticity, the latter of 
which lead to association of drug associated stimuli with specific learned behavior and 
by this to the complex syndrome of psychic dependence (addiction) characterized by 
high relapse behavior. The addictive drugs like f.e. alcohol, opioids, cannabinoids, 
psychostimulants, benzodiazepines, act manifoldly on the different neurotransmitters like 
dopamine, serotonine, GABA, Glutamate and the endogenous opioids leading to specific 
addictive behavior and additional psychic comorbidities . Hereby genetical factors but 
also external stimuli like f.e. psychosocial stress or other external psychosocial factors 
play a crucial role on the molcularbiological signal cascades, which are specifically 
activated in the brain by each of the addictive drugs. By this typical addictive behavior 
could be  worsened (or diminished) or even may lead to psychotic behaviour. 
As an example, stress and the intake of f.e. cannabinoids play an important role in the 
development of addiction on one side and on the other side in characteristics of different 
additional psychic diseases like in affective-and anxiety or posttraumatic stress disorder 
 or psychosis, the latter of which are often also present as comorbid diseases of an 
addiction disorder. Data on the role of endogenous and exogenous cannabinoids and 
their brain cannabinoid (CB) receptors in psychosocial stress processes and vice versa 
will be presented on the basis of selected animal and clinical data. 

 
 

120 

Modulation of redox-sensitive signalling pathways by caffeic acid phenethylester 
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Oxidative stress has been linked to a variety of diseases, e.g. morbus Alzheimer, 
Parkinson`s disease, cancer and also the ageing process. Secondary plant compounds 
like hydroxycinnamic acid derivatives possess a high antioxidative capacity. 
Epidemiological studies have therefore connected them with beneficial effects on human 
health. Beside direct radical scavenging the ability of compounds to modulate cellular 
pathways has been shown to be of importance. 
We have compared the effects of the hydroxycinnamic acid derivative caffeic acid 
phenethylester (CAPE) on redox-sensitive pathways in cell culture-based assays and 
the model organism Caenorhabditis elegans. CAPE decreased ROS accumulation in 
Hct116 human colon carcinoma cells and the nematode after application of stress (DCF 
assay). In addition to these antioxidative effects, CAPE increased the thermotolerance of 
C. elegans (SYTOX assay) and prolonged the mean life span by 9% which shows a 
biological relevance of this compound on the ageing process. We further analysed the 
influence of CAPE on two ageing-related redox-sensitive pathways in C. elegans: SKN-1 
and DAF-16, which are homologues of the mammalian transcription factors Nrf2 and 
FoxO, respectively. CAPE did not modulate the intracellular localisation of SKN-1 as 
detected using a SKN-1::GFP expressing strain. In accordance, a knock-down of SKN-1 
did not alter the effect of CAPE on the lifespan. These results demonstrate that SKN-1 is 
not influenced by CAPE. In further experiments we demonstrated that CAPE modulates 
a different central ageing-related pathway in C. elegans using a DAF-16::GFP 
expressing strain. A direct dependence of CAPE-mediated life prolongation on activation 
of DAF-16 was shown by lifespan analysis with DAF-16 mutated C. elegans. In contrast 
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to the experiments with C. elegans, CAPE shows a different mode of action in human 
cells: We were able to show by western blot and a reporter gene assay that CAPE is a 
potent activator of Nrf2 in Hct116 cells and FHC fetal colon cells. Furthermore, CAPE 
did not activate FoxO4 in Hct116 cells. 
Conclusion: CAPE activates the DAF-16, but not the SKN-1 signalling pathway in C. 
elegans and therefore enhances the stress resistance and lifespan of this organism. 
Using Hct116 cells, no activation of the homologous FoxO4 pathway by CAPE was 
detected, but an activation of the SKN-1 homologous Nrf2 pathway. This shows that 
CAPE modulates distinct biological functions depending on the model system used. 
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L-type Ca2+ channel inactivation is slowed in atrial myocytes from patients with 
chronic atrial fibrillation 
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Introduction 
The L-type Ca2+ current (ICa,L) is a critical determinant of atrial action potential duration 
(APD) and is subject to electrical remodeling in atrial fibrillation (AF). ICa,L amplitude is 
down-regulated in chronic AF (cAF), contributing to a reduced APD and increased 
propensity for AF-maintaining reentrant circuits. Ca2+ influx into the atrial myocyte is 
controlled by inactivation of ICa,L. It is unknown whether ICa,L inactivation is altered in 
human AF under physiological conditions (EGTA-free isolation, 37 °C). 
Methods 
ICa,L and intracellular Ca2+ (Fluo-3) were simultaneously recorded in 2.0 mmol/L 
extracellular Ca2+ at 37°C using the whole-cell voltage-clamp technique (100-ms 
depolarizations to +10 mV) in myocytes isolated using an EGTA-free procedure from 
right atrial appendages of patients with sinus rhythm (SR, n=30/21 myocytes/patients) or 
cAF (n=31/20). Additional experiments were performed with isoprenaline (cAF: n=7/4, 
SR: n=10/7). 
Results 
ICa,L inactivation was fitted with a bi-exponential function with fast and slow time 
constants (τfast and τslow). τslow was similar in cAF and SR (42.1±3.1 msand 43.4±2.8 ms, 
respectively), whereas τfast was significantly slower in cAF compared to SR (6.53±0.52 
ms vs. 3.87±0.31 ms, P<0.001). In addition, the relative contribution of τfast was reduced 
in cAF (53±2% compared to 69±2% in SR, P<0.001). These changes will tend to 
increase the integrated ICa,L during the depolarizing pulse in cAF, although total Ca2+ 
influx was still reduced (0.065±0.005 pC/pF vs. 0.090±0.008 pC/pF, P<0.001) due to the 
pronounced reduction in peak ICa,L (-3.6±0.4 pA/pF vs. -6.5±0.5 pA/pF, P<0.001). The β-
adrenoceptor agonist isoprenaline is known to up-regulate ICa,L. We found that 
isoprenaline did not alter τfast (7.32±0.5 ms, and 4.26±0.57 ms in cAF and SR) or its 
relative contribution to inactivation (56±4% vs. 72±2%), but caused a decrease in τslow in 
both cAF and SR (38.83±4.2 ms and 32.7±2.5 ms, P<0.05 compared to the absence of 
isoprenaline for SR), resulting in an overall acceleration of ICa,L inactivation in both 
groups. 
Conclusions 
ICa,L inactivation plays a critical role in limiting Ca2+ influx into the atrial myocyte and is 
altered in AF, leading to slower inactivation. A better understanding of the 
pathophysiological mechanisms contributing to AF, including the complex regulation of 
the L-type Ca2+ channel and its effect on APD, is expected to foster the development of 
improved pharmacological interventions. 
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Inflammatory bowel disease (IBD) is a chronic inflammatory disorder with two major 
manifestations, Crohn’s disease and ulcerative colitis. Due to the inflammatory processes 
different cell populations infiltrate the intestine. It is likely that these changes in the intestinal 
architecture and ongoing inflammation may act systemically and affect other compartments 
such as adipose tissue and thereby cardiovascular risk. Several clinical trials have 
demonstrated an increased risk of cardiovascular events in patients with IBD. However the 
underlying mechanisms are unknown. Therefore, aim of the present study was to analyze 
the possible interrelationships between colitis, adipose tissue and atherosclerosis. 
For this purpose a murine model of accelerated atherosclerosis (ApoE-deficient mice) was 
combined with dextran sodium sulfate (DSS) induced chronic colitis. Male, 4-5 weeks old 
mice were fed a high-fat diet for 10 weeks. During this period, chronic colitis was induced by 
3 repeating cycles of DSS applied for 6 days. As known from the literature, treatment with 
DSS led to decreased weight gain compared to controls. Multiplex analysis of plasma 
samples revealed an increase of circulating pro-inflammatory cytokines (IL-6, G-CSF and 
MIP-1a) as well as adipokines supposed to have more anti-inflammatory properties such as 
ghrelin and glucagon like peptide-1 in the DSS-treated group. In addition, a decrease in 

adipocyte size in epididymal adipose tissue was evident in the colitis group. Analysis of 
periaortic adipose tissue revealed that the content of hyaluronic acid, a major component of 
the extracellular matrix (ECM), was significantly increased under DSS treatment as 
determined by affinityhistochemistry of adipose tissue. This increase was even more 
pronounced in the thoracic part of the aorta. Finally, in vitro supernatants of organ cultures 
of colonic tissue derived from colitis mice inhibited differentiation of 3T3-L1 preadipocytes. 
The results of the present study provide first evidence for a crosstalk between IBD and 
adipose tissue that involves both circulating cytokines/adipokines as well as structural 
changes within the adipose tissue ECM. 
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Hepatotoxic effects of five (tri)azole fungicides in a broad dose range 
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Potential low dose effects of chemicals are currently subject to controversial scientific 
debate. Here we report the results of a 28-day rat feeding study with five widely used 
(tri)azole fungicides (cyproconazole, epoxiconazole, propiconazole, tebuconazole and 
prochloraz) that are all known to show hepatotoxicity. The five substances were 
administered individually at five dose levels, ranging from a typical toxicological threshold 
level (based on a no observed adverse effect level, NOAEL, divided by 100) to a clear effect 
dose (NOAEL x 10). Test parameters were those usually required in guideline-conform 
toxicological studies such as body weight and food consumption, clinical chemistry, organ 
weights and gross and histopathology but state-of-the-art molecular toxicological methods 
(quantitative real time PCR of molecular markers, gene expression arrays, enzyme activity 
assays) were also applied. Since azole fungicides are considered to cause liver toxicity by a 
mechanism involving the constitutive androstane receptor (CAR), a known CAR activator 
(Phenobarbital, PB) was also administered to rats via the diet for 28 days to analyse 
potential similarities in the mode of action. 
Our results show a dose dependent increase in liver weights and concomitant 
histopathological changes (vacuolization, hypertrophy) at the upper dose levels only. 
However, the expression of sensitive marker genes was significantly affected also at the 
intermediate (around NOAEL and NOAEL/10) but generally not at the lowest dose levels 
(NOAEL/100). The results imply monotonic dose response curves for most parameters 
affected and have also confirmed the NOAELs derived from regulatory studies. It could 
be shown that for all endpoints thresholds exist, even for molecular parameters which 
were shown to be affected around or below the ”classical” NOAEL. In this context, the 
need to consider molecular effects and the relevance of such changes for regulatory 
toxicology should be discussed. 
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Coculture of antigen-presenting cells and keratinocytes: Modulation of 
compound-related CYP1 expression and responsiveness of antigen-presenting 
cells 
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Small chemical compounds may induce skin sensitization in humans that results in 
tolerance or allergic contact dermatitis after repeated exposure. A subgroup of 
chemicals (prohaptens) induces sensitization only following metabolic activation, e.g. by 
cytochrome P450 (CYP), whereas prehaptens can be activated abiotically. Related in 
vitro assays currently consist of either skin cells or dendritic cells (DC), but we 
demonstrated the importance of cross talk between these two cell types including 
xenobiotic metabolism using a coculture model consisting of THP-1 cells as DC-like cells 
and HaCaT keratinocytes. Upregulated expression of the costimulatory molecule CD86 
was clearly increased in coculture compared to monoculture after incubation with 
prohaptens but not prehaptens. For the strong sensitizer and prohapten benzo[a]pyrene 
(B[a]P), upregulation of CD86 was only detected in cocultured THP-1 cells and 
depended on CYP activity. In single cultured THP-1 cells, B[a]P neither induces CYP1 
enzymes nor CD86 expression, whereas after coculture with HaCaTs CYP1A1 and 
CYP1B1 are clearly induced. Next we evaluated the sensitivity and specificity of this 
response by studying the weak sensitizer eugenol (prohapten) and the prehapten para-
phenylene diamine (PPD), which are also, but to a lesser extent, able to activate the aryl 
hydrocarbon receptor in keratinocytes. For both compounds we detected only slight if 
any modulation of CYP1A1 mRNA expression after 24h. 
These results suggest that certain compounds are indeed able to modulate CYP 
expression in THP-1 cells upon coculture with keratinocytes, although it is not yet clear 
whether this CYP1 induction delivers the base for the observed CD86 upregulation or 
active transport of metabolites is needed. 
Funding: 
Federal Office of Public Health (11.004203), Switzerland; Professorinnen-Programm des 
Bundes und der Länder 
  
Kalmes, M. and  Blömeke, B. (2012). Impact of Eugenol and Isoeugenol on AhR 
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Hennen, J., Aeby, P., Goebel, C., et al. (2011). Cross talk between keratinocytes and 
dendritic cells: Impact on the prediction of sensitization. Toxicological Sciences 123, 501-10. 
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Endothelial cells line the entire circulatory system, thereby acting as a semi-selective 
barrier between the vessel lumen and the surrounding tissue. Apart from being involved 
in the regulation of blood pressure and neutrophil recruitment, they also function in 
regenerative processes, including angiogenesis and vasculogenesis. While 
angiogenesis is the formation of new blood vessels from pre-existing ones, endothelial 
precursor cells migrate from the bone marrow during vasculogenesis and differentiate in 
response to local stimuli to form new blood vessels. Both mechanisms occur during 
embryonic development but also in the adult organism, for example during tumor growth, 
post-traumatic processes (e.g. after cardiac ischemia) and wound healing. Due to their 
barrier function endothelial cells are exposed to high concentrations of cyto- and 
genotoxins, which can induce stress responses and cell death. Therefore, we aim to 
identify main determinants of the susceptibility of endothelial precursor cells and thereof 
derived differentiated progeny towards genotoxic agents. 
Here, we established a serum and feeder free differentiation system of mouse 
embryonic stem cells (mESC), which uses several growth factors and small molecules 
for a directed differentiation. Analysis of the mRNA and protein expression of specific 
endothelial markers was performed by RT-PCR and immunocytochemistry, respectively. 
In addition prototypical endothelial functions were monitored, such as LDL-uptake, tube 
formation and the upregulation of E-selectin after treatment with cytokines. After 7 days 
of differentiation, the cells showed a homogenous cobblestone like morphology.  RT-
PCR revealed that specific marker genes, such as VE-Cadherin, Flk-1, Efnb2, Ephb4 
and Pecam are upregulated during differentiation. Immuncytochemistry verified the 
presence of VE-Cadherin and Flk-1 on protein level. The ability of low-density lipoprotein 
(LDL)-uptake could be detected by use of a fluorescence-labeled LDL complex. 
Furthermore, mESC-derived endothelial cells showed the ability of tube formation in 
matrigel and upregulated E-selectin expression after IL1β and TNF� exposure. 
Currently, repair status and DNA damage response of endothelial progenitor cells and 
differentiated stages following radiation treatment are under investigation. Summarizing, 
our data show, that the applied differentiation protocol results in a high number of 
endothelial-like cells which are useful for toxicological analyses. 
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Background: Small Rho GTPases are involved in multiple cellular functions such as the 
organisation of the actin cytoskeleton, cell motility, adhesion, proliferation and apoptosis. 
They act as transducers of membrane receptor signals by cycling between an active 
(GTP-bound) and inactive (GDP-bound) form on the inner cell membrane. Lately, it was 
discovered that the active form of the small Rho GTPase Rac1 can translocate to the 
nucleus where it participates in mitosis and interacts with type II topoisomerases. 
Furthermore, Rac1 is part of the NADPH oxidase complex and is known to regulate 
stress-activated protein kinases and transcription factors. Previously, we have shown 
that pharmacological inhibition of Rac1 protects rat cardiomyoblasts (H9c2) from 
topoisomerase II poisons. 
Methods: To further elucidate the role of Rac1 in determining the susceptibility to 
topoisomerase II poisons, such as doxorubicin (DOX), we compared wild-type mouse 
embryonic fibroblasts (MEFs) with MEFs lacking the Rac1 gene. For generation of Rac1-

/- cells, Rac1+/+ MEFs were isolated from Rac1flox/flox mice and transfected with a CMV-
based vector expressing the Cre recombinase. The knockout efficiency was about 80 % 
as detected by PCR and western blot for gene and protein level, respectively. Rac1+/+ 
and Rac1-/- MEFs were treated with 0.1-30 µM DOX for two hours and viability was 
analysed up to 72 h later using the MTT assay. In addition, cell cycle distribution 
(subG1) was analysed by FACS. DNA damage was measured immediately after DOX 
treatment and after post-incubation periods of 2-24 h by staining of S139-
phosphorylated histone H2ax as well as by the neutral and alkaline comet assay. 
Results: Rac1-/- MEFs were significantly less sensitive to DOX treatment compared to 
the parental Rac1+/+ MEFs. Moreover, they revealed a pronounced arrest in G2 phase 
following DOX treatment. Induction of cell death was minor. The alkaline comet assay 
showed a reduced level of DNA single strand breaks in the knockout cell line compared 
to wild-type cells. In the neutral comet assay no differences were observed. γH2AX 
analysis revealed a lower level of DOX-induced S139-phosphorylated H2ax in Rac1-/- as 
compared to Rac1+/+ MEFs. 
Conclusion: Loss of Rac1 protects MEFs against DOX-induced cytotoxicity. Prolonged 
G2 arrest of Rac1-deficient MEFs points to a defect in checkpoint abrogation and/or 
impaired apoptosis. 
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Epigenetic modifier drugs attenuate key features of experimental heart failure in 
vitro 
Hensel J. - T., Stenzig J., Hirt M. N., Bartholdt L. M., Eder A., Hansen A., Eschenhagen T. 
Universitätsklinikum Hamburg-Eppendorf Institut für Experimentelle Pharmakologie und 
Toxikologie, Martinistraße 52, 20246 Hamburg, Germany  
  
Objectives: Engineered heart tissue (EHT) can be used as a drug-screening tool and to 
investigate cardiomyocyte hypertrophy in vitro. In our recently developed model 
coherently beating rat cardiomyocytes in 3D tissue culture are acutely forced to work 
against an increased afterload. They subsequently display hypertrophy and functional 
and transcriptional alterations associated with heart failure. We used the model as a 
pharmacoepigenetic tool and detected highly dynamic DNA methylation alterations in 
promoter regions of hypertrophy-associated genes. In this study we investigated the 
physiological relevance of our observations by analysing the influence of a DNA 
methyltransferase (DNMT) inhibitor on key contractile parameters in our model. 
  
Methods: EHTs were cast between 2 flexible hollow silicone mountings in a 24-well cell 
culture format. After 2 weeks of maturation and establishment of coherent beating and 
rhythmic deflections of the posts serum-free medium conditions were established. In one 
group of EHTs, the hollow silicone mountings were subsequently stiffened by inserting 
metal braces, sharply increasing the resistance of the flexible posts (“afterload 
enhancement”, AE), the other group was left unmodified (CTR). AE and CTR EHTs were 
treated with the DNMT inhibitor RG108 (100 µM), enalaprilate (1 µM) or metoprolol 
(10 µM) respectively, or no supplement. Video-optical measurements of force, 
contraction velocity (CV) and relaxation velocity (RV) were routinely carried out before 
and after a 7-day intervention in serum-free medium after removal of the brace. 
  
Results: Compared to CTR untreated AE-EHTs displayed a drop of 25% in force, 32% 
in CV and 43% in RV, respectively. RG108 attenuated this impairment of contractile 
function by 40%, 38% and 22%, regarding the drop in force, CV and RV respectively, 
but had no effect in CTR. Enalaprilate and metoprolol did not exert any effect. 
  
Conclusion: The role of epigenetic transcriptional regulation by differential DNA 
methylation in heart failure is still largely unknown. In our in vitro model we were able to 
show that an epigenetic modifier drug ameliorated AE-induced contractile dysfunction. 
Molecular mechanisms underlying this effect require further analysis. 
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Formation of DNA adducts by methyleugenol in vitro, in mouse models with 
varying sulfotransferase status and in humans 
Herrmann K.1, Engst W.1, Florian S.1, Schumacher F.1, Appel K. E.2, Klein K.3, Zanger 
U.3, Glatt H. - R.1 
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114-116, 14558 Nuthetal, Germany  
2Federal Institute for Risk Assessment Department of Food Safety, Max-Dohrn-Straße 
8-10, 10589 Berlin, Germany  
3Dr. Margarete Fischer-Bosch Institute of Clinical Pharmacology, Auerbachstr. 112, 
70376 Stuttgart, Germany  
  
Methyleugenol (ME) occurs naturally in fennel and many herbal spices (e.g. basil). ME is 
carcinogenic in the liver and other tissues of rats and mice [1]. However, common 
genotoxicity tests were negative. This discrepancy may result from sulfotransferases 
(SULTs) involved in the terminal bioactivation of ME. These enzymes are not taken into 
account in standard in vitro genotoxictiy tests. Therefore, the aim of the present study 
was (1) to identify critical SULT forms that bioactivate ME to a mutagen, (2) to examine 
the impact of SULTs on DNA adduct formation in vitro and (3) to study the dose-
dependence of adduct formation in animals with different SULT status. Human (h) 
SULT1A1, highly expressed in many tissues, and murine (m) Sult1a1, mainly expressed 
in gut and liver, showed the strongest activation potency in Ames tests with bacteria 
expressing different SULT forms [2]. Afterwards, adduct formation in bacteria expressing 
hSULT1A1 and the parental strain was examined. For this purpose, bacteria were 
exposed to hydroxylated metabolites of ME and adduct analysis was performed by 
means of mass spectrometry. DNA adducts were only detected in bacteria expressing 
hSULT1A1, but not in the SULT-deficient strain or the untreated controls [2]. In following 
in vivo studies we used four mouse strains: wild-type, Sult1a1-knockout, transgenics 
carrying the human SULT1A1/1A2 gene cluster with/without mSult1a1. All mice were 
orally treated with 50 mg/kg bw ME. Highest adduct levels were measured in mice 
expressing hSULT1A1 together with mSult1a1 whereas adduct levels in mice 
expressing neither hSULT1A1 nor mSult1a1 was close to the limit of quantification. 
Finally, dose dependence was studied in mice expressing hSULT1A1 but no mSult1a1 
(being relevant for the human situation). Doses were successively reduced to a level 
being fourfold under the estimated average human intake of ME from foods (0.2 mg/kg 
bw/day) [3]. ME-derived adducts were detected in murine livers of all dose groups, but 
not in the untreated controls. They followed a nearly linear dose-effect relation with no 
threshold dose. Finally, we analyzed surgical liver specimens of 30 human individuals. 
Adducts were detectable in 29 of 30 livers [4]. Taken together, these findings point to a 
genotoxic and possibly carcinogenic risk from current ME exposures. 
  
[1] NTP, Natl. Toxicol. Program Tech. Rep. Series, 2000 
[2] Herrmann et al., Mutagenesis, 2012 
[3] EU, Opinion of the SCF, 2001 
[4] Herrmann et al., Carcinogenesis, submitted 
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Investigation of cAMP-dependent inflammatory pain pathways by using HCN2 and 
PKA transgenic mouse mutants. 
Rajab H.1, Schnorr S.1, Reeh P.2, Hess A.1, Ludwig A.1, Herrmann S.1 
1Friedrich-Alexander Universität, Erlangen-Nürnberg Institut für Klinische und 
Experimentelle Pharmakologie und Toxikologie, Erlangen, Germany  
2Friedrich-Alexander Universität, Erlangen-Nürnberg Institut für Physiologie und 
Pathophysiologie, Erlangen, Germany  
  
The main function of the peripheral nociceptive system is to protect the body from injury 
by avoiding harmful external stimuli. Nociceptors are normally activated only by a high-
threshold stimulus of sufficient energy to potentially or actually damage tissue. Clinical 
conditions like chronic inflammation reduce the threshold of nociceptors and therefore 
increase the responsiveness to noxious stimuli, a condition known as hyperalgesia. One 
major inflammatory mediator contributing to neuronal hyperexcitability is prostaglandin 
E2 (PGE2) acting on primary neuronal afferents via G-protein coupled receptors (EP1-
EP4). Receptor binding of PGE2 leads to adenylyl cyclase activation followed by a raise 
of intracellular cAMP. However, the downstream targets of cAMP which are relevant for 
neuronal sensitization are not clearly identified and discussed controversially. In this 
study we investigate the role of protein kinase A (PKA) and the hyperpolarization 
activated cation channel HCN2 in nociceptive neurons. Both proteins are directly 
activated by cAMP and have been recently suggested to be involved in inflammatory 
pain mechanisms. We used the Cre/loxP technology to disable the function of either 
HCN2 or PKA selectively in a subset of peripheral nociceptive neurons. Behavioral 
responses of both transgenic lines were examined in a model of long lasting 
inflammation induced by the peripheral injection of complete Freund´s adjuvant. In this 
paradigm HCN2 deficient animals showed a pronounced reduction of inflammatory pain 
behavior upon mechanical but not thermal stimulation. PKA mutants displayed a similar 
desensitized responsiveness to tactile stimulation, but in contrast to HCN2KOs thermal 
sensitization was also reduced. Next we directly injected 8-Br-cAMP to induce peripheral 
sensitization. Notably under this conditions both mutant mouse lines showed a near 
complete lack of pain behavior responsiveness. These results show the significant 
contribution of both genes to inflammatory pain and point to a new PKA-dependent 
activation of HCN2 channels underlying cAMP triggered neuronal sensitization. 

 
 

130 

False negative and false positive results in LDH assay 
Hess A.1, Ma-Hock L.1, Kolle S.1, van Ravenzwaay B.2, Landsiedel R.1 
1BASF SE GV/TB, Carl-Bosch-Str. 38, 67056 Ludwigshafen, Germany  
2BASF SE GV/T, Carl-Bosch-Str. 38, 67056 Ludwigshafen, Germany  
  
Lactate dehydrogenase (LDH) is a cytosolic enzyme that is present in all mammalian 
cells. The measurement of LDH release is one of the most common in vitro endpoint 
examine chemical induced cytotoxicity. 
For the BMBF-funded project “Pre-validation of the ex vivo model precision cut lung 
slices as prediction for respiratory toxic effects” we used LDH assay as well as WST-1 
assay to determine the cytotoxic potency for 20 different substances after one hour 
exposure of precision cut lung slices (PCLuS) and a post incubation time of 23 hours. 
WST-1 assay is understood to be complementary to LDH assay indicating changes of 
mitochondrial activity: while extracellular LDH increases indicating membrane damage, 
mitochondrial activity is expected to decrease indicated by decreased formation of 
formazan salt in WST-1 assay. Thus the concentration-effect curve of LDH assay and 
WST-1 assay are expected to run opposed to each other. However, it was not the case 
for most of the tested 20 substances. In this study, we examined the reason for the 
inconsistent data of LDH assay. 
First, to evaluate whether LDH was removed by washing step after one hour incubation, 
the test substances were incubated with PCLuS for one hour, and LDH assay was 
performed in medium. There were only three substances that induced a LDH release 
after one hour. For these substances, released LDH would be washed out according to 
the protocol described above. The determined LDH value after 23 hour post incubation 
may not show any significant different to the control, which means false negative results 
in LDH assay. 
To examine whether a substance interferes with LDH, we incubated the test substances 
directly with LDH standard and determined LDH content in comparison with the 
standard. In this test, 11 of 20 substances seemed to react with LDH leading to a lower 
content than expected (false negative). Aniline led to false positive results. 
Our study shows that LDH assay may lead to false positive and false negative. 
Therefore, both wash out effect and substance-LDH interaction have to be taken into 
consideration if LDH assay is chosen as an endpoint in in vitro studies. 
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Pre-validation of the ex vivo model precision cut lung slices (PCLuS) for the 
prediction of respiratory toxicology 
Hess A.1, Lauenstein L.2, Schneider X.3, Vogel S.1, Ma-Hock L.1, Kolle S.1, Martin C.3, 
Pirow R.4, Steinfath M.4, Liebsch M.4, Landsiedel R.1, Braun A.2, Sewald K.2 
1BASF SE GV/TB, Carl-Bosch-Str. 38, 67056 Ludwigshafen, Germany  
2Fraunhofer ITEM, Hannover, Germany  
3RWTH, Aachen, Germany  
4BfR ZEBET, Berlin, Germany  
  

Information requirement on acute inhalation toxicity study is mandatory for substances in 
different regulatory contexts. There is a demand for alternative methods according to the 
principles of the 3Rs (reduction, refinement and replacement). Precision cut lung slices 
(PCLuS) is an ex vivo model currently pre-validated in a BMBF-funded projects. It can 
be used as screening method and to aid the selection of starting concentrations for 
acute inhalation studies. The project is conducted in three independent laboratories 
(Fraunhofer ITEM, BASF SE, RWTH Aachen; BfR (Bundesinstitut für Risikobewertung) 
provides biostatistics support. 
In all participating laboratories, PCLuS were prepared and exposed to 5 concentrations 
of industrial chemicals under standardized culture conditions for 1 hour. Afterwards, the 
medium containing test substance was replaced by fresh medium and the PCLuS was 
incubated for further 23 hours. Chemical-induced toxicity was assessed by LDH and 
WST-1 assay. In addition, protein content of the PCLuS and pro-inflammatory cytokine 
IL-1α (intra- and extracellular) were measured by BCA assay and ELISA, respectively. 
For all endpoints a sigmoid dose-response model was fitted to the data and EC50 values 
were calculated. Test acceptance criteria were established for each endpoint. 
The results of the first 6 test substances out of 20 are presented here: In all laboratories, 
concentration-related toxicity could be shown for aniline, glutaraldehyde, triton X-100 
and paracetamol, but not for lactose and methyl methacrylate. EC50-values obtained for 
the WST-1, LDH and BCA data were very similar in all participating laboratories. No 
increase in IL-1α was observed for these chemicals at all tested concentrations. 
The standardization of the PCLuS method was successful and the reproducibility of the 
results is very promising after testing of the first 6 substances. 
This study was supported by the German BMBF [project number 0315720 A-C] 
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Human 3D airway models compared to cell culture systems and in vivo acute 
inhalation studies 
Hess A.1, Vogel S.1, Kolle S.1, Sauer U. G.2, van Ravenzwaay B.1, Landsiedel R.1 
1BASF SE Experimental Toxicology and Ecology, 67056 Ludwigshafen, Germany  
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Information on acute inhalation toxicity has to be provided for all non-corrosive 
chemicals manufactured or imported in quantities of 10 tonnes per year or more if 
inhalation is the relevant secondary route of exposure (1) as well as for agrochemicals, 
regardless of tonnage, if there is likelihood of inhalative exposure (2). Acute inhalation 
toxicity is expressed in terms of LC50 values, the test substance concentration that leads 
to death of 50 percent of the animals after 4 hours exposure. As regards animal distress, 
toxicity studies are assigned to the highest severity category; and the new EU Directive 
on the protection of laboratory animals (3) further implements the 3Rs principle of 
replacing, reducing and refining animal testing (4). Whereas a reduction and refinement 
alternative to the traditional in vivo acute inhalation toxicity study (OECD Test Guideline 
403; 5) was adopted in 2009 (OECD Test Guideline 436; 6), a replacement method is 
not yet available. 
  
To make a contribution towards filling this gap, the usefulness of different in vitro test 
systems in determining single-dose inhalation toxicity was investigated in an in-house 
validation study. 20 substances were tested in two 3D in vitro human reconstructed 
epithelial airway models, EpiAirwayTM (MatTek, USA) and MucilAirTM (Epithelix, 
Switzerland) reflecting normal human bronchiole histology, and in an in vitro human 
A549 adenocarcinomic alveolar basal epithelial cell culture system using endpoint 
detection methods applicable to high-throughput screening, such as mitochondrial 
activity and lactate dehydrogenase release. To compare the respiratory tract-related in 
vitro data to unspecific cytotoxicity, all substances were further tested on 3T3 mouse 
embryonic fibroblasts. For all test runs, IC50 and IC75 values were calculated. The results 
from all four in vitro assays were compared to available in vivo data for the 20 test 
substances having known modes of toxicological action. 
  
1 Regulation (EC) No 1907/2006 of the European Parliament and of the Council of 18 
December 2006 concerning the Registration, Evaluation, Authorisation and Restriction 
of Chemicals (REACH), establishing a European Chemicals Agency, amending Directive 
1999/45/EC and repealing Council Regulation (EEC) No 793/93 and Commission 
Regulation (EC) No 1488/94 as well as Council Directive 76/769/EEC and Commission 
Directives 91/155/EEC, 93/67/EEC, 93/105/EC and 2000/21/EC. Official Journal of the 
European Union L 396/1. 30 December 2006. 
  
2 Commission Regulation (EU) No 545/2011 of 10 June 2011 implementing Regulation 
(EC) No 1107/2009 of the European Parliament and of the Council as regards the data 
requirements for plant protection products. Official Journal of the European Union L 
155/67. 11 June 2011. 
  
3 Directive 2010/63/EU of the European Parliament and of the Council of 22 September 
2010 on the protection of animals used for scientific purposes. Official Journal of the 
European Union L 276/33. 20 October 2010. 
  
4 Russell, W.M.S. & Burch, R.L. (1959). The principles of humane experimental 
technique. London, UK. Methuen. Reprinted by UFAW, 1992: 8 Hamilton Close, South 
Mimms, Potters Bar, Herts EN6 3QD England. 238 pp. 
  
5 OECD Test Guideline 403. OECD guidelines for the testing of chemicals, Section 4. 
Test No. 403: Acute inhalation toxicity. Adopted 7 September 2009. 
  
6 OECD Test Guideline 436. OECD guidelines for the testing of chemicals, Section 4. 
Test No. 436: Acute inhalation toxicity – acute toxic class method. Adopted 8 September 
2009. 
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Differences in formation and excretion of glutathione conjugates of the ultimate 
carcinogenic dihydrodiol epoxides  of benzo[a]pyrene and dibenzo[a,l]pyrene in 
human small intestinal cells 
Hessel S.1, John A.2, Seidel A.2, Lampen A.1 
1Bundesinstitut für Risikobewertung Lebensmittelsicherheit, Max-Dohrn-Str. 8-10, 10589 
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2Biochemisches Institut für Umweltcarcinogene, Lurup 4, 22927 Großhansdorf, 
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A wide variety of contaminants are ingested through food, among them the bay- and 
fjord-region polycyclic aromatic hydrocarbons (PAHs) benzo[a]pyrene (BP) and 
dibenzo[a,l]pyrene (DBP) which are absorbed and partially metabolized in the 
enterocytes of the small intestine. Metabolic activation occurs to the highly reactive 
metabolites BP-7,8-dihydrodiol-9,10-epoxide (BPDE) and DBP-11,12-dihydrodiol-13,14-
epoxide (DBPDE) which are considered as ultimate carcinogens. Subsequently both 
DEs can be detoxified in part by glutathione (GSH) conjugation catalyzed by various 
glutathione S-transferases (GSTs). 
In this study, human intestinal Caco-2 cells were used as a model for the human small 
intestine to investigate the detoxification of BPDE and DBPDE. Additionally the 
Transwell™ system was employed to study GSH conjugate excretion. Given the 
different structures of the parent compounds it was hypothesized that differences in 
stereoisomeric GSH conjugate formation as well as differences in the transport of the 
GSH conjugates might be expected. 
After exposure of the cells with either BP-7,8-dihydrodiol or DBP-11,12-dihydrodiol, 6 % 
or 0.5 % of the initial amounts were detected as the corresponding GSH-conjugated DEs 
in cell culture supernatants after 48 h, respectively. Based on the stereochemistry 
involved, four different GSH conjugates can be formed from both dihydrodiols. However, 
in Caco-2 cells solely two GSH conjugates were detected indicating a stereoselective 
enzymatic conversion of the dihydrodiols by CYP and/or GSTs. Regarding the transport 
direction of the differentiated Caco-2 cells the GSH-conjugated BPDE was dominantly 
transported over the apical membrane and to a lesser extend into the basolateral 
compartment of the Transwell™ chamber. However, opposite results were obtained for 
GSH-conjugated DBPDE. 
To identify transport proteins being involved in the excretion of these GSH conjugates, 
effects of specific inhibitors for ATP-binding cassette transporters were elucidated. The 
multidrug resistance-associated proteins (MRPs/ABCCs) were identified to mediate the 
transport of both GSH-conjugated BPDE and DBPDE. 
In conclusion, the ultimate carcinogens BPDE and DBPDE are detoxified via GSH 
conjugation in Caco-2 cells, and the direction of the subsequent excretion differs for both 
conjugates. These findings indicate that the molecular structure strongly influences the 
metabolism and detoxification of different PAHs in the gastrointestinal epithelium. 
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ICER, a short repressor isoform of transcription factor CREM (cAMP responsive element 
modulator), is inducible upon stimulation of the cAMP-dependent signal transduction 
pathway via an intronic promoter within the Crem gene which is controlled by cAMP 
responsive elements (CREs). We have previously shown that CREM inhibits the 
proliferation of primary vascular smooth muscle cells (VSMCs). Here, we tested the 
hypothesis that ICER contributes to the vascular effects of CREM using immortalized 
smooth muscle cells (SMCs) as well as primary VSMCs from ICER-deficient mice (IKO) 
and wild-type (WT) controls. 
  
Immortalized SMCs were transfected with an ICER promoter driven luciferase reporter 
gene construct. Stimulation with forskolin (FSK; 10-5M), an activator of the adenylyl 
cyclase, increased ICER promoter activity 13.7±0.9 fold (mean±SEM; n=3). 
Overexpression of a constitutively active isoform of transcription factor cAMP response 
element-binding protein (caCREB) increased ICER promoter activitiy 2.9±0.1 fold (n=4). 
IKO VSMCs showed a 12% higher proportion of proliferating cells as compared to WT 
VSMCs (in %. IKO, 12.7±1.0, 4098 cells/5 isolations; WT, 11.3±1.0, 4684 cells/5 
isolations; P<0.05) under basal conditions. Stimulation with PDGF (24h) increased 
proliferation rate in both groups but abolished the difference under basal conditions (in 
%. PDGF-IKO, 24.4±1.1, 4351 cells/5; PDGF-WT, 25.3±1.1, 4981 cells/5). As the ICER 
promoter was inducible in VSMCs upon stimulation with FSK we also studied the effects 
of FSK on VSMC proliferation. FSK inhibited the proliferation rate of both IKO and WT 
VSMCs (in % FSK-IKO, 10.8±0.9, 3490 cells/5; FSK-WT, 7.9±0.8, 4677 cells/5; P<0.05 
vs. basal) under basal conditions, while the difference between genotypes still existed. 
In PDGF stimulated IKO and WT VSMCs FSK also inhibited proliferation rate (in %. 
FSK-PDGF-IKO, 18.2±1.4, 4242 cells/5; FSK-PDGF-WT, 16.5±1.2, 5272 cells/5; P<0.05 
vs. respective PDGF treated cells), while there were no differences between genotypes. 
  
We conclude that the ICER promoter is inducible in vascular smooth muscle cells by 
stimulation of the cAMP dependent signal transduction pathway. ICER regulates the 
proliferation of VSMCs under basal conditions, however, antiproliferative effects of FSK 
are independent from ICER. Moreover, other CREM isoforms beyond ICER are involved 
in the inhibition of PDGF-stimulated proliferation. (Supported by the DFG.) 
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compounds by an aldo-keto reductase from Synechocystis sp.PCC 6803 
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Like all living organisms the unicellular cyanobacterium Synechocystis sp. PCC 6803 
has to cope with environmental stresses that may lead to cellular damage. In addition to 
the production of reactive oxygen species (ROS) occurring in all aerobic organisms, 
cyanobacteria are able to perform oxygenic photosynthesis, which is an extensive ROS 
generating process. In consequence of ROS accumulation reactive carbonyls are 
produced through lipid peroxidation that may damage biomolecules such as proteins, 
nucleotides and pigments. 
In plants the formation and accumulation of advanced glycation end product precursors 
(AGEs) like methylgyloxal is connected with a metabolic disorder of sugar metabolism 
under environmental stresses (e.g. salt, osmotic, heat and high light stress). 
Reactive dicarbonyl compounds like glyoxal, methylglyoxal and 3-deoxyglucosone are 
formed via the maillard reaction by glycation of amino acids in proteins. Additionally, 
dihydroxyacetone phosphate is easily transformed enzymatically and non-enzymatically 
into methylglyoxal in glycolysis. 
The occurrence of ROS and lipidperoxidation products are inevitably connected to 
photosynthesis, so that cyanobacteria, as „inventors“ of the latter, have to deal with 
carbonyl stress and might have developed additional strategies to reduce reactive 
carbonyl compounds. 
In higher eukaryotics members of the aldo-keto reductase (AKR) superfamily are known 
to detoxify these compounds. We used the model organism Synechocystis to get a 
better understanding of the molecular mechanism and evolutionary origin of the AKR 
superfamiliy. A genomic wide BLAST-search for members of this superfamily revealed 
five putative AKRs in the cyanobacterium. 
Our results suggest that Syny3AKR is the first discovered cyanobacterial AKR to be 
involved in the detoxification of many exo- and endogenic carbonyl compounds that may 
lead to „photoinhibition“ or other cell damages. Not less important is the finding of the 
enzyme catalyzed reduction of well-known biotechnological fermentation inhibitors like 
furfural and 5-hydroxymethylfuraldehyd with relatively high catalytic activity. 
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Universität Würzburg Institut für Pharmakologie und Toxikologie, Würzburg, Germany  
  
It is well known that elevated temperature can cause a variety of biological effects, 
including DNA damage. However, only a limited number of studies have investigated 
systematically the influence of different temperatures on chromosomal damage in 
human cells measured as micronucleus frequencies. The aim of this study was to 
address this question in human keratinocytes. 
HaCaT human keratinocytes were exposed to different temperatures from 37 °C to 42 
°C for 24 h in a regular cell culture incubator. An increase in micronucleus frequency 
was observed which was found to be temperature-dependent and statistically significant. 
Additionally, proliferation and Hsp70 expression was investigated and found to be 
increased. Finally, apoptosis was quantified by morphological analysis and by 
measuring cleaved caspase-3. All the different biological endpoints were altered, but 
onset of these changes was observed at different temperatures. 
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Introduction: 
Current pharmaceutical guideline and recommendation inform about an increase of 
myelosuppressive effects following a concomitant medication of HCT with 5- floururacil 
or cyclophosphamide. This warning is based on a reference by Leo E. Orr, 1981 ( 
,,Potentiation of Myelosuppression from Cancer Chemotherapy and Thiazide 
Diuretics´´). Therefore in patients with breastcancer undergoing a specific chemotherapy 
treatment regimen the important medication with HCT is paused. 
Material and methods: 
We evaluated in a retrospective cohort trial 17 patients with non metastatic breast 
cancer undergoing combination chemotherapy (cyclophosphamide, 5-floururacil and 
epirubicine) with or without HCT. 34 chemotherapy cycles were analysed, the 
granulocytes were measured before and after treatment cycles indicating 
myelosuppressive effects. 
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Results: 
As result we found no statistical significant decrease of granulocyte counts in patients 
treated with HCT in addition to chemotherapy. On the contrary, the granulocyte count 
was increased before application of the third treatment cycle. We suggest that 
chemotherapy with HCT as comedication leads to no or reduced myelosuppresive 
effects due to drug drug interactions. Therefore, HCT treatment pause means 
questionable. 
  
Beijnen JH, Schellens JH: Drug interactions in oncology. Lancet Oncol 2004;5:489-496. 
Blower P, de Wit R, Goodin S, et al.: Drug-drug interactions in oncology: why are they 
important and can they be minimized? Crit Rev Oncol Hematol 2005;55:117-142 
Riechelmann RP, Saad ED: A systematic review on drug interactions in oncology. 
Cancer Invest 2006;24:704-712. 
Riechelmann RP, Moreira F, Smaletz O, et al.: Potential for drug interactions in 
hospitalized cancer patients. Cancer Chemother Pharmacol 2005;56:286-290. 
Cancer Therapy Evaluation Program, Common Terminology Criteria for Adverse Events, 
Version 3.0, DCTD, NCI, NIH, DHHS 
Leo E. Orr : Potentiation of Myelosuppression from Cancer Chemotherapy and Thiazide 
Diuretics.Drug Intelligence and clinical pharmacy 1981 ;15: 967-969. 
GARY H. LYMAN, CHRISTOPHER H. LYMAN, OLAYEMI AGBOOLA, FOR THE ANC 
STUDY GROUP: Risk Models for Predicting Chemotherapy-Induced Neutropenia.The 
Oncologist 2005;10:427–437 
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Nucleotide P2Y12-receptors expressed in blood platelets play an important role in ADP-
induced platelet aggregation. The active metabolites of clopidogrel and prasugrel are 
known to irreversibly block P2Y12-receptors and are used in the treatment of 
thromboembolic diseases such as myocardial infarction. Recently, ticagrelor was 
licensed as a new and reversible antagonist at P2Y12-receptors for the prevention of 
cardiovascular events. There is evidence for a non-competitive blockade of the effect of 
ADP by ticagrelor (van Giezen et al. 2009, J Thromb Haemost 7: 1556 – 1565). 
Therefore, we studied the interaction of this new P2Y12-blocker with the highly potent 
agonist 2-methylthio-ADP as well as with the natural ligand ADP at the recombinant 
human P2Y12-receptor. Wild type human P2Y12-receptors were stably expressed in CHO 
Flp-In cells. Receptor function was then assessed by measurement of forskolin-induced 
cellular cAMP-levels by a [3H]-cAMP radioaffinity assay. Both ADP and 2-methylthio-
ADP decreased forskolin-induced cellular cAMP accumulation in a concentration-
dependent manner with 2-methylthio-ADP (EC50 about 1 nM) being markedly more 
potent than ADP (EC50 about 3 µM). Ticagrelor itself did not change the forskolin-
induced increases in cAMP-accumulation. Addition of ticagrelor at increasing 
concentrations resulted in increasing rightward-shifts of the concentration-response-
curves of the agonists. The blockade of the effects of 2-methylthio-ADP, but interestingly 
not of ADP, by ticagrelor was surmountable. Schild-plot analysis of the data obtained 
with 2-methylthio-ADP revealed a pA2-value of 8.7 with a slope of the regression line not 
different from unity. An apparent pKB-value of ticagrelor at ADP-activated P2Y12-
receptors was estimated to 8.6. In conclusion, our data are compatible with a 
competitive mode of blockade of the effects of 2-methylthio-ADP by ticagrelor at human 
P2Y12-receptors. In contrast, the blockade of the effects of ADP by ticagrelor is not fully 
surmountable. Hence, our results suggest differences in the mode of interaction of 
ticagrelor with ADP on the one hand and 2-methylthio-ADP at the other hand. 
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Characterization of P2Y12-receptor-fusion protein with increased intrinsic 
activities of agonists 
Hoffmann K., Straßburger J., von Kügelgen I. 
Universität Bonn Institut für Pharmakologie und Toxikologie, Sigmund-Freud-Strasse 25, 
53127 Bonn, Germany  
  
P2Y12-receptors play crucial roles in ADP-induced platelet aggregation. They are the 
sites of action of ticagrelor and cangrelor as well as of the active metabolites of 
clopidogrel and prasugrel used for the prevention and therapy of cardiovascular 
diseases such as myocardial infarction. There is evidence for an internalization and 
subsequent recycling of P2Y12-receptors in platelets involved in maintenance of receptor 
responsiveness. We constructed P2Y12-receptor fluorescent fusion proteins in order to 
study the cellular traffic of P2Y12-receptors. Receptor expression was determined by 
microfluorimetry using a monochromator and excitation at 430 nm or by laser scanning 
microscopy using the 445 nm excitation laser line. A human P2Y12-receptor construct 
fused at its C-terminus to an enhanced cyan fluorescent protein (ECFP) showed a 
marked expression at the level of the cell membrane when expressed in CHO K1 cells, 
CHO FlpIn cells, 1321N1 astrocytoma cells and PC 12 cells. There was no evidence for 
an agonist-induced internalization of the fusion protein. The P2Y12-receptor agonists 
ADP and 2-methylthio-ADP decreased the forskolin-induced cAMP accumulation in 
CHO FlpIn cells expressing the P2Y12-ECFP-fusion protein. Interestingly, the respective 
concentration-response curves were shifted to the left (ADP EC50 about 3 nM; 2-
methylthio-ADP EC50 about 7 pM) when compared to the concentration-response curves 
obtained in CHO FlpIn cells expressing the wild type P2Y12-receptor (ADP EC50 about 3 
µM; 2-methylthio-ADP EC50 about 1.5 nM). Moreover, in cells expressing the fusion 
protein the maximal effects of agonists were increased. An increase in agonistic activity 

of 2-methylthio-ADP was also observed in a cAMP response element (CRE)-directed 
reporter gene assay. Pretreatment of cells expressing the fusion protein with pertussis 
toxin abolished the effect of 2-methythio-ADP in agreement with a coupling of the P2Y12-
ECFP-fusion protein to pertussis toxin-sensitive Gi-proteins. The P2Y12-receptor 
antagonist cangrelor (0.1 µM) shifted the concentration-response curves of 2-methythio-
ADP to the right in both CHO cells expressing the wild type P2Y12-receptor (apparent 
pKB value of 8.7) and in CHO expressing the P2Y12-ECFP-fusion protein (apparent pKB 
value of 8.5). The data indicate a role of the C-terminus of the human P2Y12-receptor in 
the modulation of intrinsic activities of agonists. 
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Pharmacological stimulation of soluble guanylyl cyclase increases brown 
adipocyte differentiation and function 
Hoffmann L. S.1, Etzrodt J.1, Marx S.1, Friebe A.2, Pfeifer A.1 
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Brown adipose tissue is a special type of fat disseminating energy in the form of heat 
(thermogenesis). High mitochondrial content and high abundance of the thermogenesis 
mediating protein UCP1 are key features of brown adipocytes. Importantly, metabolically 
active brown fat is present in adult humans. In the light of the global obesity pandemic 
the energy combusting feature of brown adipose tissue has attracted high attention as 
this specialized tissue could be exploited to increase energy expenditure and potentially 
lead to weight loss. 
We and others have shown that the second messenger cGMP is a driving force in brown 
adipocyte differentiation and function (Haas, B. et al., Sci Signal, 2009, Nisoli et al., 
Science, 2003) and thereby might influence metabolism. 
Using in vitro differentiated brown adipocytes from sGC-/- mice and their WT littermates 
we show that sGC-/- exhibited a clear defect in brown adipocyte differentiation. These 
results show that sGC is a key enzyme in brown adipocytes. 
Next we investigated if pharmacological stimulation of sGC with the specific sGC 
stimulator BAY 41-2272 can increase adipogenesis in brown adipocytes. Brown 
preadipocytes were differentiated into brown adipocytes in vitro in the presence of 
BAY 41-2272. The sGC inhibitor ODQ and cGMP were used as a negative and positive 
control, respectively. The NO-donor DETA/NO was used as an endogenous ligand. 
Incubation with BAY 41-2272, cGMP and DETA/NO resulted in increased intracellular 
lipid accumulation, a hallmark of adipogenic differentiation, whereas ODQ led to 
decreased triglyceride content compared to control. In addition, adipogenic marker 
proteins PPARγ, C/EBPα and aP2 were increased by BAY 41-2272, cGMP and 
DETA/NO. ODQ decreased expression of these markers. Interestingly, BAY 41-2272 
increased expression of the thermogenic marker UCP1, PGC1α and Cidea. 
Furthermore, protein expression of the mitochondrial marker protein Cytc was increased 
in cells incubated with BAY 41-2272 and these cells also showed increased 
mitochondrial DNA content compared to control cells. Similar results were obtained for 
cGMP and DETA/NO. sGC inhibition by ODQ resulted in reduced expression of 
thermogenic marker genes, Cytc and mitochondrial DNA. 
Our results show that direct stimulation of sGC with BAY 41-2272 increases the 
adipogenic and thermogenic program of brown adipocytes. Hence, pharmacological 
stimulation of sGC might be used to activate brown adipose tissue. 
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The Drosophila TRPM channel is a key regulator of magnesium homeostasis 
Hofmann T.1, Chubanov V.2, Chen X.1, Dietz A.1 
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In insects, the TRPM family of cation channels is represented by one single gene, 
dTRPM. Null alleles cause a dysfunction of the Malpighian or “kidney” tubules in the 
larvae, thus leading to hypermagnesemia and growth retardation. In addition, these 
animals fail to develop into mature pupae and adults. We have found that this latter 
phenotype can be in part rescued by an increased magnesium load in mature larvae 
rather than a magnesium restriction. In order to examine if the dTRPM of an invertebrate 
model organism could serve cellular functions similar to the channel kinases TRPM6 
and TRPM7 in vertebrates, we have studied its in vitro functions creating an array of 
point mutants covering the pore and the trp domain. We will present data that show that 
dTRPM is a highly divalent-selective current due to a three amino acid pore signature 
(“GEV”) and that single residue changes in the pore helix can confer the hallmark 
outward currents of mammalian TRPMs 3 or 7 to the dTRPM channel. Moreover, 
dTRPM shares with its mammalian TRPM7 counterpart the steep sensitivity to 
intracellular Mg2+  (IC50 =22 µM) and the strict dependence on PIP2. These effects can 
be offset both in dTRPM and TRPM7 by single amino acid changes in the proximal trp 
domain.   
Our findings indicate that dTRPM shares phenotypical and biophysical core functions 
with the mammalian TRPM6/7 channels. Therefore, dTRPM can be considered an 
evolutionarily conserved invertebrate MIC channel, making Drosophila an attractive 
platform for function-phenotype studies to come. 
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Profiling of genotoxic stress response in different developmental stages of 
C. elegans and investigation of protective effects of selected natural compounds 
Honnen S.1, Henninger C.1, Büchter C.1, Chovolou Y.1, Proksch P.2, Fritz G.1 
1Heinrich-Heine-University Toxicology, Universitätsstraße 1, 40225 Düsseldorf, 
Germany  
2Heinrich-Heine-University Pharmaceutical Biology and Biotechnology, 
Universitätsstraße 1, 40225 Düsseldorf, Germany  
  
Due to its short generation time, well-characterized developmental timing, transparency 
as well as easy genetic accessibility, the nematode C. elegans has become a well-
established model system to study both DNA damage repair and effects of natural 
compounds in vivo. As in other multicellular organisms, an evolutionary conserved set of 
DNA repair and apoptosis pathways can be activated in C. elegans after ionizing 
radiation (IR) to maintain genome stability (e.g. conserved components like hus-
1(hHUS1), atm-1(hATM) and rad-51(hRAD51)). Various natural compounds have been 
shown to protect against genotoxic insults provided for example by ionizing radiation (IR) 
in cell-culture systems or, rarely investigated, in living animals. Our aim is to 
systematically analyze dose-response relations between IR and selected functional 
read-outs in C. elegans, including development, fertility, mortality as well as life span 
and specific gene expression profiles in different developmental stages. These findings 
will provide the basis for studying genoprotective effects of selected natural compounds. 
  
By now we have established an optimized liquid culture system for easy application of 
natural compounds (or chemical mutagens) in a reproducible manner. Dose-response 
analyses were performed to investigate the radiosensitivity of different developmental 
stages of wild type C. elegans regarding fertility and mortality. Moreover, mRNA 
expression levels of selected susceptibility-related genes were analyzed by qRT-PCR 
using an array based on 96-well plates. Thereby, we were able to show that IR induces 
the expression of genes encoding for proteins which regulate oxidative stress response 
(PAR-4/hLKB1), apoptosis (e.g. CED-9/hBcl2) or are involved in NER 
(Y50D7A.2/hERCC-2). In a next step we aim to identify natural compounds which 
distinctively influence the IR-induced gene expression profile and, of particular 
importance, have beneficial effects with respect to the aforementioned functional read-
outs. Currently, we focus on a radioprotective constituent of flaxseed lignans and the 
anthrachinone metabolite rhein. Results obtained will be shown and discussed. 
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Inhibitor of apoptosis proteins (IAPs) antagonists protect against thrombin-
induced endothelial hyperpermeability by preventing RhoA activation 
Hornburger M.1,2, Mayer B.1, Oberoi T.3, Willer E.1, Leonhardt S.1, Vollmar A.1, 
Rajalingam K.3, Fürst R.2 
1Ludwig-Maximilians Universität München, Departement Pharmazie Pharmazeutische 
Biologie, Butenandtstr. 5-13, 81377 München, Germany  
2Goethe-Universität Frankfurt/Main, Biocenter Pharmazeutische Biologie, Max-von-
Laue-Str.9, 60438 Frankfurt/Main, Germany  
3Goethe-Universität Frankfurt/Main Instititut für Biochemie II, Theodor-Stern-Kai 7, 
60590 Frankfurt/Main, Germany  
  
The vascular endothelium represents a promising target for novel anti-inflammatory 
strategies, as it controls leukocyte extravasation and permeability (edema formation) 
due to its barrier function. Inhibitor of apoptosis proteins (IAPs) are well-described 
regulators of cell death in tumor cells and several small molecule IAP antagonists are 
tested in clinical trials as novel anti-cancer drugs. Recently, we and others have 
introduced IAPs as important regulators of inflammatory processes. In the present study, 
we aimed to evaluate the potential of IAP antagonists to beneficially influence 
endothelial hyperpermeability. 
We could demonstrate that two structurally different small molecule IAP antagonists 
(ABT, Smac085) prevent thrombin receptor-activating peptide (TRAP)-induced 
endothelial barrier dysfunction, as assessed by measuring macromolecular permeability 
(Transwell™ assay) and transendothelial electrical resistance. Moreover, ABT 
diminished thrombin-evoked stress fiber formation, activation of myosin light chain 2, 
and disruption of adherens junctions, indicating an inhibition of endothelial cell 
contraction. Major thrombin receptor downstream pathways that cause endothelial 
barrier disruption, such as intracellular Ca2+ liberation and activation of protein kinase C 
as well as of the mitogen-activated protein kinases p38 and ERK, were not influenced by 
ABT. However, affinity precipitation experiments (pulldown assay) of small GTPases 
revealed a protective effect of ABT on the TRAP-induced RhoA activation, whereas 
Rac1 was not affected. Most importantly, RNAi-based knockdown of IAPs (XIAP and 
cIAP1) induced the same phenotype of reduced RhoA activation after exposure to TRAP 
as the treatment with the IAP inhibitors. 
In summary, we provide for the first time evidence that IAPs are crucial regulators of 
endothelial permeability by interfering with RhoA activation. Hence, IAP inhibition could 
represent a novel pharmacological approach for the prevention of hyperpermeability-
associated disorders. 
  
A-4.10099.1 (ABT) was kindly provided by Abbott Bioresearch Corp., Worchester, MA, 
USA and Smac085 was a kind gift from Professor Pierfausto Seneci, University of Milan, 
Italy. 
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Morphometric analysis of specific brain regions in a mouse model with post-
synaptic over-expression of 5-HT1A receptors 
Hörz B., Fink H., Sander S. 
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Medicine, Koserstr. 20, 14195 Berlin, Germany  
  
The role of altered serotonergic transmission in mood disorders and neurogenesis has been 
extensively investigated during the last years. However, further understanding and 
interpretation of the current knowledge is hampered by the lack of knowledge about the 
significance of the different serotonin (5-HT) receptor subtypes and their localization as 
autosynaptic, presynaptic and postsynaptic receptors in physiological and 
pathophysiological processes. Mice with persistent postsynaptic over-expression of 5-HT1A 
receptors (OT) represent a valuable tool for investigating the different role of pre- and 
postsynaptic 5-HT1A receptors. Previous studies demonstrated correct 5-HT1A receptor 
coupling and functioning in OT mice. However, these mice do not exhibit an apparent 
phenotype. We therefore further examined morphometric parameters in serotonin-related 
brain regions of OT mice in comparison to wild-type (WT) mice. For these studies, 40 µm 
slices were cut from paraformaldehyde-fixed brains of 8-10 weeks old mice. For labeling of 
neuronal cells, immunohistochemistry with the primary antibody NeuN (1:1000) and DAB 
staining was performed. Initially, volumes of the hippocampus and the dorsal dentate gyrus 
(DG) as well as the thickness of the layers II-VI of the prefrontal cortex were estimated. 
Preliminary data indicate a reduced volume of the hippocampus (-14%) and the DG (-15%), 
while the thickness of the layers II-VI of the prefrontal cortex tended to be reduced (-4%) in 
OT mice compared to controls. Studies are underway to clarify if the observed alterations in 
the examined brain regions are related to changes in neuronal density and if other brain 
regions (e.g. olfactory bulb, amygdala) are also affected. In case that the results of the 
ongoing studies confirm an involvement of serotonergic transmission related to postsynaptic 
5-HT1A receptors in neurogenesis, further examinations have to differentiate between a role 
in the developing nervous system and adult neurogenesis. 
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Evaluation of the cytoprotective effects of individual and combined constituents 
of the herbal drug STW 5 
Hoser S.1, Winkelmann V.1, Abdel-Aziz H.2, Kelber O.2, Weiser D.2, Nieber K.1 
1Universität Leipzig, Institut für Pharmazie Pharmakologie für Naturwissenschaftler, 
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Gastrointestinal disorders like irritable bowel syndrome (IBS) arise from a number of 
specific pathomechanisms. The herbal drug STW 5 (Iberogast®) contains nine individual 
plant extracts which effect the various symptoms of IBS including inflammatory 
processes. Lipopolysaccharide (LPS), as found in the outer membrane of gram-negative 
bacteria, is a common in-vitro model for studying inflammation due to its induction of 
cytokine release via NFκB pathway. 
The aim of this study was to investigate the contribution of the herbal constituents of 
STW 5 to its anti-inflammatory effect. Concentration response relationships were 
determined and, based on the isobologram method, combinations of two extracts were 
examined. Lactate dehydrogenase (LDH) assay was used as a cytotoxicity test in CaCo-
2 cells after stimulation with LPS (10 ng/ml) for 2 hours. 
STW 5 (500.5 µg/ml) and STW 5-II (511.1 µg/ml; a modification of STW 5 without 
angelica, milk thistle and celandine) inhibited LPS-induced LDH release by up to 74 % in 
a concentration dependent manner. The extract of lemon balm leaves (59.9 µg/ml, 
equivalent concentration as found in STW 5) showed a similar effect with a maximum 
inhibition of 75 %. Angelica roots (84.7 µg/ml), milk thistle fruits (15.2 µg/ml), peppermint 
leaves (38.9 µg/ml), chamomile flowers (116.3 µg/ml) and Iberis amara (29.1 µg/ml) 
caused a decrease of LPS-induced LDH release of between 25 and 37%. 
The combination of peppermint leaves with either Iberis amara or with milk thistle fruits 
caused a synergistic effect of 28-32 % and 13-16 %, respectively. Chamomile flowers 
combined with Iberis amara had an additive effect. The combination of chamomile 
flowers and angelica roots acted additive at a ratio of 0.5:0.5 and antagonistically when 
using a ratio of 075:0.25 or 0.25:0.75. 
Our results indicate that the individual herbal constituents contribute differently to the 
anti-inflammatory effect of STW 5. Synergistic effects as well as additive or antagonistic 
interactions can be found when combinations of extracts contained in STW 5 were 
applied. The effects depend on the combination and the concentrations of the herbal 
constituents. 
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RhoA regulates cytoskeletal composition, integrity and dynamics and thus 
influences movement-related processes in cardiac fibroblasts 
Jatho A.1, Kittana N.1, Schenk K.1, Ramba B.1, Chaponnier C.2, Würtz C.1, Lutz S.1 
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GENEVA 4, Switzerland 
  
Introduction: The monomeric GTPase RhoA is known to play a role in the context of 
heart diseases. Nevertheless, its function in cardiac fibroblasts, especially during the 
development of myocardial fibrosis, is still unknown. Due to the fact that RhoA is a 
strong regulator of the cytoskeleton and found to be involved in secretory processes, we 
investigated the effect of its lentivirus-induced knockdown in cardiac fibroblasts. 
Methods: Cytoskeletal protein composition and organization in lentivirus-infected 
neonatal rat cardiac fibroblasts (NRCF) were analysed by immunoblot and 
immunofluorescence. Adhesion velocity was determined on plastic surfaces or collagen. 
Expression and secretion of the connective tissue growth factor were studied by qPCR 
and immunoblot. 
Results: Downregulation of RhoA in NRCF by about 80%, changes the cell morphology 
towards an epithelial-like phenotype with increased surface and perimeter. This was 
accompanied by a disorganization of higher order actin structures including stress fibers 
and geodesic domes. In addition, focal adhesion sites were significantly smaller and 
more randomly distributed than in the respective control cells. Functionally, the 
knockdown of RhoA increased the adhesion velocity on plastic and collagen surfaces, 
especially within the first hour. On a molecular level, all actin cytoskeleton-associated 
proteins investigated were unchanged besides the myofibroblast marker smooth-muscle 
actin. 
Moreover, in NRCF with reduced RhoA expression a-tubulin was upregulated and 
interestingly the fraction of acetylated tubulin was increased. As tubulin is an essential 
protein in vesicle-dependent secretion, we studied the impact of RhoA depletion on the 
expression, storage and secretion of the fibrosis-associated connective tissue growth 
factor (CTGF). First, on the mRNA as well as on the protein level CTGF was 
upregulated, second, its main storage compartment, the Golgi, was condensed in 
structure, decreased in size and dislocated from the perinuclear region and third, the 
secreted amount of CTGF was increased. To asses, the involvement of the major tubulin 
acetylase HDAC6, we treated the cells with the HADC6 inhibitor Tubastatin A which 
increased the fraction of acetylated tubulin on one hand and the CTGF expression on 
the other hand. 
Conclusion: Our data argues for a complex role of RhoA in the regulation of cardiac 
fibroblast function including the control of the whole cell as well as intracellular 
movements. 
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Analysing cellular uptake of Pasteurella multocida toxin 
Jehle D., Bergmann S., Aktories K., Orth J. 
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Pasteurella multocida is the causative agent of a number of epizootic and zoonotic 
diseases. Its major virulence factor is P. multocida toxin (PMT) associated with atrophic 
rhinitis in animals and dermonecrosis in bite wounds. PMT activates heterotrimeric G 
proteins of the Gq, G12 and Gi family by deamidation of an essential glutamine leading to 
a constitutive activation of the G protein. Functional consequences are mitogenicity, 
blockade of apoptosis or inhibition of osteoblast differentiation. 
To study the uptake of PMT a chimeric protein of PMT and the A-domain of diphtheria 
toxin (DTa) was used. The PMT-DTa fusion ADP-ribosylated elongation factor-2, the 
native target of DT, leading to cell toxicity. By measuring PMT-DTa-induced cell toxicity 
the uptake of the fusion protein was analysed in more detail (e.g. receptor competition, 
translocation from endosomes into cytosol). Because DTa is not cell permeable, the 
uptake and the biological effects of DTa-induced modification of elongation factor-2 
depend exclusively on the PMT portion. Fluorescently labelled PMT and PMT-DTa 
fusion were utilized to follow the cellular uptake in endocytic vesicles by confocal 
microscopy. By constructing deletion mutants of PMT inside the PMT-DTa fusion protein 
a minimal region of PMT essential for cellular uptake was identified. Moreover, the data 
suggest that PMT can be used as a transporter of non-cell permeable proteins. 
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Biotransformation of benzo[a]pyrene and dibenzo[a,l]pyrene and transport of their 
metabolites in Caco-2 cells 
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Foundation, Lurup 4, 22927 Grosshansdorf, Germany  
2Federal Institute for Risk Assessment Department of Food Safety, Max-Dohrn-Str. 8-10, 
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The general non-smoking population is continuously exposed to low levels of polycyclic 
aromatic hydrocarbons (PAH) by contaminated food. Some carcinogenic PAH can in 
particular be formed in food during industrial processing and various food preparation, 
e.g. smoking, roasting and grilling. Oral ingestion of PAH-contaminated food leads 

predominantly to an exposure of the gastrointestinal tract. After their absorption PAH are 
converted into various phase I and II metabolites that can subsequently be excreted 
from the enterocytes, a process which is mediated by ATP-binding cassette (ABC)-
transport proteins. 
In the present study, differentiated human intestinal Caco-2 cells were used as a model 
system to investigate human intestinal metabolism of the carcinogenic PAH 
benzo[a]pyrene (BP) and dibenzo[a,l]pyrene (DBP). Metabolites formed in Caco-2 cells 
were analysed by HPLC in the cell supernatants following a ß-glucuronidase and 
arylsulfatase cleavage of their conjugates. Growing Caco-2 cells on TranswellTM-inserts 
allowed to study the directed transport of BP and DBP metabolites. 
These experiments revealed that BP and DBP metabolites were predominantly 
transported over the apical membrane of Caco-2 cells. For identification of active efflux 
transporters, specific inhibitors of ABC-transporters were used revealing that multidrug 
resistance-associated proteins mediate the major excretion of phase I metabolites. 
Interestingly the breast cancer resistance protein is additionally involved in the efflux of 
7-hydroxy-DBP. Furthermore, the effects of inducers of xenobiotic-metabolising 
enzymes on the metabolite profiles were analysed. Pre-treatment of the cells with the 
AhR agonists oltipraz and benzo[k]fluoranthene increased the transport rates of the 
metabolites while quercetin and butyrate had only a minor effect on the metabolite 
excretion. 
In conclusion, the in vitro experiments with human Caco-2 cells strongly suggest an 
intestinal metabolism of BP and DBP in vivo. The transport studies indicate a 
predominant excretion into the intestinal lumen for most of the detected metabolites. 
Enterocytes thus exert a protective effect in that they reduce the oral bioavailability of 
PAH by an active efflux mechanism. 
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The UGT1A6_19_GG genotype is associated with increased breast cancer risk 
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Introduction: Over 70 breast cancer susceptibility loci have been identified mainly by 
genome-wide association studies. A limitation of this approach is that the analysis of 
polymorphisms in genes which share a high degree of sequence homologies is usually 
not considered. This feature is common among phase I and II enzymes which play a 
predominant role in the detoxification and elimination of endogenous and exogenous 
carcinogenic compounds. A key player of phase II metabolism is UGT1A6 whose activity 
is affected by the polymorphism UGT1A6_19_T>G (rs6759892). We previously showed 
a significant association between the UGT1A6_19_GG genotype and increased breast 
cancer risk in population-based case-control studies from Germany. To validate this 
finding we now extended the analysis to four independent studies. 
Methods: Four study collections from Finland (KBCP, OBCS), Germany (BBCC) and 
Sweden (SASBAC) were included in the validation analysis (3,635 cases, 2,648 
controls). The pooled analysis included 7,418 cases and 8,720 controls all subjects 
being of European descent. Genotyping was done by MALDI-TOF MS. Statistical 
analysis was performed by logistic regression adjusted for age and study. 
Results: The validation study of independent cohorts showed an increased overall 
breast cancer risk for women with the UGT1A6_19_GG genotype (OR 1.13; 95% CI: 
1.05-1.22; p=0.001). The pooled study showed a similar effect (OR 1.09; 95% CI: 1.04-
1.14; p=0.0004). 
Conclusion: We confirmed the association between UGT1A6_19_GG and breast 
cancer risk and suggest, that UGT1A6 might elevate the exposure to carcinogenic 
compounds thereby increasing breast cancer risk. 
Supported by the Robert Bosch Foundation, Stuttgart, Germany 
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Simultaneous determination of drugs using phase optimized liquid 
chromatography 
Kahnt M.1, Oertel R.1, Pietsch J.2, Kirch W.1 
1Institute of Clinical Pharmacology, Medical Faculty Carl Gustav Carus, Technical 
University Dresden, Fiedlerstr. 27, 01307 Dresden, Germany  
2Institute of Legal Medicine, Medical Faculty Carl Gustav Carus, Technical University 
Dresden, Fetscherstr. 74, 01307 Dresden, Germany  
  
Background: 
This study describes the development of an analytical method for simultaneous 
determination of drugs in different matrices.. The main focus was the simultaneous 
determination of different drugs, chromatographic separation and optimization of the 
screening method. Most drugs that were analysed are related to several cases of drug 
intoxication. For this study we screened 45 drugs - especially analgetics, anti-Parkinson 
drugs, antibiotics, antidiabetics, antiepileptics, muscle relaxants, psycholeptics and 
cardiovascular drugs. This project is a cooperation between legal medicine and clinical 
pharmacology. 
Method: 
The combination of HPLC and MS is more specific than UV spectra. Analysis of large 
range of measured drugs and sufficient separation were achieved with phase-optimized 
liquid chromatography (POPLC). In a first step columns with the five stationary phases 
C18 EPS 2, C18 SH 2, Phenyl 2, CN 2, and C30 were used to determine the retention 
times of the drugs in an isocratic mode. The stationary phases, the column length and 
the retention times were entered into the POPLC software and the optimal column was 
calculated. This column contained different stationary phases and was compared with 
customary columns. 
Results: 
Using the optimal column a sufficient chromatographic separation of the 45 drugs was 
achieved which was better than customary columns. With the optimal column the 
measurement time was too long. A run time below 30 min was obtained by using a 
mobile phase gradient to reduce the measurement time. 
Discussion:  
With LC-MS/MS a complete chromatographic separation of all analytes is not necessary. 
One aim of the optimization was to cluster drugs with similar retention time to get a good 
sensitivity in a sufficient total run time. Finally, when measuring many transitions in 
different matrices two problems should be excluded: ion suppression and an insufficient 
number of measurement points per peak. Especially when using positive and negative 
ionization, adequate separation is obligatory most of the time. 
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Ranking of epoxy resin compounds based on their sensitising potency 
Heine K.1, Geier J.2, Kalberlah F.1 
1Forschungs- und Beratungsinstitut Gefahrstoffe GmbH (FoBiG), Klarastraße 63, 79106 
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2Informationsverbund Dermatologischer Kliniken (IVDK), Institut an der Universität 
Göttingen, von-Siebold-Str. 3, 37075 Göttingen, Germany  
  
Occupational contact allergy to compounds contained in epoxy resin systems is 
frequently observed. Especially in the construction industry, an increasing number of 
workers has been sensitized to epoxy resin during the last 18 years. A priority approach 
to reduce risk of obtaining contact allergies would be the substitution of strong skin 
sensitising compounds by substances with lesser sensitising potency, if technically 
feasible. Thus, a research project aimed at developing a ranking method regarding the 
sensitising potency of epoxy resin components was funded by the German Social 
Accident Insurance (DGUV). 
In this project, a semi-quantitative assessment of 51 sensitising compounds commonly 
used in epoxy resin systems was performed using a weight of evidence approach. 
Based on the current mechanistic understanding of contact allergy, minimal data 
requirements were defined to classify the sensitisation potency. There were three 
categories: “very high sensitising potency” (SHS), “high sensitising potency” (HS) and 
“low or moderate sensitising potency” (GMS)[1]. Due to the lack of sufficient test results 
from in vivo experimental data (e.g., LLNA studies), special focus of the project was put 
on data from in vitro experiments and in silico calculations. 
For substance assessment all available data from in vitro and in silico, as well as results 
obtained from animal studies or human testing were used to evaluate the sensitising 
potency of each substance. After all data were brought together, data gaps leading to 
the default categorisation “HS” were identified and documented, thus facilitating future 
assessment after conducting further in vitro assays, if appropriate. 
Up to now, approximately 50% of the substances could be assigned to a specific 
sensitising potency category, whereas for the remaining substances only default 
assumptions could be made based on insufficient data. There will be a publicly 
accessible platform in order to facilitate substance selection in epoxy resin product 
formulations. This platform shall provide a comprehensive overview, systematic 
assessment and ranking of sensitising epoxy resin components. 
The approach used for categorising substances according to their sensitising potency is 
outlined and results from in vitro testing, initiated during the run of this project, are 
presented. Furthermore the overall results of the research project are summarised. 
[1] Abbreviations taken from German translation of sensitising potency categories 
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Cancer risk figures from exposure risk relationship assessments – current state 
and envisaged update 
Kalberlah F.1, Bartsch R.2, Hecker D.3, Nies E.4 
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Germany  
3Bundesanstalt für Arbeitsschutz und Arbeitsmedizin (BAuA), Friedrich-Henkel-Weg 1-
25, 44149 Dortmund, Germany  
4Institut für Arbeitsschutz der Deutschen Gesetzlichen Unfallversicherung, Alte Heerstr. 
111, 53757 Sankt Augustin, Germany  
  
In Germany, the principle to minimise exposure to carcinogenic chemicals at the work-
place is translated into practical terms by a “traffic light approach” in combination with an 
estimate of the carcinogenic potency. The goals are to quantify cancer risk figures which 
indicate (i) a substance-specific intolerable high health risk level, (ii) a range, where risk 
is temporarily tolerable if accompanied by further measures for risk reduction and 
control, and (iii) a target level of risk associated with low concern, just triggering basic 
risk management provisions. A guidance has been developed to provide a uniform and 
transparent evaluation system to derive such cancer risk figures. This guidance includes 
procedures to take into account the carcinogenic “mode of action” information when 
assessing the exposure-risk relationship extrapolation, which may be based on 
epidemiological and/or experimental animal toxicological data. Toxicological principles 
are specified, e.g., for determination of the point of departure, interspecies extrapolation 
and adaptations to the workplace exposure scenario. Species-specific tumour locations 
with no or limited impact on human risk are documented. Minimum requirements on 
quality of data and studies (either single or aggregated to achieve a “weight of evidence” 
approach) are set, which have to be fulfilled to provide reasonable risk figures. 
Calculated exposure levels are also compared with non-cancer effects as, for some 
substances, the latter may be more decisive than carcinogenicity to fix a maximum 
tolerated exposure level at the workplace. Experiences from the last few years 
("exploratory stage") are used to update and adapt the guidance to the state of the art. 
This contribution shows the principles of the assessment methodology, gives illustrative 
examples, discusses limitations and practical problems of the approach and addresses 
the current intended adaptations. 
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The antioxidant protein Sestrin 2 essentially contributes to nociceptive 
processing after peripheral nerve injury 
Kallenborn-Gerhardt W.1, Lu R.1,2, Syhr K. M. J.1, Heidler J.3, von Melchner H.3, 
Geisslinger G.1, Bangsow T.3, Schmidtko A.1,2 
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2Institute of Pharmacology and Toxicology University of Witten/Herdecke, Stockumer 
Str. 10, 58453 Witten, Germany  
3Department of Molecular Hematology Goethe University, Theodor Stern Kai 7, 60590 
Frankfurt, Germany  
  
Recent date indicate that reactive oxygen species (ROS) are required for the 
development and maintenance of neuropathic pain, a chronic debilitating disease that is 
often unresponsive to currently available treatments. Yet, little is known about 
endogenous mechanisms that limit the pain-relevant effects of ROS. Sestrins are stress-
responsive antioxidant proteins that block ROS-induced cellular stress. Here we in 
investigated whether Sestrin 2 (Sesn2) is involved in nociceptive processing. We 
observed that Sesn2 was upregulated in nociceptive tissues after spared nerve injury. 
Interestingly, neuropathic pain behavior induced by peripheral nerve injury was 
considerably increased in Sesn2 knockout (Sesn2-/-) mice. The increased neuropathic 
pain behavior of Sesn2-/- mice was associated with enhanced ROS levels and could be 
reversed by the ROS scavenger N-tert-Butyl-α-phenylnitrone (PBN). In addition, 
administration of the ROS donor tert-butyl hydroperoxide (TBHP) induced a prolonged 
pain behavior in naive Sesn2-/- mice. Hence, Sesn2 controls ROS-dependent 
neuropathic pain signaling and may thus provide a potential new target for the clinical 
management of chronic pain conditions. 
  
Supported by the Deutsche Forschungsgemeinschaft (DFG-SFB 815/A14) 
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Nutritional relevant melanoidins: Protective or Prooxidative ??? 
Keil C.1,2, Cämmerer B.1, Laube I.1, Wätjen W.1,3, Hartwig A.2, Kroh L. W.1 
1Technical University Berlin Institute of Food Technology and Food Chemistry, Gustav-
Meyer-Allee 25, 13355 Berlin, Germany  
2Karlsruhe Institute of Technology Department of Food Chemistry and Toxicology, 
Kaiserstr. 12, 76131 Karlsruhe, Germany  
3Martin-Luther-University Halle/Wittenberg Institute of Agricultural and Food Science, 
Weinbergweg 22, 06120 Halle/Saale, Germany  
  
Melanoidins are polymeric brown compounds formed in the final stage of the Maillard 
reaction, which are present in some widely consumed foods such as coffee, bread, 
cocoa and beer. Apart from their contribution to visible features certain biological effects 
such as antimicrobial and antihypertensive activities were shown (1). Even though a 
number of studies describe antioxidative activities of Maillard reaction products our very 
recent data indicate prooxidative properties of melanoidins after metal complexation (2). 
Accordingly to the great number of redox- regulated processes it can be expected that 
such melanoidin properties are of great interest in the field of nutrition. The aim of the 
present work was to study pro- and antioxidative effects of melanoidins generated from 
D-Glu/L-Ala heated mixtures with and without copper ion complexation in human colon 
carcinoma HCT-116 and hepatic H4IIE cells.  According to our results pure melanoidins 
did not influence cell viability quantified by determination of cell number and colony 
forming ability in nutritional relevant concentrations. However in case of melanoidin-
cupric ion complexes a considerable amount of DNA strand breaks accompanied by 
increased levels of reactive oxygen species were detectable. Alongside this we 
observed an increased expression of cytochrom p450 1A1 (cyp1A1), while γ-
glutamylcystein-ligase (gclc) and glutathion reductase (gsr) encoding genes were 
effected to minor extend. Also the mt2A transcript levels in HCT-116 cells were clearly 
upregulated, probably to prevent further cellular damage. These findings suggest that 
nutritional relevant melanoidins possess both antioxidative as well as prooxidative 
properties depending on presence of redoxactive metals. Further investigations are 
needed to clarify mechanisms involved in generation of ROS and subsequent cellular 
response pathways. 
 

1. Morales FJ, Somoza V, Fogliano V. (2012) Physiological relevance of 
dietary melanoidins.; Amino Acids; 42(4):1097-109 

2. Cämmerer B., Chodakowski K., Gienapp C., Wohak L., Hartwig A., Kroh L. 
(2012) Pro-oxidative effects of melanoidin-copper complexes on isolated 
and cellular DNA.; European Food Research and Technology; 234:663-
670 
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Valerian: Re-evaluation of the potential of herb-drug-interactions 
Kelber O.1, Nieber K.2, Kraft K.3 
1Steigerwald Arzneimittelwerk GmbH Scientific Department, Havelstr. 5, 64295 
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3Medizinische Fakultät, Universität Rostock Lehrstuhl für Naturheilkunde, Klinik und 
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In recent popular publications directed to cancer patients as well as in widely used 
patient information websites (e. g. www.cancer.org or www.mskcc.org) valerian is 
claimed to have a potential of adverse interactions with anti-cancer drugs, thereby 
questioning its use (1) as a safe replacement for benzodiazepines. 
Therefore a review on the interaction potential of valerian preparations was conducted. 
Literature was retrieved by  systematic data base search and by search in a clinical drug 
interaction data base (www.mediq.ch). Thereafter a systematic assessment of 
publications was performed. Several in vitro studies on four CYP 450 isoenzymes, p-
glycoprotein and two UGT isoenzymes could be identified. However, the methodological 
assessment of these studies did not support their suitability for the prediction of clinically 
relevant interactions. In addition, clinical studies on CYP 450 1A2, 2D6, 2E1 and 3A4 did 
not show any relevant interaction potential. 
We therefore conclude that the interaction potential of valerian preparations, if any, is low 
and unlikely to be clinically relevant, suggesting that its use is safe also in cancer patients. 
  
1. Fernández-San-Martin et al., Sleep Med. 2010; 11: 505 
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Toxicology of Nanomaterials: Long-term inhalation study with Nanomaterials: 
Pulmonary Effects of nanoscale Ceriumoxide and Bariumsulfate in a rat 28 day 
range finding study 
Keller J.1, Gröters S.1, Ma-Hock L.1, Strauss V.1, Wiench K.2, van Ravenzwaay B.1, 
Landsiedel R.1 
1BASF SE Experimental Toxicology and Ecology, 67056 Ludwigshafen, Germany  
2BASF SE Product Safety, Carl-Bosch-Str. 38, 67056 Ludwigshafen, Germany  
  
Inhalation exposure has been considered as the major route of concern for 
nanomaterials. Recent published literature reveals a distinct gap of long-term inhalation 
studies, especially on industrial relevant poorly soluble bio-persistent particles (PSP), 
including their carcinogenic potential. Nanoscale CeO2 and BaSO4 will be accurately 

examined in a combined chronic and carcinogenicity inhalation study. Emphasis is 
placed on the relationship of inflammatory reactions, particle overload and lung tumor 
formation. 
For this purpose, a 28 day range finding study according to the OECD Guideline 412 
was performed. Groups of female Wistar rats (5 rats/ group) were whole body exposed 
to 0.5, 5, 25 mg/m3 CeO2 and 50 mg/m3 BaSO4 for 28 days. A concurrent control group 
was exposed to clean air. The exposure concentrations for CeO2 were selected to 
achieve lung burden below and above particle overload. 
Biological effects were examined immediately after last exposure and in a post-exposure 
period. Examined endpoints considered bronchoalveolar lavage, hematology and clinical 
chemistry, gross necropsy, histological examination of the respiratory tract and cell 
proliferation of the lung as well as systemic genotoxicity in peripheral blood cells. 
Increased lung weights in the high dose test group of CeO2 (25 mg/m3) and significant 
changes in lung lavage parameters (cell cytology, protein and enzyme levels) in the mid 
(5 mg/m3) and high dose test group of CeO2 are indicative for early treatment-related 
findings. Subsequent results of particle related biological effects associated with an 
appropriate particle lung burden of the range finding study will be presented here. The 
outcome of the 28 day study will serve as basis for concentration selection for the 
upcoming long-term inhalation study. 
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Effects of damaged nucleobases on gene transcription – direct and defined by 
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Damaged DNA bases can inhibit transcription of genes by direct blockage of the 
elongating RNA polymerase complexes. However, this is not the only way by which DNA 
damage interferes with gene transcription, because several DNA base modifications 
cause efficient inhibition of gene transcription even if localised in the non-transcribed 
DNA. There is evidence that downregulation of transcription occurs by an epigenetic 
mechanism which is triggered by intermediate products for base excision repair (BER), 
rather than by primary DNA damage [1,2]. 
To identify the mechanisms of inhibition of gene transcription by various DNA base 
modifications, we incorporate synthetic deoxyribo-oligonucleotides containing structurally 
defined DNA lesions into reporter vectors with adapted nucleobase sequences [3]. Of the 
base modifications repaired by BER, we investigated 8-oxo-7,8-dihydroguanine (8-oxoG), 
thymine glycol (Tg), uracil paired with A or mispaired with G, and apyrimidinic sites (AP 
sites). Of the base modifications repaired by nucleotide excision repair (NER), we explored 
cyclobutane thymine dimer (T<>T) and an acetylaminofluorene adduct of guanine (AAF-C8-
G). Quantitative gene expression analyses of the obtained constructs in transiently 
transfected human host cells revealed clear differences between the DNA lesions repaired 
by BER and those repaired by NER. The data show that DNA base modifications which are 
substrates for BER are all capable of inhibiting gene transcription in repair-proficient cells in 
an apparently indirect fashion. In contrast, dT<>dT and AAF-C8-dG lesions cause invariant 
inhibition of transcription only in cells with impaired NER. Expression analyses of these 
constructs in transiently transfected human host cell lines derived from patients with 
Xeroderma pigmentosum (XP), Cockayne syndrome (CS), or from healthy individuals 
provide new insights into the roles of individual NER proteins in transcription and repair. 
These results will be presented, and differential requirements of individual proteins for repair 
of the transcribed and the non-transcribed DNA strand discussed. 
  
References: 
[1] N. Kitsera, et al., Nucleic Acids Res 39 (2011) 5926-5934 
[2] A. Khobta, et al., Nucleic Acids Res 38 (2010) 4285-4295 
[3] B. Lühnsdorf, et al., Anal Biochem 425 (2012) 47-53 
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Gene polymorphisms affecting methylarginine metabolism in healthy volunteer 
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Background 
Moderate elevations of asymmetric (ADMA) and symmetric dimethylarginine (SDMA) 
plasma levels have repeatedly been linked to adverse clinical outcomes. Despite a rising 
interest in methylarginine metabolism as a target for pharmacological intervention, data 
on its genetic determinants in humans remain limited. 
In the present study we investigated the effect of different polymorphisms of alanine-
glyoxylate aminotransferase 2 (AGXT2; degrades ADMA and SDMA) and 
dimethylarginine dimethylaminohydrolases 1/2 (DDAH1/2; degrade ADMA and 
monomethylarginine [L-NMMA]) on methylarginine concentrations in plasma and urine of 
humans. 
  
Methods 
We genotyped 400 healthy volunteers for following SNPs: AGXT2 rs37369, DDAH1 
rs18582, DDAH1 rs669173 and DDAH2 3131383. In plasma and urine of participants 
ADMA, SDMA and L-NMMA levels were determined by LC-MS/MS. The functional 
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effects of the coding AGXT2 SNP rs37369 were investigated in human embryonic 
kidney (HEK) cell lines stably overexpressing wild-type or mutant AGXT2 protein using 
stable-isotope labeled D6-SDMA as substrate for enzyme activity assays. 
  
Results 
In volunteers heterozygous or homozygous for the minor allele of the AGXT2 SNP 
rs37369 plasma SDMA levels were elevated by 8 % and 21  %, respectively (trend-test: 
p=0.002). In our in vitro data amino acid exchange (p.Val140Ile) resulted in a significant 
decrease of enzyme activity towards SDMA by 30 % (t-test: p<0.01). 
In volunteers heterozygous or homozygous for the minor allele of the DDAH1 SNP 
rs18582 plasma levels were elevated by 5 % and 15 % for ADMA and by 10 % and 25 
% for L-NMMA (both trend-tests: p<0.001). Likewise urinary ADMA concentrations were 
elevated by 1.5 % and 12 % (trend-test: p<0.05). The DDAH1 rs669173 was associated 
with reduced ADMA (by 4 % and 8 %) and L-NMMA (by 6 % and 12 %) plasma levels 
(both trend-tests: p<0.001), as well as reduced urinary ADMA concentrations (by 5 % 
and 8 %; trend-test: p=0.009) in subjects heterozygous or homozygous for the minor 
allele. 
The DDAH2 SNP rs3131383 was associated only with decreased L-NMMA plasma 
levels (by 6 % and 18 %; trend-test: p<0.05) in volunteers heterozygous or homozygous 
for the minor allele. 
  
Conclusion 
In healthy volunteers polymorphisms of several enzymes may affect methylarginine 
metabolism. These polymorphisms should be considered when assessing the effect of 
elevated methylarginine levels on clinical outcomes or the effects of clinical interventions 
that alter methylarginine metabolism. 
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Effects of genistein and buthionine sulfoximine on arsenic trioxide-induced 
growth inhibition in C6 astroglioma cells 
Klauser E., Gülden M., Maser E., Seibert S., Seibert H. 
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Arsenic trioxide (ATO) induces clinical remission in acute promyelocytic leukemia and 
apoptosis in various malignant cells in vitro. Genistein, a soy derived flavonoid, was 
previously reported to act as a pro-oxidant agent and to potentiate ATO-provoked 
apoptosis via reactive oxygen species (ROS) generation in leukemia and hepatocellular 
carcinoma cells. In the present study, the combination of ATO and genistein as a 
potential approach for treatment of malignant gliomas was investigated using C6 
astroglioma cells. ATO alone decreased growth/viability of C6 cells in a concentration- 
and time dependent manner (EC50 = 6.6 ± 0.6 µM, 72h exposure). This effect was 
accompanied neither by enhanced intracellular ROS generation nor by lipid 
peroxidation. Instead, ATO treatment significantly increased cellular glutathione levels at 
maximum by 70% at sub-cytotoxic concentrations. ATO-induced growth inhibition was 
not attributed to apoptosis. Genistein alone enhanced cellular ROS generation and 
inhibited cell growth at concentrations ≥ 10 µM (EC50 = 17 ± 1 µM, 72h exposure). After 
co-treatment, ATO and genistein reduced cell growth/survival in an additive manner. 
Additivism was also obtained with ATO and H2O2 used as model to induce radical 
generation. A strong synergistic effect was observed after co-treatment with ATO and L-
buthionine sulfoximine (BSO), an inhibitor of GSH synthesis, which effectively reduced 
cellular glutathione levels without being cytotoxic up to a concentration of 100 µM. Both, 
genistein and BSO in combination with ATO failed to stimulate apoptosis in C6 cells. 
Taken together, in contrast to observations in human leukemia and hepatocellular 
carcinoma cells genistein does not potentiate ATO-induced growth inhibition and 
apoptosis in C6 glioma cells, instead it acts additively. A remarkable sensitization for 
ATO occurs in combination with BSO. Thus, a decrease of intracellular GSH content 
rather than an increase of ROS generation plays a central role in the enhancement of 
ATO-cytotoxicity in C6 cells. 
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Introduction: The human cytochrome P450 CYP2B6 is involved in the metabolism and 
activation of several therapeutically important drugs such as efavirenz, bupropion and 
cyclophosphamide. The CYP2B6 gene is highly polymorphic and occurrence of CYP2B6 
polymorphisms is highly variable in different ethnic groups. Of particular interest, thus, is 
to determine the proportion of loss of function alleles in HIV patient cohorts under 
efavirenz treatment and to find new variants to better explain toxic side-effects. 
Methods: Rwandan HIV-1 infected study cohort samples (n=39) were sequenced in 
exons and exon/intron boundaries. New missense mutations were analyzed in silico 
using different prediction tools, including PolyPhen-2 and SIFT. The mutant proteins 
were transiently expressed in COS-1 cells and characterized by Western-Blot. Enzyme 
kinetic parameters were determined for bupropion-4-hydroxlytion and efavirenz-8-
hydroxylation using LC/MS and LC/MS-MS methods, respectively. 
Results: New uncharacterized exonic SNPs with amino acid changes (G110V, I114T, 
E148D, A279P, R487S, V183G, F213L, R253H) were identified. Four variants, G110V, 

I114T, V183G, and F213L revealed complete or almost complete loss-of-function when 
protein expression and function was analyzed. None of the in silico prediction tools 
correctly predicted the functionality of all amino acid changes. In contrast, substrate 
docking simulation analysis helped to explain mutation effects on enzyme activity. 
Conclusions: The characterization of novel SNPs in the CYP2B6 gene extends the 
knowledge about variants affecting function. Especially for the HIV therapy with 
efavirenz it is important to know the proportion of loss-of-function alleles in African and 
other populations, because these alleles may lead to increased efavirenz plasma levels 
and thus patients are at higher risk to develop toxicity. 
   
This study was supported by the Luxembourg Fonds Nationale de la Recherche (FNR, 
grant TR-PHD BFR08/072) and the Robert-Bosch-Foundation, Stuttgart, Germany 
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Human inducible nitric oxide synthase (iNOS) expression is regulated by 
nonsense-mediated mRNA decay (NMD) 
Schmitz K., Koch K., Casper I., Hahn S., Bollmann F., Linden L., Pautz A., Kleinert H. 
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Sequence analysis of the human inducible nitric oxide synthase (iNOS) gene reveals the 
existence of a small upstream open reading frame (uORF) in exon 1. uORFs have been 
shown to modulate the translational efficiency of the major coding sequence (cds) of the 
mRNA. In addition, the stop codon of this uORF is located about 50 bp in front of the first 
intron. This structure indicates a putative involvement of the nonsense-mediated mRNA 
decay (NMD) in the regulation of iNOS expression. 
Transient transfection of uORF-EGFP fusion constructs in human DLD-1 cells resulted 
in clear uORF-EGFP protein expression indicating a possible expression of the iNOS 
uORF sequence. Mutation of the ATG of the uORF abolished uORF-EGFP fusion 
protein expression. 
Transient transfections of constructs containing the human iNOS 5’-UTR (with or without 
intron 1 and a mutated uORF) in front of a luciferase gene resulted in an intron-
dependent twofold enhancement of luciferase activity in cells transfected with the mut-
uORF constructs. This indicates an involvement of the uORF and intron 1 in the post-
transcriptional regulation of human iNOS expression. 
Down-regulation of the essential NMD factor Upf1 by siRNA in DLD-1 cells resulted in 
enhanced human cytokine-induced iNOS mRNA and protein expression. In addition, 
inhibition of NMD by cycloheximide or siUpf1 in DLD-1 cells stably transfected with an 
iNOS 5'-UTR luciferase construct containing intron 1 also resulted in an increase of the 
expression of the luciferase mRNA. 
In summary our data clearly indicate that the uORF located in the 5’-UTR sequence of 
human iNOS gene reduce iNOS expression by activation of the NMD mRNA decay 
mechanism. 
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Using directed evolution to improve functional expression of class B G-protein 
coupled receptors 
Klenk C., Ehrenmann J., Plückthun A. 
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Switzerland 
  
Despite significant progress in the structural deciphering of G protein coupled receptors 
(GPCRs) in recent years, these proteins are still poorly amenable to biophysical studies. 
Especially, for the family B of GPCRs harboring a large extracellular domain, no 
complete protein structure has been resolved yet. The major bottleneck in expressing 
GPCRs is the low endogenous expression levels and their poor stability in solution. To 
overcome these limitations, such receptors have to be intrinsically stabilized, and 
improved expression conditions have to be found. Here we present a method to 
simultaneously optimize class B GPCRs for improved heterologous expression and 
increased thermostability by means of directed evolution. Libraries of different class B 
GPCRs are obtained by random mutagenesis and are expressed in a heterologous 
expression system in which functional GPCR is targeted to the inner membrane of E. 
coli. As we have shown recently that protein stability of GPCRs is directly linked to 
expression levels of functional receptors in E.coli, thermostable receptor variants can be 
identified by selecting high-expressing cells by cytometry. For this, receptor expression 
levels can either be assessed trough binding of fluorescently labeled ligands or by using 
a generic fluorescence-based method to identify correctly folded receptor in the 
membrane. Repetitive cycles of randomization and selection allow to gradually 
increasing the level of protein expression and stability. With this evolutionary approach 
key residues within the receptor sequence can be rapidly identified that are responsible 
for improved biophysical properties. Here, we will present the actual progress in evolving 
several receptors of the class B family. 
  
Sarkar, C.A. et al. (2008). Directed evolution of a G protein-coupled receptor for 
expression, stability, and binding selectivity. Proc Natl Acad Sci U S A 105 
Schlinkman K. et al. (2012). Maximizing detergent stability and functional expression of 
a GPCR by exhaustive recombination and evolution. J Mol Biol. 422 
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Differential role of β-arrestin in sst2 somatostatin receptor dephosphorylation 
Kliewer A., Schulz S. 
Universitätsklinikum Jena Institut für Pharmakologie und Toxikologie, Drackendorfer Str. 
1, 07747 Jena, Germany  
  
Desensitization of G protein-coupled receptor (GPCR) signaling causes a reduction of 
receptor response to repeated or long-lasting stimuli. This termination of signaling is 
important to maintain cellular homeostasis. It usually involves agonist-induced 
phosphorylation of cytoplasmic parts of the receptor by G protein-coupled receptor 
kinases (GRKs) or second-messenger-dependent protein kinases such as protein 
kinase A or C. Agonist-induced phosphorylation allows binding of ß-arrestin to the 
receptor.  It is well established that ß-arrestin promotes desensitization of G protein 
signaling and induces receptor internalization. ß-arrestin in turn serves as a scaffold to 
initiate a second wave of signaling. Recently, we have identified PP1β as the first GPCR 
phosphotase for the sst2 somatostatin receptor. We demonstrated a novel mechanism 
for fine tuning unconventional β-arrestin-dependent GPCR signaling in that recruitment 
of PP1β to activated GPCRs facilitates GPCR dephosphorylation and, hence, leads to 
disruption of the β-arrestin-GPCR complex. Until now it is littel known about the specific 
regulatory subunits for PP1β in the sst2 receptor desensitization. Here, we provide 
evidence for an essential role of β-arrestin1 in sst2 receptor dephosphorylation. 
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Cadmium interferes with estrogenic signaling via ER alpha in the rat uterus 
Kluxen F. M.1,2, Krüger K.1, Rataj F.3, Kretzschmar G.3, Höfer N.1,2, Degen G. H.2, Diel P.1 
1German Sports University Cologne, Institute of Cardiovascular Research and Sports 
Medicine Department of Molecular and Cellular Sports Medicine, Am Sportpark 
Müngersdorf 3, 50927 Köln, Germany  
2IfADo – Leibniz Research Centre for Working Environment and Human Factors at the 
TU Dortmund Chemical Risks, Ardeystrasse 67, 44139 Dortmund, Germany  
3Technische Universität Dresden, Institute for Zoology Molecular Cell Physiology and 
Endocrinology, Zellescher Weg 20b, 01062 Dresden, Germany  
  
Cadmium (Cd) exerts estrogenic effects in vivo and in vitro. But in vitro data also 
suggest that Cd may interfere with estrogenic signaling by interacting with estrogen 
receptors and a lower uterine weight was found in ovariectomized (ovx) rodents treated 
with Cd compared to controls. To further characterize Cd effects we designed two in vivo 
studies, one with ovx and one with intact Wistar rats. First, ovx rats were treated per os 
either with 17alpha-ethinylestradiol 0.1mg/kg BW, Cd 2 mg/kg BW or a combination 
thereof on 3 consecutive  days: Co-treatment with EE2 and Cd resulted in lower uterine 
wet weights than treatment with EE2 alone. The EE2-induced C3 and Gsta2 mRNA 
expression was antagonized by co-treatment with Cd. Cd down-regulated Gsta2 
compared to ovx controls. In the second study intact (not cycle-synchronized) rats 
received four i.p.-injections of 0.5 or 5 µg/kg BW within two weeks: Here, lower and less 
variant uterine wet weights and vaginal epithelial heights were measured for the Cd-
treated rats. Moreover, the Cyp1a1 mRNA expression was higher in Cd-treated animals 
than in intact controls, and the higher dose of Cd down-regulated Gsta2 mRNA 
expression. As shown before, estrogens induce C3 and Gsta2 mRNA expression as well 
as uterotrophic effects predominantly via ER-alpha, and uterine Cyp1a1 expression is 
down-regulated via ER-alpha. In our new studies Cd was found to antagonize EE2-
induced C3 and Gsta2 mRNA expression and uterine wet weight in ovx rats, and Cd 
induces Cyp1a1 expression and decreases uterus wet weight in intact rats. Thus, we 
hypothesize that Cd may interfere with estrogens at ER-alpha. This finding may explain 
the non-monotonous dose-response relationship of Cd with respect to its estrogenicity.  
  
This project has been supported by funds for the DFG graduate collegue 1427 
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Activation of sphingosine kinase 1 by PPARgamma agonists causes an anti-
fibrotic effect in renal mesangial cells 
Koch A.1, Völzke A.1, Wünsche C.1, Meyer zu Heringdorf D.1, Huwiler A.2, Pfeilschifter J.1 
1Uniklinikum Frankfurt pharmazentrum, Theodor-Stern-Kai 7, 60590 Frankfurt am Main, 
Germany  
2Universität Bern Institut für Pharmakologie, Friedbühlstraße 49, 3011 Bern, Switzerland 
  
Background and purpose: PPARgamma agonists (thiazolidinediones; TZDs) are 
known to exert anti-fibrotic effects in the kidney. Additionally, we previously 
demonstrated a protective role of sphingosine kinase 1 (SK-1) and intracellular 
sphingosine-1-phosphate (S1P) in the fibrotic process via reduced connective tissue 
growth factor (CTGF) expression. 
Experimental approach: Here, we investigated the effect of TZDs on intracellular 
sphingolipid levels and the transcriptional regulation of SK-1 in mesangial cells to 
evaluate potential novel aspects of the anti-fibrotic capacity of TZDs. 
Key results: Stimulation with troglitazone and rosiglitazone led to increased S1P levels 
in rat mesangial cells. This was paralleled by induced SK-1 activity as consequence of 
direct effects on SK-1 expression by TZDs. GW-9662, a reported PPARgamma 
antagonist, inhibited the stimulating effect of TZDs on SK-1 mRNA and activity levels 
and intracellular S1P concentrations. Finally, TZD triggered up-regulation of SK-1 was 
functionally coupled with lower amounts of CTGF. Pharmacological and genetic 
approaches to inhibit SK-1 abolished this effect in vitro and in vivo. 

Conclusion and Implications: These data show that TZD-induced SK-1 up-regulation 
results in lower amounts of CTGF, demonstrating novel facets for the anti-fibrotic effects 
of this class of drugs. 

 
 

166 

Impairment of DSB repair pathways by antimony 
Koch B., Henn S., Leinich S., Hartwig A. 
Karlsruher Institut für Technologie (KIT)/Institut für Angewandte Biowissenschaften 
Lebensmittelchemie und Toxikologie, Adenauerring 20a, 76131 Karlsruhe, Germany  
  
For several metals, their genotoxic and carcinogenic potential has been elucidated and 
described. However, in case of antimony compounds, which are used increasingly for PET 
plastic products, brake linings and other products of daily life, available data are sparse. 
Nevertheless, it has been suspected and classified to cause cancer for some time, but the 
mechanisms of carcinogenesis are still unclear. We have shown previously that antimony 
compounds inhibit nucleotide excision repair [1]. However, only little is known about their 
impact on DNA double-strand break (DSB) repair [2]. DSB are the most serious types of 
DNA lesions and their repair is coordinated by highly regulated networks, like the 
homologous recombination (HR) and the non-homologous end-joining (NHEJ). Therefore, 
the impact of antimony on HR and NHEJ was investigated within this study. First, colony 
forming ability (CFA) was determined for SbCl3 alone. Treatment up to 6 h with 50 µM SbCl3 
caused a reduction in CFA to 80% of control in HeLa cells. A further reduction to 30% was 
observed after treating the cells additionally with 1 Gy to induce DSB. In order to distinguish 
between NHEJ and HR, DSB were evaluated separately in the G1 and G2 phase of the cell 
cycle as so-called gamma-H2AX foci using immuno-fluorescence microscopy. 15 min after 
irradiation, the repair kinetics in the G1 and G2 phase showed a peak value, followed by a 
continuous decrease of foci up to 6 h. When treated solely with SbCl3, no DSB occurred. 
However, repair of the induced DSB was slower in the presence of SbCl3 for all time points 
in the G1 phase, indicating an inhibition of the NHEJ. This effect also appeared, albeit less 
pronounced, in the G2 phase at early time points, but was stronger at later times after DSB 
induction. This indicates a repair defect in the slow component of the G2 phase, which can 
be assigned to the HR. Thus, both NHEJ and HR seemed to be affected by the treatment 
with antimony. To identify the molecular targets of SbCl3 within the repair pathways, key 
proteins were investigated. Rad51, which plays an important role in the HR, showed a slight 
inhibition in foci formation, but ATM, acting as primary DSB sensor of the DNA repair 
cascade, seemed not to be affected by antimony treatment. In summary, antimony may 
reduce the accuracy of DSB repair by suppressing NHEJ and HR. The potential interaction 
of antimony with zinc-binding motifs may serve as a starting point for further investigations. 
  
[1] Großkopf, C., Schwerdtle, T., Mullenders, L. H. F. and Hartwig, A. (2010). Antimony 
Impairs Nucleotide Excision Repair: XPA and XPE as Potential Molecular Targets. 
Chem. Res. Toxicol. 23(7): 1175-1183. 
  
[2] Takahashi, S., Sato, H., Kubota, Y., Utsumi, H., Bedford, J. S. and Okayasu, R. 
(2002). Inhibition of DNA-double strand break repair by antimony compounds. 
Toxicology 180(3): 249-256. 
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Extracts from Cimicifuga racemosa rhizoma exert potent immunosuppressive 
activity 
Koch E., Müsch W. 
Dr. Willmar Schwabe GmbH & Co. KG Preclinical Research, Willmar-Schwabe-Strasse 
4, 76227 Karlsruhe, Germany  
  
Black cohosh (Cimicifuga racemosa L) is a widely used medicinal herb for the treatment 
of menopausal symptoms such as hot flushes, mood fluctuations or vulvovaginal 
complaints. However, originally the plant has mainly been employed as so-called 
'rheumatism weed' for the relieve of rheumatic pain and related conditions by natives in 
North America. Thus, it was the aim of the present study to evaluate if the extract has 
immunomodulatory effects which may explain this traditional use. 
  
All investigations were performed with an ethanolic extract (60 % v/v) prepared from 
rhizomes of C. racemosa. In order to assess the effect on activation, growth, and 
differentiation of lymphocytes, proliferation of mouse splenocytes was evaluated after 
stimulation with polyclonal B and T cell activators. The extract very potently and 
concentration-dependently (IC50 about 50 ng/ml) suppressed proliferation of lymphocytes as 
determined by 3H-thymidin incorporation following stimulation with lipopolysaccaride (LPS) 
or concanavalin A (Con A). A similar effect on mitogen-induced proliferation was observed 
after ex vivo stimulation of lymphocytes collected from mice orally treated with the extract at 
doses between 17 and 450 mg/kg. In addition, the extract dose-dependently suppressed 
the hemagglutination titer to sheep red blood cells but had no effect on graft-versus-host 
induced splenomegaly after oral administration to male NMRI mice.  
  
The data obtained indicate that C. racemosa extracts dispose of marked 
immunosuppressive activity providing pharmacological evidence for an old indigenous 
knowledge. Therefore, ethanolic extracts or individual constituents of C. racemosa might 
be effective stand-alone or add-on medications for the treatment of immunological 
disorders and in particularly antibody-mediated autoimmune diseases such as rheumatic 
arthritis, lupus erythematodes, myasthenia gravis or multiple sclerosis. 
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Structural remodelling of L-type calcium channel subunits in human and murine 
atherosclerosis 
Böhnke A. K.1, Koch P.1, Odenthal M.2, Gawenda M.3, Matthes J.1, Hein P.1, Herzig S.1 
1Uniklinik Köln Pharmakologie, Gleuelerstrasse 24, 50931 Köln, Germany  
2Uniklinik Köln Pathologie, Kerpener Str. 62, 50937 Köln, Germany  
3Uniklinik Köln Herzzentrum, Kerpener Str. 62, 50937 Köln, Germany  
  
L-type calcium channels (LTCCs) are composed of CaV1.2 pore subunits and associated 
auxiliary subunits. Previously it has been reported that in human atherosclerosis 
vascular smooth muscle CaV1.2 isoforms containing exon 21 are replaced by one single 
isoform containing the alternative exon 22 (Tiwari et al., PNAS 2006 103:17024). 
In this work we analyze gene expression of CaV1.2 exon 21/22 splice variants in murine 
aortic atherosclerosic and wild-type tissue and electrophysiological properties at whole 
cell level of both isoforms coepxressed with different beta subunits in HEK-293 cells. 
beta 2d and beta 3 subunits are the predominant beta subunits in arterial tissue. 
Furthermore, progression of atherosclerosis is associated with a transient increase of 
CaV1.2 channel subunits (beta 2d, beta 3, CaV1.2) followed by a strong decrease at later 
stages of atherosclerosis. We isolated mouse aortic tissue from wild-type and 
atherosclerotic apoE-knockout animals and LTCC subunit mRNA was quantified by 
qRT-PCR. However, we detect both exon 21- and exon 22 containing CaV1.2 mRNA in 
healthy and diseased tissue. 
Whole cell patch clamp experiments with CaV1.2 exon 21/22 isoforms show differing 
current density relationships. Channel complexes associated with beta 2d and beta 3A 
result in a significantly reduced current density with exon 22 containing CaV1.2 in 
comparison to CaV1.2 exon 21 (beta 2d -58.00 ± 5.99 pA/pF, n=12 vs. -87.03 ± 7.62 
pA/pF, n=12;p=0.0067; beta 3A -31.83 ± 4.41 pA/pF, n=8 vs. -48.55 ± 8.14 pA/pF, n=8; 
p=0.015). However, CaV1.2 exon 22 channel complexes containing beta 2b cause an 
increased current density (63.20 ± 11.81pA/pF, n=6 vs. -38.05 ± 9.72 pA/pF, n=7; 
p=0.0473) and a peak current density shift towards more hyperpolarizing potentials in 
comparison to CaV1.2 exon 21. In summary our data do not suggest a clear cut 
atherosclerotic shift of exon 21/22 expression, yet rather indicate that the exact stage of 
atherosclerosis is a critical determinant in pathological LTCC remodelling. Our patch 
clamp experiments prove altered CaV1.2 exon 21/22 function in association with beta 
 subunits. We will address underlying mechanisms by single channel patch clamp- and 
immunocytochemistry experiments. 
  
Tiwari et al., PNAS 2006 103:17024 

 
 

169 

Phenotype of mice with cardiac overexpression of histamine H2-receptors 
Köhler F.1, Kirchhefer U.2, Gergs U.1, Neumann J.1 
1Institut für Pharmakologie und Toxikologie Medizinische Fakultät, Martin-Luther-
Universität Halle-Wittenberg, Magdeburger Str. 4, 06112 Halle/Saale, Germany  
2Institut für Pharmakologie und Toxikologie Westfälische Wilhelms-Universität Münster, 
Domagkstr. 12, 48149 Münster, Germany  
  
In the human heart, histamine H2-receptors are present and their stimulation can induce 
positive inotropic effects in atrial and ventricular preparations and positive chronotropic 
effects. The signal transduction is thought mainly to act via Gs proteins coupled to the 
adenylyl cyclase system leading to an increase in cAMP content. Moreover, the amount 
of mast cells may increase in heart failure and consequently the release of histamine 
rises, which additional put a strain on patients. Clinical data suggest that H2-receptors 
are downregulated in end stage heart failure and their blockade has been claimed to be 
able to reduce mortality in patients. However, an appropriate animal model to study this 
system in more detail was not available to date. Therefore, we generated transgenic 
mice (TG) that overexpress the human H2-receptor especially in the heart under the 
control of the α-myosin heavy chain promoter and compared them with wild type (WT) 
littermates. After oocyte injection of the expression cassette containing the H2 cDNA we 
obtained five founders. They exhibited different levels of H2-receptor expression. This 
was translated into divergent levels of positive inotropic and chronotropic effects of 
histamine in isolated left and right atrial preparations from TG, respectively. But only one 
founder transmitted the transgene to its offspring in a functionally active form and was 
therefore used for subsequent work. In contraction measurements on isolated atria, the 
effect of histamine was blocked in TG by cimetidine, a H2-receptor antagonist. In 
appropriate WT controls neither chronotropic nor inotropic effects of histamine were 
detectable. In summary, we generated H2-receptor overexpressing mice, which may be 
of benefit to address new treatment options in end stage human cardiac failure. 
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Performance Standards and Alternative Assays: Practical Insights From Skin 
Sensitization 
Kolle S.1, Basketter D.2, Casati S.3, Stokes W. S.4, Strickland J.5, Vohr H. - W.6, van 
Ravenzwaay B.1, Landsiedel R.1 
1BASF SE Experimental Toxicology and Ecology, 67056 Ludwigshafen, Germany  
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3EURL ECVAM, JRC, Ispra, Italy  
4National Toxicology Program Interagency Center for the Evaluation of Alternative 
Toxicological Methods, National Institute of Environmental Health Sciences, Research 
Triangle Park, North Carolina, North Carolina United States 

5Integrated Laboratory Systems Inc., Research Triangle Park, North Carolina, North 
Carolina United States 
6Bayer Health Care, Bayer Pharma, Wuppertal, Germany  
  
To encourage the development and validation of alternative toxicity test methods, the effort 
required for validation of test methods proposed for regulatory purposes should be 
minimised.  Performance standards (PS) facilitate efficient validation by requiring limited 
testing. Based on the validated method, PS define accuracy and reliability values that must 
be met by the new similar test method. The OECD adopted internationally harmonized PS 
for evaluating new endpoint versions of the local lymph node assay (LLNA). However, in the 
process of evaluating a lymph node cell count alternative, the LNCC, simultaneous conduct 
of the regulatory LLNA showed that this standard test may not always perform in perfect 
accord with its own PS. The LNCC results were similar to the concurrent LLNA; 
discrepancies between PS, LLNA and LNCC were largely associated with “borderline” 
substances and the variability of both endpoints. Two key lessons were learned: firstly, the 
understandable focus on substances close to the hazard classification borderline are more 
likely to emphasise issues of biological variability, which should be taken into account during 
the evaluation of results; secondly, variability in the results for the standard assay should be 
considered when selecting reference chemicals for PS. 
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Effects of Phase I and II metabolism on okadaic acid toxicity 
Kolrep F., Matz G., Hessel S., Ehlers A., Lampen A. 
Federal Institute for Risk Assessment Department of Food Safety, Max-Dohrn-Str. 8-10, 
10589 Berlin, Germany  
  
The ingestion of seafood contaminated with the marine biotoxin okadaic acid (OA) can 
lead to diarrhetic shellfish poisoning accompanied by symptoms like nausea, vomiting 
and abdominal cramps. It is recently known that both the rat and the human hepatic 
cytochrome P450 monooxygenases (CYP) are able to metabolize this toxin. Currently, 
there is a lack of data about the toxicity and mode of action of OA after xenobiotic 
metabolism. The aim of our study was the detection of cellular effects in V79 cells 
incubated with OA in the absence and presence of a metabolic activation system for 
phase I and II enzymes. 
Pure OA, as well as OA preincubated with liver homogenates (S9 mix) were used to 
treat V79 cells. The experiments were performed with human and rat S9 fraction plus 
cofactors of phase I and II enzymes. Additionally, the role of intracellular reduced 
glutathione was investigated by pre-treatment of the cells with L-buthionine S,R-
sulphoximine (BSO) in order to deplete GSH levels. The cell viability was measured 
using xCelligence real time cell monitoring system. 
In the phase I metabolism experiment of both human and rat S9 mix OA-intermediates 
showed a higher toxicity than the parental substance. Preincubation of OA in S9 mix 
containing cofactors of phase I and II enzymes caused a slight detoxification effect and 
GSH depletion increased the toxicity compared to BSO-untreated cells. 
These results suggest that OA is activated by the metabolic activation system to toxic 
intermediates. Furthermore different phase II detoxification processes play a role in OA 
metabolism and may contribute to a detoxification of the reactive intermediates, 
generated by phase I metabolism. 
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Activation of multiple signaling pathways of the human A2B adenosine receptor by 
structurally diverse agonists 
Koussemou M., Lorenz K., Kachler S., Klotz K. - N. 
Universität Würzburg Institut für Pharmakologie und Toxikologie, Versbacher Str. 9, 
97078 Würzburg, Germany  
  
The classical signaling pathway of A2B adenosine receptors is the Gs-mediated 
activation of adenylyl cyclase.  In the past it was found that the A2B subtype may also 
trigger a Ca2+ signal.  Such a response was also observed in the estrogen-receptor 
negative breast cancer cell line MDA-MB-231 which is expressing high levels of 
A2B adenosine receptors as the sole adenosine receptor subtype.  The A2B-mediated rise 
in cytosolic Ca2+ was dependent on phospholipase C (PLC) activity and is thus most 
likely linked to activation of Gq.  In addition to these well-characterized signals we 
discovered that stimulation of A2B adenosine receptors results in the inhibition of ERK 
1/2 phosphorylation in MDA-MB-231 cells.  The availability of a panel of structurally 
diverse agonists led us to investigate whether different ligands may activate these 
responses to a different degree or with different potencies.  We used the prototypical 
non-selective agonists NECA (5'-N-ethylcarboxamidoadenosine) with a minimal change 
to the structure of the natural agonist adenosine.  Agonists with more significant 
changes to the structure included PHPNECA (2-(3-hydroxy-3-phenyl)propyn-1-yl-
NECA), a non-selective agonist bearing a 2-substitution, and DPA23 (N6-{4-
[(phenylcarbamoyl)-methoxy]-phenyl}-NECA), an A2B–selective agonist with a N6-
substitution.  Additional agonists with 2- and N6-substituents or without an adenosine 
structure were also tested.  Although adenylyl cyclase activation and the Ca2+ signal 
were mediated by different G proteins all agonists showed similar EC50 values for these 
responses.  In contrast, inhibition of ERK 1/2 phosphorylation generally occurred at 
lower concentrations suggesting this signal to be the preferred pathway in MDA-MB-231 
cells.  Stimulation of A2B adenosine receptors might therefore play a role in the control of 
proliferation of these cells.  Due to the higher potency of agonists in inhibition of ERK 1/2 
phosphorylation compared to other signals suggests that targeting the A2B receptor 
might be a useful strategy for co-therapies in cancer treatment. 
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Real-time measurements of the interaction of GRK2 with the α2A-adrenergic 
receptor and Gβγ 
Krasel C., Prokopets O., Zindel D., Bünemann M. 
Philipps-Universität Marburg, FB Pharmazie Institut für Pharmakologie und Klinische 
Pharmazie, Karl-von-Frisch-Str. 1, 35043 Marburg, Germany  
  
It is generally assumed that homologous desensitization of G-protein-coupled receptors 
is caused because arrestins compete with heterotrimeric G-proteins for the agonist-
activated receptor. To demonstrate this effect in vivo, we transiently transfected HEK293 
cells with YFP-tagged α2A-adrenergic receptor and CFP-tagged Gβ in the absence or 
presence of GRK2 and/or arrestin3 and measured FRET between the receptor and the 
Gβ subunit. GRK2 but not arrestin3 slowed down binding of Gβ to the receptor; the half-
life in the absence of GRK2 was below 0.3 s whereas in the presence of GRK2 it was 
more than 0.6 s. This effect was independent of the catalytical activity of GRK2. YFP-
tagged GRK2 showed agonist-dependent FRET with CFP-tagged Gβ with an on-rate 
similar to that of Gβ binding to the receptor in the presence of GRK2 (0.7 s). In contrast, 
binding of CFP-tagged GRK2 to YFP-tagged receptor proceeded with a half-life of only 
4.4 s. The off-rate of GRK2 from the α2A-adrenergic receptor was 17 s; the off-rate of 
GRK2 from Gβ was 28 s. The R587Q mutation in GRK2 has been reported to eliminate 
the interaction with Gβγ (Carman et al., J. Biol. Chem. 275: 10443-10452 (2000)). 
Introduction of this mutation into YFP-tagged GRK2 dramatically reduced but not 
abolished FRET to CFP-tagged Gβ and also dramatically reduced the ability of GRK2 to 
interact with the α2A-adrenergic receptor by a similar extent. It is not clear from these 
experiments whether GRK2(R587Q) has some residual affinity to Gβγ or whether the 
residual FRET is caused by direct, Gβγ-independent interaction of GRK2(R587Q) with 
the α2A-adrenergic receptor. Furthermore, GRK2 but not GRK2(R587Q) slowed down 
the apparent dissociation of Gβ from the receptor upon agonist washout. Our 
experiments show that receptor stimulation first causes interaction of Gβγ with GRK2; 
this complex subsequently interacts with the receptor. Furthermore, the measurement of 
FRET between GRK2 and a G-protein-coupled receptor reveals thekinetics of this 
interaction in real time. 
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Sick sinus syndrome and chronotropic incompetence in HCN1-deficient mice 
Fenske S., Krause S. C., Hassan S. I. H., Bernard R., Hammelmann V., Paparizos C., 
Biel M., Wahl-Schott C. A. 
Ludwig-Maximilians-Universität Pharmakologie für Naturwissenschaften, 
Butenandtstraße 5-13, 81377 München, Germany  
  
Pacemaker cells within the sinoatrial node (SAN) region in the heart are responsible for 
the generation of spontaneous action potentials and, hence, for the initiation of the 
autonomous heart beat. A severe and clinically relevant disease affecting the regular 
beating frequency of the heart is the sinus node dysfunction (SND). This malfunction of 
the SAN is associated with sudden cardiac death and requires surgical implantation of 
electrical pacemaker devices. SND often occurs in elderly patients with heart failure and 
hypertension, conditions that lead to electrical instability of the heart. While the 
pathologies of acquired SND have been extensively studied, little is known about the 
molecular and cellular mechanisms that cause congenital SND. The HCN1 protein is 
highly expressed in the central SAN and colocalizes with HCN4 which is believed to be 
the main pacemaker channel in the SAN. Using telemetric electrocardiography, we show 
that mice lacking the pacemaker channel HCN1 display congenital SND characterized 
by bradycardia, sinus dysrhythmia, recurrent sinus pauses and chronotropic 
incompetence. Functional characterization of single SAN cells revealed that HCN1 
contributes significantly to sinoatrial Ih and, hence, to pacemaker activity. In isolated 
cells and explanted, beating SAN preparations of wild type animals the presence of 
HCN1 accelerates the spontaneous beating frequency. We propose that the HCN1 
channel stabilizes the leading pacemaker region within the sinoatrial node and is crucial 
for stable heart rate and regular beat-to-beat variation. In conclusion, HCN1-/- mice are a 
valuable genetic disease model for human SND. Our study implies that future screens 
for candidate genes involved in human congenital SND should include HCN1. 
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Esophageal squamous cell carcinoma cells stimulate cancer-associated 
fibroblasts to form a hyaluronan-rich microenvironment 
Kretschmer I., Kuger P., Freudenberger T., Twarock S., Fischer J. W. 
Institut für Pharmakologie und Klinische Pharmakologie, Universitätsklinikum 
Düsseldorf, Heinrich-Heine-Universität Düsseldorf, Moorenstraße 5, 40225 Düsseldorf, 
Germany  
  
The extracellular matrix molecule hyaluronan (HA) is frequently found in the stroma and 
parenchyma of tumours. It is synthesized by three HA synthase isoenzymes (HAS1-3). 
HA synthesis can be inhibited by 4-methylumbelliferone (4-MU) which is known to have 
anticancer properties. This study focuses on the role of HA in interactions between 
tumour cells and stromal fibroblasts. For this purpose, human esophageal squamous 
cell carcinoma cells (ESCC, Kyse 410) were studied as well as murine cancer-
associated fibroblasts (CAF) and normal skin fibroblasts (SF) isolated from mice 
xenografted with human ESCC lines. Compared to SF, CAF had a higher proliferation 
rate as measured by cell-counting. Of note, inhibiting HA synthesis with 4-MU resulted in 
decreased proliferation of both SF and CAF, suggesting HA-dependent growth. This was 

further supported in a 3D multi-cellular spheroid model in which 4-MU inhibited growth of 
Kyse 410 tumour spheroids. Subsequently, Kyse 410 cells and CAF or SF were used to 
study tumour stroma cell interaction in direct co-culture. HA secretion was increased in 
Kyse 410 co-cultured with either CAF or SF. This could be explained by an increased 
expression of murine HAS2 mRNA in CAF and SF as determined by quantitative real-
time PCR. However, in indirect co-cultures stimulation of HAS2 expression was not 
observed. Furthermore, time-lapse microscopy revealed that Kyse 410 cells 
continuously migrated in close proximity to fibroblasts and established contacts to 
fibroblast cell membranes with filopodial extrusions. In conclusion, conditions that allow 
for direct cell-cell contact of cancer cells and fibroblasts resulted in increased HAS2 
expression in fibroblasts. It is proposed that ESCC stimulate CAF to form a HA-rich 
microenvironment that supports proliferation and survival of the cancer cells. 
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The novel tubulin antagonist pretubulysin disrupts tumor vasculature in vitro and 
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2Goethe-University Frankfurt/Main, Institute of Pharmaceutical Biology, Biocenter, Max-
von-Laue-Str. 9, 60438 Frankfurt/Main, Germany  
3LMU Munich, Walter-Brendel-Center for Experimental Medicine, Marchioninistr. 15, 
81377 Munich, Germany  
4Saarland University, Institute of Organic Chemistry, Post Box 151150, 66041 
Saarbrücken, Germany  
  
Vascular-disrupting agents (VDAs) act on already established tumor blood vessels and 
have emerged as a novel promising class of anti-cancer therapeutics. We aimed to 
elucidate the vascular-disrupting potential of the new tubulin depolymerizing agent 
pretubulysin (PT), a synthetically accessible myxobacterial compound, in vitro and in 
vivo. 
We investigated the effects of PT on hallmarks of vascular disruption using human 
dermal microvascular (HMECs) and human umbilical vein endothelial cells (HUVECs). In 
vitro, PT rapidly increased endothelial permeability within 1 h and induced a 
concentration-dependent disassembly of established endothelial tubes on Matrigel as 
well as in an ex vivo aortic ring model. Moreover, by immunocytochemistry and confocal 
microscopy, we found that PT leads to a disruption of microtubules and cell junctions 
and to a strong induction of F-actin stress fibers. Regarding cytotoxicity, PT-treated cells 
did neither undergo apoptosis or necrosis within 24 h, nor reduce their metabolic activity 
after 1 or 24 h. HUVECs were even able to reassume their normal morphology after 
washing out of PT. In vivo using a hamster dorsal skinfold chamber preparation, PT 
significantly decreased blood flow and vessel diameter as well as the density of 
functional vessels in hamster A-Mel-3 amelanotic melanoma tumors, but not in the 
neighboring healthy tissue. Furthermore, in a second in vivo model using C57BL/6 mice 
bearing subcutaneous B16 mouse melanoma tumors, a single dose of PT (10 mg/kg) 
induced an enormous central tumor necrosis within 24 h. 
In summary, we could show for the first time that PT exhibits typical features of a 
microtubule-targeting VDA in vitro and in vivo and, therefore, might represent a novel 
pharmacological option for anti-vascular tumor treatment. 
  
This work was supported by the German Research Foundation (DFG, FOR 1406, FU 
691/9-1). 
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TMEM2 proteins regulate amylase secretion from pancreatic acinar cells in mice 
Kriebs U.1, Bach A.1, Wissenbach U.2, Mannebach S.2, Flockerzi V.2, Weissgerber P.2, 
Lipp P.3, Tsvilovskyy V.1, Freichel M.1 
1Universität Heidelberg Pharmakologisches Institut, Im Neuenheimer Feld 366, 69120 
Heidelberg, Germany  
2Universität des Saarlandes Experimentelle und Klinische Pharmakologie und 
Toxikologie, 66421 Homburg, Germany  
3Universität des Saarlandes Institut für Molekulare Zellbiologie, 66421 Homburg, 
Germany  
  
TMEM2 was identified based on similarities in its primary sequence to motifs that are 
conserved amongst various members of the TRP protein family. Expression analysis 
using the NanoString nCounter gene expression system, Northern Blotting and RT-PCR 
showed that murine TMEM2 is expressed in various tissues including heart, brain, lung, 
endothelium, colon, cardiac myocytes and cardiac fibroblasts, embryonic fibroblasts, 
mast cells and exocrine pancreatic acinar cells. Hydropathy analysis predicts that 
TMEM2 proteins exhibit 6 to 10 plasma-membrane spanning domains, but fluorescently 
labeled TMEM2 fusion constructs expressed in mouse embryonic fibroblasts revealed a 
vesicular subcellular localization pattern. In contrast to the prediction by the PSORT II 
algorithm, TMEM2-eYFP could not yet be identified in the plasma membrane of 
fibroblasts, cardiac myocytes, mast cells or exocrine pancreatic acinar cells but showed 
a colocalization with markers and fusion constructs specific for acidic compartments 
including lysosomes. 
TMEM2 deficient mice exhibit increased pancreatic amylase plasma levels. This defect 
is likely based on an elevated enzyme secretion from pancreatic acinar cells which was 
shown by an amylase release assay on isolated acinar cells both under basal conditions 
as well as after stimulation by the secretagogue cholecystokinin (CCK-8). Further, micro-
fluorimetric measurements using Fura-2 indicated a higher resting calcium concentration 
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in acinar cells of TMEM2 deficient mice compared to wild type which correlates with the 
elevated basal enzyme secretion. Currently, release of Calcium from acidic 
compartments is investigated. 
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Comparative analysis of the sensitivity of normal rat kidney cells towards different 
types of platinum compounds 
Krüger K.1, Fritz G.1, Thomale J.2 
1Institut für Toxikologie Universitätsklinikum Düsseldorf, Universitätsstraße 1, 40225 
Düsseldorf, Germany  
2Institut für Zellbiologie Universitätsklinikum Essen, Hufelandstr., 45122 Essen, 
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Background: Platinating agents, including cisplatin, oxaliplatin and carboplatin, are 
frequently used in the clinic for the treatment of various types of cancer including lung 
(cisplatin, carboplatin) and colorectal cancer (oxaliplatin). After entering a cell, platinating 
agents form DNA monoadducts which are processed to DNA intra- and interstrand 
crosslinks. The DNA adducts impair DNA replication, transcription and eventually trigger 
cell death. The clinically most relevant adverse effect associated with cisplatin treatment 
is nephrotoxicity. 
Method: As platinum compounds are cleared by glomerular filtration and tubular 
secretion in the kidney, both, rat kidney renal proximal tubular cells (NRK-52E) and 
glomerular endothelial cells (RGE) were used as model systems. To characterize the 
toxic effects of the aforementioned platinum compounds, cell viability was analysed 
using the MTT-assay. The amount of DNA double-strand breaks (DSBs) was quantified 
by measuring the level of S139 phosphorylated H2AX (γH2AX) by Western blot and 
immunohistochemistry. FACS-analysis was used to monitor cell cycle progression 
following platinum exposure. In addition, the amount of Pt-(GpG)-intrastrand crosslinks 
was determined via an immuno-based assay. 
Results: Cisplatin reduced the viability of both types of kidney cells more efficiently than 
oxaliplatin, which again was more cytotoxic than carboplatin. RGE cells showed an 
enhanced sensitivity to platinum complexes as compared to NRK-52E cells. Cisplatin 
induced a higher amount of DSBs than oxaliplatin and carboplatin. Post-incubation 
period of 24 h further increased the level of DSBs. FACS-analysis revealed that cisplatin 
exposure for 24 h predominantly stimulated cell death in NRK-52E cells as indicated by 
an increase in SubG1 fraction. By contrast, RGE cells responded to platinum treatment 
mainly with G2-arrest. Carboplatin caused a G2-arrest in both cell lines. Also after 72 h 
of exposure, the platinum drugs selectively stimulated cell death and G2-arrest in NRK-
52E and RGE cells, respectively. Notably, cisplatin induced much higher levels of Pt-
(GpG)-intrastrand crosslinks than carboplatin. RGE cells showed more Pt-(GpG)-
intrastrand crosslinks than NRK-52E cells. 
Conclusions: Rat glomerular endothelial cells reveal enhanced sensitivity to treatment 
with platinum compounds as compared to tubular cells. Highest toxicity was provoked by 
cisplatin. Cell death mechanisms involved are cell-type specific. 
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Clostridium difficile toxin CDT increases pathogen adherence by synergy of 
microtubule restructuring, Stim1-dependent calcium signaling and secretion of 
extracellular-matrix proteins 
Kruppke A. S., Schwan C., Nölke T., Aktories K. 
Institute of Experimental and Clinical Pharmacology and Toxicology 1, Alberstr. 25, 
79104 Freiburg, Germany  
  
The pathogen Clostridium difficile causes pseudomembranous colitis and is often 
associated with antibiotics-associated diarrhea. Incidences of C. difficile infections (CDI) 
with high mortality rates largely increased during recent years. CDI is therefore one of 
the major health threats in developed countries. 
The causative pathogenic factors of C. difficile are toxins A and B. Both toxins 
glucosylate Rho proteins in target cells inactivating these small GTPases. Lately 
hypervirulent strains have been identified causing severe CDIs. A characteristic of these 
hypervirulent strains is an up-regulation of toxin productions and resistance to 
fluoroquinolons. Additionally, they produce a third toxin called C. difficile transferase 
(CDT).  CDT is a binary toxin, which ADP-ribosylates actin at arginine 177 thereby 
inhibiting actin polymerization. 
We reported that CDT intoxication of Caco-2 cells causes not only depolymerization of 
the actin cytoskeleton but also formation of long cellular protrusions containing 
microtubules. Due to the destruction of the actin cytoskeleton it loses the ability to 
regulate microtubule polymerization. This results in the formation of microtubule-based 
protrusions, which form a dense network at the cell surface where clostridia get 
entangled. Increased clostridia adherence and colonization can be seen in cell system 
as well as in animal model. 
The presented study investigates a correlation between CDT-induced protrusions and 
bacterial adherence in detail. We report that these protrusions contain not only 
microtubules but also endoplasmic reticulum. These two components and the plasma 
membrane are functionally connected via STIM1. Our data show that CDT modifies 
cellular calcium signaling, the cellular secretory machinery and causes a redistribution of 
extracellular matrix proteins at the cell surface resulting in increased bacterial adhesion. 
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Automatic Multichannel Analyzer for Monitoring 
3D-cultivated hepatocyte-derived Albumin-Levels 
Baca M.1, Kürsten D.2, Hampl J.3, Fernekorn U.3, Müller P.3, Mai P.1, Schober A.1 
1Technische Universität Ilmenau Fachgebiet Nanobiosystemtechnik, Gustav-Kirchhoff-
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2Technische Universität Ilmenau Physikalische Chemie/Mikroreaktionstechnik, Gustav-
Kirchhoff-Straße 1, 98693 Ilmenau, Germany  
3Technische Universität Ilmenau Fachgebiet Nanobiosystemtechnik, Gustav-Kirchhoff-
Straße 7, 98693 Ilmenau, Germany  
  
A series of bioreactors were developed under the previous phase of the OptiMi project. 
These allow the observation of the complex response behavior of 3D aggregates of 
different cell types. 
While a bioreactor provides an environment where the cell culture can be tested for 
various substances, some means of optical readout and controlling of the whole system 
is necessary as well. Majority of biological assays uses either fluorescence or 
photometry techniques as a means of readout. 
Recently a complex analyzer control unit which addresses all above mentioned needs 
was developed. Its purpose is also to control fluidic elements and to provide interface to 
the user and/or to host system.  The concept of the analyzer is very universal and 
supports applications based on fluorescence techniques as well as photometric 
techniques. 
Connecting the control unit with a hepatocyte-containing microbioreactor and fluidic 
elements allows online monitoring of hepatocyte-secreted albumin levels as a marker of 
hepatocyte function in response to drugs. In this application a sandwich variant of ELISA 
(Enzyme Linked Imunosorbent Assay) which is well established for micro-titer plate 
techniques was modified for flow-chemistry setup. 
In the analyzer setup the analyte and other reactants are pumped through the fluidic 
pathways (FEP / C-Flex hoses) controlled by valves and peristaltic pumps into the PVC 
capillary where the detection takes place. The sequencing of the whole assay is 
controlled by analyzer control unit. Using this method it was possible to detect less than 
100pM concentration of albumin. Although very sensitive, the method is relative slow. 
The complete sequence for 1 point of measurement takes nearly 3 hours. To make 
measurement faster and more reliable, some means of paralleling in necessary. For that 
reason the analyzer is provided with 8-positions sample changer, which allows parallel 
measurement of up to 8 samples or reference standards. 
In future this analysis module will be adapted to other fluorimetric or photometric toxicity 
assays studying viability of micro bioreactor-harboring 3D cell aggregates with added 
benefit of portability and automation. 
 

 
ELISA Analyzer - Fluidics: 
ELISA 8-channel analyser - fluidc part 

 
 

181 

microRNA-124 plays a role in inflammatory nociception in mice 
Kynast K., Russe O. Q., Möser C., Geißlinger G., Niederberger E. 
Klinikum der Goethe-Universität Institut für Klinische Pharmakologie, Theodor-Stern-Kai 
7, 60590 Frankfurt, Germany  
  
MicroRNAs are a class of small non-coding RNAs that act as post-transcriptional 
regulators of gene expression by binding to target mRNAs triggering their degradation. 
They have already been described to play a role in physiological and pathophysiological 
processes. Several studies already point out that microRNAs are involved in 
nociception. Due to the fact that there is still a great need to find new potential targets for 
the treatment of inflammatory pain we are interested in unravelling the role of 
responsible microRNAs and their target mRNAs in mouse models of inflammatory 
nociception. 
In order to do so, we focused on the expressional analysis, localization and functional 
relevance of candidate microRNAs and putative target mRNAs. To identify microRNAs 
that are differentially regulated under inflammatory conditions we performed a 
microarray analysis of lumbar spinal cord miRNAs from Bl6 wild type mice with and 
without injection of formalin into the hind paws. Results were verified by qRT-PCR. Due 
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to significant regulation of the CNS-specific miRNA-124a the further study was focused 
on this miRNA. miRNA-124a expression and localisation was further assessed in 
primary neuronal cells by qRT-PCR and in-situ hybridisation (ISH). The functional 
relevance in vitro and in vivo was investigated by using miRNA-inhibitors and –mimics in 
luciferase assays as well as behavioural analyses. 
ISH showed expression of miR-124a in the whole spinal cord, particularly in dorsal horn 
neurons. In cultivated primary neuronal cells it could be shown that the microRNA-124a 
is differentially regulated in neurons, astrocytes and microglia. Cotransfection of a miR-
124a reporter vector and either anti-miR-124a or miR-124a-mimic oligonucleotide into 
HeLa cells showed that endogenous miR-124a expression can be altered by these 
oligonucleotides. The functional relevance of miR-124a was moreover analysed in vivo 
by treatment of mice with the respective oligonucleotide which altered endogenous miR-
124a level in the spinal cord as well as the pain-like behaviour in the formalin test.  
All in all our results point out that the interference with pain relevant microRNAs has an 
impact on the nociceptive behaviour and may alter pain-relevant target mRNA levels, 
eventually leading to the notion that microRNAs could serve as potential targets for the 
treatment of pain and inflammation. 
  
The work is supported by the Deutsche Forschungsgemeinschaft (NI 705/2-1) and 
Graduate School “Biologicals” (GRK 1172). 
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Therapeutic drug monitoring for improved outcome in opiate dependence 
Laib K. 
Universitätsmedizin Mainz Klinik für Psychiatrie und Psychotherapie, Untere Zahlbacher 
Str. 8, 55131 Mainz, Germany  
  
The efficacy of drugs for the treatment of substance-related disorders is moderate at 
best. Therapeutic drug monitoring (TDM) is an established instrument to improve 
outcomes under medication with antidepressant, antipsychotic and mood stabilizing 
drugs. The potential use of therapeutic drug monitoring for methadone or 
levomethadone respectively has been reported in a recently published review (Brünen et 
al. 2011). For substitution therapy with methadone or levomethadone, plasma levels of 
the active enantiomer of 250 and 400 ng/ml are regarded as optimal. A number of 
factors, however, complicate the achievement of therapeutic plasma levels. Due to high 
variation in intra- and interindividual pharmacokinetics doses within the wide range of 50 
to 921 mg per day can be needed to yield the optimal plasma levels. The high 
prevalence of comorbid diseases such as HIV or tuberculosis requiring intensive 
pharmacologic treatment in opiate dependent patients entails high probability for drug-
drug-interactions. Elevated plasma levels bear the risk of potentially life-threatening 
adverse drug reactions such as QTc-prolongation or respiratory depression, whereas 
too low plasma levels bear the risk of therapeutic failure and an increased risk of 
mortality. Opiate dependent patients feature special characteristics especially as far as 
compliance is concerned. A substantial amount of patients misuses additional opiates, 
others sell therapeutically prescribed methadone on the black market. Therapeutic drug 
monitoring can be used to supervise these complications reliably and effectively. Drug-
drug-interactions or severe adverse drug reactions can be avoided and therapeutic 
effects can be improved. Despite many apparent advantages, TDM of methadone is 
rarely performed in clinical daily routine. 
  
Brünen S, Vincent PD, Baumann P, Hiemke C, Havemann-Reinecke U. Therapeuticdrug 
monitoring for drugs used in the treatment of substance-related disorders:literature 
review using a therapeutic drug monitoring appropriateness ratingscale. Ther Drug 
Monit. 2011 Oct;33(5):561-72. 
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Phosphodiesterase 2 is upregulated in failing hearts and activates myofibroblast 
formation and CTGF synthesis in cardiac fibroblasts via cAMP hydrolysis 
Lämmle S., Emons J., Ewens S., Cevirgen C., Wittköpper K., Würtz C., Lutz S., 
Zimmermann W. - H., El-Armouche A., Vettel C. 
Universitätsmedizin Göttingen Pharmakologie, Robert-Koch-Str. 40, 37075 Göttingen, 
Germany  
  
Background: The failing heart is characterized by excessive extracellular matrix 
production by myofibroblasts (MyoCFs) causing fibrosis and myocardial stiffening. 
MyoCFs represent phenotypically transformed cardiac fibroblasts (CFs) and are 
characterized by the expression of contractile proteins like a-smooth muscle actin (a-
SMA) and enhanced secretion of growth factors (e. g. CTGF). Recent studies on CFs 
suggest that signal molecules cAMP and cGMP negatively regulate the expression of 
factors associated with cardiac fibrosis. 
Methods and Results: We show that PDE2, a phosphodiesterase isoform, that is able 
to hydrolyse cGMP and cAMP, is markedly upregulated in failing hearts from patients 
with end-stage heart failure (2-3-fold, p<0.05, n=8). Notably, PDE2 protein abundance is 
2.5-fold higher in MyoCFs compared to cardiomyocytes from neonatal rat hearts 
(p<0.05, n=7). To investigate the impact of upregulated PDE2 on fibroblast 
transformation, we adenovirally overexpressed PDE2 in neonatal rat cardiac fibroblasts 
(NRCF). Indeed, immunoblot and epi-fluorescence analysis showed a significant 
increase in α-SMA (3.2 fold, p<0.05) and CTGF (1.5 fold, p<0.05) synthesis. The 
analysis of cellular cAMP levels revealed an almost complete loss of basal as well as 
isoprenaline (ISO)-induced cAMP generation compared to control cells. This PDE2-
mediated impairment of the fibroblasts response to ISO was also confirmed with FRET 
experiments and moreover was reversible upon incubation with the specific PDE2 
inhibitor BAY 60-7550. Consistently, stretching experiments with fibroblast-derived 

engineered connective tissue showed higher stiffness in tissue overexpressing PDE2. 
Interestingly, global cGMP levels either basal or after stimulation with atrial natriuretic 
peptide (ANP), which stimulate cGMP synthesis at the plasmamembrane, were not 
affected by PDE2 overexpression. In contrast NO-dependent cytosolic cGMP formation 
was significantly decreased by approx. 40% compared to control cells. However, both 
ANP and SNP-dependent increase in cellular cGMP was sufficient to normalize PDE2-
induced α-SMA and CTGF synthesis. 
Conclusion: Our data indicate that PDE2-dependent cAMP regulation may drive the 
induction of myofibroblast formation and potentially cardiac fibrosis and reveals the 
complexity of cardiac cAMP/cGMP crosstalk mechanisms on heart pathophysiology. 
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Functional characterization of TcdA1 from Photorhabdus luminescens 
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Photorhabdus luminescens is mutualistically associated with entomopathogenic 
nematodes. The nematodes, carrying the bacteria, invade insect larvae where the 
released bacteria kill the host through the action of toxin complexes. Toxin complexes 
(Tc’s) from P. luminescens, consisting of three components TcA, TcB and TcC, are 
essential for prevailing of bacteria and nematodes in the insect host. Recently, we have 
shown that the TcC components TccC3 and TccC5 harbor the biological activity, which 
leads to inhibition of phagocytosis through polymerization and clustering of actin. 
TcA components are supposed to be involved in translocation of the TcC components 
into the host cytosol. But the mechanism for the import of the toxin into target cells is 
largely unknown. Here we report that the TcA component TcdA1 is able to induce the 
formation of ion-permeable channels in vivo and in artificial lipid bilayer membranes. The 
structural and biophysical properties and the functional consequences for the 
translocation process will be described. 
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Inhibition of the Raf1 and GRK2 Axis in Transgenic Mice with Myocardium-
Specific Expression of the Raf Kinase Inhibitor Protein (RKIP) 
Abd Alla J., Langer A., Quitterer U., Abdalla S. 
Swiss Federal Institute of Technology (ETH) Zurich Molecular Pharmacology Unit, 
Winterthurerstrasse 190, 8057 Zurich, Switzerland 
  
The Raf kinase inhibitor protein (RKIP) is a dual kinase inhibitor, which inhibits the proto-
oncogene Raf1 and the G-protein-coupled receptor kinase 2 (GRK2). GRK2 inhibition 
exerts cardio-protection in conditions with exaggerated GRK2 activity such as 
hypertension and heart failure whereas Raf1 inhibition is cardio-toxic. To investigate the 
impact of RKIP-mediated GRK2 inhibition in the heart, we generated transgenic mice 
with myocardium-specific RKIP expression under control of the alpha-MHC promoter. 
RKIP-transgenic mice were born at Mendelian frequency and grew to adulthood without 
gross abnormalities. In agreement with dual GRK2 and Raf1 inhibition, the RKIP protein 
of transgenic hearts scavenged the entire pool of cardiac GRK2 and Raf1 proteins as 
determined by quantitative assessment of RKIP-co-enriched kinases. Whole genome 
microarray gene expression profiling of RKIP-transgenic hearts confirmed GRK2 
inhibition by showing concordant gene regulation with hearts from GRK2-inhibitor 
peptide-expressing transgenic mice, regarding more than 60 % of significantly altered 
probe sets. Functional inhibition of the RAF/MAPK axis, on the other hand, was 
demonstrated by down-regulation of major MAPK target genes such as Fos and Egr-1, 
and reduced nuclear translocation of activated phospho-ERK1/2. Taken together, 
transgenic mice reveal that RKIP acts as a dual inhibitor of the Raf1 and GRK2 axis in 
vivo. The RKIP-transgenic mouse is therefore a suitable model for assessment of the 
cardiac profile induced by dual GRK2 and Raf1 inhibition. 
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Role of islet Gαi2 in regulating glucose homeostasis 
Leiss V.1, Flockerzie K.1, Lösle M.1, Birnbaumer L.2, Schürmann A.3, Nürnberg B.1 
1Institut für Pharmakologie und Toxikolige Pharmakologie und experimentelle Therapie, 
Wilhelmstr. 56, 72074 Tübingen, Germany  
2The National Institute of Environmental Health Sciences, Research Triangle Park, North 
Carolina, 27709, United States 
3Deutsches Institut für Ernährungsforschung Experimentelle Diabetologie, Arthur-
Scheunert-Allee 114-115, 14558 Nuthetal, Germany  
  
Blood glucose levels are tightly controlled by a complex system of hormones and 
nutrients. Besides insulin, many of these regulators, such as glucagon, noradrenaline 
among others signal via seven transmembrane (7TM) receptors. Upon binding of the 
ligand to its respective receptor the associated heterotrimeric G-proteins are activated. 
Subsequently, specific cellular effectors including adenylyl cyclases and voltage-gated 
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calcium channels are either activated or inhibited by Gα or Gβγ signalling. It has been 
established that the pan-Gαi/o inhibitor Bordetella pertussis toxin (PTx), also known as 
islet-activating protein (IAP), stimulates insulin release via direct effects on islets. This 
phenomenon was reported to be reproduced in Gαo-deficient mice. In contrast, the 
specific role of the major Gαi isoform, Gαi2, in regulating insulin secretion remains 
unclear. In the present work we analysed Gαi2 gene-targeted mice to identify the 
functional role of this quantitatively dominant Gαi/o isoform in pancreatic islets. Although 
analysis of islet morphology revealed smaller islets and a significant reduction of α-cells 
in vitro glucagon secretion at low glucose concentrations and inhibition of the α-cell 
secretion machinery at higher glucose concentrations was unaffected in global Gαi2-
deficient mice. In addition, glucose-induced insulin secretion was almost unchanged in 
Gαi2-deficient islets. Unexpectedly and in contrast to the PTx-data, global Gαi2-deficient 
mice had normal blood glucose levels although plasma insulin levels were significantly 
lower compared to wild-type mice after intraperitoneal glucose challenge. Immunoblot 
analysis revealed upregulation of the highly homologous Gai3 isoform in islets and other 
organs possibly compensating for the missing Gai2 in the global Gai2-deficient mice. To 
circumvent the upregulation of remaining Gai isoforms and to concentrate on islet b-cell 
Gai2 function we generated mice with Gαi2-deletion restricted to these insulin-secreting 
cells (Gαi2

βcko) by using the Cre-loxP site-specific recombination system under the 
control of the rat insulin promoter (RIP). These mice mimicked the phenotype seen in 
global Gai2-deficient mice regarding glucose-induced insulin secretion as well as blood 
glucose levels upon glucose challenge. Again, in vivo plasma insulin levels were 
significantly lower in the Gαi2

βcko pointing to a significant β-cell specific role of Gαi2 in 
regulating insulin secretion. 
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Species dependency of the inhibition by SEA0400 of the reverse and forward 
mode of the cardiac Na+/Ca2+-exchanger 
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C.2, Lemoine H.1 
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The inhibition of the cardiac Na+/Ca2+-exchanger (NCX1) by SEA0400 examined in 
numerous animal studies is thought to exert beneficial effects in heart failure and 
arrhythmia. Conflicting results, however, were reported on drug action on the foward and 
reverse mode of NCX1 activity possibly due to species differences. We therefore 
examined SEA0400 inhibition in CHO-cells overexpressing human NCX1 and in 
cardiomyocytes derived from Wistar rats, CD1 mice with a heterozygous NCX1 knock-
out (CD1-hetKO) compared to its wild-type (CD1-WT), and from Black6 mice with 
transgenic overexpression of canine NCX1 (B6 overexpressor). 
To measure [Ca2+]i in a multiplicity of cells we developed a novel epifluorescence 
technique detecting Fura-2 fluorescence (ratio of  340/380 nm excitation) in 12 wells (96-
well format, ~45000 CHO-cells/well, ~10000 cardiomyocytes/well) simultaneously. Ca2+ 
influx (reverse mode) was stimulated by 120 mM Li+ in exchange for Na+ using a fast 
perfusion system in the presence of SEA0400 (0, 0.06, 0.2, 0.6, 2.0, 20 µM). Dose-
response curves revealed great differences in pIC50 (-log M) ranging from the most 
sensitive human NCX1 (7.12±0.02) to the murine NCX1 (CD1-WT: 6.30±0.07; CD1-
hetKO: 6.62±0.03; B6-WT: 6.36±0.03) and to the less sensitive B6-overexpressor 
(5.71±0.04) and rat NCX1 (5.81±0.04). 
Forward mode activity of NCX1 was assayed by measuring the offset (t1/2) of the 
caffeine-induced [Ca2+]i-release. pIC50‘s were estimated for the CD1 cardiomyocytes as 
6.87±0.10 (WT) and 6.73±0.11 (hetKO) and for the B6 myocytes as 6.12±0.13 (WT) and 
6.32±0.13 (overexpressor). 
Concluding, by the use of a novel epifluorescence technique we could characterize 
greatly varying potencies (< 1.5 log units) of SEA0400 as NCX1-inhibitor (reverse mode) 
of different species. Minor differences (< 0.6 log units) were found comparing forward 
and reverse mode inhibition, which in consequence may not underlie the putative 
therapeutical benefit of NCX-blockade by SEA0400. 
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NSC 23766, a known inhibitor of Rac1 activation additionally acts as a competitive 
antagonist at muscarinic acetylcholine receptors 
Levay M.1, Wittig K.1, Voigt N.2, Krobert K. A.3, Levy F. O.3, Dobrev D.2, Wieland T.1 
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RGS proteins are GAPs for heterotrimeric G protein α subunits and therefore important 
negative regulators of G protein coupled receptor (GPCR) signals. The RGS3L isoform 
exerts GAP activity or Gi and Gq proteins.  By binding Gβγ dimmers RGS3L switches Gi-
coupled M2 muscarinic acetylcoline receptors (M2 mAchR) from activating Rac1 to the 
activation of RhoA. This might be required for the M2 mAchR mediated activation of the 
Rho/Rho kinase pathway which induces positive inotropy in the heart. 
NSC 23766 (NSC) is an inhibitor of the binding of Rac1 to the GEFs Trio or Tiam1 
without altering the access of RhoA or Cdc42 to their GEFs. We found that NSC inhibits 
the M2 mAchR dependent Rac1 activation in neonatal rat cardiomyocytes (NRCM). On 
a first view, this is in accordance with the involvement of Tiam1 in the Gi-mediated 

activation of Rac1. NSC not only inhibited the M2 mAchR induced Rac1 but also the M2 
mAchR induced RhoA activation. We aimed to identify mechanisms by which NSC 
influences  the M2 mAchR mediated Rac1 and RhoA activation. 
The inotropic response was measured in freshly isolated neonatal rat hearts. Carbachol 
concentration dependently increased the contractility. NSC caused a rightward shift of 
the concentration response curve of carbachol without modifying the maximal response. 
To test whether the effect of NSC on M2 mAchR is selective or does also occur at 
similarly coupled GPCRs, we compared carbachol and adenosine induced K+ efflux 
through inward-rectifier K+-channels (GIRKs) in human atrial myocytes. NSC blocked the 
carbachol induced K+ efflux, whereas it had no effect on the A1 adenosine receptor 
mediated GIRK-activation. In order to characterize the pharmacology of NSC, and to 
investigate the specificity at the different type mAchRs, we used a Ca2+ quantification 
assay in HEK-293 cells expressing the Gαqi5 chimera and M1, M2 or M3 mAchRs. Under 
these conditions all three receptor subtypes are coupled in a similar manner. NSC 
inhibited the stimulatory effect of carbachol on [Ca2+]i concentration dependently and 
caused a rightward shift of the carbachol concentration response curves at all mAchRs. 
Schild plot analysis of the inhibition of NSC on carbachol-induced M3 mAchR activation 
confirmed a competitive antagonism of NSC by showing a linear relation with a slope of 
0.846 ± 0.137 and a pA2 of 43.75 µM. 
We conclude that NSC is not only an inhibitor of the activation of Rac1, but it is also a 
nonspecific competitive antagonist at mAchRs. 
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TRPM7 in human T-cell activation and differentiation 
Lewitz D.1, Skapenko A.2, Schulze-Koops H.2, Gudermann T.1, Zierler S.1 
1Ludwig Maximillians Universität Walther Straub Institut, Goethestr. 33, 80336 München, 
Germany  
2Ludwig Maximillians Universität Rheumatologie, Pettenkoferstr. 8a, 80336 München, 
Germany  
  
Low blood Mg2+ levels exacerbate inflammatory reactions, suggesting an important role 
of Mg2+ in the physiology of immune cells. Accordingly, a human X-chromosome linked 
immunodeficiency has been associated with the Mg2+ Transporter1 (MagT1), further 
indicating an essential role of Mg2+ ions in immune cell activation. Current evidence 
reveals the Mg2+-permeable transient receptor potential channel, TRPM7, as a key 
factor in these processes. The channel kinase TRPM7 is highly expressed in immune 
cells and controls cellular Mg2+ homeostasis. Conditional knock out of TRPM7 in 
thymocytes results in disrupted thymopoesis and defective T-cell maturation in mice. 
Thus, we investigated the expression of TRPM7 and its role in the differentiation and 
activation of human CD4+ T-lymphocytes. 
We analyzed the expressions levels, function and regulation of TRPM7 in human T-cell 
subsets, using molecular and biochemical assessments, whole-cell electrophysiology 
and imaging techniques. In particular, we focused on possible alterations in TRPM7 
activity between the anti-inflammatory regulatory T-cells (Tregs) and differentiated pro-
inflammatory (TH1 and TH17) cells. To generate different T-cell subsets, naïve T-cells 
are isolated and stimulated accordingly. The differentiation is followed by a cytokine 
capture assay and cell sorting (FACS). Our results indicate a variation of TRPM7 current 
activity and expression levels, primarily between natural Tregs (nTregs) and differentiated 
TH1 and TH17 cells. Maximal current amplitudes at Mg2+-free conditions reached 72 ± 1 
pA in nTregs versus 130 ± 8 pA in TH1 and 142 ± 22 pA TH17 cells. Similarly, functional 
TRPM7 surface expression, evaluated via application of divalent-free solution, thus 
maximizing current activity, also showed different TRPM7 expression levels of nTregs (94 
± 13 pA) versus TH1 (417 ± 72 pA) and TH17 (284 ± 55 pA) cells. Therefore, we focused 
on the role of TRPM7 in the determination of T-cells into Tregs versus TH1 and TH17 cells. 
Using a specific blocker for TRPM7, NS8593, we were able to enhance the efficiency of 
differentiation into induced Tregs, (iTregs). These experiments provided further evidence 
that TRPM7 activity is critical for the pro- and anti-inflammatory orientation of T-cells. It 
still has to be clarified whether blocking of TRPM7 will also affect differentiation into TH1, 
and TH17 cells. Our results may pave the way for the identification of novel 
pharmacological strategies for autoimmune therapy. 
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Proposal for biomonitoring values according to the extended approach of the 
HBM commission 
Licht O., Voss J. - U., Wahnschaffe U., Mangesldorf I. 
Fraunhofer ITEM Chemikalienbewertung, Nikolai-Fuchs-Strasse 1, 30625 Hannover, 
Germany  
  
In 2010 the German Federal Environment Ministry (BMU) and the German Chemical 
Industry Association (VCI) started a joint project on human biomonitoring. On the one 
hand, data obtained in this project can help to detect previously unidentified exposure 
sources. Over the next years detection methods shall be developed for up to 50 
substances and HBM values should be derived in this project. On the other hand, a risk 
assessment is necessary to identify safe levels of internal exposure. The VCI is in 
charge of the development of detection methods, whereas the German Federal 
Environment Agency (UBA) funded a project (FKZ 3710 62 220 1) on proposals for HBM 
values. 
In this project Fraunhofer ITEM evaluated the toxicological data of the first 5 substances 
and derived proposals for HBM values. The five evaluated substances are plasticizers 
(DINCH and DPHP), UV filter (4-MBC), precursors for e.g. polyurethanes (MDI) and 
vulcanisation accelerators for rubber products and tyres (MBT). These proposals will be 
discussed by the German Human Biomonitoring Commission. 
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The proposals for HBM values followed the extended approach of the German HBM 
Commission (HBM 2007), in which accepted TDI/ADI values are used as starting point. 
When basic information on human metabolism is available, these TDI/ADI values can be 
converted to a concentration in a body matrix, usually urine or blood. According to the 
Commission such values are HBM-I-values and are defined as concentration in a body 
matrix of a substance, below which no impairment of health must be expected. The 
extended approach is nearly identical with one part of another approach for the 
derivation of biomonitoring equivalents (BE concept, for further details see Angerer et al. 
2011 and Hays & Aylward 2012). When information on human metabolism is missing the 
BE concept also offers the possibility to use information on animal metabolism and 
calculate a concentration in a body matrix with modified assessment factors. 
The presentation will give an overview on data availability, point of departure as well as 
methods used for proposals of HBM or BE values. 
  
Angerer et al. (2011) Int J Hyg Environ Health 214(5): 348-360. 
Hays & Aylward (2012) Int J Hyg Environ Health 215(2): 145-148. 
HBM (2007) Bundesgesundheitsbl - Gesundheitsforsch -Gesundheitsschutz 50(2): 249-
250. 
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Novel function of Cdk5 in lymphatic vessel development 
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1LMU Munich Pharmacy, Pharmaceutical Biology, Butenandtstr 5-13, 81377 Munich, 
Germany  
2Max Planck Institut of Biochemistry Molecular Medicine, Am Klopferspitz 18, 82152 
Martinsried, Germany  
3Göthe Universität Frankfurt am Main Institut für Pharmazeutische Biologie, Biozentrum, 
Max-von-Laue-Str. 9, 60438 Frankfurt, Germany  
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Cyclin dependent kinase 5 (Cdk5) is a unique member of the Cdk family. In contrast to 
mitotic Cdks, it does not regulate cell cycle transitions. Cdk5 is well-investigated and 
essential for CNS development, function, and disease. Knowledge about functions of 
Cdk5 in non-neuronal tissues is sparce. No vascular phenotype of Cdk5 deficient mice 
has been reported and only very few studies point to functions of Cdk5 in the 
vasculature. We could recently show that Cdk5 regulates endothelial cell migration in 
vitro. Based on this report we were interested in the function of Cdk5 in the endothelium 
in vivo. 
We generated endothelial cell (EC)-specific Cdk5 knockout mice using the Cre/loxP 
system with a constitutive Tie2Cre and a tamoxifen-inducible VE-Cadherin (Cdh5(PAC)-
CreERT2) promoter. Survival of EC-specific Cdk5 knockout mice was impaired, 40% of 
Cdk5fl/flTie2Cre mice died during the first two days of life, only 25% survived after d30. 
Cdk5fl/flTie2Cre mice showed reduced body weight and bleedings. EC-specific Cdk5 
downregulation leads to late embryonic lethality. Cdk5fl/flTie2Cre embryos and 
Cdk5fl/flCdh5(PAC)-CreERT2 embryos from tamoxifen-treated mothers died from E16.5 
on, Cdk5fl/∆Tie2Cre embryos with better Cdk5 downregulation died already at E15.5. 
Interestingly, EC-specific Cdk5 knockout embryos showed blood-filled dilated tortous 
vessels, bleedings especially in the jugular area, and edema formation. This phenotype 
of EC-specific Cdk5 deficient mice pointed to non-separation of blood and lymphatic 
vessels. In fact, immunohistochemistry revealed that the blood-filled dilated tortous 
vessels in Cdk5 deficient embryos were of lymphatic origin. Also primary lymph sacs of 
Cdk5fl/flTie2Cre embryos contained blood, indicating that already primary lymphatic 
vessels are not separated. Tracer experiments confirmed the erroneous connection 
between blood and lymphatic vessels and demonstrated impaired lymphatic drainage 
both in EC-specific Cdk5 knockout embryos and adult mice, indicating lymphatic 
dysfunction. As structural basis for lymphatic dysfunction of EC-specific knockout 
embryos, we identified abnormal coverage of lymphatic vessels with mural cells and 
arrested formation and maturation of intraluminal lymphatic valves. This demonstrates 
that the remodeling of primary lymphatic vessels is disturbed by EC-specific Cdk5 
downregulation. 
In conclusion, our study elucidates a novel and essential role of Cdk5 in lymphatic 
development, function, and valve formation. 
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Assessment of 11β-HSD1 levels in pig tissue during the course of caloric 
restriction 
Loerz C., Koebsch K., Maser E. 
Institute of Toxicology and Pharmacology for Natural Scientists, Medical School 
Schleswig-Holstein, Brunswiker Str. 10, 24105 Kiel, Germany  
  
11β-Hydroxysteroid dehydrogenase type 1 (11β-HSD1, gene name HSD11B1) is a 
microsomal NADP(H)-dependent enzyme that catalyzes the conversion of inactive 
cortisone to receptor-active cortisol in vivo. Thus it functions as a pre-receptor 
mechanism that regulates the occupancy of the glucocorticoid receptor. It was shown 
that selective overexpression of 11β-HSD1 in a mouse model contributes to obesity and 
its metabolic complications such as insulin resistance, hypertension, hyperglycemia and 
dyslipidemia. In obese humans 11β-HSD1 activity and expression is increased in 

adipose tissue, notably in visceral fat, and typically decreased in liver. Hence, 11β-HSD1 
has become a potential drug target in the prevention of obesity and the metabolic 
syndrome. 
In this context, we studied the HSD11B1 expression in different pig tissue samples 
during the course of caloric restriction (CR). There are indications that expression and 
activity of 11β-HSD1 is sustainably reduced during CR. In a model study with pigs one 
half of the pigs were fed under CR conditions (40% fewer calories) after a hyper caloric 
diet and the other half (control group) was allowed to feed ad libitum (ad lib). After three 
weeks, pigs in the CR group were then re-fed ad lib. Tissue samples were taken at four 
different times during a period of 19 weeks. 
To assess whether CR affects HSD11B1 expression and activity in glucocorticoid target 
tissues, diverse methods have been established and improved in our laboratory. Levels 
of HSD11B1 mRNA and protein were determined in liver, visceral adipose tissue and 
skeletal muscle using semi-quantitative RT-PCR and Western Blot analysis. We 
expected an upregulation in liver and a downregulation in adipose tissue. However, our 
first results indicate no significant differences in HSD11B1 mRNA and protein level. 
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Identification of redox modified proteins in pain processing 
Lorenz J. E.1, Kallenborn-Gerhardt W.1, Heide H.2, Steger M.2, Wittig I.2, Brandt U.2, 
Geisslinger G.1, Schmidtko A.1,3 
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Recent data show that reversible redox modifications of proteins generated by reactive 
oxygen species (ROS) play a role in sensitization of nociceptive pathways during 
persistent pain. However, little is known about the targets of ROS in pain processing. 
Because of the relatively unstable nature of reversible oxidation states of proteins, the 
reliable detection and identification of modified proteins is complicated. Here, we used 
the OxICAT method, a quantitative thiol trapping technique, to identify proteins which are 
redox modified during nociceptive processing. We analyzed spinal cords of untreated 
mice, after zymosan injection into one hindpaw (inflammatory pain model) and after 
spared nerve injury (neuropathic pain model). We identified several proteins with 
changes in their redox states after nociceptive stimulation. 
Our results show that the OxICAT method is an efficient technique to detect ‘pain-
relevant’ redox modifications in proteins which might contribute to the processing of 
inflammatory and neuropathic pain. 
  
Supported by the Deutsche Forschungsgemeinschaft (SFB 815/A14). 
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Delta-9-tetrahydrocannabinol impedes pain memory. A pharmacological fMRI 
study in humans. 
Lötsch J.1, Walter C.1, Nöth U.2, Deichmann R.1,2, Oertel B. G.1 
1Goethe - Universität Klinische Pharmakologie, Theodor-Stern-Kai 7, 60590 Frankfurt, 
Germany  
2Goethe - Universität Brain Imaging Center, Schleusenweg 2 - 16, 60528 Frankfurt, 
Germany  
  
Aim: ∆9-tetrahydrocannabinol (∆9-THC) has reached therapeutic acceptance in the 
treatment of anorexia associated with weight loss (e.g. HIV-patients), nausea and 
vomiting (e.g. chemotherapy-patients), neuropathic pain and spastic paralysis (e.g. 
multiple sclerosis patients) and as additive agent in opioid-treated cancer patients with 
inadequate pain relief. The present study aimed at identifying the central nervous 
mechanisms mediating cannabis induced analgesia. 
Methods: In a placebo-controlled cross-over study, 20 mg THC were administered orally 
to 30 healthy non-addicted volunteers. Before and 2 h after drug administration, 
psychophysical ratings and brain activations were recorded for intranasal pain stimuli 
(duration 500 ms, gaseous CO2 at 75% v/v, ISI 13.5 – 28.2 s), applied either as single 
stimuli or using a delayed discrimination paradigm of successive stimulus pairs. The 
blood oxygenation level dependent (BOLD) response to each stimulus was recorded at 
a field strength of 3 T on a dedicated head scanner. 
Results: ∆9-THC reduced the ability to discriminate successive pain stimuli of different 
strengths. This was accompanied by reduced brain activations associated with the 
second stimulus of a pair in the delayed discrimination task, with main localizations 
within the pain matrix (opercular-insular cortex, caudate nucleus, putamen). The THC 
effects on these brain activations mimicked the effect of leaving out the discrimination 
task and suggest that THC mainly impedes memory retrieval of nociceptive information. 
Further support for THC effect on pain memory is obtained by a significant reduction of 
hippocampal activations associated with single nociceptive stimuli. 
Conclusions: A major component of the analgesic effects of THC is a reduction in 
memorizing nociceptive information, which translates similar observations in animals. 
While present results hint at an effect on memory retrieval, the exact alterations of 
memory by THC require further experiments. 
Acknowledgement: DFG Lo 612/10-1 
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Increased pain correlates with global DNA methylation associated with chronic 
opioid exposure 
Doehring A., Oertel B., Lötsch J. 
Goethe - University Institute of Clinical Pharmacology, Theodor-Stern-Kai 7, 60590 
Frankfurt, Germany  
  
Aim: Epigenetic factors include early social experiences, age and nutritional or 
environmental chemicals such as royal jelly, benzene, asbestos or smoking. Increasing 
evidence suggests that common drugs may also exert epigenetic effects. Cannabinoids 
seem to trigger DNA hypermethylation via a Gi protein coupled cannabinoid receptor 
mechanism and DNA hypermethylation has also been reported from opiate addicts. 
Therefore, we assessed whether DNA methylation is also increased in pain patients 
chronically treated with opioids and whether this has clinical consequences. 
Methods: Methylation at CpG rich islands in the OPRM1 gene and at a global 
methylation site (LINE-1) was analyzed in leukocytes of methadone substituted former 
opiate addicts , of pain patients treated with opioids for at least 1 year, and of age 
matched controls for both patients cohorts. Data on opioid dosing, and for pain patients 
also 24-h pain scores, were available from previous investigations in another context. In 
addition, OPRM1 mRNA expression was analyzed in post mortem brain tissue of the 
secondary somatosensory cortex and the lateral thalamus regions. 
Results: Higher DNA methylation associated with chronic opioid exposure was 
observed in both patient cohorts as compared to the respective controls. The OPRM1 
methylation had no immediate effect on µ-opioid receptor transcription and was not 
associated with opioid dosing requirements. However, the increased global DNA 
methylation at LINE-1 was significantly correlated with increased chronic pain 
(Spearman's r = 0.344, p = 0.006). 
Conclusions: Opioids may be causally associated with increased genome-wide DNA 
methylation. This has phenotypic consequences for pain and may provide a new 
mechanism of opioid-induced hyperalgesia. 
  
Acknowledgement: Dr. Paul und Cilli Weill - Foundation Frankfurt am Main, Germany 
(AD), and “Landesoffensive zur Entwicklung wissenschaftlich-ökonomischer Exzellenz": 
“LOEWE-Schwerpunkt: Anwendungsorientierte Arzneimittelforschung” (JL) 
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Computational functional genomics of pain in analgesic drug development and 
therapy 
Lötsch J.1, Doehring A.1, Geisslinger G.1, Ultsch A.2 
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2Universität Marburg Computer Science and Mathematics, Data Bionics Research 
Group, Hans-Meerwein-Straße 22, 35032 Marburg, Germany  
  
Aim: Advances in genomic research accompanied by advances in informatics allow 
uncovering higher-level organization of gene products into biological pathways and are 
increasingly exploited in strategies of drug discovery and repurposing. Based on the 
accumulated knowledge of the genetic background of pain the information about more 
than 400 “pain genes” was used in the present analysis to picture the molecular 
mechanisms of pain from a genetics point of view by using computational methods such 
as systems-biology and machine-learned knowledge-discovery. 
Methods: A list of 410 pain regulating genes was gathered from publicly available 
databases and PubMed searches and includes targets of currently proposed new 
analgesics. Their biological functions were described using a dynamic, controlled 
vocabulary of clearly defined broader and respectively narrower terms presented in the 
Gene Ontology (GO) database. The identification of the GO category "biological 
process” in which pain genes are involved was done by means of over-representation 
analysis (ORA) using the web-based Gene¬Trail system. Most important biological 
processes involved in pain and analgesia were obtained by calculating the 
remarkableness as the product of certainty and (Shannon) partial information of each 
GO term. 
Results Computational analysis revealed 12 remarkable functional areas as essential for 
pain perception and thus analgesic drug development. The genetics perspective showed 
that future development strategies should focus on substances modulating intracellular 
signal transduction, ion transport and anatomical structure development. These 
processes are involved in genetics-based absence of pain and provide therefore 
promising fields for curative or preventive treatments, whereas G-protein coupled 
receptor pathways seem to merely provide symptomatic yet not preventive cures of pain. 
In addition, biological functions accessed by either analgesic drugs or microRNAs 
suggest synergistic therapies as a future direction of drug development. 
Conclusions: Modern computational functional genomics exploits the information about 
genetic bases of complex diseases, such as pain, from increasingly available data sets 
and provides a new perspective on drug development and therapy complementary to 
pathway-centered approaches. 
Acknowledgement: “Landesoffensive zur Entwicklung wissenschaftlich-ökonomischer 
Exzellenz": “LOEWE-Schwerpunkt: Anwendungsorientierte Arzneimittelforschung” (GG 
and JL) 
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BK channels expressed in nociceptors modulate persistent pain in mice 
Lu R.1,2, Kallenborn-Gerhardt W.1, Lukowski R.3, Ruth P.3, Geisslinger G.1, Sausbier 
M.3, Schmidtko A.1,2 
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str.10, 58453 Witten, Germany  
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Morgenstelle 8, 72076 Tübingen, Germany  
  
Large conductance Ca2+-activated K+ channels (BK channels, also termed Maxi-K, mslo, 
Slo1, KCNMA1, KCa1.1) are involved in the regulation of neuronal excitability and 
neurotransmitter release. Here, we demonstrate that BK channels are expressed in a 
subpopulation of nociceptive primary afferent neurons. In order to elucidate the in vivo 
function of BK channels in pain processing, we investigated the nociceptive behavior of 
conditional mice lacking the BK channel α subunit specifically in nociceptors. Compared 
to control littermates, mice lacking BK channels in nociceptors exhibited an increased 
nociceptive behavior in different models of persistent pain. However, their behavior in 
models of acute nociceptive pain was normal. Administration of the specific BK channel 
opener NS1619 further confirmed the contribution of BK channels to the processing of 
persistent pain. Our investigations thus provide in vivo evidence that BK channels 
expressed in nociceptors are involved in the control of sensory input in persistent pain 
states. 
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Regulation of adenylyl cyclase 1 by oxidized calmodulin and calmodulin mutants 
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The conversion of ATP to the second messenger cAMP is catalyzed by adenylyl 
cyclases (AC). AC1 is exclusively expressed in neuronal cells and is involved in 
processes of learning, memory, neurodegeneration and pain responses. AC1 is 
stimulated by the eukaryotic Ca2+-sensor calmodulin (CaM), a 148 amino acid protein 
with nine methionine residues in positions 36, 51, 71, 72, 76, 109, 124, 144 and 145, 
which are important for interacting with target structures. 
CaM with oxidized methionine residues was found in aged brains[1] where oxidative 
stress is increased. In the present study we investigated the impact of in-vitro oxidized 
methionine residues in CaM on the protein-protein interaction (PPI) with recombinant 
AC1. To selectively oxidize particular methionine residues we examined CaM-mutants 
where distinct methionine residues were substituted with non-oxidizable leucine 
residues. Oxidized CaM and oxidized CaM-mutant L2 with leucine mutations in position 
144 and 145 did not stimulate AC1 whereas other oxidized CaM-mutants stimulated 
AC1. These findings indicate that the N-terminal methionines are important for 
stimulation of AC1 by CaM. Oxidized CaM and CaM-mutants treated with methionine 
sulfoxide reductase A (MsrA), which reduces oxidized methionine residues[2], stimulated 
the AC1 like unoxidized CaM and CaM-mutants. Putatively MsrA is an enhancer in aging 
processes mediated by restoring stimulation of AC1 by oxidized CaM.  
In future studies we will examine stimulation of AC1 by oxidized CaM-mutants with 
methionine to leucine changes in the N-terminal region of CaM. 
In conclusion, our results suggest that the CaM-AC1-interaction is completely different in 
comparison to other CaM-target-interactions, where mostly the C-terminal methionines 
144 and 145 are essential. 
  
[1] Gao J, Yin D, Yao Y, Williams TD, Squier TC: Progressive decline in the ability of 
calmodulin isolated from aged brain to activate the plasma membrane Ca-ATPase. 
Biochemistry  (1998); 37:9536-9548 
[2] Moskovitz J, Weissbach H, Brot N: Cloning and expression of a mammalian gene 
involved in the reduction of methionine sulfoxide residues in proteins. Proc. Natl. Acad. 
Sci. U.S.A. (1996); 93:2095-2099 
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Hepatotoxic pyrrolizidine alkaloids – Its mode of action in primary human 
hepatocytes 
Luckert C.1, Hessel S.1, Lenze D.2, Lampen A.1 
1Bundesinstitut für Risikobewertung Lebensmittelsicherheit, Max-Dohrn-Str. 8-10, 10589 
Berlin, Germany  
2Charité-Universitätsmedizin Berlin, Campus Benjamin Franklin Institut für Pathologie, 
Hindenburgdamm 30, 12200 Berlin, Germany  
  
1,2-unsaturated pyrrolizidine alkaloids (PA) belong to the most toxic compounds. These 
substances are found in several plants such as Asteraceae and Boraginaceae families. 
Acute PA poisoning by food contamination causes severe damage to liver; long-term, 
sub-lethal doses may cause cumulative damage or cancer. 
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In this study, primary human hepatocytes were exposed to senecionine, heliotrine, 
echimidine or senkirkine covering all occurring PA structures to identify induction of 
common molecular effects causing severe human liver toxicity. Whole RNA was 
isolated, reverse transcribed and hybridized to a human whole genome µ-Array 
(GeneChip® Human Genome U133 Plus 2.0, Affimetrix). Differentially expressed genes 
were identified using Partek® software. For pathway analysis differentiated regulated 
genes with a fold change of 2 and q-value for 0.01 were included. The data were verified 
by using quantitative Real-time RT-PCR. 
The whole genome µ-array analysis identified for senecionine, heliotrine, echimidine or 
senkirkine 8623, 1806, 4556 and 3406 differentially regulated genes, respectively, 
compared to control cells. 1304 genes were identified as commonly regulated and 
analyzed by a pathway analysis (Ingenuity® pathway analysis software). Concerning 
biological functions these significantly changed genes were mainly involved in cancer, 
cellular growth and proliferation, cell cycle, metabolic disease and cellular development. 
In terms of toxicity the genes affected liver steatosis, dysfunction, hyperplasia, hepatitis, 
cholestasis, fibrosis, proliferation as well as hepatocellular carcinoma. The major 
signalling pathways affected were p53 and eNOS signalling. Furthermore, the 
transcription factors HNF4α, HNF1 and PPARγ were predicted to be inhibited whereas 
MYC, TP53, TP63 and NFκB1 were predicted to be activated. 
In conclusion, although structurally different all four PA significantly regulated a great 
number of common genes. This proposes a mode of action for PA which seems to be 
independent of individual structural characteristics of each PA but depends on the basic 
structure shared by all PA. 
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Impact of the somatostatin receptors 1 and 2 on hepatic cytochrome P450 
isoforms expression and activity in mice 
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With many species a sex-specific hepatic cytochrome P450 (CYP) isoforms expression 
pattern can be observed which is regulated by a differential circadian profile of growth 
hormone (GH) secretion. Male rodents e.g. display a 3.3 h ultradian rhythm of GH bursts 
with very low plasma GH levels in-between, whereas in female animals substantial GH 
levels are always present and the pulses are more frequent, irregular and of lower 
magnitude. The GH release pattern in turn is primarily generated by a complex interplay 
between the stimulatory action of hypothalamic GH-releasing hormone (GHRH) and the 
inhibitory effects of somatostatin. Somatostatin acts via a family of five G-protein-
coupled receptors, SSTR1 to SSTR5, two of which, SSTR1 and SSTR2, are known to 
be present on hypothalamic GHRH releasing neurons and on pituitary somatotropic 
cells. 
The exact influence of these two receptors, however, on GH release and thus on CYP 
isoforms expression in the livers still remains unclear. Thus, in the present investigation 
male and female SSTR1 or SSTR2 knockout mice were investigated in comparison to 
respective heterozygous and wild-type animals with regard to hepatic CYP expression 
and activity and to other liver functions such as bile acid secretion and hepatic 
glutathione content. 
In general, hepatic CYP expression and activity levels as well as biliary bile acid 
concentrations were higher with female than with male mice (with no remarkable 
differences in liver glutathione content). Only with male animals (but not with female) 
significantly lower CYP expression, CYP activity and biliary bile acid concentration were 
observed with heterozygous and SSTR1 knockout mice as compared to the respective 
wild-type animals. 
In contrast, SSTR2 knockout mice of both sexes displayed higher hepatic CYP isoforms 
expression and activity in comparison to respective heterozygous and wild-type animals. 
Similar results were observed for the bile acid concentration in bile. 
Neither with SSTR1 nor with SSTR2 genotype-related differences were seen with 
respect to hepatic glutathione content. 
These results point to an inverse involvement of SSTR1 and SSTR2 in the control of 
both microsomal enzyme and transporter activity in the liver, putatively by GH release 
control. For further clarification, investigations on GH and IGF-1 serum levels in mice of 
different SSTR1 and SSTR2 genotypes are necessary. 
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Indication of CYP3A4 inhibition by fluconazole using 4β-hydroxycholesterol as a 
validated serum marker is hidden by a decreased catabolism 
Oertel B. G.1, Lötsch J.1, Lütjohann D.2 
1pharmazentrum frankfurt/Zafes, Theodor-Stern-Kai 7, 60590 Frankfurt am Main, 
Germany  
2Universitätsklinikum Bonn Institut für Klinische Chemie und Klinische Pharmakologie, 
Sigmund-Freud-Str. 25, 53105 Bonn, Germany  
  
Aim: Antifungal triazoles like itraconazole and fluconazole are inhibitors of cytochrome 
P450 (CYP) isozymes, such as CYP3A4/5,7, 2C9, 1A1, or 59A1. Here, fluconazole 
effects on serum concentrations of 4β-hydroxycholesterol, a CYP3A4-dependent 
cholesterol metabolite occasionally used as an indicator of CYP3A inhibition, were 
assessed. Patients and Methods: Seventeen healthy subjects (nine men) received 400 

mg/d p.o. fluconazole for eight days in a double‐blind, placebo‐controlled, two‐way 

crossover design (washout 4 weeks). Blood was sampled at the beginning and at the 
end of each treatment phase. Cholesterol concentrations were assayed using gas 
chromatography (GC)-flame ionization detection; non-cholesterol sterols (cholesterol 
precursors and surrogate serum markers of cholesterol synthesis) and oxysterols (bile 
acid precursors and indicators of cholesterol degradation) were determined using GC-
mass spectrometry-selected ion monitoring. Results: During treatment with fluconazole 
but not placebo, absolute and cholesterol corrected concentrations of the cholesterol 
precursors lanosterol and 24, 25-dihydrolanosterol increased by three- and twenty-fold, 
respectively (p < 0.001 vs. baseline for both precursors). Further downstream, 
fluconazole decreased concentrations of cholesterol precursors lathosterol and 
desmosterol by 15% and 18%, respectively (p = 0.02 and p = 0.002, respectively), but 
this effect differed only for desmosterol significantly from placebo. Likewise, fluconazole 
decreased total cholesterol concentrations not significantly different from placebo by 
4.9% (p < 0.001). However, unexpectedly and contrasting with available itraconazole 
data, fluconazole treatment did not result in a decrease of blood levels of the CYP3A4-
dependent cholesterol metabolite 4β-hydroxycholesterol or its ratio to cholesterol but in 
a significant increase by 37% and 43%, respectively (p<0.001 for both). Furthermore, 
blood levels of 27-hydroxycholesterol and its ratio to cholesterol was increased by 21% 
and 25%, respectively (p<0.001). Conclusions: The increase of absolute and 
cholesterol corrected concentrations of 4β-hydroxycholesterol and 27-
hydroxycholesterol indicates that fluconazole in contrast to itraconazole inhibits 
additional enzymes of the CYP-family during degradation of cholesterol and oxysterols 
on their way to produce bile acids. 
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Effects of TSHR internalization on PKA activation and nuclear signalling in intact 
thyroid cells 
Lyga S.1,2, Lohse M. J.1,2, Calebiro D.1,2 
1Institute of Pharmacology and Toxicology AG Calebiro, Versbacherstrasse 9, 97078 
Würzburg, Germany  
2Rudolf Virchow Center/ DFG-Research Center for Experimental Biomedicine, Josef-
Schneider-Str. 2, Haus D15, 97070 Würzburg, Germany  
  
The thyroid stimulating hormone (TSH) regulates the function of thyroid cells by binding 
to a G-protein-coupled receptor (GPCR), which activates the cAMP/PKA-pathway. 
Although GPCRs have been thought to signal only from the cell surface, our recent 
findings suggest that internalized TSH receptors (TSHR) continue signalling via Gas and 
cAMP from an endosomal compartment, where they are found together with their ligand. 
This causes a persistent cAMP increase and specific effects (Calebiro et al., PLoS 
Biology 2009). In this study we have further investigated this phenomenon in primary 
mouse thyroid cells at the level of the cAMP-dependent protein kinase (PKA), by 
analysing the subcellular localization and kinetics of PKA activation in the presence or 
absence of endocytosis inhibitors. Additionally, we have studied the effect of TSHR 
internalization on the PKA-dependent phosphorylation of the transcription factor CREB. 
PKA activity was measured by fluorescence resonance energy transfer (FRET) in cells 
transfected with the AKAR2 sensor (Zhang et al., PNAS 2001). To detect the PKA 
activity in different compartments, we additionally used AKAR sensors with selective 
localization to the nucleus, cytosol and plasma membrane. The results indicate that the 
activation of PKA in response to TSH in thyroid cells is biphasic (τ first phase: 1,16 min; 
τ second phase: 1,65 min; delay: 1,35 min). The second (late) phase is virtually absent 
in cells pretreated with a small dynamin inhibitor, dynasore. Preliminary results also 
suggest that pretreatment with dynasore might impair the TSH-dependent 
phosphorylation of CREB. Moreover, we found that the PKA RIIβ subunit is located on 
membranes of the Golgi/trans-Golgi network, where, as we could previously show, also 
the internalized TSH/TSHR complex, Gαs and adenylyl cyclase are present (Calebiro et 
al., PLoS Biology 2009). These data suggest that TSHR internalization and signalling 
from this intracellular compartment might be required for the late phase of PKA 
activation and nuclear signalling in thyroid cells. Thus, the Golgi/trans-Golgi network 
might serve as a specialized intracellular platform for TSHR/cAMP signalling. 
  
Calebiro D, Nikolaev VO. (2009) PLoS Biol 7:e1000172 
Zhang J, Ma Y. (2001) PNAS 98:14997-15002 
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Toxicology of Nanomaterials: Comparative inhalation toxicity of multi-wall carbon 
nanotubes, graphene, graphite nanoplatelets and low surface carbon black 
Ma-Hock L.1, Strauss V.1, Treumann S.1, Küttler K.1, Wohlleben W.2, Hofmann T.1, 
Gröters S.1, Wiench K.3, van Ravenzwaay B.1, Landsiedel R.1 
1BASF SE Experimental Toxicology and Ecology, Carl-Bosch-Str. 38, 67056 
Ludwigshafen, Germany  
2BASF SE Material Physics, Carl-Bosch-Str. 38, 67056 Ludwigshafen, Germany  
3BASF SE Product Safety, Carl-Bosch-Str. 38, 67056 Ludwigshafen, Germany  
  
Background: Carbon nanotubes, graphene, graphite nanoplatelets and carbon black 
are seemingly chemically identical carbon-based nano-materials with broad 
technological applications. Whereas carbon nanotubes and carbon black possess 
different inhalation toxicities, little is known about graphene and graphite nanoplatelets. 
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Methods: In order to compare the inhalation toxicity of the mentioned carbon-based 
nanomaterials, male Wistar rats were exposed head-nose to atmospheres of the 
respective materials for 6 hours per day on 5 consecutive days. Target concentrations 
were 0.1, 0.5, or 2.5 mg/m³ for multi-wall carbon nanotubes and 0.5, 2.5, or 10 mg/m³ for 
graphene, graphite nanoplatelets and low-surface carbon black. Toxicity was determined 
after end of exposure and after three-week recovery using broncho-alveolar lavage fluid 
and microscopic examinations of the entire respiratory tract. 
Results: No adverse effects were observed after inhalation exposure to 10 mg/m³ 
graphite nanoplatelets or relatively low specific surface area carbon black. Increases of 
lavage markers indicative for inflammatory processes started at exposure concentration 
of 0.5 mg/m³ for multi-wall carbon nanotubes and 10 mg/m³ for graphene. Consistent 
with the changes in lavage fluid, microgranulomas were observed at 2.5 mg/m³ multi-
wall carbon nanotubes and 10 mg/m³ graphene. In order to evaluate volumetric loading 
of the lung as the key parameter driving the toxicity, deposited particle volume was 
calculated, taking into account different methods to determine the agglomerate density. 
However, the calculated volumetric load did not correlate to the toxicity, nor does the 
surface burden of the lung. 
Conclusions: The inhalation toxicity of the investigated carbon-based materials is likely 
to be a more complex interaction of several parameters. Until the properties which 
govern the toxicity are identified, toxicological testing is the best option to identify 
hazardous properties in order to avoid unsafe applications or select safe alternatives for 
a given application. 
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Microstructured polymeric scaffold termed MatriGrid for 3D-co-cultures 
Mai P.1, Fernekorn U.2, Schober A.2, Foth H.1 
1Martin-Luther-University Halle-Wittenberg Institute of Environmental Toxicology, 
Franzosenweg 1a, 06097 Halle (Saale), Germany  
2Ilmenau University of Technology Department of Nano- Biosystem Technology, Gustav-
Kirchhoff-Str. 5, 98693 Ilmenau, Germany  
  
Organs consist of many different types of cells and have a three-dimensional structure. 
Cells are directly in contact to each other and through their interactions all cell types are 
responsible for organ functionality. To get more tissue specific responses for example to 
pharmacological stimuli, there is a strong interest to mimic the three-dimensional 
structure. This applies to the development of new and the validation of old 
pharmacological substances in order to reduce animal tests. 
The Department of Nano- Biosystem Technology of the Ilmenau University of 
Technology has developed a cell carrier which can be used for the producing of 3D-cell-
aggregations (Fernekorn 2011). This so called MatriGrid is a porous polycarbonate 
membrane made by micro thermoforming processes. By culturing human 
hepatocarcinoma cell line HepG2 in MatriGrids it was demonstrated that 3D-
monocultures secrete higher concentrations of differentiation marker albumin and 
compared to normal monolayer cultures more cells were found in the G0/1 phase of the 
cell cycle. However, monocultures are not able to provide statements regarding critical 
processes such as immune responses to pathogens (Duell 2011). 
Native tissue consists of heterogeneous cell types. Hence, there is a particular interest 
to culture different cell types together in the same culture (co-culture). Interestingly, 
hepatocytes were shown to have a more stable viability and functionality when co-
cultured with a second cell type (3T3 mouse embryonic fibroblast cells) (Bhatia 1998). 
Different variations of cell co-cultures are visible in figure 1. 
First investigations about vitality, metabolic activity and albumin level of co-cultured liver 
and fibroblast cell lines in MatriGrids were done for co-culture variation B and D (figure 
2). Remaining variations of co-cultures are following in future. 
New experiments with a model cell line of pulmonary cells (A549) resulted in a 3D-
epithelial cell layer on the surface of the MatriGrid. Future investigations should 
investigate the opportunities and benefits of co-cultured lung epithelial and endothelial 
cells in MatriGrids in active perfused microbioreactors. This microbioreactor will be used 
as a test system for exposure of the lung epithelial barrier to xenobiotics (eg. 
nanoparticles, fine dust, environmental and urban pollutants). 
  
Fernekorn, Uta; Hampl, Jörg; Weise, Frank; Augspurger, Caroline; Hildmann, Christian; 
Klett, Maren et al. (2011): Microbioreactor design for 3-D cell cultivation to create a 
pharmacological screening system. In: Eng. Life Sci 11 (2), S. 133–139. 
Duell, Benjamin L.; Cripps, Allan W.; Schembri, Mark A.; Ulett, Glen C. (2011): Epithelial 
Cell Coculture Models for Studying Infectious Diseases: Benefits and Limitations. In: 
Journal of Biomedicine and Biotechnology 2011, S. 1–9. 
Bhatia, S. N.; Balis, U. J.; Yarmush, M. L.; Toner, M. (1999): Effect of cell-cell 
interactions in preservation of cellular phenotype: cocultivation of hepatocytes and 
nonparenchymal cells. In: FASEB J 13 (14), S. 1883–1900. 
 

Figure 1: 
Different co-culture methods. A) One cell type in MatriGrid (MG) other on bottom of well 
B) Staking of separate MG for each cell type C) Both cell types on different sites of MG 
D) Mixed culture in one side of MG E) One cell type in MG other in suspension 

 
Figure 2: 
Measurement of vital cell numbers (A) and vitality (B) of 3D co-culture HepG2 cells. 
Metabolic activity (C) with reference to a totally reduced Alamar Blue positive control. 
The albumin levels (D) were normalized to vital cell numbers (A) 
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(-)-MH-3 possesses approximately the same potency for the two states of the β1-
adrenoceptor 
Malinowska B.1, Pędzińska-Betiuk A.1, Kozłowska H.1, Szkaradek N.2, Żelaszczyk D.2, 
Baranowska-Kuczko M.1, Kieć-Kononowicz K.3, Marona H.2, Schlicker E.4 
1Medical Univ. Białystok Dept. Exp. Physiol. Pathophysiol., Bialystok, Poland  
2Jagiellonian Univ. Dept. Bioorg. Chem., Krakow, Poland  
3Jagiellonian Univ. Dept. Technol. Biotechnol. Drugs, Krakow, Poland  
4Univ. Bonn Dept. Pharmacol. Toxicol., Bonn, Germany  
  
The β1-adrenoceptor (β1-AR) occurs in the classic high-affinity (β1H) and a low-affinity 
(β1L) state, activated by xamoterol and CGP12177, respectively. The β1L-AR, also 
identified in vivo and in human heart, may come into play under pathophysiological 
situations like arrhythmias. Here we determined the potency of the xanthone derivative (-
)-MH-3 against β1H- and β1L-ARs in pithed rats and the isolated rat heart. 
Basal heart rate (HR) in pithed rats and isolated rat hearts was 300 beats/min in both 
instances. Xamoterol (0.1-10 µmol/kg and 0.001-1 µM) and CGP12177 (1-100 µmol/kg 
and 0.001-0.1 µM) increased HR maximally by 120 and 70 beats/min in pithed rats and 
isolated hearts, respectively. The “apparent pA2 values” of the β-AR antagonist (-)-
bupranolol 10 µmol/kg against the β1H- and β1L-AR agonist in the pithed rat was 7.9 and 
6.1, respectively. In the isolated heart, (-)-bupranolol 0.001 µM reduced the increase in 
HR induced by xamoterol 0.1 µM without affecting that by CGP12177 0.01 µM; the latter 
effect was abolished at 1 µM. 
(-)-MH-3 10 µmol/kg yielded “apparent pA2 values” of 5.2 and 5.1, respectively, against 
xamoterol and CGP12177 in pithed rats. In isolated hearts, the respective pA2 values for 
MH-3 1 µM were 6.7 and 6.6. The α1-adrenolytic potency of (-)-MH-3 1 µM in the 
isolated rat mesenteric artery preconstricted with phenylephrine was 8.4. 
            In conclusion, (-)-MH-3 is the first compound with virtually the same potency at 
β1H- and β1L-adrenoceptors and may represent a lead structure for the development of a 
new type of β-blockers. 
                                               
CGP12177 ((±)-4-[3-[(1,1-dimethylethyl)amino]-2-hydroxypropoxy]-1,3-dihydro-2H-
benzimidazole-2-one; (-)-MH-3 (R,S)-4-(2-hydroxy-3-(4-(2-methoxyphenyl)piperazine-1-
yl)propoxy)-9H-xanthen-9-one 
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Detection of 7,8-dihydro-8-oxo-2'-deoxyguanosine and other oxidative 
modifications of 2'-deoxyguanosine with HPLC-MS/MS 
Mandel P., Stopper H., Schupp N. 
Institute of Pharmacology and Toxicology, Versbacher Straße 9, 97078 Würzburg, 
Germany  
  
In DNA the most abundant oxidative DNA base modification is 7,8-dihydro-8-oxo-2'-
deoxyguanosine (8-oxodG), highly mutagenic and widely used as a biomarker for 
oxidative stress. But oxidative stress causes more DNA lesions than 8-oxodG, which are 
also mutagenic and might lead to genetic instability. HPLC-MS/MS-measurement of 8-
oxodG and other oxidatively induced products of 2'-deoxyguanosine (dG) in complex 
matrices is a challenge. 
We have developed a column switching method for HPLC-MS/MS, which allows us to 
measure 8-oxodG in tissue and cell culture. To separate the 8-oxodG from the sample 
matrix a trap column is used. After switching, the 8-oxodG is transferred to an analytical 
column and then detected (transition mass 284 to 168 Da). To verify the method, calf 

S51



thymus DNA was treated with singlet oxygen to quantify the formation of 8-oxodG. A 
time- and dose dependent increase of 8-oxodG could be measured. 
Recently, we have shown that the blood pressure-regulating hormones angiotensin II 
(AngII) and aldosterone (Aldo) are genotoxic in vitro and in vivo. Therefore these 
substances were used here as DNA-damaging agents. For in vivo-measurements the 
kidneys of AngII-treated C57BL76-mice and Aldo-treated Sprague-Dawley-rats were 
used. In vitro, in kidney cells, high levels of Aldo and AngII cause an increase of 8-
oxodG. The reaction was fast, increased amounts of 8-oxodG compared to the negative 
control were detectable after 10 and 30 minutes. In vivo, in kidneys, a dose dependent 
increase of 8-oxodG was induced by AngII and Aldo. The measurement is negatively 
affected by long time storage. Furthermore, the purity of the DNA isolation plays a 
critical role in the determination of the 8-oxodG/106 dG ratio. 
To measure dG and other modified products another HPLC-MS/MS method was 
designed. First measurements showed that seven different modifications, among them 
2,6-diamino-4-hydroxy-5-formamidopyrimidine (FAPYGua), guanidinohydantoin (GH) 
and spiroiminodihydantoin (SH), were detectable after reaction of dG with hydroxyl 
radicals. The reaction of calf thymus DNA with hydroxyl radicals or singlet oxygen show 
three to four oxidative modified products of dG. Always GH or FAPYGua is detectable. 
To sum up, our results show that it is possible to measure AngII- and Aldo-induce 8-
oxodG in complex matrices. In addition, the detection of other oxidised products of 2'-
deoxyguanosine is possible. 
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An automated Fpg-based FADU assay for the detection of oxidative DNA damage 
lesions 
Mangerich A., Müller N., Fischbach A., Moreno-Villanueva M., Kienhöfer J., Martello R., 
Volker U., Bürkle A. 
Universität Konstanz Molekulare Toxikologie, Jacob-Burckhardtstrasse 31, 78457 
Konstanz, Germany  
  
The oxidation of guanine to 8-oxo-2'-deoxyguanosine (8-oxo-dG) is one of the most 
abundant and best studied oxidative DNA lesions and is commonly used as a biomarker 
for oxidative stress.  Over the last decades, various methods for the detection of 8-oxo-
dG levels have been established and optimized.  However, some of them lack sensitivity 
or are prone to artifact formation, while others are tedious and time-consuming, 
hampering their application in screening approaches.  In this study, we present a 
formamidopyrimidine glycosylase (Fpg)-based method to detect oxidative DNA lesions 
using a modified protocol of the automated version of the fluorimetric detection of 
alkaline DNA unwinding (FADU) assay, initially developed for the measurement of DNA 
single strand breaks [Moreno-Villanueva et al. (2009) BMC Biotechnol, 9, 39].  The 
FADU-Fpg assay was validated using a plasmid DNA model, mimicking mitochondrial 
DNA and results were directly correlated to 8-oxo-dG levels as measured by LC-
MS/MS.  The FADU-Fpg assay can be applied to screen substances for their potential to 
induce oxidative DNA lesions as exemplified here by treating DNA with the peroxynitrite-
generating molecule Sin-1. Moreover, this method can be used to screen DNA-
protective effects of antioxidant substances, as exemplified here for a small-molecule, 
i.e. uric acid, and a protein, i.e. manganese superoxide dismutase, both of which 
displayed a dose-dependent protection against the generation of oxidative DNA lesions.  
In conclusion, the automated Fpg-based FADU assay offers a rapid and reliable 
measurement for the detection of oxidative DNA damage, rendering it an ideal method 
for screening the protective effects of antioxidant compounds. 
*A.M. and N.M. contributed equally to this work 
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The human placenta in toxicology 
Markert U., Göhner C., Pastuschek J., Weber M. 
University Hospital Jena Department of Obstetrics, Plaenta Laboratories, Bachstr. 18, 
07743 Jena, Germany  
  
The human placenta and placenta-derived cells and structures offer a great potential for 
toxicology testing but it has also several limitations. The placenta contains a wide 
spectrum of cell types and tissues, such as trophoblast cells, immune cells, fibroblasts, 
stem cells, endothelial cells, vessels, glands, membranes and many others. It may be 
expected that in many cases the relevance of results obtained from human placenta will 
be higher than those from animal models due to species specificity of metabolism and 
placental structure. For practical and economical reasons we propose to apply a battery 
of sequential experiments for analysis of potential toxicants. This should start with using 
cell lines, followed by testing placenta tissue explants and isolated placenta cells, and 
lastly by application of single and dual side ex vivo placenta perfusion. With each of 
these steps, the relative work load increases while the number of feasible repeats 
decreases. Simultaneously, the predictive power enhances by increasing similarity with 
in vivo human conditions. When toxic effects appear at any step, the subsequent assays 
may be cancelled. In our laboratories a number of toxicants have been successfully 
tested by applying this system. The test battery is useful to reduce costs and increase 
specificity in testing questionable toxicants. 
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Quantification of basal and DNA damage-induced levels of poly(ADP-ribose) by 
isotope dilution mass spectrometry in cells and tissues 
Martello R.1, Mangerich A.1, Sass S.2, Dedon P. C.3, Bürkle A.1 
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Poly(ADP-ribose) (PAR) is a biopolymer of various chain lengths with a linear or 
branched structure which is synthesized by poly(ADP-ribose) polymerases (PARPs). 
PARPs are involved in various biological processes such as regulation of DNA repair, 
cell cycle progression, and cell death. Consequently, several PARP inhibitors are 
currently in clinical development as chemo- and radiosensitizers as well as 
monotherapeutic agents following the concept of synthetic lethality. Pharmacological 
and toxicological studies call for an accurate analysis of PARP activity in terms of a 
detailed knowledge of the structure of PAR and a reliable method for its quantification. 
We have developed a sensitive, precise, and accurate bioanalytical method based on 
liquid chromatography coupled to electrospray tandem mass spectrometry (LC/MS-MS) 
to characterize and quantify PAR with femtmol sensitivity in physiological conditions as 
well as upon induction of genotoxic stress. In this approach, PAR is extracted from cells 
and hydrolysed to specific monomeric units, i.e., ribosyladenosine, which is 
characteristic for linear PAR, diribosyladenosine, which is characteristic for branching 
points, and adenosine, which represents the terminal part of the polymer. The assay 
was validated on human Peripheral Blood Mononuclear Cells (PBMCs) as well as in 
animal tissues. Screening of PAR levels in different mouse tissues and ex vivo 
pharmacodynamic studies using clinically relevant PARP inhibitors demonstrate that our 
assay has a wide range of potential applications. 
*R.M. and A.M. contributed equally to this work 
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Inhibition of cellular poly(ADP-ribosyl)ation by particulate and water soluble 
nickel compounds 
Maser E., Lotter E., Hartwig A. 
Karlsruhe Institute of Technology (KIT) Department of Food Chemistry and Toxicology, 
Adenauerring 20a, 76131 Karlsruhe, Germany  
  
Nickel and nickel compounds are classified as human carcinogens by the International 
Agency for Research on Cancer. As one underlying mechanism, nickel compounds have 
been shown previously to disturb different types of DNA repair systems. Proteins 
involved in DNA repair, like XPA, contain zinc finger structures and represent therefore a 
potential molecular target, as shown for water soluble nickel compounds. Nevertheless, 
up to now, nothing is known regarding the impact of nickel containing nanoparticles on 
DNA repair processes. The present study aimed to investigate the physicochemical 
properties of commercially available nickel and nickel oxide nanoparticles, their 
cytotoxicity and the impact on poly(ADP-ribosyl)ation in HeLa S3 cells and compared to 
water nickel chloride. Poly(ADP-ribosyl)ation is a posttranslational modification process 
which plays a critical role in many molecular and cellular processes, including cell death 
pathways, DNA damage detection and DNA repair. Poly(ADP-ribose) polymerase-1 
(PARP-1) is a zinc finger protein and catalyzes the formation of poly(ADP-ribose) 
subunits. Using immunofluorescence and a highly specific antibody (10H), the extent of 
poly(ADP-ribosyl)ation was quantified 24 h after incubation with nickel and nickel oxide 
nanoparticles or soluble nickel chloride. Poly (ADP-ribosyl)ation was significantly 
decreased in case of 250 µM nickel chloride and nickel nanoparticles starting at 10 
µg/ml. In contrast, only marginal effects on poly(ADP-ribosyl)ation were observed after 
incubation with nickel oxide nanoparticles. Cytotoxicity was determined by colony 
forming ability and WST-assay. A decreased viability of HeLa S3 cells was observed 
after 24 h incubation starting at a concentration of 50 µg/ ml nickel or nickel oxide 
nanoparticles. In summary, an inhibition of poly(ADP-ribosyl)ation was detected at non-
cytotoxic concentrations of nickel nanoparticles and water soluble nickel chloride, while 
no effect was observed after incubation with nickel oxide nanoparticles. Further 
investigations will clarify, whether these differences are related to the intracellular 
bioavailability of nickel ions and whether the inhibitions are due to interactions with the 
zinc finger structures of PARP-1. 
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Change of medical students’ self-appraisal of pharmacological knowledge and 
skills over time 
Matthes J., Johannsen W., Herzig S. 
Universität zu Köln Institut für Pharmakologie, Gleueler Strasse 24, 50931 Köln, 
Germany  
  
Background: Medical students often claim inadequate preparation for practice by 
pharmacology teaching. We asked about areas where medical students see their 
pharmacological deficits and whether this appraisal changes over time. Methods: 
Medical students of the 3rd, the early or the late 5th year of their studies were included. 
3rd year students just had attended a basic pharmacology course, while 5th year 
students in addition had attended a clinical pharmacology course. Late 5th year students 
furthermore had just been attending the PJ-STArT-Block (PJSB), a one-week course 
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preparing for the final study year mainly by training in simulated patient scenarios. 
Students filled in a questionnaire with items on students’ pharmacological deficits 
derived from interviews with 5th year medical students. During one term PJSB 
participants filled in the questionnaire twice, before and at the end of this course. 
Results: Increasing with the year of their study students agreed to have deficits with 
drug indication, adverse drug events or potential application of pharmacological 
knowledge. Significantly more late 5th year students (at the end of the PJSB) agreed 
with having deficits regarding drug interactions. Appraisal of deficits with dosing, brand 
name to INN attribution, already applied pharmacological knowledge or guideline-
according drug-therapy was similar regardless of the study year. The difference of 
overall mean values from self-appraisals was statistically significant when comparing 
late 5th year students with 3rd or early 5th year students (p<0.01 each). We thus looked 
for an influence of the PJSB. Combining all items on pharmacological deficits there was 
no difference when comparing mean values of late 5th year students’ before and at the 
end of the PJSB. However there was a significant negative correlation of pre-course 
values and their delta to post-course values suggesting that particularly those students 
were influenced by the PJSB who at the beginning have been exceedingly positive or 
negative in their self-appraisal. Conclusions: During their studies our medical students 
seem to become more self-critical regarding their pharmacological knowledge and skills. 
Of interest even a single course, aiming at preparing students for their final year seems 
to influence students’ self-appraisal. In further studies we want to elucidate whether self-
appraisal during the medical study is confirmed by experience of alumni during their first 
years in practice. 
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Scientific Hazard Evaluation of Solid Bulk Cargoes Transported by Ships: 
Internationally Harmonised Classification 
Mazurek N., Höfer T. 
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Introduction: The International Maritime Solid Bulk Cargoes (IMSBC) Code developed 
by the International Maritime Organisation (IMO) became mandatory in January 2011. 
One of its aims is to provide hazard information for a safer maritime shipment of solid 
bulk cargoes. A comparable listing and identification of the hazards has to be developed 
to enable mariners to introduce the appropriate occupational safety measures when 
handling, loading or un-loading the cargoes. An internationally accepted classification of 
the hazards of the cargoes is felt necessary for port management and emergency. 
However, criteria for Materials Hazardous when Transported in Bulk (so-called MHB 
cargoes) have been adopted only recently. Very few toxicological hazard classifications 
of the cargoes listed for transport in bulk have been prepared and published to date. To 
identify the health risks of solid bulk cargoes and to identify MHB cargoes in a 
systematic manner a data collection and hazard evaluation of the 152 cargoes listed in 
the code was started. Approach: As a first step, identification of toxicological data and 
hazard classifications has been started. Toxicological data collection is performed via 
publicly available sources including the identification of contradicting information and 
classifications prepared by industry. These data are used for preparing a preliminary 
evaluation of the human health hazards according to “The Globally Harmonized System 
of Classification and Labelling of Chemicals” of all cargoes listed in the code. Results: 
To date, publicly available hazard information have been identified for most cargoes. 
From these, approximately two-thirds proved to be potentially hazardous to health when 
transported in bulk according to the MHB criteria. One third remained unclear. The 
limiting factors identified are: (1) the insufficient specified chemical composition of cargo 
entries in the code due to their vague regulatory definition, (2) a lack of publicly available 
reports and (3) contradicting hazard information for seemingly identical products. 
Conclusion: Any international legal classification of solid bulks will need an international 
scientific clearing house for managing and evaluating confidential company reports, 
safety and toxicological studies like already established for bulk liquid cargoes. 
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The predictive value of COMT and TPMT polymorphisms for cisplatin ototoxicity 
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Bismarckstraße 8, 70176 Stuttgart, Germany  
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Although cisplatin is successfully used in oncology to treat a variety of malignancies, its 
antitumor efficacy comes at the cost of ototoxicity. The irreversible hearing loss can 
prove severe, especially in children, and a hearing aid may be necessary. A recent study 
provides evidence that common variation at catechol O-methyltransferase (COMT) and 
thiopurine S-methyltransferase (TPMT) genetic loci confer a dramatic increase in risk for 
hearing loss in cisplatin treated patients (OR 5.5 and 16.9). The study, however, was 
based on a limited number of patients and is still awaiting replication and confirmation 
before genetic testing might be transferred into clinical practice. 
A homogenous cohort of 51 Caucasian pediatric patients (mean age 16.3 years, 51% 
males) with osteosarcoma were included who received standardized cisplatin therapy 
according to the COSS-96 protocol. The number of included patients provided sufficient 
statistical power (>80%) to replicate previously observed associations of cisplatin 

ototoxicity with the tagging SNPs in COMT and TPMT, assuming an odds ratio of >5.0 
for each SNP. Patients were genotyped for the rs9332377 and rs12201199 tagging 
SNPs in COMT and TPMT and the nonsynonymous SNPs rs1142345 and rs1800460 in 
TPMT with validated TaqMan genotyping assays. Children who suffered serious 
cisplatin-induced ototoxicity (66%) were defined by the development of grade 2–4 
hearing impairment (hearing loss of >20 dB at frequencies of ≥4 kHz) according to the 
Münster Classification of platinum-induced hearing loss.  
The tagging SNPs rs12201199 (P=0.099) and rs9332377 (P=0.736) were not 
significantly associated with cisplatin-induced deafness, even after adjustment for the 
risk factors age and gender in a multivariate regression model. Thus, our study failed to 
replicate previous findings. The FDA drug label includes pharmacogenetic information 
on a potential association of the TPMT *3B (rs1800460) and *3C (rs1142345) variants 
with cisplatin ototoxicity. However, by applying the Münster ototoxicity scale we were not 
able to show a significant association of cisplatin-induced hearing loss with TPMT *3B 
and *3C genotypes. In summary, our results suggest that the predictive value of 
polymorphisms in COMT and TPMT are not sufficient to support routine 
pharmacogenetic testing for the identification of patients at high risk for cisplatin-induced 
ototoxicity.  
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Rating scale methods in multiple choice exams: a pilot study in pharmacology 
Melzer A.1, Gergs U.2, Neumann J.2, Lukas J.1 
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Multiple choice questionnaires are widely used in medical education and examination. In 
its simplest form the examinee has to choose the (one and only) correct answer from a 
set of n alternatives (single choice; SC). The aim of our study has been to examine the 
usefulness of a new type of items with the following properties: (a) more than one 
alternative can be correct and (b) every single alternative is rated by the subject on a 5-
point-scale ranging from "1: definitely false" to "5: definitely true”. 
In an empirical pilot study first-year clinical students in medicine (N = 245) took part in an 
obligatory exam in pharmacology. Following the exam the students were asked to 
answer ten additional (experimental) items. The ten test items were given either in the 
traditional format (SC; control group) or in the new rating format (experimental group). 
Different scoring methods were applied to test results in the experimental group (number 
of correctly answered alternatives – with and without confidence weights; number of 
items with all alternatives answered correctly) and signal detection parameters 
estimated. 
First results show a rather high dropout rate in the experimental group. Obviously, the 
rating format is unfamiliar and not easy to handle for our students. Still, internal 
consistency is high in both groups. In particular: the correlation of exam scores in 
pharmacology with the parameter estimates for AUC (area under the ROC-curve from 
signal detection analysis) is higher than with any other test result from the additional 
experimental items (r = 0.512, p < 0.0001, N = 63). This result may indicate that 
confidence ratings could be a method to increase the validity of multiple choice exams. 
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Dipeptidylpeptidase-like proteins (DPP6 and DPP10) do not interact with the 
cardiac potassium channel Kv1.5 encoding IKur 
Metzner K.1,2, Turnow K.1, Radicke S.2, Ravens U.1, Wettwer E.1 
1Department of Pharmacology and Toxicology, Dresden University of Technology, 
Fetscherstr. 74, 01307 Dresden, Germany  
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Härtelstr. 16-18, 04107 Leipzig, Germany  
  
In human atrial myocytes, outward K+ currents consist of a rapidly activating and rapidly 
inactivating transient component (Ito) and an ultrarapidly activating, little inactivating 
component IKur. During a voltage clamp step, Ito dominates the initial peak current whereas 
IKur prevails in late current. The a-subunits of the ion channels conducting Ito and IKur are 
Kv4.3 and Kv1.5 channels, respectively, which interact with accessory b-subunits that 
modulate channel kinetics. Coexpression of the dipeptidylpeptidase-like protein 10 (DPP10) 
with Kv4.3 channels plus its b-subunit KChIP2 (Kv4.3+KChIP2) induced a slowly 
inactivating fraction of Ito, which could be abolished with the dipeptidylpeptidase blocker 
sitagliptin. DPPs modulate currents conducted via Kv4.3 channels by accelerating the time 
courses of activation, inactivation and recovery from inactivation. However, it is not known, 
whether DPPs also interact with Kv1.5 channels. Here, we have studied whether DPPs 
affect IKv1.5/IKur kinetics in a heterologous expression system and in human atrial 
cardiomyocytes. 
Whole-cell voltage clamp was performed at 23°C and 37°C. Currents were measured in 
mouse fibroblasts stably expressing the human Kv1.5. In addition, the cells were transiently 
transfected with the DPP isoforms DPP6-S or DPP10a. Human cardiomyocytes were 
enzymatically isolated from right atrial appendages, all patients gave informed consent. 
Co-expression of DPPs with Kv1.5 neither alter the peak amplitude of IKv1.5 (in pA/pF: 
95.3±10.3, n=18 and 93.3±13.6, n=13, at 23°C, for Kv1.5 and Kv1.5+DPPs, respectively) 
nor the potential of half-maximum steady-state inactivation (V0.5; -21.6±1.3 mV, n=37 and -
21.2±2.3 mV, n=19, respectively). Time courses of activation and inactivation were not 
accelerated and DPPs did not hasten the recovery from inactivation. Sitagliptin (1 mM) had 
no effect on expressed Kv1.5 and Kv1.5+DPPs at 23°C and 37°C. In contrast, sitagliptin 
reduced current amplitude in CHO cells co-expressing DPP10a and Kv4.3+KChIP2, with 
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late current being decreased by 30%. In human cardiomyocytes sitagliptin reduced late 
current by 34%. 
In summary, DPPs do not functionally interact with Kv1.5 in the expression system and 
therefore are unlikely to affect IKur in human cardiomyocytes. Hence the sitagliptin-induced 
reduction of late current in cardiomyocytes is probably due to inhibition of the DPP effect on 
Ito, providing evidence for a role of Ito in late current in human atrial myocytes. 
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Introduction: A variety of drug residues have been detected in sewage plant run-offs, 
rivers and lakes, but also in groundwater and tap water samples. Studies have yet to 
identify a risk for human health from these contaminants, but adverse health effects 
have been reported for various species, including fish and birds. It has recently been 
suggested that for a comprehensive risk assessment toxicologists should also consider 
transformations products (TPs) that may arise from abiotic and biotic (metabolic) 
reactions. Using sulfamethoxazole (SMZ), a well-known inhibitor of bacterial 
dihydropteroate synthase (DHPS), as the parent drug we tried an in-silico approach to 
identify TPs that would also inhibit DHPS. 
Methods: A thorough literature and database search revealed 30 SMZ-TPs. DHPS from 
different bacteria were modeled based on their x-ray structures that had been published 
in the Protein Data Bank (RCSB-PDB). Classical force field-based molecular dynamics 
(MD) simulations were then performed with all SMZ-TPs and averaged energies 
representing Coulomb and van-der-Waals interactions as well as strain and entropy 
contributions were calculated. For selected candidates, we performed agar-diffusion 
tests (ADT) to verify their inhibitory potency. 
Results: The calculations revealed 4 candidates that are expected to inhibit DHPS from 
Staphyolococcus aureus (1AD4), but none for the enzymes from Bacillus anthracis 
(1TX0) and Streptococcus pneumoniae (2VEG). Compounds of interest were the N1 
and N4 acetyl derivative of SMZ, two enantiomers of a bis(hydroxylated), and one 
chlorinated SMZ-TP. The ADT performed with S. aureus confirmed antibiotic activity of 
the N4 derivative that was comparable to SMZ, but none for two unrelated TPs. 
Conclusions: Considering the preliminary verification experiments, our calculations in 
terms of statistical thermodynamics may prove useful for the priorization of biologically 
relevant TPs when the amount of identified TPs or lack of availability prohibits an 
exhaustive toxicological screening of all candidates. Future work will focus on the 
interaction analysis with relevant human target enzymes such as N-acetyltransferases. 
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High ozone concentrations (>1000ppm) do not induce apoptosis in A549 human 
lung adenocarcinoma cells and L929 mouse fibroblasts 
Meyer J., Hopfer C., Gudermann T., Mückter H. 
Walther-Straub-Institut Toxikologie, Nußbaumstraße 26, 80336 München, Germany  
  
Introduction: Ozone is considered an ubiquitous environmental toxicant, but may also 
pose an occupational health risk, especially in industrial settings at high concentrations. 
Low-conc (≤500ppb) ozone exposure may eventually lead to apoptosis in affected 
tissues with a release of nucleotides, cytokines, etc [1]. However, little is known about 
the cellular effects of high ozone concentrations. Therefore we challenged two different 
cells lines with high ozone concentrations (up to 10,000ppm) to check for signals of 
apoptotic behavior. 
  
Materials & Methods: We exposed human lung adenocarcinoma cells (A549) and mouse 
fibroblasts (L929) to ozone in an in-vitro apparatus as described previously [2] to 
observe cell damage and cellular responses. 
We performed FACS analyses to screen single cells for signs of apoptosis (AnnexinV – 
a marker of early apoptosis) and necrosis (FixableViabilityDye – a marker of late 
apoptosis and necrosis). Trypan blue (a marker of membrane integrity) staining was 
performed to check overall viability. Metabolic status (GSX, NAD(P)H) was determined 
with the Tietze assay and the XTT test. For morphological details (blebbing, cell 
detachment) we used a holographic microscope (HoloMonitor M3). 
  
Results: Both cell lines showed almost identical concentration-effect relationships in the 
range of 10^2 – 10^5 ppm and LC50 values (Fig). For a more detailed analysis we 
exposed cells suspended in Hanks's buffer at 2000ppm ozone for 1h. When fresh 
culture medium was added at the end of the exposure the full-blown picture of damage 
developed within 12 hours, showing membrane leakage and metabolic stress. FACS 
analysis and Trypan blue assay yielded many non-viable cells at 12-24h after exposure, 
but no signs of apoptosis were detected as suggested by the remarkable absence of 
blebbing and AnnexinV. 
  
Conclusions:   
The strong oxidative power (E° > 2V) is a unique feature of ozone that is exploited for 
disinfection, bleaching, and destruction of organic chemicals. The direct exposure of 
cells to this strong oxidant at technical concentrations may result in cellular damage that 
is distinctive from low-conc effects reported in environmental studies 
  
[1] Kosmider B et al., Free Radic Biol Med, 48: 1513-24, 2010 
[2] Mückter et al., J Pharmacol Toxicol Meth, 40: 63-69, 1998 

 
Figure: 
Ozone concentration-effect relationship 
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Evidence for a role of cellular senescence in cardiac fibrosis 
Meyer K., Hodwin B., Engelhardt S., Sarikas A. 
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Introduction: Premature senescence is a tumorsuppressive mechanism leading to 
p16INK4A or p53-mediated cell cycle arrest upon telomere shortening or oncogenic 
signaling. Recent studies have demonstrated a role for premature senescence in liver 
and skin fibrosis.  
Aims and objectives: The aim of this study was to investigate the pathophysiological role 
of premature senescence in cardiac fibrosis and to identify affected cell populations 
within the myocardium.  
Methods and results: Two established murine models of cardiac fibrosis, transaortic 
constriction (TAC) and cardiomyocyte-specific beta1-adrenergic receptor-transgenic 
mice (beta1-TG), were employed to study the role of premature senescence in the heart. 
Fibrosis was detected by sirius red staining and realtime PCR (Col1a2, Col3a1). For 
quantification of premature senescence, the proliferation marker Ki67, cell cycle 
regulators p16INK4A and p21 and senescence-associated (SA)-beta-galactosidase 
were monitored by immunohistology, histochemistry and realtime PCR.  
In the TAC model, 4% Ki67 positive nuclei were detected after two weeks (mild fibrosis) 
and 0.5% after six weeks (severe fibrosis) compared to 1.5% in sham controls (n=7). 
p16INK4A and p21 were increased 15-fold and 6-fold, respectively, six weeks after TAC 
when compared to sham controls (n=7/4; p < 0.05). SA-ß-galactosidase was significantly 
increased two and six weeks after TAC (n=7/4; p < 0.01). 
In the beta1-TG model, p16INK4A positive nuclei and SA-ß-galactosidase were 
significantly increased in five months old TG mice with mild fibrosis and ten months with 
severe fibrosis when compared to WT littermates (n=5/6; p < 0.05). 
Analysis of isolated primary cardiac fibroblasts and cardiomyocytes by realtime-PCR 
(SA-ß-galactosidase) and co-immunostaining with the fibroblast marker vimentin 
identified cardiac fibroblasts as the major cell population undergoing premature 
senescence in cardiac fibrosis. 
Summary and conclusion: Our results provide evidence for a critical role of premature 
senescence in cardiac fibrosis that may lead to novel therapeutic strategies to restrain 
fibrogenesis in heart diseases. 
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Introduction 
Bisphenol A (BPA) is a chemical of high interest due to its endocrine activity. In this 
study we investigated the influence of functionally relevant polymorphic UGT2B15, the 
enzyme mediating BPA metabolism, on the blood concentration time profile using a 
validated physiologically based kinetic human model. 
  
Methods 
The physiologically based human model was previously used to simulate the plasma 
concentration of BPA after oral exposure (Mielke and Gundert-Remy, 2009; Mielke et 
al., 2011). In this model, excretion is modelled by metabolism in the liver to glucuronides 
and sulfate conjugated metabolite. The metabolic parameters of the15 individual 
hepatocyte donors for the glucuronidation pathway, Km and Vmax, were taken from 
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Kuester and Sipes (2007). We detected that the 15 donors could be separated into three 
groups according to their Clint indicating polymorphic expression of UGT2B15. We 
modelled the concentrations in blood after oral intake of a daily oral dose of 1 µg/kg/day, 
divided into three administrations to mimic three meals a day. This dose corresponds to 
the highest individual exposure level in the combined urinary biomonitoring studies 
worldwide (Dekant and Völkel, 2008; Lakind and Laiman, 2011; Geens et al., 2012). 
  
Results 
Maximum concentrations (Cmax) and AUCs in blood in high and low metaboliser were a 
factor of 4.7 and 4.6, respectively, apart (dose: 1 µg/kg/day). In low metabolisers, a 
greater proportion of BPA is excreted via the sulfate pathway compared to high 
metabolisers. This finding explains why Cmax and AUC increase to a smaller extent as 
predicted from in vitro data in transfected cells possessing only the UGT2B15 variants. 
The highest Cmax-value calculated in the subject with the lowest metabolic clearance is 
roughly 40 pg/ml, far lower than the reported high blood concentrations which cannot be 
explained by a genetically impaired UGT2B15 activity. 
  
Discussion 
UGT2B15 polymorphism is known for several years and impaired function of some of 
the polymorphic variants affects a great proportion in the population. We found a factor 
of 4.7 for Cmax and of 4.6 for AUC between the human hepatic cells with the lowest and 
the highest intrinsic clearance. These values can be informative concerning the kinetic 
portion of the assessment factor for the intraspecies variability in risk assessment. 
  
Dekant W, Völkel W (2008) Human exposure to bisphenol A by biomonitoring: methods, 
results and assessment of environmental exposures. Toxicol Appl Pharmacol228: 114-
134. 
Geens T, Aerts D, Berthot C, Bourguignon JP, Goeyens L, Lecomte P, Maghuin-
Rogister G, Pironnet AM, Pussemier L, Scippo ML, Van Loco J, Covaci A (2012) A 
review of dietary and non-dietary exposure to bisphenol-A. Food Chem Toxicol 50: 
3725-3740. 
Kuester RK, Sipes IG (2007) Prediction of metabolic clearance of bisphenol A (4,4-
dihydroxy-2,2-diphenylpropane) using cryopreserved human hepatocytes. Drug Metab 
Dispos 35: 1910–1915. 
Lakind JS, Naiman DQ (2011) Daily intake of bisphenol A and potential sources of 
exposure: 2005-2006. National Health and Nutrition Examination Survey. J ExpoSci 
Environ Epidemiol 21: 272-279. 
Mielke H, Gundert-Remy U (2009) Bisphenol A levels in blood depend on age and 
exposure Tox Lett 190: 32–40. 
Mielke H, Partosch F, Gundert-Remy U  (2011) The contribution of dermal exposure to 
the internal exposure of bisphenol A in man. Toxicol Lett 204: 190-198. 
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Mechanism of PP1γ- mediated µ-opioid receptor dephoshorylation 
Miess E., Schulz S. 
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Phosphorylation is regarded as key event in the signalling and regulation of the µ-opioid 
receptor (MOR). However, but the molecular basis of agonist-selective signaling is still 
poorly understood. We have recently shown that full agonists such as [D-Ala2-MePhe4-
Gly-ol]enkephalin (DAMGO) stimulate the phosphorylation of a number of carboxyl-
terminal phosphate acceptor sites including threonine 370 (T370) and serine 375 (S375) 
that is followed by a robust receptor endocytosis. In contrast, morphine promotes a 
selective phosphorylation at S375 without causing rapid receptor internalization. We 
found that DAMGO-driven phosphorylation at T370 and S375 was preferentially 
catalyzed by G protein-coupled receptor kinases (GRK) 2 and 3, whereas morphine-
driven S375 phosphorylation was preferentially catalyzed by GRK5. Furthermore, we 
identify protein phosphatase 1γ (PP1γ) as GPCR phosphatase that mediates rapid 
dephosphorylation of MOR. We also found that PP1γ catalyzed T370 and S375 
dephosphorylation at or near the plasma membrane within minutes after agonist 
removal. Each PP1 enzyme contains a catalytic subunit and one or more regulatory 
subunits. The aim of the present work was to identify the regulatory subunit that is 
necessary PP1γ-mediated dephosphorylation of MOR using siRNA knockdown 
screening. 
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Hypericum perforatum L oral administration improves wound healing process in 
Freund's adjuvant arthritic rats 
Mikail H.1, Mikail H.1,1, Kotsiou A.2,1, Tsamouri M.3, Tesseromatis C.1,1 
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3Erythros Stavros Hospital Pathologie, Sevastoupoleos 129, 11528 Athen, Greece 
  
Wounds treatment using plants traces back to ancient culture 9Egypt, Greece.) 
Dioscorides recommends Hypericum genus as a multivalent  plant remedy. 
H. perforatum L’s  polyphenols (antiinflammatory ) and flavonoids (antioxidants)  limit 
oxidative injuries. 1,2,3 
The present study investigates the healing process of skin incision trauma, in Freund’s 
adjuvant arthritis in rats, via RotoelÒ Jukunda  (H. perforatum L  10 %  oil extract) 
systemic administration (po) 
35 Wistar rats (5 groups A,B,C,D,E,  n=7) aged  6-8 weeks, weighing 350- 450g were 
used.  A,B  controls -  C,D,E were injected  0,1ml complete Freund’s adjuvant [CFA] (1 

mg /ml of Mycobacterium tuberculosis (H37Ra, ATCC 25177 Sigma–Aldrich, St. Louis, 
MO, USA) into the right hindpaw.  Dorsal skin  incision wound 3cm length 0,5ml  was 
performed in all groups. B,C,D were treated with RotoelÒ Jukunda, 
 E with home made (HM) Hypericum perforatum olive oil extract  10%,  for 5 days. 
Histological skin specimens were evaluated under light microscopy (x20 HE) and blood 
labs (rheumatoid factor, serum glutathione, C-reactive protein, albumin and total 
proteins) were estimated. 
  
  

Groups Rhumatoid 
Factor Glutathione crp Total 

proteins Albumin 

A control 8,6±0,48 0,344±0,064 3,22±0,18       6,6±0,16 4,18±0,13 
B control 
+Hp 7,57±0,23    0,44±0,08* 2,94±0,21 6,09±0,21 3,93±0,13 

C CFA 16,34±0,46* 
A/C p<0, 009 

   0,282±0,03B/C 
p<0,05 

5,68±0,18* 
A/C p<0,001 

5,84±0,11* 
A/C p<0,05 

     3,2±0,12 
A/C p<0,05 

D CFA + 
Hp 11,44±0,42    0,368±0,05 4,16±0,15 6,39±0,17  3,438±0,44 

E CFA + 
Hp(HM) 

    11,2±0,20* 
C/E p<0.008    0,377±0,07  4,233±0,15 6,38±0,21 3,28±0,38 

  
 Hypericum p.L treatment restored all values, paw diameter, speeded granulomatous 
tissue formation with more pronounce amelioration  in groupE  (home made Hp),  in 
accordance with previous studies referring to Hp local application. 
 The anti-inflammatory effect of Hp is attributed to its constituents anthrone, 
anthroquinone, emodin hypericin and pseudohypericin and the analgesic to the 
presence of flavonoids , tannins and saponins as it is mentioned in similar studies. 
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Prolonged binding of Gαi to type V adenylyl cyclase potentiates receptor mediated 
regulation of cAMP 
Milde M., Bünemann M. 
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von-Frisch-Str. 1, 35043 Marburg, Germany  
  
Adenylyl cyclases (ACs) generate the second messenger cAMP which regulates the 
physiological function of virtually all cells. Their regulation by either stimulatory or 
inhibitory G proteins is the major pathway for receptor mediated alterations of cAMP-
levels. Our previous studies revealed a slow dissociation of Gαi1 from human type V 
adenylyl cyclase (hAC5). This prolonged interaction presumably shifts the balance in the 
G protein cycle towards a higher amount of active G proteins, thereby sensitising 
receptor mediated regulation of hAC5 via Gαi1. In the present study we compared 
dynamics of receptor-mediated regulation of hAC5 via Gαi with those of GIRK channels. 
GIRK currents are activated via Gβγ subunits derived from Gi/o proteins and are known 
to very closely resemble G protein kinetics. To investigate inhibition of cAMP production 
in real time we used transiently transfected HEK293T-cells and expressed the FRET-
based cAMP biosensor Epac1-camps together with wild-type hAC5 and 
α2A-adrenoceptor. We tested sub-nanomolar concentrations of norepinephrine, which 
only partially activated GIRK channels and Gi proteins and observed a complete 
attenuation of β2-adrenoceptor mediated elevation of cAMP. Further controls without 
cotransfected ACs revealed hAC5 to be mainly responsible for the observed effect. 
Taken together these data suggest that the effector-dependent sensitisation of 
Gi proteins is indeed unique for adenylyl cyclases and it functionally translates into the 
regulation of cAMP. 
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Stimulatory potency of Angiotensin II on glucagon release in vivo and in vitro 
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AT1-blockers (ARB) are established as antihypertensive drugs and also improve glucose 
utilization. We recently have observed that glucagon plasma concentrations increased in 
rats that have chronically been treated with telmisartan or candesartan. However, 
mechanism of glucagon release after ARB remained unanswered. Thus, we intended in 
this study to elucidate the function of AngII on glucagon release in vivo and in vitro. 
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Lean and obese Zucker rats were treated with AngII (9 µg/h, 4 weeks) and glucose, 
insulin and glucagon were monitored. The In-R1-G9 hamster cell line was used as a 
model to study the in vitro glucagon release (at 11 mM glucose).   
In lean rats, glucose, insulin and glucagon levels were not affected by AngII. Obese rats 
had higher glucose and insulin levels than lean controls. Insulin declined after AngII 
infusion but glucose was rather decreased than increased. Glucagon levels were 
selectively enhanced by AngII in obeses rats. To prove the question whether the 
increase of glucagon is induced by AngII itself or in response to the decrease of insulin 
we performed in vitro studies. The stimulation dependent glucagon release from In-R1-
G9 cells was verified by epinephrine, since the dose dependent glucagon release could 
be blocked by the α2-blockers phentolamine and phenoxybenzamine. AngII dose 
dependently stimulated glucagon release (EC50 26 µM). qPCR analysis indicated the 
presence of AT1- and AT2-receptors in this pancreatic a cell line. The AngII (10 µM) 
stimulated glucagon release was rather increased than blocked by highest losartan 
concentrations (100 µM) indicating no AT1-dependent mechanism. Losartan alone was 
ineffective. AT2-receptor stimulation by compound 21 (10 µM) did not increase glucagon 
release. AngII (10 M) induced glucagon release was not blocked by the AT2-antagonist 
PD123319. 10 µM of the AngII metabolites Ang(1-7) and  AngIV also increased 
glucagon release. 
We observed in vivo and in vitro that AngII stimulated glucagon release. However, 
glucagon release in vivo occurred only in obese rats which may be due to published 
findings that leptin stimulates glucagon release. Thus, AngII may potentiate leptin 
effects. We gained no evidence in cell experiments for an AT1- or AT2-dependent 
mechanism. We speculate that degradation products of AngII may provoke glucagon 
release, since Ang(1-7) and AngIV display stimulatory properties. This also may explain 
the higher glucagon levels in vivo after AngII and also after ARB treatment. 
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The herbal drug STW 5 (Iberogast®) with nine plant extracts is successfully used in the 
therapy of functional dyspepsia and irritable bowel syndrome (IBS). While the effect of 
STW 5 is well established, the contribution of the single components is still not fully 
elucidated. The aim of this study was to determine the effects of STW 5 and several 
components on acetylcholine (ACh)-induced contractions in untreated and inflamed 
small intestine preparations. 
The experiments were carried out on isolated ileum/ jejunum preparations from Wistar 
rats. The inflammation was induced by intraluminal instillation of trinitrobenzenesulfonic 
acid (TNBS, 10 mM) for 30 minutes. 
STW 5 (62.6-500.5 µg/ml) inhibited the ACh-induced contraction in untreated (IC50= 
316.8 µg/ml) and in TNBS-treated preparations (IC50= 220.4 µg/ml) in a concentration-
dependent manner with a maximum reduction to 81.1 and 85.3 %, respectively. STW 5-
II (66.7-533.3 µg/ml) inhibited the ACh-induced contraction in untreated (IC50= 268.1 
µg/ml) and in TNBS-treated preparations (IC50= 235.8 µg/ml) with a maximum reduction 
to 82.5 and 91.2 %, respectively. 
The effects of STW 5 and STW 5-II were comparable. We postulated that angelica, milk 
thistle and greater celandine, components of STW 5 but not of STW 5-II, did not 
contribute to the effect of STW 5. Other than postulated angelica (84.9 µg/ml) and milk 
thistle (1.9 µg/ml) reduced ACh-induced contractions in inflamed preparations 
significantly to 82.9 and 84.9 %, respectively. The combination of these three extracts 
diminished ACh-induced contractions significantly to 82.6 % in untreated and to 84.0 % 
in inflamed preparations. 
The results indicate that the herbal components contribute differently to the effects of 
STW 5 on ACh-induced contraction. For further combinations the statistical Box-
Behnken design was used. The primary advantage is in addressing combinations of 
components, which reveal a significant effect on ACh-induced contraction. 
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TANK binding Kinase 1 (TBK1) is an only recently identified enzyme with high homology 
to the classical I-κB kinase subunits, IKKα and IKKβ. In spite of this similarity, it is mainly 
discussed as kinase involved in defence against viral infections by modulating type I 
interferons. However, in vitro studies revealed a role of TBK1 and its complex-partner 
inhibitor-kappaB kinase epsilon (IKKε) in the regulation of NF-κB activity, but the distinct 
mechanisms of TBK1- and IKKε-mediated NF-κB activation are not completely 
understood and no in vivo data are available so far. Given the paramount role of NF-κB 
in inflammation we investigated the regulation and function of TBK1 in models of 
inflammatory hyperalgesia in mice. 
We found that TBK1 is abundantly expressed in nociceptive neurons and astrocytes in 
the spinal cord. TBK1 mRNA and protein levels rapidly increased in the spinal cord 

during hind paw inflammation evoked by injection of zymosan. TNFα/TBK1 double-
knock-out mice showed normal nociceptive responses to acute heat or mechanical 
stimulation. However, in inflammatory pain models TNFα/TBK1 deficient mice exhibited 
a significantly reduced nociceptive behaviour in comparison to TNFα knock-out control 
mice indicating that the kinase contributes to the development of inflammatory 
hyperalgesia. This hypothesis was supported by reduced pain behaviour in C57BL/6 
mice after intrathecal administration of the TBK1/IKKε-inhibitor BX795. In TNFα/TBK1 
double-knock-out mice, antinociceptive effects were associated with an attenuated NF-
κB-dependent induction of cyclooxygenase-2 (COX-2). However, an altered induction of 
cFos, a NF-κB independent gene was also observed in TNFα/TBK1 double-knock-out 
mice. 
Therefore, we hypothesize that TBK1, beside IKKε, is an important mediator in 
inflammatory pain pathways. 
  
The work is supported by the Deutsche Forschungsgemeinschaft (NI 705/2-1) and 
Graduate School “Biologicals” (GRK 1172). 
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Background: SLC35F1 is a solute carrier that was related to resting heart rate and left 
ventricular diastolic dimension in two genome-wide association studies. However, its 
function and substrate specificity are currently unknown. To clarify the role of this 
transporter for physiological and pathological processes we have investigated its 
expression as well as its tissue and cellular localization. 
Methods and results: To identify the tissue distribution and expression levels of 
SLC35F1, probes from mouse and human organs were examined by means of real time 
PCR and Western Blot analysis. The results obtained by RT-PCR showed highest level 
of SLC35F1 mRNA content in brain tissue, both in human and mouse.  Western Blot 
analysis of probes from mouse organs with a specific antibody indicated high level of 
slc35f1 protein in brain, kidney and heart tissue. However, in contrast to mRNA level the 
content of protein was in heart tissue higher as in the brain or kidney. Confocal 
fluorescence microscopy studies in brain section from mouse and human organs 
indicated strong expression of SLC35F1 in neurons of cerebrum and in Purkinje cells of 
cerebellum. Analysis of heart sections revealed strong staining in cardiomyocytes. In the 
kidney we found very high and specific expression of this transporter in the podocytes of 
glomeruli. 
For characterization of the sub-cellular localization of SLC35F1, MDCK cells were 
transfected with a pQBI25 vector constructed to express a human SLC35F1 protein 
tagged with a green fluorescence protein at the C-terminus. Imaging of the transfected 
cells by confocal fluorescence microscopy showed localization of the tagged protein in 
membranes of Golgi complex, in endoplasmic reticulum and in some small vesicles. This 
data are in agreement to the observation of intracellular localization of other proteins 
from SLC35 family. 
To investigate the function of this solute carrier in physiological processes we used 
zebrafish as a model and designed morpholino antisense oligomers for specifically 
reducing of slc35f1 mRNA translation. Knockdown of slc35f1 resulted in increased 
malformations of podocyte foot processes compared to controls. 
Conclusion: SLC35F1 is a transporter that is localized on the membranes of Golgi 
complex, endoplasmic reticulum as well as in some intracellular vesicles and is 
expressed in high level in specific cells of brain, heart and kidney. 
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Exposure to high-dose ultraviolet B (UVB) radiation induces keratinocyte apoptosis and 
increases the synthesis of anandamide (AEA) in keratinocytes (Magina S et al. 2011). 
Published data on the effects of cannabinoids on the regulation of keratinocyte cell 
death are conflicting. Moreover the influence of cannabinoids on UVB-induced cell death 
has never been studied. Here, we investigated whether AEA and other cannabinoid 
receptors ligands modify keratinocyte survival and UVB-induced keratinocyte death. Cell 
viability in human immortalized HaCat keratinocytes was evaluated under basal 
conditions and 48 h after high-dose (70 mJ/cm2) UVB (311 nm) irradiation. Cell viability 
was measured using calcein-AM. Cell suspensions (180 µl) were incubated for 40 min at 
room temperature with 20 µl of calcein-AM (10 µM, in PBS solution). Fluorescence was 
measured at 485 nm excitation and 530 nm emission wavelengths using a 
spectrofluorometer.  UVB irradiation markedly reduced cell viability (37.8±3.8 % of the 
non-irradiated control, mean±sem, n=12, P <0.05, t-test).  AEA (30 µM) had no effect on 
the viability of non-irradiated HaCat cells.  However, pretreatment of these cells with 30 
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µM AEA significantly increased UVB-induced cell death (cell viability was 21.6±2.3% of 
the non-irradiated control, n=12, P<0,05 compared to UVB alone). This effect was 
replicated by the transient receptor potential vanilloid-1 channel (TRPV1) agonist 
capsaicin (10 µM). Neither the selective CB1 antagonist AM-251 (1 µM) nor 
indomethacin (1 µM) modified the effect of AEA.  In contrast, the selective TRPV1 
antagonist, capsazepine (5 µM), which alone did not modify cell viability, abolished the 
increase in UVB-induced cell death of either AEA or capsaicin. Our results suggest that 
AEA potentiates cell death induced by UVB radiation through TRPV1 in human 
keratinocytes.  Endocannabinoids participate in the adaptive skin response to UVB 
radiation and could be useful in combination to phototherapy for treatment of 
hyperproliferative dermatoses such as psoriasis. 
  
Magina S, Esteves-Pinto C, Moura E, Serrão MP, Moura D, Petrosino S, Di Marzo V, 
Vieira-Coelho MA (2011) Inhibition of basal and ultraviolet B-induced melanogenesis by 
cannabinoid CB(1) receptors: a keratinocyte-dependent effect. Arch Dermatol Res 
303:201-10 
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Background: The thromboxane receptor (TP) is involved in cardiovascular 
homeostasis. Activation of the TP induces platelet aggregation, causes vasoconstriction, 
and ameliorates monocyte adhesion. TP deficiency (TP-/-) reduces atherosclerosis in 
ApoE- deficient (ApoE-/-) double knockout mice. The aim of the present investigation was 
to compare the metabolic profiles of TP-/- mice and their wild-type littermates (WT). 
Methods: We analyzed plasma of TP-/- and WT mice (n=6/6) using the AbsoluteIDQTM 
p180 kit (Biocrates, Innsbruck) by LC- and FIA-MS/MS on an API 4000 system 
(ABSciex, Darmstadt, Germany). Statistical analysis was performed using the metaP-
server (Kastenmüller et al. J Biomed Biotechnol. 2011) and absolute and relative 
abundances of lipids were calculated. 
Results: We found 19 metabolites with variation between TP-/- and WT mice 
(4 lysophosphatidylcholines (lysoPC), 14 phosphatidylcholines (PC), and 1 
sphingomyelin, p<0.1). In comparison to WT mice, the total concentrations of lysoPCs 
and PCs both were 23 % higher in TP-/- mice (lysoPCs: 
729 ± 80 vs. 894 ± 121 µmol/L, p=0.019; PCs: 1788 ± 425 vs. 2199 ± 299 µmol/L, 
p=0.082). Moreover, relative abundances of some lysoPCs and PCs were different 
between TP-/- and WT mice, e.g. lysoPC (26:0) (0.0589 ±  0.0098 vs. 
0.0361 ± 0.0052 %, p<0.001) and PC (aa 24:0) (0.0067 ± 0.0014 vs. 
0.0048 ± 0.0005 %, p=0.01). 
Conclusion: We found alterations in the plasma lipid profile of TP-/- and WT mice. Our 
data suggest that TP-/- induces metabolomic changes that could protect from 
atherosclerotic burden. 
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Megakaryoblastic Leukemia 1 and 2 (MKL1/2) are coactivators of the transcription factor 
Serum Response Factor (SRF) with a role in experimental metastasis. Here, we provide 
evidence that depletion of MKL1 and 2 abolishes hepatocellular carcinoma (HCC) 
growth. Loss of the tumor suppressor Deleted in Liver Cancer 1 (DLC1) and the 
subsequent RhoA activation were prerequisites for MKL1/2-mediated growth arrest. We 
identified oncogene-induced senescence as the molecular mechanism underlying the 
inhibitory effect of MKL1/2 knockdown on tumor growth. MKL1/2 depletion resulted in 
Ras activation, enhanced ERK1/2 phosphorylation, elevated p16 expression and 
hypophosphorylation of the retinoblastoma (Rb) protein in DLC1-deficient HuH7 and 
HuH6 hepatocellular carcinoma cells. Interestingly, reconstitution of HuH7 cells with 
DLC1 also led to augmented ERK1/2 phosphorylation, increased p16 expression and Rb 

hypophosphorylation, culminating in G1-arrest and cellular senescence. Since tumor 
suppressors such as DLC1 are generally not amenable to direct therapeutic targeting, 
we evaluated the therapeutic efficacy of MKL1/2 knockdown in vivo. Systemic treatment 
of nude mice bearing HuH7 tumor xenografts with MKL1/2 siRNAs complexed with 
polyethylenimine (PEI) completely abolished tumor growth. Importantly, PEI-complexed 
MKL1 siRNA alone was sufficient for complete abrogation of tumor growth and 
senescence induction. Thus, MKL1/2 represent promising novel therapeutic targets for 
the treatment of HCCs characterized by DLC1 loss. 
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Interleukin-6 (IL-6) is induced after myocardial infarction (MI) and it is known that IL-6 
regulates inflammatory processes as well as remodeling post MI. One main component 
of the extracellular matrix (ECM) is hyaluronan (HA) which is synthesized by three 
hyaluronan synthase (HAS) isoenzymes, called HAS 1-3. HA is involved in wound 
healing responses, in inflammatory responses and in tissue remodeling in a variety of 
physiological as well as pathological processes such as atherosclerosis or lung fibrosis. 
However, it is presently unknown how HA synthesis and turnover is regulated after MI 
and which function HA has during post infarct remodeling and inflammation. 
Aim of the present study was therefore to investigate a possible relationship between IL-
6 and the HA-matrix remodeling post MI. 
Cardiac Fibroblasts (CFs) isolated from male C57BL/6J mice were stimulated with IL-6 
in combination with the soluble IL-6 receptor (sIL-6R). Gene expression was analyzed 
using real-time quantitative PCR and revealed an induction of HAS1- and HAS2-mRNA 
expression in response to IL-6 + sIL-6R after 6 h as compared to control (HAS1 33.47 ± 
16.77 fold of control and HAS2 4.642 ± 1.284 fold of control, n=3, p < 0.05). In parallel, 
the amount of HA secreted into the medium was increased. To analyze the relevance of 
these in vitro-findings in vivo, experimental MI was induced in male C57BL/6J mice. 
Plasma IL-6 levels were dramatically increased 12 h post MI. In parallel, HAS1- and 
HAS2-mRNA expression were markedly induced in the ischemic left ventricle and HA 
plasma levels were significantly higher as compared to sham-operated animals (sham: 
201.8 ng/µl ± 46.8 ng/µl vs. 12h post MI: 1446 ng/µl ± 301.6 ng/µl, n=5). To investigate if 
this coincident increase of IL-6- and HA-plasma levels as well as HAS1- and HAS2-
mRNA reflect a direct induction of HAS1 and HAS2 by IL-6 mice were treated with an 
neutralizing anti-IL-6 antibody (250 µg/mouse) prior to MI. As a result HAS1- and HAS2-
mRNA expression in the ischemic left ventricle and HA plasma levels were indeed 
reduced in mice pretreated with anti-IL-6 antibody compared to control. 
In conclusion, the present data demonstrate that the increase in HA plasma levels post 
MI is likely IL-6-dependent and it can be speculated that circulating HA may be directly 
derived from cardiac fibroblasts. 
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The SDF-1-chemokine receptor CXCR4 plays a key role during embryogenesis and 
regulates functions of immune and stem cells in adult life. Furthermore, CXCR4 is 
involved in disease states including inflammation, cancer, and immunodeficiency. It is 
well established that Gi protein-dependent signal transduction of CXCR4 is terminated 
by C-terminal phosphorylation events that involve multiple phosphorylation sites. 
Mutations in the CXCR4 gene resulting in C-terminal truncation and gain of CXCR4 
function are a hallmark of WHIM-syndrome, a genetic disorder characterized by warts, 
infections, hypogammaglobulinemia, and myelokathexis (defective neutrophil egress 
from the bone marrow). Recently, it was published that a single point mutation (E343K) 
in the CXCR4 C terminus is sufficient to cause WHIM syndrome. To better understand 
the molecular basis of CXCR4 dysfunction in WHIM, we investigated phosphorylation 
events in the CXCR4 C terminus using recombinant expressed CXCR4 in human 
embryonic kidney cells (HEK293 cells). SDF-1-promoted phosphorylation at the 
investigated phosphosites was sequential: it occurred first at S346/347, then at 
S324/325, and finally at S338/339. siRNA knockdown demonstrated that GRK2/3 
contributed to SDF-1-induced S346/347 phosphorylation. The WHIM mutation E343K 
severely impaired SDF-1-promoted phosphorylation at the juxtaposed S346/347 site and 
at the remote sites S338/339 and S324/325. WHIM mutant CXCR4 receptors lacking the 
last 10 and 17 residues, which contain the S346/347 site, displayed phosphorylation 
defects at the remaining phosphosites. By generating a S346-8A mutant, we 
demonstrated that S346/347 phosphorylation is required for effective phosphorylation at 
S324/325 and S338/339. Defective phosphorylation of the WHIM mutant CXCR4 
receptors was associated with impaired SDF-1-promoted CXCR4 internalization, gain of 
G protein signaling, and reduced desensitization. Collectively, our data indicate a 
hierarchical organization of the phosphorylation events in the CXCR4 C terminus. We 
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propose that the E343K mutation impairs recruitment of GRK2/3 and the initial S346/347 
phosphorylation, which perturbs subsequent phosphorylation at the more N terminal 
sites as well as uncoupling of the G protein and CXCR4 internalization. Our data help 
explain why a single C-terminal point mutation is sufficient to perturb CXCR4 regulation 
and provide a molecular model for gain of CXCR4 function in WHIM syndrome. 
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Background: The pivotal role of organic cation transporters (OCT1 and OCT2) in the 
hepatic and renal excretion of cationic drugs raises the possibility of drug-drug 
interactions in which one drug reduces OCT-mediated elimination of a second drug. 
  
Methods: 125 frequently prescribed drugs (inpatient prescriptions in Germany, >4 mio. 
DDD each) were systematically screened for their inhibitory interaction with OCT1 and 
OCT2. As a test system we used HEK cells stably overexpressing OCT1 or OCT2 and 
two prototypical OCT substrates, [3H]1-methyl-4-phenylpyridinium ([3H]MPP+, 50µM) and 
[14C]metformin (1mM). 
  
Results: At 20 µM, 20% and 11%, respectively, of the tested compounds decreased 
OCT1- and OCT2-mediated uptake of MPP+ by more than 50%. Potent inhibitors of 
OCT1 were, for example, doxepin, verapamil and methadone whereas pantoprazole, 
doxepin and clomipramine were potent inhibitors of OCT2. 46% of the tested drugs 
inhibited OCT2-mediated metformin transport by more than 50% (potent inhibitors: 
lansoprazole, trospium chloride and sitagliptine). Inhibition of OCT1-and OCT2-mediated 
MPP+ transport was weakly correlated (rs=0.47, p<0.0001) with some compounds being 
potent OCT1, but less potent OCT2 inhibitors (e.g., paroxetine) and vice versa (e.g., 
pantoprazole). A significant correlation (rs=0.63, p<0.0001) between the inhibition of 
MPP+ and metformin transport via OCT2 was observed. IC50 values for the inhibition of 
OCT1-mediated MPP+ uptake by methadone, verapamil and doxepin were 0.6, 4.7 and 
22.1µM, respectively. Trospium chloride, lansoprazole and sitagliptine inhibited OCT2-
mediated metformin transport with IC50 values of 0.07, 3.3 and 7.4µM, respectively. 
  
Conclusions: Given that unbound peak sinusoidal concentrations of some compounds 
such as methadone and verapamil are in the same range as their in vitro IC50 values, 
clinically relevant inhibitory interactions of these compounds with hepatic OCT1 could 
occur. Moreover, the IC50 concentrations for in vitro inhibition of OCT2 by trospium 
chloride and lansoprazole matched the steady-state plasma levels in patients. This 
raises the possibility that trospium chloride or lansoprazole interact with renal secretion 
of concomitantly administered OCT2-substrates (e.g. metformin). Our data provide the 
basis for a chemoinformatic model to predict potential OCT-dependent drug-drug 
interactions. 
  
This project is supported by the German Federal Ministry of Education and Research 
(BMBF), project grant No. 01 EX1015B. 
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Introduction: Solid tumors are complex networks of genetically instable tumor cells and 
surrounding stroma. CAFs contribute significantly to the tumor microenvironment by 
producing extracellular matrix constituents and growth factors. Little is known about the 
effect of anticancer drugs on the tumor stroma and the interactions between cancer and 
stroma compartments. 
Methods: Using ex vivo tissue culture techniques we investigated responses to cisplatin 
in cancer cells and in their adjacent CAFs within tumor tissues derived from 32 individual 
non-small-cell lung cancer patients. Proliferation (Ki67), cell death (TUNEL) and 
molecular response (p53, p21) was evaluated in 200µm thick tissue slices cultivated with 
or without cisplatin. 
Results: Morphology, proliferation, and p53 staining pattern were preserved during 
cultivation. Despite a high degree of variability in the reaction of tumor samples to 
cisplatin, induction of cell death was coordinately regulated in cancer cells and their 
neighboring CAFs. An unexpected parallel response of these two tumor compartments 
was also observed regarding p53 activation. CAF specific p53 accumulation and 
induction of the p21 was seen selectively in tumor samples characterized by p53 
accumulation in the cancer cells. In contrast, tumors with no detectable p53 
accumulation in cancer cells showed no p53 accumulation or p21 induction in their 
adjacent CAFs. 

Conclusion: There is a close correlation of p53 response in cancer cells and CAFs in 
intact lung tumor tissues indicating that cancer cells control the response of their 
neighborhood fibroblasts to chemotherapy. 
  
Supported by the Robert Bosch Foundation, Stuttgart, IMI (# 115188), Brussels, BMBF 
(# 0315280C), Berlin and FAMRI, Tel Aviv. 
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Daptomycin is an antibiotic with activity against gram-positive bacteria including 
methicillin-resistant staphylococcus aureus (MRSA) and vancomycin-resistent 
enterococci (VRE). It is used for the treatment of complicated skin infections and 
endocarditis. Peak serum concentrations after intravenous infusion of daptomycin are in 
the range of 94 – 184 mg/l. An increased myotoxic effect of daptomycin in combination 
with simvastatin, an inhibitor of the endogenous cholesterol-synthesis, has been 
suggested in some case reports. We analysed the effects of daptomycin and simvastatin 
on L6 myocytes, a rat-derived myoblast cell line. Tetrazolium dye (MTT) assay was 
performed with L6 myocytes after 10 days of incubation with daptomycin and/or 
simvastatin. Additionally, L6 myocytes incubated with daptomycin and/or simvastatin for 
72 h were analysed by flow cytometry after co-staining with Annexin V and 
propidiumiodide. MTT analysis after incubation with simvastatin at concentrations of 0.5 
to 10 µM (= 0.2- 3.9 mg/l medium) showed a concentration-dependent reduction of vital 
cells. Daptomycin at concentrations of 1.6 to 500 mg per l medium reduced vital cells in 
a concentration-dependent manner. The combination of daptomycin at a concentration 
of 300 mg/l medium and simvastatin at concentrations of 0.5 to 3 µM (= 0.2 to 1.2 mg/l 
medium) showed a slight synergistic effect with an increase of non-viable cells 
compared to the incubation of either single substance. Flow cytometry revealed a 
reduction of vital cells after incubation with daptomycin at a concentration of 300 mg/l 
medium and simvastatin at concentrations of 1 to 10 µM in a concentration-dependant 
manner. The combination of simvastatin at concentrations of 1 to 10 µM and daptomycin 
at a concentration of 300 mg per l medium showed a slight synergistic effect with an 
increase of necrotic cells compared to the incubation of either substance alone. The 
reduction of vital cells was dependent on the concentration of simvastatin. In summary, 
the combination of daptomycin and simvastatin reduced the viability of L6 myocytes in a 
mildly synergistic way at concentrations of daptomycin that were above the therapeutic 
range. Further experiments should be performed to investigate whether similar effects 
occur in human myocytes and to determine the underlying pathogenic mechanisms. 
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Affinity and functional properties of non-oxime bispyridinium compounds with 
native membranes of Torpedo californica electric tissue 
Niessen K. V., Seeger T., Thiermann H., Worek F. 
Institut für Pharmakologie und Toxikologie der Bundeswehr, Neuherbergstr. 11, 80937 
München, Germany  
  
Objective: The human muscle-subtype nicotinic acetylcholine receptor (α1β1δε-nAChR) 
is an important target in drug discovery related to anaesthesia or therapeutic 
approaches of intoxications with organophosphorus compounds. Due to its high degree 
of homology with the human muscle-subtype, αβδγ-nAChRs from the Torpedo electric 
organ are a suitable surrogate. Previous studies of the non-oxime bispyridinium 
compound MB327 demonstrated promising effects in improving soman-impaired 
neuromuscular neurotransmission. To identify more effective candidates, homologous 
series of substituted and non substituted analogues (linker C1-C10) of MB327 were 
investigated in binding and functional assays. 
  
Experimental procedures: Crude membranes from frozen electric organ of Torpedo 
californica were purified with sucrose gradient centrifugation and used in both affinity 
and functional assays. In competition radioligand binding assays, the influence on 
[3H]epibatidine binding sites of Torpedo californica nAChR was investigated. Functional 
assessments were performed with cell-free electrophysiology based on solid supported 
membranes (SSM). 
  
Results: MB327 exhibits no regular displacement curves at [3H]epibatidine binding sites. 
Compounds with unsubstituted pyridinium ring and long linkers (> C7) show regular 
competition but no functional effects. The agonist carbamoylcholine at concentrations 
above 1 mM seemed to induce desensitisation, a conformational state of the receptor 
without response. In the presence of MB327, no carbamoylcholine-induced 
desensitisation was observed. 
  
Conclusion: The interaction of several non-oxime bispyridinium compounds with 
[3H]epibatidine binding sites and their functional effects on Torpedo californica nAChRs 
appears to be dependent on the substitution pattern and C-linker-length between the 
pyridine N. It is suggested that an allosteric effect on [³H]epibatidine binding sites 
correlates with the failure of desensitisation. Further research is necessary to investigate 
this hypothesis. 
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Specific role of Gαi3 in the immune response upon Listeria monocytogenes 
infection 
Novakovic A., Beer-Hammer S., Nürnberg B. 
Institut für experimentelle und klinische Pharmakologie und Toxikologie Abteilung für 
Pharmakologie und Experimentelle Therapie, Wilhelmstraße 56, 72074 Tübingen, 
Germany  
  
Heterotrimeric G proteins of the pertussis-toxin-sensitive Gi family have been implicated 
in signaling pathways regulating growth and metabolism under physiological and 
pathophysiological conditions. The three closely related members Gαi1-Gαi3 show 
different expression patterns, with Gαi1 being restricted to the neuronal system, whereas 
non-neuronal tissues predominantly express Gαi2 and Gαi3. In vivo liver perfusion 
experiments implicated Gαi3 in the inhibitory action of insulin on the autophagic 
proteolysis (Gohla et al., PNAS, 2007). Moreover, upon stimulation of autophagy Gαi3 
localizes on autophagosomes. Infection with Listeria monocytogenes is a widely used 
model for both in vitro and in vivo analysis of mammalian autophagy. Therefore we 
analyzed Listeria-infected, Gαi3-deficient mice for the importance of this minor Gαi 
isoform for the immune system. 
Upon infection with LD50 inoculum of L. monocytogenes, Gαi3-deficient mice showed 
lower survival rates compared to wildtype controls. Over the course of infection lower 
body temperature, stronger body weight loss, and higher bacterial loads in liver and 
spleen were observed in these mice. Moreover, Gαi3-deficient mice which survived the 
acute phase of infection could not regain the body weight as efficiently as wildtype 
controls. We conclude that Gαi3 deletion results in a more severe manifestation of 
listeriosis. In a thioglycollate-induced peritonitis model Gαi3-deficient mice were able to 
recruit neutrophils and macrophages in the peritoneal cavity, with cell populations 
comparable to those of their wildtype controls. Interestingly, immunoblot analysis of 
these Gαi3-deficient cells revealed a compensatory upregulation of the closely related 
and predominant isoform Gαi2, which could not substitute functionally for Gαi3 in our 
infection model. 
We could previously show that recruitment of neutrophils and macrophages in different 
inflammation models is dependent on the presence of Gαi2 but not Gαi3 (Wiege et al., JI, 
2012, and in press). Our current findings point to an isoform-specific role of Gαi3 during 
bacterial infection with L. monocytogenes, in which recruitment of these cells as well as 
autophagy are important effector mechanisms of the host immune system. Using further 
bacteria-infection models which induce an immune response without activating 
antibacterial autophagy programs, e.g. Escherichia coli, we should be able to elucidate 
isoform-specific roles of Gαi2 and Gαi3 for cell-mediated immunity. 
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The M2AChR and β2AR induce different conformational changes within FRET-
based β-Arrestin2 biosensors measured in real time and living cells 
Nuber S., Zabel U., Lohse M., Hoffmann C. 
Institut für Pharmakologie und Toxikologie Pharmakologie, Versbacherstr.9, 97078 
Würzburg, Germany  
  
β-Arrestins are multifunctional adapter proteins that regulate seven transmembrane-
spanning receptor (7TMR) signaling and initiate also alternative signaling pathways. 
Studies have shown that β-Arrestins undergo conformational changes upon receptor 
stimulation, which are thought to be necessary for its downstream actions. To 
investigate these conformational changes in living cells we constructed several FRET 
based biosensors for β-Arrestin2, in which CFP was fused to the C-terminus and the 
FlAsH-binding motif (CCPGCC) was inserted to different positions within the N- or C-
domain of β-Arrestin2. Upon β2-adrenergic (β2AR) receptor stimulation we observed a 
decrease of the intramolecular FRET signal between CFP and FlAsH located at 2 
different position within the N-domain (β-Arrestin2FlAsH2 and 5) or one position within 
the C-domain (β-Arrestin2FlAsH1). Kinetic analysis revealed that this conformational 
change immediately follows β-Arrestin2/receptor interaction on a timescale of seconds. 
A β2AR mutant that was previously shown not to interact with β-Arrestin2 served as a 
control and did not induce a conformational change in the β-Arrestin2 molecule. In 
contrast to the β2AR experiments, stimulation of the muscarinic M2-acetylcholine 
receptor (M2AChR) only lead to conformational changes detectable in β-Arrestin2FlAsH2 
but not the β-Arrestin2FlAsH5/1 biosensor. Thus, our data provide evidence that β-
Arrestin2 changes its conformation upon binding to the activated β2AR or M2AChR in 
living cells whereby this conformational reorganization is receptor dependent. The β-
Arrestin2FlAsH2 sensor could serve as universal biosensor for GPCR activation. 
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Genetic-epigenetic interaction prevents µ-opioid receptor up-regulation in opiate 
addicts carrying OPRM1 variant 118A>G 
Oertel B. G.1, Doehring A.2, Roskam B.2, Kettner M.3, Hackmann N.2, Ferreirós N.2, 
Schmidt P. H.3, Lötsch J.2 
1Fraunhofer IME Project Group Translational Medicine and Pharmacology (TMP), 
Theodor Stern Kai 7, 60596 Frankfurt am Main, Germany  
2pharmazentrum frankfurt/ZAFES, Institute of Clinical Pharmacology, Goethe-University, 
Frankfurt am Main, Germany  
3Institute of Forensic Medicine, Saarland University, Homburg/Saar, Germany  
  

Aim: The functional genetic µ-opioid receptor variant N40D (OPRM1 118A>G; 
rs1799971) has been clinically associated with a decreased opioid potency, higher 
opioid dose demands and a greater risk to develop opioid addiction. The molecular basis 
of these effects has been described as consisting of (i) a reduced µ-opioid receptor 
signaling efficacy and (ii) a reduced receptor expression. However, the mechanism by 
which an exonic nucleotide exchange A>G, causing an amino acid exchange (N>D) in 
the extracellular region of the receptor protein, may reduce the protein expression in 
addition to its function was unclear. The present study was driven by the hypothesis that 
the genetic OPRM1 variant 118G may interfere with epigenetic mechanisms controlling 
mRNA expression. 
Methods: DNA methylation at CpG rich dinucleotides islands was quantified in brain 
tissue of thalamus and SII obtained post—mortem from former heroin abusers (n = 29) 
and non-addicted controls (n = 44). The consequences of the 118G allele on OPRM1 
DNA-methylation, OPRM1 mRNA- and µ-opioid receptor-expression and receptor 
function were analyzed using Pyrosequencing technique, quantitative RT-PCR, in-vitro 
[3H]DAMGO binding and DAMGO induced [35S]GTPγS binding. 
Results: The nucleotide exchange A>G at position +118 introduces a new CpG-
methylation site at OPRM1 position +117. This new site and downstream methylation 
sites at positions + 145, +150 and +159 were significantly more methylated in chronic 
opioid users carrying this variant than in genotype-matched controls. This epigenetic 
mechanism impedes µ-opioid receptor upregulation by suppressing OPRM1 mRNA 
expression in brain tissue of opiate addicts. While in wildtype subjects a heroin abuse 
related reduced signaling efficiency was compensated by increased receptor density, 
this upregulation is impeded in carriers of the 118G variant. 
Conclusions: The OPRM1 118A>G SNP variant not only reduces µ-opioid receptor 
signalling efficiency but, by a genetic–epigenetic interaction, further depletes the opioid 
system of a compensatory reaction to chronic exposure by impeding opioid receptor 
upregulation. 
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Identification and validation of new targets for the treatment of cancer pain 
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1Universitätsklinikum Frankfurt Institut für klinische Pharmakologie, Theodor Stern Kai 7/ 
Haus74, 60590 Frankfurt, Germany  
2Neuroscience Center Institut für Klinische Neuroanatomie, Frankfurt, Germany  
  
Introduction 
In our society cancer is one of the leading causes of death.  Management and treatment 
of cancer associated pain is largely empirical and inefficient due to the fact that its 
underlying mechanisms are not completely understood. Cancer pain shares aspects of 
inflammatory and neuropathic pain pathways, although this kind of pain might have 
distinct mechanisms associated with differential changes in gene expression levels. 
The aim of our study is to identify new candidate genes that might play a role in cancer 
pain related pathways. In this way we hope to validate possible drug targets that might 
be useful in future therapies. 
  
  
Methods 
To analyze cancer pain mechanisms we applied a skin cancer model. Tumorigenesis 
was induced by injection B16 BL/6-melanoma cells unilaterally into the hindpaw of 
C57BL/6 mice. Tumor growth the paw volume was plethysmometrically determined and 
mechanical hyperalgesia assessed by Dynamic Plantar stimulation. Gene expression 
was monitored in the dorsal horn of the spinal cord and in dorsal root ganglia using a 
micro-array analysis to identify promising candidate genes involved in cancer pain 
signaling. 
  
  
Results 
After injection of melanoma cells we observed tumor growth over 16 days. During this 
time period the paw volume increased constantly to almost 180 % indicating tumor 
establishment. Pain hypersensitivity was assessed at days 3, 7, 10, 14 after inoculation. 
C57 BL/6 mice show increasing pain hypersensitivity in response to mechanical 
stimulation with an onset at day 7. Results from the micro Array revealed a huge number 
of differentially regulated genes after tumor establishment on day 10 (dorsal horn: 146 
upregulated and 110 downregulated ; DRGs: 95 upregulated and 5 downregulated with 
at least 1.3 fold significant regulation). The regulation of selected, potentially pain-
relevant gene regulations were verified by quantitative RT-PCR and western blotting. 
  
  
Conclusions 
Induction of melanoma in the paw leads to pain hypersensitivity associated with 
regulation of a number of (pain-relevant) genes. 
  
  
The study was supported by the Else Kröner Fresenius Stiftung within the context of the 
Translational Research Innovation Pharma (TRIP) graduate school. 
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realTox: Real-time imaging of toxicant impact in whole organisms at single cell 
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Toxicant exposure changes the transcriptional state of exposed cells but can also 
influence as a consequence cell behavior such as migration, cell division and 
regeneration. These processes require investigation in an intact organism in real time to 
detect these effects as early as possible and with high precision in terms of toxicological 
outcome. 
  
We used one scenario to investigate the effect of toxicant exposure on complex cell 
behavior in a developing transgenic zebrafish (Danio rerio) with fluorescently labeled 
nuclei (H2A.F/Z:GFP) by means of 3D optical microscopy. To achieve the detection of 
the first fourteen hours of zebrafish development with single cell resolution we have 
implemented a digital scanned laser light-sheet fluorescence microscopy (DSLM) with 
very high spatial and temporal resolution. To overcome the problem of inhomogeneous 
imaging quality due to partially non-transparent embryo regions, two-side illumination 
and multi-view detection has also been realised. Acquisition of the embryo until the 
onset of organogenesis has been done under physiological conditions and was only 
limited by the development of the specimens’ tail and limited disk space at the site of 
acquisition. Following acquisition data has been transferred by Grid-FTP client, stored 
on the Large Scale Data Facility (LSDF) of the Karlsruhe Institute of Technology and 
finally processed on a large computing cluster using the HADOOP framework. 
  
Here, we will present our results on quantifying the effect on the gastrulating embryo 
using DSLM. For the scenario used effects on the formation of head progenitor tissue 
are demonstrated. Finally, by filtering the image data, identification and tracking of cells 
of the whole embryo over time and merging a set of experimental data measured at two 
angles, we are able to reconstruct a digital model of zebrafish embryogenesis with 
single-cell resolution. First attempts will be shown on the comparison of digital embryos 
within the control or exposure scenario as well as on the comparison of the digital 
embryos between the control and chemically treated embryos. 
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Clostridium difficile binary toxin CDT induces clustering of its host cell receptor 
into lipid rafts 
Papatheodorou P., Aktories K. 
Albert-Ludwigs-Universität Freiburg Institut für Experimentelle und Klinische 
Pharmakologie und Toxikologie, Albertstr. 25, 79104 Freiburg, Germany  
  
Clostridium difficile is the leading cause of antibiotics-associated diarrhea and 
pseudomembranous colitis. Hypervirulent C. difficile strains produce the binary actin-ADP-
ribosylating toxin CDT (C. difficile transferase), in addition to the Rho-glucosylating toxins A 
and B. The toxin consists of two components, the enzyme component CDTa and the 
binding component CDTb. CDTb binds to the cell surface and forms pores in endosomal 
membranes to allow the translocation of CDTa into the host cell cytosol. CDTa leads then to 
depolymerisation of the actin cytoskeleton and formation of microtubule-based cell 
protrusions that facilitate the intestinal colonisation of the pathogen. We recently identified 
the lipolysis-stimulated lipoprotein receptor (LSR) as the cell surface protein that mediates 
uptake of CDT into host cells (Papatheodorou et al., 2011, PNAS). Here we investigated the 
distribution of LSR in the plasma membrane upon addition of CDTb. We found by 
fluorescence microscopy that CDTb induces the clustering of LSR  into subcompartments of 
the plasma membrane. Detergent extraction of cells treated with CDTb, followed by sucrose 
gradient fractionation, uncovered accumulation of LSR in detergent-resistant membranes 
(DRMs) that contained typical marker proteins of lipids rafts. Depletion of cholesterol from 
membranes impaired CDTb-induced clustering of LSR into DRMs. Our data suggest that 
CDT engages its own receptor for clustering into lipid rafts, which might be a prerequisite for 
efficient endocytosis of the toxin-receptor complex. 
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Introduction 
The Threshold of Toxicological Concern (TTC) approach is a non-animal tool for risk 
assessment. The TTC value which is the lower 5th percentile of an empirical distribution 
of NOAEL divided by a safety factor of 100 is used for risk assessment purposes in the 
absence of data on a specific chemical. This approach has been helpful in some cases. 
Recently, EFSA has published a Scientific Opinion on the TTC concept (EFSA 2012). 
However the non-food committees of the EU raised concerns concerning the application 
of the approach to non-oral exposure because TTC values are derived from studies with 
external dosing. Examples are the Munro database (Munro et al 1996) and European 
List of Notified Chemical Substances (ELINCS, European Commission 2009). For route-
to-route extrapolation the internal exposure has to be considered. For dermal absorption 
in vitro methods are available (OECD TG 428) thus allowing to determine the internal 
dose. We used an in silico approach to convert external oral NOAELs to internal 
NOAELs in order to derive internal TTC values. 
  
Methods  
Smiles structures were taken from documents (ELINCS) or published sources. ACD 
Percepta (ACD Labs, Ontario, Canada) was used to calculate the fraction absorbed. 
NOAELs for substances were taken from the Munro database (n = 613) and from the 
ELINCS database (n = 556). Multiplying the NOAELs by the fraction absorbed results in 
internal NOAELs. We constructed the empirical distribution of the internal NOAELs of 
both databases and determined the lower fifth percentile in order to derive an internal 
TTC value after adjustment using the traditional safety factor of 100. 
Results  
The overall TTC value based on the data for the external dosing is 2.5 µg/kg/d and for 
the internal dose 0.07 µg/kg/d based on the whole Munro database. The values for the 
ELINCS database are 21 and 0.015 µg/kg/d, respectively. For the subgroup of highly 
toxic substances (Cramer class 3) the internal dose is 0.036 and 0.013 µg/kg/d, 
respectively. 
Discussion  
High variability in the ratio between internal and external TTC is observed. In addition, 
calculated TTCs differ between different databases. Overall the internal TTC is 
remarkably lower than the external TTC. Hence, for route to route extrapolation it is 
necessary to use internal TTC values. The same applies for the definition of a negligible 
absorption as mentioned in the REACH legislation. 
  
NN EFSA Journal (2012) 10(7):2750 
Munro IC, Ford RA, Kennepohl E, Sprenger JG (1996) Food Chem Toxicol 34(9):829-67 
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Animal Models in Pulmonary Toxicity Assessment 
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The lung has to fulfill essential physiological functions which can only be maintained as 
long it operates in concert, inter alia, with the heart and vascular system. Breathing air 
also means breathing particulates and a variety of toxicants, including pathogenic 
microorganisms. Highly specialized and efficient local defense systems must keep up 
with these types of invading and potentially life-threatening challenges. Thus must be 
managed the absence of any over-shooting antagonistic response leading to an 
imbalance and deterioration of this finely-tuned relationship. Toxicants may enter this 
system through ventilation or by perfusion via the blood. These two pathways may result 
in diverse dosing patterns which is somewhat unique to the respiratory tract and makes 
dosimetry, the metrics of dose, and the extrapolation across species more complex as 
compared to other organs.  Likewise, not all endpoints of concern can be addressed in 
one single testing approach. The most commonly used animal models in inhalation 
toxicology focus on the categorization of the acute toxic potency upon inhalation. Others 
focus on repeated exposure regimens suitable to identify the key mode of action and 
exposure dose at which the underlying homeostatic response to dosing passes the 
transition from compensation to adverse. Although inhalation exposure of animals 
mimics human exposure best, i.e. error-prone route-to-route extrapolations are not 
necessary, not all results obtained under such very rigorous laboratory test conditions 
may produce data relevant to real-life exposure conditions. Attempts are often made to 
duplicate real-life exposure conditions of humans as closely as possible in appropriate 
bioassays. Particularly in inhalation toxicology, the choice of animal models is usually 
based on guideline requirements and practical considerations, such as available 
exposure technology, expediency and previous experience, rather than validity for use in 
human beings. Notwithstanding these limitations inhalation studies provide a means to 
expose laboratory animals by using regimens and routes similar to those prevailing in 
humans. The objective of this paper is to demonstrate that finely-tuned, mechanisms-
based short-term inhalation studies on rodents, in combination with in silico toxicology, 
are conducive to support innovation without increasing the likelihood of failure that may 
result in misjudgment or not to identify unreasonable risks to humans. 
  

1. Pauluhn, J., and Mohr, U. (2000). Inhalation studies in laboratory animals - 
current concepts and alternatives. Review. Toxicol Pathol 28: 734-753. 

2. Pauluhn, J. (2008). Brown Norway rat asthma model of diphenylmethane-
4,4'-diisocyanate (MDI): the elicitation dose-response relationship. 
Toxicological Sciences 104: 320-331. 

3. Pauluhn, J. (2011). Poorly Soluble Particulates: Searching for a Unifying 
Denominator of Nanoparticles and Fine Particles for DNEL Estimation. 
Toxicology 279, 176-188. 
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The fungal compound Oxacyclododecindione has anti inflammatory effects in a 
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In an attempt to identify new drugs which block the transcription of pro-inflammatory 
genes the fungal macrocyclic lacton Oxacyclododecindione (Oxa) was isolated in in vitro 
screening approaches. In several cell culture models Oxa showed a high anti-
inflammatory, anti-angiogenic and anti-fibrotic activity. In our study we investigated the 
anti-inflammatory effect of Oxa in vivo in the model of systemic lupus erythematosus 
(SLE), a chronic inflammatory autoimmune disease. We used the MRL-Faslpr mice which 
spontaneously develop an autoimmune disease similar to human SLE with a severe 
immune complex-mediated glomerulonephritis, lymphadenopathy, arthritis, vasculitis 
and splenomegaly. The mice were treated with Oxa (1mg/kg) or as positive control with 
dexamethasone (5mg/kg) every second day by intraperitonally injection over a time 
period of five weeks. The effects of the substances were analyzed in comparison to a 
control group, which was treated with PBS/EtOH (10%). 
The first results of our study demonstrated that Oxa treatment down regulates the 
expression of different proinflammatory markers such as S100A8, TNFα and INFγ in 
kidney and spleen. Moreover the expression of SLE associated cytokines like IL-6, and 
IL-23p19 was significantly decreased in Oxa treated mice. All detected effects were 
comparable to those of Dex (all data are min. * = p < 0.05 vs. PBS/EtOH treated control 
group). In addition FACS and immunhistochemical analysis revealed a significant 
decrease of the total number of CD4(+)T-cells  and macrophages in the kidney of MRL-
Faslpr mice, whereas the number of T-reg-FoxP3 (+) cells was increased at the same 
time. 
In our study we provide evidence that Oxa is a new effective anti-inflammatory and 
immunmodulatory compound, which may serve as basis for the development of new 
drugs for the treatment of chronic inflammatory diseases such as SLE or rheumatoid 
arthritis. 
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Aim: Diabetes is a vascular disease associated with increased thrombin generation and 
accelerated vascular remodeling. Thrombin promotes vascular smooth muscle cell 
(SMC) proliferation and migration via protease-activated receptors (PAR-1, PAR-3 and 
PAR-4). We recently reported1 that high glucose selectively upregulates PAR-4 in 
human vascular SMC, leading to increased thrombin-stimulated migration and 
inflammatory gene expression. PAR-4 may therefore play a unique role in the vascular 
complications of diabetes. The aim of the present study was to characterize the 
contribution of PAR-4 to diabetic vascular remodeling in vivo. 
Methods & Results: Immunostaining of human isolated saphenous veins showed 
greater PAR-4 abundance in vessels obtained from diabetic compared to non-diabetic 
patients, in keeping with our previously reported PAR-4 induction in high glucose-
challenged human SMC. Vascular PAR-4 expression was also increased in male 
C57/BL6 mice with streptozotocin-induced diabetes (blood glucose >500 mg/dL) 
compared to non-diabetic controls (blood glucose <280 mg/dL). Three weeks after 
induction of diabetes, the increase in vascular PAR-4 mRNA expression was 
approximately 20-fold. The left carotid artery was ligated at this time-point to induce 
neointima formation. Four weeks after carotid artery ligation, mice were sacrificed and 
arteries collected for morphometric quantification (H&E-staining). Neointima formation 
was comparable in non-diabetic wild-type and PAR-4-/- mice, suggesting minimal 
involvement of PAR-4 in vascular remodeling under normoglycemic conditions. In 
diabetic wild-type mice, neointimal hyperplasia was markedly augmented, but this 
increase was absent in diabetic mice lacking PAR-4. 
Conclusion: These findings demonstrate for the first time that (i) vascular PAR-4 is 
upregulated in diabetic patients and in mice with streptozotocin-induced diabetes, and 
(ii) PAR-4 deficiency protects against the enhanced vascular remodeling response to 
carotid artery ligation in these mice. Collectively these data suggest a critical role of 
PAR-4 in the vascular complications of diabetes. 
  

1. Dangwal S, Rauch BH, Gensch T, Dai L, Bretschneider E, Vogelaar CF, 
Schrör K, Rosenkranz AC. High glucose enhances thrombin responses via 
protease-activated receptor-4 in human vascular smooth muscle cells. 
Arterioscler Thromb Vasc Biol. 2011 Mar;31(3):624-33 
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MicroRNAs (miRNAs) are small, conserved, non-coding RNAs that modulate gene 
expression post-transcriptionally. They are remarkably stable in various body fluids like 
urine and thus suggested as new non-invasive biomarkers (BM) of tissue injury, 
especially since some miRNAs are produced in a cell- or tissue specific manner offering 
the possibility to identify the site of injury. In addition, their tissue expression profiles may 
be used for investigation of mechanistic details of compound-induced toxicities. 
We investigated miRNAs in urine of male Wistar Kyoto rats treated with a nephrotoxic 
serum (NTS) containing antibodies against the glomerular basement membrane to 
induce glomerular damage. The expected tissue injury was confirmed by histopathology. 
Total RNA including small RNAs was isolated from urine on days 8 and 14 after NTS 
injection (0.1, 0.25 and 0.5 mL/100g bw) and from plasma and kidney tissue on day 14 
after NTS injection.  Urinary miRNA profiles were measured with TaqMan® MicroRNA 
Cards (TLDAs). Urinary miRNA levels were normalized to a spiked-in control miRNA 
and to urinary creatinine; plasma and kidney miRNAs were normalized to invariant 
miRNAs and small RNA U6, respectively. 
Upon glomerular injury we identified 70 miRNAs with significantly changed urinary levels 
and many deregulated miRNAs in plasma and kidney. Furthermore, by comparing 
urinary profiles of tubular toxicant- and NTS-treated rats we were able to identify 8 
miRNAs which seem to be exclusively related to glomerular injury. 
Our results suggest that urinary miRNAs may be used as promising new and site-
specific BMs for nephrotoxicity and encourage further investigations of their role in 
different types of kidney injury. 
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5-hydroxymethylcytosine (5hmC), also known as the sixth base of the genome, is a 
recently discovered oxidative product of 5-methylcytosine (5mC) generated by the 
enzymatic action of Ten Eleven Translocation (TET) family members. The functional role 
of 5hmC is by and large unknown. However, studies in embryonic stem cells and cancer 
tissues suggest that TET enzymes and 5hmC may be involved in gene regulation. Here, 
we analyzed the role of 5hmC during postnatal retinal development in the mouse. Eye 
opening at postnatal week 2 is a key time point during mouse retinal development. 
Maturation of retinal cells as well as the formation of the retinal network is ongoing after 
eye opening and is completed only one to two weeks later. To examine a possible 
contribution of cytosine hydroxymethylation to this process we performed stainings for 
5hmC in retinal slices and quantified global 5hmC levels in the mouse retina at week 2 
and week 3 using ultra high pressure liquid chromatography-tandem mass spectrometry 
(UHPLC-MS/MS). Moreover, we mapped 5hmC to the retinal genome by 
hydroxymethylated DNA immunoprecipitation (hMeDIP) and subsequent next generation 
sequencing to correlate 5hmC marks with retinal gene expression data obtained from 
microarray experiments. At postnatal week 2, 5hmC weakly localized to nuclei of cells 
within the ganglion cell layer and the inner nuclear layer of the retina. The levels of 
5hmC in these cells increased at week 3. In addition, 5hmC was now detectable in 
retinal photoreceptors were it co-localized with histone marks of the euchromatin. 
hMeDIP experiments revealed a developmentally programmed acquisition of 5hmC 
during retinal maturation at gene-rich regions and in genes containing activating histone 
marks. We conclude that 5hmC is dynamically regulated during postnatal retinal 
development and is capable to elevate the gene expression of retina-specific genes. 

 
 
 
 
 
 

S61



248 

2-Bromoterguride May Be A Novel Antipsychotic Due to Its Complex Effects at 
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3Freie Universität Berlin Institut für Pharmakologie und Toxikologie, FB 
Veterinärmedizin, Koserstr. 20, 14195 Berlin, Germany  
  
Dopaminergic, serotonergic and adrenergic receptors are targets for antipsychotic 
drugs. Dopamine D2 receptor partial agonists such as aripiprazole represent a treatment 
option for patients with schizophrenia due to a lower risk to develop extrapyramidal side 
effects. The ineffectiveness of terguride (1,1-diethyl-3-(6-methyl-8α-ergolinyl)urea), 
another dopamine D2 receptor partial agonist, in treating schizophrenia was recently 
attributed to its considerably higher efficacy at D2 receptors compared to that of 
aripiprazole. In the present study, we aimed at characterizing the effects of 2-
bromoterguride at D2 receptors, 5-HT2A receptors, α2C-adrenoceptors, and histamine H1 
receptors using binding and functional assays. 2-Bromoterguride showed subnanomolar 
affinities for human dopamine D2short (hD2S) and D2long (hD2L) receptors. Using a 
guanosine 5'-O-(3-[35S]thio)triphosphate ([35S]GTPγS) binding assay, 2-bromoterguride 
produced efficacies at hD2S receptors that were half as high as the efficacy elicited by 
terguride. At hD2L/Gαo receptors 2-bromoterguride behaved as a potent antagonist. 2-
Bromoterguride was an antagonist with high affinity for 5-HT2A receptors in porcine 
coronary arteries and α2C-adrenoceptors in porcine pulmonary arteries. The drug 
exhibited low affinity for histamine H1 receptors in porcine pulmonary veins. This argues 
against drug-induced weight gain, a specific feature of current antipsychotic drugs. Due 
to its in vitro properties at D2, 5-HT2A, α2C, and H1 receptors, 2-bromoterguride may be a 
strong candidate for the treatment of schizophrenia with a lower risk to induce 
extrapyramidal side effects and weight gain. 
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In cultures of primary rat hepatocytes, apoptosis occurred after application of 20 ng/mL 
tumor necrosis factor alpha (TNF-α). However, this was only in the presence of  200 
ng/mL of the transcriptional inhibitor actinomycin D (ActD). This toxic effect was 
completely prevented in the presence of 25 µg/mL soluble TNF-α receptor I (sTNFR I) in 
the supernatant of hepatocyte cell cultures. Apoptosis also occurred after application of 
12.5 µmol/L ochratoxin A (OTA). However, that was not prevented by up to 500 µg/mL 
sTNFR I, indicating that TNF-α/TNFR I is not involved in OTA mediated apoptosis in 
hepatocytes. The antioxidative flavanolignan silibinin in doses from 130 to 260 µmol/L 
prevented caspase 3 activation, chromatin condensation, and apoptotic DNA 
fragmentation that were induced by OTA, by 10 mmol/L hydrogen peroxide (H2O2) and 
by ultraviolet (UVC) light (50 mJ/cm2), respectively. 
  
To achieve protection by silibinin, the drug was applied to the cell cultures for 2 h in 
advance. OTA induced lipid peroxidation on cultured immortalized rat liver HPCT cells, 
as was revealed by malondialdehyde (MDA) production. Lipid peroxidation occurred 
further by H2O2 and ActD/TNF-α incubation. These reactions were also suppressed by 
silibinin pretreatment. We conclude that the anti-apoptotic activity of silibinin against 
OTA, H2O2 and ActD/TNF-α is caused in vitro by the anti-oxidative effects of the 
flavanolignan. 
  
Furthermore, cytotoxicity of the pro-apoptotic toxins was revealed by MTT-test. When 
applied separately, ActD and TNF-α showed no cytotoxic effects after 24 h, but were 
cytotoxic if applied in combination. The used concentrations of OTA, H2O2 and the dose 
of UVC caused a substantial decrease in viability within 36 h that was prevented 
completely by silibinin. We conclude that silibinin is a potent protective compound 
against apoptosis and cytotoxicity caused by OTA and the investigated compounds. 
  
Reference 
[1] Essid, E.; Dernawi, Y.; Petzinger, E., 2012. Apoptosis induction by OTA and TNF-α in 
cultured primary rat hepatocytes and prevention by silibinin. Toxins 4(11): 1139-1156. 
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Cancer treatment is not only a question of eliminating cancer cells by induction of cell 
death. New therapeutic strategies also include targeting the tumor microenvironment, 
avoiding angiogenesis and preventing the immunosuppressive activity of established 
tumors. 
Plants provide a broad spectrum of potential drugs for cancer therapy. Triterpene acids 
are known for their antiangiogenic and differentiation inducing effects. Betulin, a 
pentacyclic triterpene of the birch tree, is the reduced congener of betulinic acid. 
Anticancer activity of betulinic acid has been linked to its ability to directly trigger 
mitochondrial membrane permeabilization, a central event in the apoptotic process. In 
contrast to the potent cytostatic action towards different tumor cell lines, non-neoplastic 
cells and normal tissue remain relatively resistant. 
We confirmed that betulin decreases the proliferation rate of B16F10 melanoma cells 
(C57BL/6 background) revealed by MTT assay as well as CFSE and DAPI staining. 
Furthermore, Annexin V/7-AAD staining indicated that betulin induces more apoptosis in 
melanoma cell lines than in primary bone marrow derived dendritic cells (DC) of 
C57BL/6 mice. Briefly, DC recognize abnormal cells via Toll-like receptors (TLR) to 
activate Th1 and cytotoxic T lymphocytes by releasing interleukin- (IL) 12. This 
activation of T cells lead to an antitumor response. Interestingly, betulin elevates 
significantly the TLR2 and TLR4 stimulated IL-12 production of DC. The rise of IL-12p70 
protein, measured by ELISA, is due to an increased IL-12p35 mRNA expression. The 
mRNA level of IL-12p40, which is the common subunit of IL-12 with IL-23, is unchanged. 
In contrast, genistein, another plant metabolite with antitumor properties, causes a down 
regulation of IL-12. We also investigated the ROS and redox dependency of IL-12 
regulation by using glutathione donators and recipients. There are different mechanisms 
of these drugs depending on the TLR signaling cascades via TRIF (TIR-domain-
containing adapter-inducing interferon-beta) or MyD88 (Myeloid differentiation primary 
response gene (88)) adapter molecules. 
Thus, specific cytostatic agents like betulin which are able to increase the antitumor 
immune response mediated by IL-12 hold a great promise as a novel approach to treat 
cancer. 
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Ultrafine particles: modulators of angiogenesis? 
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Introduction: Exposure to ultrafine particles is inter alia associated with an increased 
incidence of cardiovascular disease. The induction of oxidative stress is discussed as 
the major mechanism wherein this hypothesis is based on high dose studies. However, 
the results of our proteomic and metabolomic studies following exposure to subacute 
concentrations of surrogates of diesel exhaust particles are in contradiction. Neither at 
protein level nor in corresponding tests evidence of oxidative stress was found. The 
"omics" results led to the hypothesis that exposure to ultrafine particles causes via the 
transcription factor PPARγ changes in cell structure and modulates angiogenesis, which 
was the objective of the present study. 
Method: Structural changes of the cells were examined by immunohistochemical actin 
staining. As functional tests of angiogenesis the cellular invasion, migration and barrier 
function were studied in transwell assays. Endothelial cells (EA.hy926) were exposed for 
14 days to 100 ng/mL Carbon Black or benzo[a]pyrene-loaded Carbon Black. After 
exposure the cells were applied on Matrigel™ coated (invasion) or uncoated 
(migration/barrier function) well inserts and incubated for 24 h. Finally the number of 
migrated, respectively invaded, cells was counted. To test the barrier function the culture 
medium in the upper chamber was replaced after incubation for 24 h against fresh 
medium containing fluorescence-labeled dextrans. After a second incubation for 24 h the 
fluorescence intensity of the lower chamber was determined. 
Results: The assays revealed an increased cellular invasion and migration along with a 
decrease in cell permeability for charged molecules, through a confluent cell layer 
(barrier function). These changes were accompanied by structural changes in the 
cytoskeleton, suggesting an activation of angiogenesis. Previous measurements of 
intracellular calcium showed an increase of the calcium content as a result of exposure 
to the diesel exhaust particle surrogates. This increase may trigger the observed 
cytoskeletal and functional changes caused by changes in activity of NO synthase. 
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More than 90% of bladder cancers are transitional cell carcinomas arising from the 
urothelium. There is evidence that urothelial cells are capable of bioactivating carcinogens 
to reactive intermediates thus turning the urothelium into an active partner in chemically-
induced carcinogenesis. So far, the metabolic competence of urothelial cells has been 
thoroughly characterized for primary cells of human and porcine origin, but there is only 
limited knowledge for permanent cell lines. The aim of the present study was to characterize 
the metabolic capacity of human urothelial cell lines and thus evaluate their suitability for 
toxicological research. For this purpose, the bladder cancer cell lines RT4, J82 and 5637 
and the immortalized, non-malignant cell line UROtsa were chosen. In all cell lines the 
protein expression of 16 phase I and II enzymes was analyzed by indirect immunostaining 
and flow cytometry. Results were normalized for β-actin. In summary, 13 xenobiotic 
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metabolizing enzymes (CYP1B1, CYP2D6, CYP3A4, CYP3A5, CYP3A7, CYP4B1, COX-2, 
epoxide hydrolase, NAT1, NAT2, UGT1A6, SULT1A1, and GSTP1) were detectable in 
varying abundances in all four cell lines. The most abundant enzymes detected 
constitutively were NAT1, CYP1B1, GSTP1, UGT1A6, CYP3A7 and COX-2, with some 
differences between the four cell lines in the overall specific protein content. Three enzymes 
(CYP1A1, GSTM1 and GSTT1) could not be detected in any of the cell lines. CYP1A1, 
however, is inducible as has been previously shown for 5637. In case of GSTM1 and 
GSTT1 - real-time PCR was used to verify the negative results from immunostaining. 
Analyses of the results confirmed the absence of GSTM1 and GSTT1 in all cell lines with 
the exception of GSTT1 in UROtsa. Overall, our results provide evidence of constitutive 
expression of several phase I and II xenobiotic metabolizing enzymes in urothelial cell lines. 
Thus, all four cell lines should be able to bioactivate and detoxify bladder carcinogens. 
Further analyses will focus on enzyme activities rather than sole protein expression in order 
to complete the overall picture on the metabolic competence of urothelial cell lines. 
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Friedreich Ataxia (FRDA) is a neuro-degenerative disorder caused by a GAA triplet 
repeat expansion in the first intron of the frataxin gene. This leads to reduced expression 
of the frataxin-protein which is a highly conserved, mitochondrially located protein. 
Despite a lot of different cellular and animal models the exact function of frataxin is still a 
matter of debate, but it seems to be involved in iron metabolism, energy conversion and 
increased oxidative stress. Up to now no therapy for FRDA is available. 
  We isolated murine embryonic fibroblast (MEF) cells with a loxP flanked exon 4 of the 
frataxin-gen and tamoxifen-inducible cre-recombinase gen. Furthermore we generated 
inducible frataxin knockout cell lines and confirmed the homozygous and heterozygous 
frataxin knockout on RNA and protein level. After induction of the frataxin knockout by 
tamoxifen these cells mimic typical characteristics of FRDA. The homozygous frataxin 
knockout shows a clearly reduced aconitase-activity, oxygen consumption and cell 
growth within a few days. We established a simple pattern of treatment over 12 days, by 
supplying the MEF cells with fresh media and substances on day 3 and 7. This gives us 
the opportunity to create a new cellular model for FRDA by generating a homozygous or 
heterozygous frataxin knockout in 96-well microtiter plates within two weeks. 
  We characterized the temporally changes of the primary consequences of a reduced 
frataxin expression by monitoring the highlighted frataxin deficit symptoms in our cell 
model. Now our model seems to be qualified to investigate possible therapeutic 
approaches relating to FRDA. 
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Cardiac fibroblasts support cardiac function by maintaining the integrity of the tissue. Under 
pathological conditions such as ischemia, fibroblasts are activated and differentiate into 
myofibroblasts which migrate to the injured site and form a scar. This process is 
accompanied by several phenotypic changes including modifications of the 
electrophysiological properties of the cells. In the context of atrial fibrillation (AF), little is 
known about the fate of (myo)fibroblasts which might participate in the maintenance of the 
disease. In order to understand the potential role of fibroblasts in atrial electric dysfunction, 
we compared the electrical properties of atrial fibroblasts isolated from patients in sinus 
rhythm (SR) and chronic atrial fibrillation (cAF).  
All patients gave informed consent. Human fibroblasts were isolated by outgrowth culture 
from right atrial biopsies. After 3 weeks the cells were replated and further cultivated for 2-3 
weeks. We used the whole-cell patch clamp technique to investigate ion currents. 
Tissue from SR patients yielded significantly more cells than AF biopsies (number of cells 
per piece of tissue: SR, 2.7±0.3*103; AF, 1.6±0.3*103; p<0.05). Once replated, SR cells 
proliferated more readily than AF cells (number of cells after 2 weeks: SR, 4.1±0.6*104; AF, 
2.3±0.4*104; p=0.066). While we observed similar K+ currents in the 2 groups, AF cells 
developed Na+ currents that were significantly larger than those from SR cells (SR, -0.5±0.2 
pA/pF; AF, -16.3±4.0; p<0.05). These currents were not affected by 100 nM tetrodotoxin but 
strongly reduced by 10 µM, suggesting that the channel involved was the cardiac-specific 
isoform Nav1.5. Supporting these results, RT-PCR experiments showed the expression of 
transcripts for that specific subunit in both groups. In order to understand the role of these 
large Na+ currents observed in AF fibroblasts, we cultivated the cells with 10 µM TTX for 2 
weeks. Blocking Na+ channels in culture did not seem to enhance proliferation (number of 
cells after 2 weeks: AF control, 2.0 ± 0.1*104; AF TTX, 1.3 ± 0.2*104). 
Fibroblasts isolated from AF patients show large Na+ currents in culture which do not seem 
to be involved in the reduced proliferative capacity of the cells but might be important for 
other processes such as migration. Further experiments are needed to understand the role 
of these currents in atrial fibrillation and their potential implication in atrial electrical 
dysfunction. 
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Phosphoinositide 3-kinase g (PI3Kγ) appears as two heterodimeric enzymes with the 
catalytic subunit p110γ associated with one of the two non-catalytic subunits, p87 or 
p101. Contrary to former assumptions that p87/p110γ and p101/p110γ are functionally 
redundant, recent publications (Kurig et al., Proc. Natl. Acad. Sci. U.S.A.; 2009, 
Shymanets et al., Biochem. J., 2012) indicate that they are differently regulated and play 
distinct physiological roles. In particular the regulation of the PI3Kγ enzymes differs in 
that p101/p110γ strongly interacts with Gβγ leading to its membrane recruitment and 
potent activation, whereas stimulation of p87/p110γ requires additional interaction with 
GTP-bound Ras. Considering the prominent role of PI3Kγ in immunological disorders, it 
is predicted to be an attractive drug target. Currently most kinase inhibitors, including 
those targeting PI3Kγ, interfere with the ATP binding pocket of the catalytic subunit. Few 
such inhibitors potently and specifically block PI3Kγ. 
We have tested several PI3Kγ inhibitors and found that they do not discriminate 
between the two PI3Kγ enzymes. We tested the ability of a monoclonal antibody raised 
against p110γ (mAb-p110γ) to affect enzymatic activity of PI3Kγ enzymes in vitro using 
phospholipid vesicles. mAb-p110γ similarly inhibited the basal lipid kinase activity of 
both p87/p110γ and p101/p110γ with potencies similar to the standard and potent 
inhibitor of PI3Ks, wortmannin. In contrast, Gβγ- and/or Ras-stimulated activity of PI3Kγ 
enzymes was differently affected by mAb-p110γ. mAb-p110γ inhibits Gbg-stimulated 
activity of p87/p110γ, with a potency higher than an order of magnitude than that of 
p101/p110γ. Using size exclusion chromatography we excluded that the potent inhibition 
of p87/p110γ was due to dissocation of p87 from p110γ. Our findings point to possible 
inhibitory mechanisms of PI3Kγ enzymes induced by mAb-p110γ, which include 
antibody mediated modulation of the catalytic p110γ subunit or interference with the 
interaction of PI3Kγ with the plasma membrane or Gβγ. The data reaffirm our hypothesis 
that the two PI3Kγ enzymes are distinct and also provide us a tool to differentially inhibit 
them. Deeper understanding of mechanism of inhibition would allow the design of 
tailored therapeutics to target diseases where PI3Kγ plays a key role such as immune or 
cardiac disorders, with minimal undesired side effects. 
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Diabetes is a severe chronic disease associated with increased morbidity and mortality. 
Cardiovascular complications are the leading cause of death in diabetic patients. 
Diabetic cardiomyopathy leads to functional und structural changes of the heart. 
Because nuclear Ca concentration plays an important role in the regulation of 
transcription, we hypothesized that altered nuclear Ca homeostasis contributes to 
cardiac remodeling in diabetic cardiomyopathy. 
  
Methods: Zucker Diabetic Fatty (ZDF) rats (fa/fa) were used as an established model of 
type 2 diabetes. Lean (fa/+) rats served as controls. Ventricular myocytes from 6 months 
old ZDF and Lean rats were enzymatically isolated. Cell size, nucleus size and 
perinuclear Ca stores were imaged by confocal microscopy and the low affinity Ca dye 
Mag-Fluo-4/AM (10 µM; loading time 120 min). For functional measurements, ventricular 
myocytes were loaded with Fluo-4/AM (6-8 µM; 20-30 min) and field-stimulated at 1 Hz. 
Cytoplasmic and nucleoplasmic Ca transients were recorded simultaneously by confocal 
line-scan imaging with the scan line positioned perpendicularly to the longitudinal axis of 
the myocytes traversing the nucleus. 
  
Results: The size of the diabetic ZDF rat ventricular myocytes was smaller than that of 
the Lean controls (Lean: 4118±172 µm2, n=78; ZDF: 3022±119 µm2, n=89; P<0.05). The 
size of the nuclei was unaltered (Lean: 53.1±1.6 µm2, n=89; ZDF: 53.7±2.15 µm2, n=95). 
The nuclear envelope could be visualized using Mag-Fluo-4 staining indicating that it 
serves as a perinuclear Ca store. The nuclear envelope exhibited tubular invaginations, 
the number of which was not different between strains (Lean: 4.2±0.2 per nucleus, n=85; 
ZDF: 4.6±0.2 per nucleus, n=84). Cytoplasmic Ca transients were followed by delayed 
nucleoplasmic Ca transients. Diastolic (F0/Frest) and systolic (F/Frest) Ca concentration – 
as well as the amplitude (dF/Frest) of the Ca transient – did not differ between ZDF and 
Lean ventricular myocytes. Likewise, the kinetics of the Ca transients were not changed 
in ZDF as compared to Lean ventricular myocytes, neither in the cytoplasm nor in the 
nucleus. 
  
Conclusion: Six months old diabetic ZDF rats exhibit ventricular hypotrophy. Under basal 
conditions, however, there are no major alterations in cytoplasmic and nucleoplasmic Ca 
homeostasis in ZDF ventricular myocytes. 
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Background: 
The heart is a complex tissue consisting of several different cell types. These include 
among others cardiomyocytes, fibroblasts and vascular smooth muscle cells. Most 
studies are based on the analysis of cardiac tissue. This attempt is valuable for 
biomarker research but unsuitable to unravel mechanisms in specific cell types like 
cardiomyocytes. The aim of our project was to establish a fluorescence activated cell 
sorting (FACS) based isolation method for cardiomyocyte nuclei from murine and human 
tissue samples.  
Methods and Results: 
After tissue grinding, cardiomyoycte nuclei were specifically stained by an antibody 
directed against pericentriolar material 1 (PCM1). We validated the specificity of the 
antibody staining by a different approach and designed a molecular beacon targeting the 
mRNA of cardiac Troponin T (cTnT). In the next step, PCM1 positive cells were 
analysed by flow cytometry or sorted by FACS. Several mg of frozen cardiac tissue 
yielded enough nuclei for most downstream applications. 
Analysis of murine cardiac tissue specimens revealed that the portion of cardiomoycyte 
nuclei decreased from 59.4% ± 0.2% at birth to 29.7± 0.5% in adult mice. As most adult 
cardiomyocytes are binuclear this reflects a portion of approximately 17% myocytes in 
the adult murine heart. During the development and progression of cardiac hypertrophy, 
as induced by transverse aortic constriction, the percentage of cardiomyocyte nuclei was 
further reduced to 19.7± 0.7%, reflecting approximately 11% myocytes. 
Cardiomyocyte nuclei derived from healthy cardiac tissues are mainly di- or tetraploid. In 
comparison to human hearts the portion of tetraploid nuclei was lower in murine samples 
(human 13.5 ± 0.3% vs. mouse 7.3 ± 0.5%). However, cardiomyocyte nuclei isolated 
from failing human hearts exhibited a higher degree of ploidy (8n, 16n nuclei). On the 
other hand murine cardiomyocyte nuclei did not show these changes in the degree of 
ploidy but there was a slight increase in the portion of tetraploid nuclei (sham 7.3 ± 0.5% 
to failing 11.1 ± 0.5%). 
Conclusions: 
As the cellular composition of the heart changes during development and disease 
progression it is inevitable to isolate cardiomyocyte nuclei to investigate nuclear 
mechanisms in a cell type-specific manner. Labelling with specific antibodies and mRNA 
beacons followed by FACS sorting provides a reliable method for purification of cardiac 
myocyte nuclei. 
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Nucleoside analogues are important antiviral agents used to treat herpes simplex and 
other viral infections. Some of these drugs are known to impair spermatogenesis, but 
information for the most often used drugs is still limited. We studied the effects of four 
nucleosides on SerW3-cells, a rat Sertoli cell line. Cells were cultured for three days in 
DMEM supplemented with four different concentrations of each drug. Aciclovir and 
ganciclovir were added at concentrations of 0.3 mg/l, 1 mg/l, 3 mg/l, and 10 mg/l 
medium, penciclovir and its prodrug famciclovir were used at slightly higher 
concentrations (3 mg/l,10 mg/l, 30 mg/l, 100 mg/l medium). After a culture period of 
three days three proteins of the cells were analysed and compared with the proteins of 
an untreated control group by western blot. We studied the expression of connexin 43, 
N-cadherin and the cytoskeleton protein vimentin. Cells were solubilized in Triton X-100 
lysis buffer. Whole cell lysates were separated by 10℅ SDS-PAGE and electroblotted on 
a PVDF-membrane. After incubation with the primary antibodies overnight and HRP-
conjugated secondary antibody for one hour, visualization was achieved by a 
chemiluminescence-detection system and analyzed by Bio1D software. Aciclovir caused 
a clear cut effect at the highest concentration tested (10 mg/l), which is less than the 
peak concentration achieved in patients during intravenous therapy with the drug. 
Connexin43, vimentin and N-cadherin content decreased to 49.8 ± 17℅, 44 ±4℅ and 
75.4 ± 1.5℅ of the control values, respectively (n�3�mean ± sd). Similar effects were 
observed with ganciclovir (43.2 ± 10.8; 54.1 ± 11.9; 84.4 ± 10.8 % of controls). 
Penciclovir caused less pronounced effects at 10.0 mg/ l medium (82.1 ± 20.6; 90.0 ± 
12.0; 76.5 ± 17.7 % of controls). Only a slight effect was observed with famciclovir. Even 
at a 10-fold concentration (100 mg/l) only moderate changes were induced. We 
observed a change of the protein content to values of 102 ± 5.3, 77.3 ± 9.8, and 82.8 ± 
3.8℅ for the three proteins, respectively, in comparison to the control. Overall, the main 
findings of these experiments are the clear-cut effects with aciclovir and ganciclovir on 
Sertoli cells at therapeutically relevant concentrations which can be demonstrated with 
western blot of connexion43 being the most sensitive marker. 
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Nucleoside diphosphate kinase B participates in glucose metabolism 
Qiu Y.1, Butenschön V. M.1, Skolnik E. Y.2, Hammes H. P.3, Wieland T.1, Feng Y.1 
1Medical Faculty Mannheim, Heidelberg University Experimental Pharmacology 
Mannheim, Maybachstr. 14, 68169 Mannheim, Germany  
2New York University Langone Medical Center Division of Nephrology, New York, 
10016, United States 
3Medical Faculty Mannheim, Heidelberg University Fifth Medical Department, Theodor-
Kutzer-Ufer 1-3, 68167 Mannheim, Germany  
  
Nucleoside diphosphate kinase B (NDPK B) is a ubiquitously expressed enzyme 
required for nucleoside triphosphate synthesis. It is involved in the regulation of a variety 
of cellular processes, e.g. G protein mediated signal transductions. However, whether 
NDPK B participates in the glucose metabolism in vivo is still unclear. In this study, we 
investigated the role of NDPK B in glucose metabolism by using NDPK B deficient mice. 
  
Body weight and fasting glucose levels were measured; while no significant difference in 
body weight was found, fasting glucose levels were significantly higher in the NDPK B 
KO mice compared with the WT. Intraperitoneal glucose tolerance test (GTT) was also 
performed and NDPK B KO mice showed impaired glucose tolerance in comparison with 
their WT littermates. Moreover, glycated haemoglobin (HbA1c) was assessed and 
significantly elevated HbA1c in KO mice was observed. Furthermore, morphological 
changes in the retina and kidney were examined on the paraffin sections stained with 
Periodic Acid Schiff (PAS). However, no retinal or renal morphological change was 
identified in NDPK B KO mice. To evaluate the effect of NDPK B depletion on advanced 
glycation endproducts (AGEs) production, we assessed levels of methylglyoxal (MG)-
type AGEs with Western Blotting using renal cortex and retinal lysates; the MG level was 
significantly increased in NDPK B KO kidneys and retinae. Modification of renal cortex 
and retinal proteins by O-Linked N-Acetylglucosamine (O-GlcNAc), as an indicator of 
hexosamine pathway activation, was also elevated in NDPK B KO renal cortex and 
retina. 
  
In conclusion, our data indicate that NDPK B participates in the glucose metabolism. 
However, more studies must be conducted to determine its specific roles and 
contribution in the development of diabetes and hopefully gives light to new treatments 
for diabetes. 
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Aldosterone induces transcription factor Nrf2 in vitro and in vivo 
Queisser N.1, Oteiza P.2, Hey V.1, Stopper H.1, Schupp N.1 
1Universität Würzburg Institut für Toxikologie, Versbacherstr. 9, 97078 Würzburg, 
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2University of California Davis Deaprtment of Environmental Toxicology, One Shields 
Avenue, Davis, California 95616, United States 
  
Background: Epidemiological studies found an increased risk for kidney cancer in 
hypertensive patients. Hypertension is frequently associated with hyperaldosteronism, 
which also contributes to kidney injury, with reactive oxygen species (ROS) and reactive 
nitrogen species (RNS) playing an important role. Oxidative and nitrative stress acts 
further as predisposing factor to multistage carcinogenesis i.e. by modulating signaling 
pathways. Transcription factor Nrf2 is often activated as first line of defense in response 
to ROS/RNS and therefore this study investigated its potential and adequate activation 
in vitro and in vivo by aldosterone. 
Results: In aldosterone-treated kidney cells a decreased GSH/GSSG ratio was 
observed, demonstrating oxidative stress. Further, a significant activation of Nrf2 was 
observed by electrophoretic mobility shift assay. This activation was triggered by an 
increase of ROS. Aldosterone-induced activation of Nrf2 by oxidants was dependent on 
the mineralocorticoid receptor (MR), protein kinase C, NADPH oxidase and nitric oxide 
synthase. In response to oxidative stress, glutathione synthesis and detoxifying 
enzymes, such as gGCSc or heme oxygenase 1 (HO-1) were rapidly induced after 4 h. 
Nevertheless, after 24 h a decrease of Nrf2 activation, glutathione levels, gGCSc and 
HO-1 was observed. Since ROS levels were still high after 24 h, but Nrf2 activation 
decreased, this adaptive survival response seems to be transient and quickly saturated. 
Furthermore, Nrf2 activation was not sufficient to protect cells against oxidative DNA 
damage, since the amounts of double strand breaks and 8-oxodG lesions steadily rose 
up to 24 h of aldosterone treatment. The activation of Nrf2 and the subsequent 
expression of HO-1 by aldosterone were confirmed in vivo. This activation was also 
dependent on the MR and on oxidative stress. 
Conclusion: These results suggest that oxidative actions of chronically increased 
aldosterone cannot be neutralized by the antioxidant defense systems and could 
therefore be causally involved in the increased cancer incidence of hypertensive 
individuals. In future studies should be clarified if Nrf2-inducers like sulforaphane were 
able to increase the response in kidney cells and in rat kidneys to protect the 
cells/animals against aldosterone-induced oxidative stress and DNA damage. 
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Validation of the Yeast Estrogen and Yeast Androgen Screens for Endocrine 
Active Substances: Inter-laboratory ring trial 
Ramirez T.1, Woitkowiak C.1, Hüner H. - A.1, Schönlau C.2, Hollert H.2, Broschk S.3, 
Zierau O.2, Vollmer G.3, Poth A.4, Jäger M.4, Higley E.5, Hecker M.5, van Ravenzwaay 
B.1, Landsiedel R.1 
1BASF SE Experimental Toxicology and Ecology, Carl-Bosch-Str. 38, 67056 
Ludwigshafen, Germany  
2RWTH University of Aachen, Aachen, Germany  
3Technical University Dresden, Dresden, Germany  
4Harlan Cytotest Cell Research GmbH, Roßdorf, Germany  
5University of Saskatchewan, Saskatoon Canada  
  
Endocrine disruptor compounds (EDCs) are a group of natural or synthetic compounds that 
have the capacity to interact with the endocrine system of living organisms and 
consequently causes adverse health effects in an intact organism, or its progeny, or 
(sub)populations. Due to the impact that this interaction could have on human health, there 
is an increasing interest in assessing the risk of the exposure to EDCs. Currently, several in 
vitro and in vivo assays have been developed and few of them validated and regulatory 
accepted. For instance, the US EPA developed the Endocrine Disruptor Screening 
Program, which has been recently implemented. For the program a large number of 
experimental animals will be still use used even for testing some of the in vitro assays. 
Herein, we performed the inter-laboratory validation of two robust models that addresses 
agonistic and antagonist effect at the human hormone receptor, the YES (Yeast Estrogen 
Screen) and the YAS (Yeast Androgen Screen). Both assays are non-animal alternatives to 
the estrogen and androgen receptor binding assays proposed in the EDSP and OECD 
Conceptual Framework. The ring trial is the final experimental part of the validation process 
at the European Center for Validation of Alternative Methods (ECVAM). A set of 24 blinded 
compounds (7 estrogens and 6 androgens of diverse potency, 3 anti-estrogens, 3 anti-
androgene and 5 negative compounds) have been tested in five different laboratories. The 
analysis of the first phase of this ring-trial already demonstrates a high reproducibility for 
both methods among the different participating laboratories. 
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Human peritoneal mesothelial LP9 cells as a model system to determine the toxic 
and genotoxic potential of multiwalled carbon nanotubes (MWCNTs) 
Reamon-Buettner S. M.1, Hackbarth A.1, Voepel I. R.1, Brockmeyer H.1, Bellmann B.1, 
Albrecht L.2, Ziemann C.1 
1Fraunhofer Institute for Toxicology and Experimental Medicine, Nikolai Fuchs Strasse 
1, 30625 Hannover, Germany  
2Leibniz Institute for Solid State and Materials Research, Dresden, Germany  
  
Multiwalled carbon nanotubes (MWCNTs) are important nanomaterials with widespread 
technological applications, such as in engineering, materials science, and medicine. 
Current studies report  toxic and even carcinogenic potential of MWCNTs, particularly 
those in mesothelial cells, yet the exact mechanisms are unclear. To gain more insights 
into  possible  MWCNT-induced adverse health effects, the in vitro genotoxic activity of 
tailor-made MWCNTs  is investigated  in primary human peritoneal mesothelial LP9 
cells, under the auspices of  a German BMBF- funded project (contract No. 03X0109A). 
Metaphase analysis showed that LP9 cells meet  the criteria for cytogenetic 
investigations, with most cells exhibiting a stable chromosome set of  2n = 46 and 
absence of structural chromosomal aberrations. In the present study part, LP9 cells 
were treated for up to 24 h with 0.3 – 5 µg/cm2 rigid and tangled MWCNTs, long amosite 
asbestos (positive control), or milled MWCNT and Printex 90 (particulate negative 
controls). Cytogenetic analysis of treated cells involving at least three of the MWCNTs, 
i.e. CNT2 (length: 10.24 µm; diameter: 0.04), CNT3 (length: 8.57 µm; diameter: 0.085 
µm), and CNT3a (length: 9.3µm; diameter: 0.061 µm), revealed absence or minimal cell 
division,  as well as occurrence of various types of  mitotic  and chromatin abnormalities, 
as compared to medium controls. Moreover, DAPI staining demonstrated nuclear 
fragmentation, condensed chromatin, and senescence-associated heterochromatin foci 
(SAHF) in MWCNT- treated LP9 cells, reminiscent of apoptotic or senescent cells. 
Indeed, about 75% of the cells displayed pan- or bright staining with γH2AX, especially 
those cells lying underneath MWCNTs. Depending on the nuclear staining pattern, 
γH2AX expression is not only indicative of DNA-double strand breaks and  apoptosis, 
but also recombinational events. Although much is still unknown, these findings may 
suggest LP9 cells to be a good model system in determining toxic and genotoxic 
potentials of MWCNTs. Furthermore, it would be interesting to look more closely into the 
induction of DNA-double strand breaks, disturbance of mitotic processes, apoptosis, or 
cellular senescence as possible mechanisms in pursuit of understanding MWCNT-
induced toxicity and carcinogenicity. 
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Can differences in responsiveness to β2-adrenoceptor-ligands be traced back to 
the individual genotype? – A study with neutrophils and ADRB2-sequences of 57 
healthy volunteers. 
Reinartz M. T.1, Wetzke M.2, Kälble S.1, Kabesch M.2, Seifert R.1 
1Hannover Medical School Institute of Pharmacology, Carl-Neuberg-Str 1, 30625 
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Genetic receptor polymorphisms can contribute to a more severe and difficult-to-treat 
disease pattern in asthma [1]. Uncovering connections of genetic variability and variation 
in drug response could help to optimize and personalize pharmacological therapy e. g. 
with β2-adrenoceptor-(ADRB2)-agonists [1]. A pathophysiologically relevant cell type in 
asthma is the neutrophilic granulocyte, and some of the known polymorphisms in the 
ADRB2 gene have already been associated with a more severe course of the disease in 
clinical studies [2]. Therefore, in our study we determined concentration-dependent 
inhibition of formyl-peptide-induced superoxide production of neutrophils by ADRB2-
agonists, and, the complete 1,490 bp ADRB2-sequence per individual. The former 
parameter allowed robust determination of individual pharmacological profiles for the 
receptor, and the latter parameter allowed mapping of the most common, but also new 
or rare polymorphisms (also in the flanking 5’ and 3’ untranslated regions of the gene). 
With the complete data set at hand, 57 healthy subjects will be grouped, e. g. using the 
pIC50 as benchmark for responsiveness, or by the assessed polymorphisms. This study 
provides a basis for implementation of individualized therapy in bronchial asthma. 
  
[1] Ortega VE, Hawkins GA, Peters SP, Bleecker ER (2007) 
Pharmacogenetics of the beta 2-adrenergic receptor gene. Immunol Allergy Clin North 
Am 27: 665-684 
[2] Chung LP, Waterer G, Thompson PJ (2011) 
Pharmacogenetics of β2 adrenergic receptor gene polymorphisms, long-acting β-
agonists and asthma. Clin Exp Allergy 41:312-326 
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The benefit of glucocorticoids in different types of experimental lung injury in 
mechanically ventilated mice 
Reiss L. K., Uhlig S. 
Universitätsklinikum der RWTH Aachen University Institut für Pharmakologie und 
Toxikologie, Wendlingweg 2, 52074 Aachen, Germany  
  
Rationale: Acute respiratory distress syndrome (ARDS) is a life-threatening 
inflammatory respiratory failure, which currently cannot be cured pharmacologically. 
Treatment with glucocorticoids has led to conflicting results in ARDS patients and is 
therefore discussed controversially. The present study was designed to investigate the 
effectiveness of the glucocorticoid dexamathasone in ventilator- and acid-induced lung 
injury. 
  
Methods: Anaesthetized C57BL/6 mice were instilled intratracheally with 50 µL HCl with 
a pH of either 1.5 or 1.8 and were then ventilated at VT=16mL/kg with recruitment 
manoeuvres (RM) and FiO2=0.3. Another group was ventilated at VT=8mL/kg without 
acid instillation and without RM to induce derecruitment. Dexamethasone [1mg/kg] was 
injected intravenously at the beginning of ventilation. Lung mechanics were followed by 
the forced oscillation technique. Cardiovascular parameters, oxygen saturation and body 
temperature were monitored. Blood gases, cytokines, neutrophil recruitment, 
microvascular permeability and lung histology were examined. 
  
Results: Acid with pH 1.5 induced severe inflammation as well as structural damage in 
the lung, whereas acid with pH 1.8 caused less intense inflammatory, functional and 
physiological alterations. Low-VT ventilation without RM resulted in alveolar 
derecruitment and mild pulmonary inflammation. Dexamethasone reduced inflammation 
(neutrophil recruitment, edema formation and cytokine liberation) in all three models. 
Physiological dysfunction (arterial oxygenation and lung mechanics) was improved in 
mice instilled with acid pH 1.8, but not in mice instilled with acid pH 1.5 or in those with 
derecruitment. 
  
Conclusion: Dexamethasone was highly effective in preventing inflammation under all 
conditions, whereas it improved the clinical outcome only in the case of moderate 
inflammation-driven lung injury. We conclude that the benefit of glucocorticoid treatment 
in patients with ARDS might be related to the type of underlying lung injury. 

 
 

265 

Identification of a direct activator of cation channel TRPC5 
Richter J., Schaefer M., Urban N., Hill K. 
Rudolf-Boehm-Institute Pharmacology and Toxicology, Härtelstrasse 16, 04107 Leipzig, 
Germany  
  
Background: TRPC5 belongs to the family of classical transient receptor potential 
channels (TRPC1-7), which are Ca2+ permeable and indirectly activated by stimulation 
of G protein-coupled receptors (GPCR). TRPC5 is predominantly found in the central 
nervous system, where it is highly expressed in the hippocampus and amygdala. It 
inhibits the extension of neurites and affects growth cone morphology and synaptic 
transmission. A precise understanding of its physiological function is currently hampered 
by the limited availability of TRPC5-specific modulators. 
Key results: We identified a compound that directly activates TRPC5 in a receptor and 
phospholipase C-independent fashion. This substance did neither activate other 
classical TRP channels, nor did it affect more distantly related TRPM (melastatin-
related) or TRPV (vanilloid receptor-like) channels. It stimulated TRPC5 in a 
concentration-dependent manner (EC50 = 8.8 µM). The activation was reversible and 
repetitively inducible, but not affected by GDP-β-S, an inhibitor of heterotrimeric G 
proteins, applied via the patch pipette. This indicates that the activation was not 
mediated by G protein stimulation. Additionally, the compound did not induce 
phospholipase C activation or interfered with GPCR activators. The evoked current was 
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further potentiated by known TRPC5 modulators, like La3+ or Pb2+. Furthermore, the 
activation mechanism of the novel substance seems to be different, because it did not 
depend on the glutamate residues E543, E595 or E598. Recordings of excised inside-
out membrane patches confirmed that the activation of TRPC5 is direct and does not 
require cytosolic components. 
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Brain-endothelial TAK1-deletion as a new genetic model for cerebral small vessel 
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The brain has a high metabolic demand. Its energy supply by the cerebral blood 
circulation is tightly regulated under basal and stimulated conditions. Several 
widespread diseases such as diabetes, hypercholesterolemia, hypertension, and 
Alzheimer´s disease induce cerebral small vessel disease that is associated with 
cognitive decline and functional loss. However, in many cases the underlying 
mechanisms still have to be elucidated. 
We have created a mouse line that affords an inducible deletion of the MAP kinase 
kinase kinase TAK1 (Map3k7) specifically in brain-endothelial cells. Upon deletion of 
TAK1 in brain-endothelial cells, Tak1beKO mice show reduced capillary densities in the 
brain and increased brain-endothelial cell death as demonstrated by electron 
microscopy and by immunofluorescent staining for cleaved Caspase-3. Tak1beKO mice 
display increased reactive oxygen species formation detected by immunofluorescent 
staining for 4-hydroxynonenal and a breakdown of the blood-brain barrier revealed by 
increased extravasation of IgG. This phenotype is accompanied by decreased gait 
speed, which is one of the early features of cerebral small vessel disease. Systemic 
blockade of TNF function with a neutralizing antibody reduced brain-endothelial cell 
death upon deletion of TAK1 in brain-endothelial cells. We suggest that Tak1beKO mice 
can serve as a model for cerebral small vessel disease and may help to investigate the 
underlying pathophysiological mechanisms. 
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Triazole fungicide effects on the adrenal gland in vivo in a broad dose range 
Rieke S., Schmidt F., Heise T., Pfeil R., Niemann L., Marx-Stoelting P. 
Bundesinstitut für Risikobewertung Chemikaliensicherheit, Max-Dohrn Str. 8-10, 10589 
Berlin, Germany  
  
Recently there has been growing public concern regarding pesticides with potential 
endocrine disrupting properties. Especially potential non-monotonic dose-response 
relationships of endocrine disruptors showing effects well below a “classical” NOAEL are 
intensively and controversially discussed. The concerns have found entry in novel 
regulations of the EU, where it has been proposed that active substances that have an 
inherent capacity to cause endocrine disruption should not be approved. Additionally, 
the EU has called for the promotion of non-animal test methods for regulatory purposes. 
Therefore the identification of biological markers to be used in vitro to determine 
toxicological effects should be a major focus of research. 
  
The aim of this work was to investigate the effects of the triazoles fungicides 
epoxiconazole, cyproconazole, tebuconazole, propiconazole and the imidazole 
prochloraz on the adrenal gland in a broad dose range in vivo. Wistar rats were fed in 
28-day studies with the fungicides in doses close to their ADIs, their NOAELs and their 
LOAELs as established in regulatory studies. The highest dose group treated with 
epoxiconazole showed a statistically significant reduction in absolute and relative 
adrenal weights as well as an atrophy of the Zona fasciculata. There was no adrenal 
weight change or any histopathological alterations in rats treated at the lower dose 
levels or with the other fungicides. Gene expression analysis of previously described 
markers of triazole treatment revealed an induction of CYB11b2 expression at high dose 
levels. A low density gene expression array was performed to screen the animals for 
potential additional markers. This assay showed a significant decrease of the RNA 
expression of the vitamine D receptor gene (vdr) and an increase in the expression of 
Nr1d1 for several triazoles as well as for prochloraz. 
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Voltage sensitivity of muscarinic M1, M3 and M5 receptors 
Rinne A., Bünemann M. 
Philipps-Universität Marburg Institut für Pharmakologie und Klinische Pharmazie, Karl-
von-Frisch-Str. 1, 35034 Marburg, Germany  
  
G protein-coupled receptors (GPCRs) are important signaling proteins that are located 
to the plasma membrane. Some receptors display voltage sensitivity and respond to 
depolarization of the membrane with changes in their activity, an effect that has been 
discovered in muscarinic M2 receptors. A common molecular mechanism underlying 
voltage dependence in GPCRs has not been identified so far, but the charge of the 
agonist, the docking of endogenous G proteins or the class of the G protein (e.g. Gi vs. 
Gq) have been implicated in affecting the properties of voltage dependence. One central 
hypothesis emerging from the literature is that G protein docking to the receptor is 
required for voltage sensitivity. To address this, we analyzed the voltage dependence of 
Gq protein-coupled M1, M3 and M5 receptors using FRET microscopy under voltage-
clamp conditions. We expressed wildtype receptors in HEK 293 cells and analyzed their 
activation with a FRET assay that directly monitors activation of Gq proteins. Application 
of Carbachol (CCh) at -90 mV resulted in activation of all receptor subtypes, reflected by 
a decrease in the corresponding FRET signal (F535/F480). A subsequent depolarization to 
+60 mV had different effects on the receptors: The M1 receptor was further activated at 
+60 mV, but M3 and M5 receptors were deactivated. Furthermore, using the same 
receptor subtype with different agonists, we observed changes in voltage sensitivity: 
CCh-activated M5 receptors were deactivated at +60 mV, but the same depolarization 
caused activation of M5 when Pilocarpine was used instead to activate the receptor. To 
test whether Gq protein-coupling per is required to sense the membrane potential, we 
analyzed the recruitment of arrestin to the M3 receptor. Arrestins recognize active 
receptor conformations and bind to GPCRs in a G protein-free state. Application of CCh 
at -90 mV resulted in a rise in FRET between the M3 receptor and arrestin, indicating 
recruitment and binding of arrestin to the receptor. At +60 mV this FRET signal was 
reversed, reflecting dissociation of arrestin from the receptor, suggesting that the M3 
receptor is voltage-dependent in the absence of Gq proteins. We conclude that voltage 
sensitivity of muscarinic receptors is an intrinsic property of the receptor molecule that 
does not require G protein docking. Moreover, the voltage sensitivity is rather influenced 
by the specific interaction of ligands with the receptor than by the agonist charge itself. 
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The membrane potential acts as an allosteric modulator of the α2Aadrenergic 
receptor 
Rinne A., Birk A., Bünemann M. 
Philipps-Universität Marburg Institut für Pharmakologie und Klinische Pharmazie, Karl-
von-Frisch-Str. 1, 35034 Marburg, Germany  
  
G protein-coupled receptors (GPCRs) are proteins that span the plasma membrane 
seven times which exposes them to the electrical field across the membrane. Some 
receptors display intrinsic voltage dependence that modulates receptor signaling. We 
have shown previously that the α2A adrenergic receptor (α2AAR) deactivates at positive 
membrane potentials. In the present study we analyzed the effects of voltage on binding 
of norepinephrine (NE) by monitoring active receptor conformations with a FRET-based 
biosensor (α2AAR-cam) under voltage-clamp conditions in HEK 293 cells. We compared 
NE-induced receptor conformations at -90 mV and at +60 mV and found that 
depolarization caused a switch of the receptor to a less active conformation. The 
deactivation was only present when NE was bound to the receptor and its magnitude 
corresponded well with the degree of depolarization. Depolarization caused a change in 
affinity of α2AAR-cam towards NE and shifted the EC50 value for biosensor activation 
from 0.24 µM (-90 mV) to 1.52 µM (+60 mV). Also, the kinetics of deactivation of the 
biosensor upon withdrawal of NE was 2-fold slower at -90 mV than at +60 mV. We also 
analyzed the voltage dependence of wildtype α2AAR signaling by investigating NE-
induced GIRK currents. We found that the fraction of GIRK channels (assessed as 
factional inward current I30nM/I500nM) that were activated by a non-saturating 
concentration of NE (30 nM) was larger at -100 mV than at -40 mV. Thus, the 
modulation of the α2AAR by voltage affects effectors downstream of the receptor and the 
G protein. Na+ ions have been implicated in allosteric regulation of the α2AAR. Removal 
of Na+ from the extracellular solution resulted in reduced affinity of wt-biosensors 
towards NE. Furthermore, mutation of a conserved Na+ binding site within the biosensor 
caused a similar reduction in affinity even under normal Na+ concentrations. 
Interestingly, the mutated biosensor did not display any voltage dependence. We 
conclude from these experiments that voltage acts as an allosteric modulator of NE-
binding and identified a charged residue within the α2AAR that is involved in the voltage 
dependence of the receptor. 

 
 
 
 
 
 
 
 
 

S66 



270 

miRNA23a is a novel modulator of skin aging through downregulation of 
hyaluronan synthesis 
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The mechanisms involved in aging are poorly understood, however miRNAs and specific 
changes in the composition of the extracellular matrix (ECM) are evolving as biological key 
regulators. Hyaluronan (HA), is a polysaccharide of the extracellular matrix that is extruded 
into the extracellular space by three transmembrane HA-synthases (HAS1-3) and is known 
to strongly affect the phenotype of fibroblasts. Objective of the current study was to 
investigate the expression of miRNAs in aged human skin fibroblasts and to identify 
possible targets within the hyaluronan matrix.  In vitro, fibroblasts derived from donors less 
than 60 years old versus those from donors that were more than  60 years old were 
analyzed with respect to their mRNA and miRNA profile by gene arrays. HAS2 was found to 
be reduced in aged patients (0.38 ±0.28 fold of patients <60 years). Target prediction of 
miRNAs binding to HAS2 mRNA was performed by a bioinformatical approach and 
compared to the results of the miRNA gene array. miR23a was predicted to target HAS2 
mRNA and was indeed regulated age-dependently. The expression levels of miR23a and 
HAS2 (2.3 ±0.78 and 0.53 ±0.32 fold of patients <60 years, respectively) were further 
validated by qRT-PCR. Furthermore fibroblasts were driven into senescence by population 
doubling and analyzed by qRT-PCR. Senescent fibroblasts showed significantly reduced 
level of HAS2 mRNA (0.41 ±0.044) whereas miR23a was upregulated (3.52 ±0.569). Both 
aged and senescent fibroblasts synthesized a significantly lower amount of HA as detected 
by ELISA-like assay compared to young fibroblasts. To demonstrate the role of HA-
synthesis in intrinsic aging Skh-1 nude mice were fed chronically with an inhibitor of HA-
synthesis, 4-methylumbelliferone (4-MU), and the aging process was monitored by 
detection of dermal hydration and viscoelasticity. In deed 4-MU treatment reduced these 
functional parameters of skin aging by the fourfold compared to sham fed, intrinsically aged 
mice. Taken together, these findings demonstrate that miR23a might play an important role 
in skin aging by downregulation of HAS2 mediated HA synthesis. 
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β-Adrenoceptor mediated relaxation in human proximal and distal ureter with 
intact and denuded urothelium 
Roedel M.1, Propping S.2, Wirth M. P.2, Ravens U.1 
1Dresden University Medical Faculty "Carl Gustav Carus" Department of Pharmacology 
and Toxicology, Fetscherstraße 74, 01307 Dresden, Germany  
2Dresden University Hospital Department of Urology, Fetscherstraße 74, 01307 
Dresden, Germany  
  
Introduction and Objectives 
Norepinephrine (NE)-induced relaxation of human bladder is mediated via β3-
adrenoceptors (β3-ARs) and this relaxation is blunted in the presence of urothelium. For 
human ureter which is known to express all three β-AR subtypes, controversial results 
have been reported. Therefore, we have studied NE-mediated relaxation of human 
proximal and distal ureter strips with intact and denuded urothelium, in order to 
characterize the β-AR subtypes involved. 
  
Methods 
Small sections of proximal and distal ureter were obtained from patients undergoing 
tumour nephrectomy or radical cystectomy, respectively (11 f and 14 m, mean age 69.9 
years). Force of contraction was measured in ureteral strips, mounted in an organ bath 
and pre-stretched with 15 mN. All experiments were performed in the presence of the α-
AR blockers 1 µM prazosine and 30 µM phentolamine. After 60 min of equilibration the 
strips were precontracted with 80 mM KCl. The relaxation response to 100 µM NE was 
expressed in percent of the maximum relaxation obtained with 10 µM forskolin. For β-AR 
subtype selective blockage, we used 300 nM CGP 20712A (β1-AR), 50 nM ICI 118,551 
(β2-AR) or 100 nM L-748,337 (β3-AR). 
  
Results 
In proximal ureter strips force of tonic contraction with 80 mM KCl was 0.44±0.04 mN/mg 
wet weight (ww), n=39 in intact and 0.6±0.05 mN/mg ww, n=35 in denuded strips. The 
respective values in distal strips were 0.31±0.03 mN/mg ww, n=49 and 0.42±0.04 
mN/mg ww, n=47. Forskolin incompletely relaxed the 4 groups by 0.33±0.02 mN/mg ww, 
0.40±0.03 mN/mg ww, 0.25±0.02 mN/mg ww, 0.35±0.03 mN/mg ww, respectively. NE 
produced 25% of the maximum forskolin effect in distal ureter with and without 
urothelium and relaxation was not different in the presence of blockers of the three β-AR 
subtypes. In contrast, NE-induced relaxation was significantly blunted in intact proximal 
ureter (denuded 28.4±3.4 % [of forskolin], n=4 vs. intact 13.5±3 %, n=6; p<0.05). The 
larger relaxation by NE in urothelium-denuded proximal ureter was significantly impaired 
by β1- and β2-AR-blockade (CGP 13.3±2.7, n=5; p<0.01 and ICI 14.6±3.2, n=6; p<0.05, 
vs. control). 
 
  

Conclusions 
While results with distal ureter were ambiguous, we found evidence for involvement of 
β1-AR, β2-AR (and possibly β3-AR) in NE-mediated relaxation of denuded proximal 
ureter, but not in strips with intact urothelium. These results suggest, that NE may 
stimulate the urothelium to release of an unknown factor that blunts relaxation. 
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A 26-amino acid fragment of Clostridium botulinum C3 protein shows growth 
inhibition in murine hippocampal HT22 cells. 
Rohrbeck A., Edeling M., Hagemann S., Just I. 
Medizinische Hochschule Hannover Institut für Toxikologie, Carl-Neuberg Str. 1, 30625 
Hannover, Germany  
  
Background:  
ADP-ribosylating C3 transferase from Clostridium botulinum (C3) not only acts as an 
Rho inactivating enzyme but in addition is able to promote neurite (axon and dendritic) 
outgrowth in a non-enzymatic mode of action. Recently, it was shown that an enzyme-
deficient C-terminal peptide fragment covering amino acid 156-181 of C3bot is still 
capable of inducing axonal as well as dendritic growth and branching in hippocampal 
primary culture and organotypical brain slices. Moreover, a further truncated peptide 
covering amino acid 163-177 also resulted in the promotion of axonal length and 
branching in cultivated neurons (Loske et al. 2012, JNC). 
Methodology / Principal Findings:  
Here we studied the effects of 26-amino acid C3-peptide (aa 156–181, C3156-181) on the 
murine hippocampal cell line HT22 in comparison to full length C3 either wild type (C3) 
or enzyme-deficient (C3-E174Q). C3156-181 and C3-E174Q did not ADP-ribosylate Rho 
and did not induce significant morphological changes in HT22 cells. In contrast, wild type 
C3 resulted in Rho ADP-ribosylation accompanied by two distinct morphological 
phenotypes. Treatment with C3156-181 and C3-E174Q did not affect the level of active 
RhoA-GTP, whereas RhoA ADP-ribosylation by C3 resulted in a reduced level of RhoA-
GTP. In addition RhoA ADP-ribsoylation in C3-treated HT22 cells resulted in 
pronounced RhoB expression. Interestingly, RhoB expression was also observed in 
response to C3156-181 peptide or C3-E174Q but significantly lower than in C3-treated 
cells. Furthermore, C3156-181, full length C3 as well as C3-E174Q treatment resulted in 
growth inhibition and strongly reduced expression of cyclin D mRNA and protein levels. 
Binding measurements by microscale thermophoresis revealed that C3 and C3-E174Q 
bind to RhoA whereas no binding was observed for C3156-181. 
Conclusions / Significance:  
These data indicate that, despite lacking ADP-ribosylating activity, C3156-181 peptide and 
C3-E174Q mediate effects on cell proliferation and RhoB up-regulation, processes that 
seems to be based on Rho-independent signalling mechanisms. 
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The transcription factor ER81 induces arrhythmia and modulates cardiac β-
adrenergic signaling 
Rommel C.1,2, Rösner S.1, Weiss S.1, Gilsbach R.1, Lother A.1, Kretz O.3, Hein L.1 
1Institute of Experimental and Clinical Pharmacology and Toxicology, Albertstr.25, 
79104 Freiburg, Germany  
2Faculty of Biology, Schaenzlestr. 1, 79104 Freiburg, Germany  
3Center for Neuroscience, 79104 Freiburg, Germany  
  
Introduction: The transcription factor ER81 (ETS related 81) is a member of the large 
family of ETS-transcription factors which are known to be involved in various developmental 
processes and in cancer formation. Cardiac ER81 mRNA expression is increased in failing 
human hearts. However mechanical unloading by a left ventricular assist device leads to 
normalization of ER81 expression. The aim of the present study was to determine the 
cardiac function of ER81. 
Methods and Results: Previously, transgenic mice overexpressing ER81 under control of 
the cardiomyocyte-specific α-myosin heavy chain gene (αMHC) promoter were generated 
by pronuclear injection. Ventricular phenotyping showed no evidence for morphological 
changes, hypertrophy or fibrosis in ER81 transgenic mice (ER81αMHC) compared to wildtype 
mice (WT). Electrocardiography (ECG) was assessed in adult mice (3 months) by ECG 
telemetry in awake mice. ECG analysis revealed a decreased heart rate, a loss of P-waves 
and frequent supraventricular extrasystoles in ER81αMHC mice. Additionally the positive 
chronotropic, inotropic and lusitropic effects of acute intravenous dobutamine infusion were 
severely attenuated in ER81αMHC mice. Next, isometric contractile force measurements on 
isolated left atria were carried out in vitro. While WT left atria responded to increasing 
concentrations of isoprenaline, NKH477 and calcium with an increase in contractility, the 
maximal positive inotropic responses to these substances were severely blunted in 
ER81αMHC atria. We performed Western blots to identify potential aberrations of calcium 
handling and regulatory proteins. Phosphorylation of serine 16 of phospholamban (PLN) 
was reduced in ER81αMHC mice. In addition, protein phosphatase 1 (PP1) expression was 
significantly increased in ER81αMHC mice, which is consistent with the increased 
dephosphorylation of phospholamban. Electron microscopy revealed a loss of atrial 
myocytes and structural remodeling of ER81αMHC atria but no differences between the 
genotypes were found in the ventricles. Cardiac gene expression was analysed by 
microarrays and several ER81 candidate target genes were identified. 
Conclusion: Cardiac overexpression of ER81 leads to inhibition of β-adrenergic signaling 
in the heart and to structural and electrical remodeling of the atria, implicating ER81 in the 
pathogenesis of heart failure and arrhythmias. 
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U rinary bladder cancer survival in the greater area Lutherstadt Wittenberg 
Roth E.1,2, Selinski S.1, Schikowsky C.1, Seidel T.2, Volkert F.2, Meinolf B.1, Niedner H.1, 
Hengstler J. G.1, Golka K.1 
1TU Dortmund IfADo - Leibniz Institut für Arbeitsforschu, Ardeystrasse 67, Dortmund, 
Germany  
2Evangelisches Krankenhaus Paul Gerhardt Stift Klinik für Urologie und Kinderurologie, 
Paul-Gerhardt-Straße 42-45, 06886 Lutherstadt Wittenberg, Germany  
  
Long-term follow-ups on bladder cancer patients from highly industrialised areas are 
rare. Therefore, we present a follow-up of bladder cancer patients from the greater area 
Lutherstadt Wittenberg, a centre of the chemical industry of the former German 
Democratic Republic. Relapse-free survival times of 216 confirmed bladder cancer 
cases from the greater area Lutherstadt Wittenberg were collected between 2008 and 
2009. Tumor status at first diagnosis, data on lifestyle and occupational exposure to 
potential carcinogens was recorded from December 1995 to January 1999. Genotypes 
of N-acetyltransferase 2 (NAT2), glutathione S-transferase M1 (GSTM1), glutathione S-
transferase T1 (GSTT1), rs710521 and rs9642880 were determined by standard 
methods. The latter 2 SNPs were the first to show an elevated bladder cancer risk in 
genome-wide association studies (Kiemeney et al., 2008). Cox models were used to 
evaluate differences in relapse-free survival. Clear differences in relapse-free survival 
could be observed for the number of relapses, multilocular tumor growth and relapses 
with higher staging or grading than the primary tumour as well as GSTT1 (hazard ratio 
HRGSTT1pos. = 0.60, 95% CI = 0.42–0.87, p = 0.007) None of the other investigated 
polymorphisms showed significant impact on prognosis. 
  
Kiemeney L. A. et al.: Sequence variant on 8q24 confers susceptibility to urinary bladder 
cancer. Nat. Genet. 40, 1307-1312 (2008) 
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Effects of NO on L-type calcium current in single human atrial cardiomyocytes 
depend on buffering of intracellular Ca2+ 
Rozmaritsa N.1, Matschke K.2, Ravens U.1 
1TU Dresden Pharmacology and Toxicology, Fetscherstr.74, 01307 Dresden, Germany  
2TU Dresden Heart Center Dresden, Fetscherstr.76, 01307 Dresden, Germany  
  
Introduction and Objectives 
Standard ruptured-patch voltage clamp technique uses  EGTA in the pipette solution for 
strongly buffering the calcium concentration [Ca2+] in order to prevent seal rupture due to 
contraction. However, Ca2+ buffering may affect drug responses. Here we have 
investigated whether different Ca2+ buffering conditions influence the responses of 
human atrial L-type Ca2+ currents (ICa,L) and intracellular [Ca2+] transients (CaT) to nitric 
oxide (NO). 
Methods 
Single cardiomyocytes were isolated enzymatically from right atrial appendages of 
patients in sinus rhythm undergoing cardiac surgery. All patients gave informed consent. 
The amplitude of ICa,L was measured during a 100 ms clamp step from -80 mV to +10 
mV preceded by a 100 ms ramp step to -40 mV and 20 ms at –40 mV, and was 
expressed as current density (pA/pF). Cells were loaded with 10 µM Fluo-3 AM (cell 
permeable form of the Ca2+-sensitive fluorescent probe) and patch-clamped with voltage 
clamp technique. The standard pipette solution contained either 10 mM EGTA (~ 60 nM 
free Ca2+), 20 µM EGTA plus 100 µM Fluo-3 pentapotassium salt (PPS, cell 
impermeable form, ~ 60 nM free Ca2+) or only 20 µM EGTA (~ 145 nm free Ca2+). S-
nitroso-N-acetylpenicillamine (SNAP, 100 µM) was used as NO donor and (-)-
isoprenaline (1 µM) was used as ICa,L-stimulating reference drug. 
Results 
With patch clamp pipettes containing 10 mM EGTA we confirm our previous findings that 
SNAP significant increased ICa,L. With 100 µM Fluo-3 PPS in the pipette solution SNAP 
also increased ICa,L from 3.6±0.2 pA/pF to 8.1±1.2 pA/pF (9/8, p<0.001), it caused a 
trend, though not statistically significant, of CaT increase, significantly facilitated the 
decay rate from 3.7±0.3 s-1 to 6.1±0.9 s-1. In contrast, without Fluo-3 PPS and only 20 
µM EGTA in the pipette solution, SNAP reduced ICa,L from 3.9±0.6 pA/pF to 2.5±0.4 
pA/pF (12/10 cells/patients, p<0.01) but increased the amplitudes of  CaT from 
266.3±39.9 nM to 368.0±71,4 nM (p<0.05) without any changes in decay rate of the 
transient. With (-)-isoprenaline, however, ICa,L, CaT, and the decay rate of intracellular 
[Ca2+] increased irrespective of Fluo-3 PPS concentration in the pipette solution. 
Conclusions 
The NO donor SNAP affects atrial Ca2+ handling proteins in a manner that is modified by 
Ca2+ buffering, whereas the signalling pathways activated by b-adrenoceptor stimulation 
appear independent of intracellular Ca2+ buffering. 
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Selective interference with nuclear ERK1/2 signaling prevents pathological 
cardiac hypertrophy 
Ruppert C.1, Vidal M.1, Lohse M. J.1, Lorenz K.1,2 
1Institut für Pharmakologie und Toxikologie Pharmakologie, Versbacher Str. 9, 97078 
Würzburg, Germany  
2Institut für Pharmakologie und Toxikologie, TU Dresden, Fetscherstr. 74, 01307 
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The extracellular-regulated kinases 1 and 2 (ERK1/2) are mediators of cardiomyocyte 
hypertrophy and cell survival. ERK1/2 are activated by phosphorylation at the so-called 
TEY motif via their upstream kinases MEK1/2. Previously, we have shown that ERK1/2-
mediated hypertrophic signaling requires an additional autophosphorylation at Thr188 
(Thr208 in ERK1). Here, we investigated whether specific inhibition of ERKThr188-
phosphorylation enables selective targeting of ERK1/2-mediated hypertrophy without 
blockage of cardioprotective ERK1/2 signals. 
For this study, we compared the inhibition of catalytic ERK1/2 activity by the MEK1/2 
inhibitor PD98059 with selective interference with ERKThr188-phosphorylation by 
overexpression of ERK2T188A – a mutant that is dominant-negative for ERKThr188-
phosphorylation. While PD98059 attenuated ERK-mediated cardiomyocyte hypertrophy 
in response to phenylephrine and enhanced hydrogen peroxide induced apoptosis, 
ERK2T188A attenuated the hypertrophic response but preserved anti-apoptotic ERK1/2 
signaling. Interestingly, anti-apoptotic (p90RSK and BIM) and hypertrophic (Elk1) 
ERK1/2 targets were differentially affected by PD98059 and ERK2T188A: PD98059 
attenuated the activation of both hypertrophic and anti-apoptotic ERK1/2 targets, while 
ERK2T188A selectively attenuated the activation of the hypertrophic, nuclear ERK1/2 
target. In line with these in vitro results, cardiac overexpression of ERK2T188A in 
transgenic mice effectively attenuated phenylephrine and pressure overload-induced 
hypertrophy, but neither exacerbated apoptosis nor impaired cardiac function as 
monitored by echocardiographic, histological and biochemical analyses of heart lysates. 
In contrast, ERK2T188A did not affect physiological growth of the heart: 9 months-old mice 
overexpressing ERK2T188A as well mice after 3 weeks of voluntary running wheel 
exercise had a comparable heart weight and wall thicknesses as control mice. In line 
with these findings, Western blot analysis of wild-type heart lysates revealed that 
ERKThr188-phosphorylation was only up-regulated upon pathological stimuli 
(phenylephrine and pressure overload) but not after voluntary exercise. 
These results show that inhibition of ERKThr188-phosphorylation efficiently inhibits 
pathological hypertrophy without affecting anti-apoptotic functions of ERK1/2 or the 
physiological growth of the heart. Selective inhibition of ERKThr188-phosphorylation may 
thus be an interesting target in cardiac hypertrophy. 
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Are AMPK activators potential inhibitors of inflammatory hyperalgesia ? 
Russe O. Q., Kynast K., Möser C., Geißlinger G., Niederberger E. 
Klinikum der Goethe-Universität Institut für Klinische Pharmakologie, Theodor-Stern-Kai 
7, 60590 Frankfurt, Germany  
  
Adenosine monophosphate activated kinase (AMPK) is activated by physiological and 
stress conditions, including exercises, nutritional starvation, heat shock, oxidative stress 
and hypoxia. Pharmacological AMPK-activators were recently associated with positive 
effects such as improved body fitness, decrease of diabetic complications and reduction 
of obesity. However, their potential anti-nociceptive effects remain to be elucidated. 
Using 5-amino-1-β-D-ribofuranosyl-imidazole-4-carboxamide (AICAR) and metformin as 
AMPK activators, we observed anti-inflammatory and anti-nociceptive effects in two 
models of inflammatory nociception. 
  
We showed that the administration of both AICAR and metformin was associated with 
anti-nociceptive effects in the formalin- and the zymosan-induced paw inflammation 
models. 
In the formalin-induced paw inflammation model administration of AICAR and metformin 
had no impact on the nociceptive behavior in phase I, which reflects acute nociceptive 
responses. In contrast, phase II, a correlate for inflammatory nociception, was 
significantly reduced. Furthermore the AMPK activators were able to reduce mechanical 
hyperalgesia in the zymosan-induced paw inflammation model. Both, the reduction of 
the nociceptive behavior in phase II and in the zymosan-model were comparable to the 
treatment with a typical dose of ibuprofen for mice. These results indicate that AMPK 
activation does not affect the important physiological nociceptive response but is able to 
inhibit pathophysiological inflammatory nociception. 
Phosphorylated AMPK decreased slightly though significantly in the spinal cord after 
formalin or zymosan treatment. This effect was clearly counteracted by administration of 
the AMPK activators which induced increased levels of phosphorylation indicating a 
strong activation of AMPK.    
On the molecular level, anti-nociceptive effects are at least partially mediated by 
reduced stimulus-induced activation of different MAP-kinases in the spinal cord. This 
effect was associated with a subsequent decrease in pain-relevant induction of c-fos, 
which constitutes a reliable marker of elevated activity in spinal cord neurons following 
peripheral noxious stimulation. 
  
Taken these results together, we conclude that AMPK activators might serve as 
potential new anti-inflammatory and analgesic drugs which might exert additional 
positive side effects.  
  
Acknowledgement: The work is supported by the Deutsche Forschungsgemeinschaft (NI 
705/2-1) and Graduate School “Biologicals” (GRK 1172). 
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Phosphodiesterase 10A is targeted to the adenylyl cyclase / A-kinase anchoring 
protein complexes in striatum 
Russwurm C., Koesling D., Russwurm M. 
Ruhr-Universität Bochum Institut für Pharmakologie und Toxikologie, Med. Fak. MA N1, 
44780 Bochum, Germany  
  
Tight regulation of intracellular cAMP levels is important for signal transduction in brain. 
The rise and fall of cAMP concentrations in a given set of cells is controlled by the 
localization and activity pattern of the cAMP-generating adenylyl cyclases as well as the 
cAMP-degrading phosphodiesterases (PDEs). 
The striatum is densely innervated by dopaminergic fibers and dopamine receptors are 
present in every cell type. The principal neurons of the striatum, medium spiny neurons 
(MSN), represent more than 95 % of all striatal neurons and form the sole output to the 
basal ganglia. Dopaminergic signalling is critical for motor function and procedural 
learning. A number of neurological / psychiatric disorders (e. g. Schizophrenia and 
Parkinson's disease) result from distortion of these pathways and underline the 
importance of the striatum. Dopamine receptors control intracellular cAMP levels by 
activating (D1) or inhibiting (D2) adenylyl cyclase. 
We set out to identify the PDE responsible for the termination of cAMP signals in the 
striatum and found high expression levels of PDE10. The enzyme was mainly 
associated to membrane fractions. Incubation of acute striatal slices with agents raising 
intracellular cAMP levels triggered phosphorylation of PDE10. This phosphorylation was 
reversed by NMDA dependent rise of intracellular Ca2+ concentrations. 
In neurons, multiprotein complexes assembled via A-Kinase anchoring proteins (AKAPs) 
ensure specificity of cyclic nucleotide signals by tethering adenylyl cyclase and the 
cAMP effector protein kinase A to the correct subcellular compartment. This mechanism 
ensures selective phosphorylation and thereby modulation of target proteins such as 
NMDA and AMPA receptors. 
Therefore, we asked if PDE10 might be part of such a complex. Using PDE10 specific 
antibodies in immunoprecipitation experiments we show that PDE10 is tethered to 
multiprotein complexes tied together by AKAP150 in mouse striatum. This places 
PDE10 into an optimal position for controlling local cAMP signals. 
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Bioactivation of 5-hydroxymethylfurfural by various SULT forms in humans and 
rodents 
Sachse B., Meinl W., Glatt H. - R., Monien B. 
German Institute of Human Nutrition (DIfE) Potsdam-Rehbruecke Department of 
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5-Hydroxymethylfurfural (HMF), a furan derivative, occurs in many foodstuffs as it is 
formed by acid-catalyzed thermal dehydration of carbohydrates and in the Maillard 
reaction. A study of the National Toxicology Program indicates a moderate carcinogenic 
activity of HMF in mice. This may be due to sulfotransferase (SULT)-catalyzed 
bioactivation to the reactive 5-sulfooxymethylfurfural (SMF), which can react with cellular 
macromolecules like DNA. If formation of reactive SMF plays a critical role in HMF-
related carcinogenesis humans might be more sensitive to HMF exposure than rodents. 
Therefore, we compared enzymatic activities of human, murine and rat SULT forms to 
get information about species-dependent differences in metabolic bioactivation. For this 
purpose, we developed an enzyme assay for measuring SULT-catalyzed conversion of 
HMF to the reactive SMF. The reaction was performed with cytosols from genetically 
modified Salmonella typhimurium TA1538 strains expressing different SULT forms in the 
presence of the sulfo-group donor 3´-phosphoadenosine-5´-phosphosulfate. The SMF 
concentration was quantified using a UPLC-ESI-MS/MS method operating in the 
sensitive multi reaction monitoring mode. The enzymatic activities of different SULT 
forms within the same species varied extensively. The most active SULT forms were 
SULT1A1, SULT1B1 and SULT1A2 in humans, Sult1d1, Sult1a1 and Sult1b1 in mice 
and Sult2a3, Sult1c1 and Sult1a1 in rats. However, the current information about SULT 
expression levels in individual tissues is limited and does not allow estimating a tissue-
specific sulfo conjugation capacity for a particular substrate. Hence, we obtained a 
comparative overview of HMF sulfo conjugation capability in different tissues of humans 
and rodents, including liver, kidney, colon and lung, which all contain relatively high 
levels of different SULTs. The results of HMF sulfo conjugation with single SULT and 
tissue preparations from different species do not indicate that humans may be especially 
susceptible regarding HMF sulfo conjugation. 
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Neutrophils orchestrate their own recruitment in murine arthritis through C5aR 
and FcγR signaling 
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We have recently found that neutrophil recruitment into the joint in the K/BxN serum-
induced model of arthritis is driven by the sequential activity of multiple chemoattractants 
that include the lipid mediator, leukotriene B4 (LTB4), and IL-1β-induced neutrophil-
active CCR1 and CXCR2 chemokine ligands. We have also found that neutrophils are 

the critical source of LTB4 and IL-1β. However, the critical stimuli inducing the release of 
LTB4 and IL-1β from neutrophils has not been defined. Since the alternative 
complement  component C5a receptor (C5aR) and Fcγ receptors (FcγRs) are also both 
absolutely required for the development of arthritis in this model, we hypothesized that 
they mediate the release of LTB4 and IL-1β from neutrophils.  We have addressed this 
hypothesis by examining the effect of C5aR and FcγR activation on the release of LTB4 
and IL-1β from neutrophils in vitro and by determining the requirement for their co-
expression with IL-1β and 5-lipoxygenase (5-LO) in neutrophils in vivo. 
  
We have found that in vitro, FcγR activation induces the release of LTB4 and IL-1β from 
neutrophils, while C5a only induces the release of LTB4. In vivo, C5aR/5-LO co-
expression on neutrophils was required for the induction of arthritis, suggesting that 
C5aR activation on neutrophils directly induces the release of LTB4. In contrast, FcγR 
activation was not required for LTB4 release in vivo, but instead was required to induce 
IL-1β release from neutrophils. Thus, we demonstrate that C5aR and FcγR activation 
are specifically required to induce LTB4 and IL-1β release, respectively, from 
neutrophils. 
  
In context with the previously described chemoattractant cascade, these findings 
suggest that C5a activates the first neutrophils to release LTB4, which amplifies early 
neutrophil recruitment into the joint. There, neutrophils encounter immune complexes 
and subsequently release IL-1β, which activates resident joint cells to produce 
neutrophil-active chemokines, markedly augmenting neutrophil recruitment. 
  
This work was supported by grants from the DFG (Sa1960/1-1) and the Arthritis 
Foundation to CDS and the NIH (K08-AR054094 to NDK; R01-AI050892 to ADL). 
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Introduction: 
The world wide web opens up new opportunities to interconnect electronic and 
classroom teaching and to promote active student participation. 
Methods and Results: 
An internet discussion forum of pharmacology was established at Technische Universität 
München that allowed students to post pharmacology-related questions. The moderation 
of the forum and literature research of queries were done by final year medical students 
with the elective pharmacology. Since its initiation on December 1st 2010, the forum was 
accessed by approximately 2700 visitors per year. As of November 25th 2012 the forum 
contained 334 postings in 161 threads. To determine the learning benefit and student 
perception of the forum, an online survey among active forum participants and 
pharmacology elective students was conducted. 17 of 50 active forum participants (34%) 
and 5 of 6 pharmacology elective students (80%) participated in the survey. The majority 
of the active forum participants considered the learning benefit of the internet forum as 
"high" (47%) or "very high" (24%) for their pharmacology training. 65% of the forum 
participants were “satisfied” or “very satisfied” with the answers and comments by the 
pharmacology elective students. The elective students stated that the discussion of 
pharmacology-related postings in the internet forum resulted in a high personal learning 
benefit and the majority (80%) endorsed moderation of internet forums as part of their 
pharmacology training. 
Summary and conclusion: 
Internet discussion forums offer an easy-to-implement and effective way to actively 
engage students and increase the learning benefit of electronic and classroom teaching 
in pharmacology. 
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Introduction: 
Simian virus 40 (SV40) large T-antigen (LT) triggers oncogenic transformation by 
inhibition of p53 and retinoblastoma protein. In addition, binding of LT to Cullin-RING E3 
ubiquitin ligase 7 (CRL7) is a prerequisite for SV40 transformation. We have previously 
identified insulin receptor substrate 1 (IRS-1), a component of the insulin and IGF-1 
signaling pathways, as a CRL7 substrate. 
  
Aims and objective: 
To investigate if binding of LT to CRL7 affects IRS-1 degradation and activation of its 
 downstream signaling pathways PI3K / AKT and ERK MAP kinase. 
  
Methods and results: 
Degradation assays in HEK293 cells were performed to study the effect of LT on CRL7-
mediated proteasomal degradation of IRS-1. Co-expression of LT, but not a Cullin7 
binding-deficient mutant (LT ∆69-83) prevented proteolysis of IRS-1 upon co-expression 
of CRL7 (p<0.01; n=9). In contrast, no change of IRS-1 mRNA levels was detected by 
realtime PCR analyses. To further confirm the posttranslational effect of LT on IRS-1, 
35S pulse-chase experiments were performed. Co-expression of LT, but not LT ∆69-83 , 
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stabilized IRS-1 protein as evident by prolonged IRS-1 protein half-life (t 1/2 = 8 hrs vs. 4 
hrs; p<0.05; n=4). In vitro ubiquitination assays with purified proteins expressed in High 
Five insect cells showed reduced IRS-1 ubiquitination by CRL7 in the presence of LT. 
To study the biological role of LT/CRL7 interaction, IRS-1 downstream signaling 
pathways were monitored by immunoblot analyses in U2OS cells. Ectopic expression of 
LT, but not LT ∆69-83 , resulted in hyperactivation of PI3K/AKT and ERK signaling 
pathways as monitored by p473-Akt and pThr202/Tyr204-Erk1/2 (p<0.05; n=9). In line 
with these observations, depletion of Cullin7 by siRNA led to a comparable 
hyperactivation of PI3K/Akt and ERK (p<0.05; n=4/5). Interestingly, expression of LT, 
but not LT ∆69-83, resulted in up-regulation of the DNA damage marker pS15-p53 and 
pS139-gH2AX (p<0.05; n=8). 
  
Summary and conclusion:  
Our results demonstrate that binding of the viral oncoprotein SV40 LT-antigen to CRL7 
impairs its ubiquitin ligase function, resulting in enhanced activation of IRS-1 
downstream signaling pathways and DNA damage. As DNA damage is a critical step for 
SV40 propagation in host cells, it is tempting to speculate that induction of DNA damage 
via CRL7-regulated signaling pathways contributes to SV40 oncogenic transformation. 
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Paracrine actions of the intracellular second messenger cAMP secreted from 
cardiac myocytes 
Sassi Y.1, Truong J.1, Ahles A.1, Laggerbauer B.1, Engelhardt S.1,2 
1Institut für Pharmakologie und Toxikologie, Technische Universität München (TUM), 
Biedersteiner Strasse 29, 80802 Munich, Germany  
2DZHK (German Center for Cardiovascular Research), partner site Munich Heart 
Alliance, Munich, Germany  
  
The role of cyclic adenosine monophosphate (cAMP) as an intracellular second 
messenger of G protein-coupled receptor stimulation is well understood. Yet there is 
also evidence that various cell types actively export cAMP (then termed ecto-cAMP) 
through a class of ABCC transporters, namely MRPs. The present study investigated 
whether cAMP extruded from cardiomyocytes (CM) may act as a signalling molecule in 
the cardiac interstitium. 
To investigate whether ecto-cAMP has a signalling function in the heart, we infused 
adrenergically stimulated mice with cAMP and tested for cardiac function and 
morphology. Interestingly, we found that treatment with cAMP reduced the 
prohypertrophic and profibrotic effects of adrenergic stimulation. We found cAMP to be 
extruded from neonatal and adult CM upon β-adrenergic receptor (βAR) stimulation (1 
µM isoproterenol, ISO), an effect that was largely sensitive to MRP inhibition. Using 
primary CM and CF isolated from rats, we found opposing effects of ecto-cAMP on the 
formation of intracellular cAMP. In CM, ecto-cAMP blocked the βAR-mediated increase 
in intracellular cAMP in CM. This negative feedback was reversed by an A1 adenosine 
receptor specific antagonist (DPCPX) (FRET ratio: 12.6±0.6 after ISO treatment vs. 
4.5±0.8 after ISO+ecto-cAMP, 12.6±1.3 after ISO+ecto-cAMP+DPCPX, p<0.001). In 
contrast, application of extracellular cAMP onto CF induced an increase in intracellular 
cAMP levels and the A2 adenosine receptor-specific antagonist blocked this effect 
(FRET ratio: 8.1±1.1 after ecto-cAMP treatment vs 0.07±0.3 after ecto-cAMP+ZM, 
p<0.001). We then asked whether intracellular cAMP exported from CM affected cAMP 
formation in CF. For this, CF from β1β2-AR-deficient mice, which had been infected with 
an Epac2-cAMPs-expressing adenovirus were incubated with conditioned medium 
(coM) from ISO-treated CM. CoM from ISO-treated CMs led to a significant increase of 
intracellular cAMP in CF, compared to control-coM. DPSPX again markedly attenuated 
the elevation of cAMP in response to ISO-coM (FRET ratio: control-coM: 3.1±0.6, ISO-
coM: 7±1.2, ISO-coM+DPSPX: 2.2±1.3, p<0.05). 
In conclusion, this study suggests that considerable amounts of intracellular cAMP are 
exported from CM into the interstitium, where they are rapidly metabolized to adenosine. 
In an autocrine and paracrine manner ecto-cAMP-derived adenosine binds to A1-
receptors on CM and A2-receptors on CF, thereby regulating cAMP-formation in both 
cell types. 
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Functional expression of the chemosensory cation channel TRPA1 in small cell 
lung cancer cells and possible implications for tumor-promoting effects of 
tobacco smoke 
Schäfer E. A. M.1, Meister M.2, Aigner A.3, Gudermann T.1, Büch T. R. H.3 
1Ludwig-Maximilians-Universität München Walther-Straub-Institut für Pharmakologie u. 
Toxikologie, Goethestr. 33, 80336 München, Germany  
2Universitätsklinikum Heidelberg Thoraxklinik-Heidelberg gGmbH, Amalienstr. 5, 69126 
Heidelberg, Germany  
3Universität Leipzig Rudolf-Boehm-Institut für Pharmakologie u. Toxikologie, Härtelstr. 
16-18, 04107 Leipzig, Germany  
  
TRPA1, a member of the transient receptor potential (TRP) family of cation channels, is 
a polymodal chemosensor that is activated by painful or irritating stimuli like mustard oil, 
tear gas or formalin. Activation of TRPA1 in neurons leads to protective responses like 
lacrimation, cough or nocifensive behavior. In contrast to these well-established 
functions, little is known regarding a role of TRPA1 in non-neuronal cells. In the present 
study, we show that TRPA1 mRNA levels were significantly higher in tumor samples of 
small cell lung cancer patients (n=5) as compared to normal lung tissue (n=12) or non-
SCLC tumor samples (n=4). Moreover, TRPA1 is functionally expressed in five human 
small cell lung cancer (SCLC) cell lines. In these cells, stimulation with allyl isothiocynate 
(AITC) or cigarette smoke extract led to a rise of the intracellular calcium concentration, 

which was inhibited by TRPA1 antagonists. This calcium influx led to a Src-dependent 
activation of ERK1/2. Of note, the RNAi-mediated down-regulation of TRPA1 in SCLC 
cells resulted in a pronounced growth inhibition in semisolid medium. Interestingly, 
stimulation of TRPA1 with AITC led to contrasting effects in dependence of dosage. 
High concentrations of AITC (40-160 µM) inhibited growth of SCLC cells by a TRPA1-
independent mechanism. In contrast, treatment of SCLC cells with AITC in a lower 
concentration (10 µM) prevented caspase 3 activation and abolished growth inhibition 
induced by serum starvation, an effect which could be blocked by inhibition of TRPA1 or 
ERK1/2. Taken together, these effects favoring survival of SCLC cells demonstrate the 
functional relevance of TRPA1 in SCLC cells and suggest that components of tobacco 
smoke may be able to exert tumor promoting effects via activation of TRPA1. 
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Influence of organophosphates on a bronchial triple culture 
Schäfer M.1, Pohl C.1, Stenger B.1, Steinritz D.2, Kirkpatrick C. J.1 
1University Medical Centre Mainz Institute of Pathology, Langebeckstrasse 1, 55101 
Mainz, Germany  
2Bundeswehr Institute of Pharmacology and Toxicology Munich, Munich, Germany  
  
Lung-toxic substances such as organophosphates, which are dangerous nerve agents, 
are usually absorbed through inhalation.  
In our studies we used a bronchial triple-culture model, which consists of the cell line 
16HBE14o-, lung fibroblasts and dendritic cells (DCs). The bronchial cells and the 
fibroblasts are cultured on a transwell filter membrane under air-liquid conditions for 10 
days. DCs were differentiated from monocytes (cell line THP-1) using various cytokines 
(IL-4, GM-CSF, TNF-α, Ionomycin) for 7 days and then added to the established DCs in 
the coculture model. Organophosphates (e.g. Dimethoate and Chlorpyrifos) were tested 
at different concentrations in the triple-culture model. The secretion of proinflammatory 
mediators and changes of cell-cell contacts and morphology were observed after 24h.  
Organophosphates affected the triple culture depending on the concentration. 
Immunfluorescence labelling showed that the organophosphates disrupt the epithelial 
cell-cell junctions. At higher concentrations the cell-cell contacts in the coculture without 
DCs were destroyed, whereas in triple cultures the DCs seem to compensate the 
deleterious effects of the organophosphates. Typical dendritic markers like CD83 or 
CD209 changed during the intoxication and the morphology of the typical dendritic cell 
was lost. The organophosphates showed a stimulatory effect on the proinflammatory 
cytokines like IL-6 and IL-8.  
In summery the tested organophosphates induced significant changes in barrier 
functions and morphological structures. Our experiments indicate that the dendritic cells 
seem to play an important role in the initial immune response against pulmonary toxins 
and carcinogens in the lung. 
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Practical Experience with Eight Open Source In Silico Models for Use in 
Toxicological Risk Assessment 
Urbisch D., Keller D., Scheel J. 
Henkel AG & Co. KGaA Toxikologie, Henkelstr. 67, 4089 Duesseldorf, Germany  
  
Toxicological assessment of chemicals still often requires animal testing. The aim therefore 
is to increase the use of alternative methods, including grouping approaches, structure-
activity relationships (SARs) and expert systems. This study delineates the basic principles 
of eight publicly accessible in silico models: AmbitXT, CAESAR, ChemIDplus, the Danish 
QSAR Database, DSSTox, the OECD QSAR Toolbox, OpenTox and Toxtree. To evaluate 
their role and possibilities in risk assessment, a series of chemicals with available in vivo 
data for several toxicological endpoints were selected. Focus was on skin sensitization, 
repeated dose toxicity and reproductive and developmental toxicity, since these are 
particularly challenging for regulatory toxicology. Amongst the investigated tools, the OECD 
QSAR Toolbox was found to provide the most useful SARs for identifying analogues. A 
subsequent read-across approach to fill data gaps showed the greatest consistence of in 
vivo data and in silico predictions. However only for skin sensitization reliable hazard 
predictions could be obtained. Adequate training and sound expertise in chemistry and 
toxicology is essential to ensure the proper use and interpretation of results. 
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Mitochondrial impairment results as mutual interaction between low ß-amyloid 
load and complex I inhibition 
Schiller C.1, Leuner K.2, Müller W. E.1 
1Goethe Universität Frankfurt Pharmakologie für Naturwissenschaftler, Max-von-Laue-
Straße 9, 60438 Frankfurt am Main, Germany  
2Friedrich-Alexander-Universität Erlangen Molekulare und Klinische Pharmazie, 
Cauerstraße 4, 91058 Erlangen, Germany  
  
Alzheimer’s disease (AD) is the most common neurodegenerative disorder with an 
increasing incidence with aging. Amyloid beta and high levels of hyperphosphorylated 
tau are major characteristics of AD, leading together with aging to synaptic dysfunction 
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and enhanced apoptosis. Mitochondrial impairment plays a major role. Increasing 
evidences suggest that this interaction already takes place very early in the disease, 
where low ß-amyloid load and mild complex I dysfunction, a typical consequence of 
brain aging, come together [Leuner el al., 2012]. To model this situation we use SY5Y 
cells as a human neuronal cell line stably transfected with the wild-type human amyloid 
precursor gene (APPwt) expressing Aß only slightly more relative to controls and 
rotenone treatment to additionally initiate complex I dysfunction. To assess 
mitochondrial function we measured ATP levels, mitochondrial membrane potential, 
mitochondrial length as indicator of the balance between fission and fusion, and 
mitochondrial respiration under control conditions and in the presence of different 
concentrations of rotenone. Both ATP and mitochondrial membrane potential are 
significantly reduced in APPwt cells. Using confocal microscopy analysis, we were also 
able to demonstrate that the mitochondrial morphology is clearly different between the 
two cell types. In comparison to APPwt cells control cells possess much more tubular 
and elongated mitochondria, suggesting that already low Aß levels lead to enhanced 
fragmentation. While those measures of mitochondrial function were also impaired by 
rotenone already in the control cells, impairment was always much more pronounced in 
the SY5Ywt cells. In summary, our findings highlight the impairment of mitochondrial 
function as a consequence of only slightly elevated amyloid beta levels which makes 
neurons much more sensitive for rotenone treatment as a model for complex I 
impairment typical for brain aging. 
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Biochemical and haematological parameters are different for rats of the same 
strain obtained from different breeders 
Schleh C., Allingham P., Rudragowda S., Ceccatelli R., Takawale P., Schropp P., 
Schmid S., Lütkenhaus K., Neuenhahn P., Leoni A. - L. 
BSL BIOSERVICE Scientific Laboratories GmbH in vivo Pharmacology/Toxicology, 
Behringstr. 6 / 8, 82152 Planegg/Munich, Germany  
  
Introduction 
Parameters of haematology as well as clinical biochemistry are commonly used in 
toxicological in vivo studies in order to obtain insights in the mechanism of an applied 
test substance. Animal species like Wistar Han rats are a commonly used choice in 
order to perform scientifically valid studies with less intra-species variations. Several 
breeders like Harlan Laboratories or Charles River offer these animal species and 
theoretically the genetic background should be the same. However, the specific animal 
colonies were mostly outbred species which are bred at one individual breeder since 
generations and hence the occurrence of several new mutations within the genome is 
likely. This could influence the background data of haematological and biochemical 
parameters. Hence, the aim of this study was to use WI(Han) rats from Charles River 
and Harlan to measure parameters of haematology and clinical biochemistry in order to 
compare the background profile. 
Material and Methods  
> 30 healthy WI(Han) rats from Charles River (Sulzfeld, Germany; Crl: WI(Han)) as well 
as Harlan Laboratories (Horst, Netherlands; HsdRccHan:WIST) were used. These rats 
were 14-28 days in age at the time of the measurement of the parameters. After 
randomisation animals were treated by oral gavage with a non toxic vehicle (e.g. sterile 
water) for 14 or 28 days. At terminal sacrifice, rats were anaesthetized using  
ketamine/xylazin and EDTA blood or citrate serum was taken and analysed with a 
Synchron CX 5 (Beckman) or ADVIA®120 (Siemens) for various parameters of 
haematology and clinical biochemistry. A statistical assessment of the results was 
performed for each individual gender by comparing the respective values using a one-
way ANOVA and a post-hoc Dunnett Test or t-test. These statistics were performed with 
GraphPad Prism 5.01 software (p<0.05 was considered as statistically significant) 
Results and Conclusion 
Several haematological and biochemical parameters were comparable among rats from 
the two different providers. However, several parameters like alkaline phosphatase were 
statistically significant different. Hence, when performing in vivo studies and when 
considering historical control data, always animals from the same breeder should be 
used in order to obtain scientific valid conclusions. Furthermore, when comparing values 
from the literature not only the species but also the breeder should be taken into 
consideration. 
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Neurally-induced bronchoconstriction in precision-cut lung slices of guinea pigs 
is modulated by lipopolysaccharide and neurotrophins 
Schlepütz M.1, Bernau M.1, Kanzler S. S.1, Pieper M. P.2, Uhlig S.1, Martin C.1 
1RWTH Aachen University Institute of Pharmacology and Toxicology, Wendlingweg 2, 
52074 Aachen, Germany  
2Boehringer Ingelheim Pharma GmbH & Co. KG Div. Research Germany, Birkendorfer 
Straße 65, 88397 Biberach/Riß, Germany  
  
Rationale: Inflammation, a hallmark of asthma and COPD, contributes to neural 
modulation and consequential airway hyperresponsiveness (AHR). To further study this 
concept the present investigation aimed to characterize the effect of lipopolysaccharide 
(LPS) as well as neurotrophins and their receptors on neurally-induced 
bronchoconstriction (BC) in precision-cut lung slices (PCLS) of guinea pigs. 
Methods: PCLS were prepared from Dunkin Hartley guinea pigs. PCLS were incubated 
with LPS (500 ng/mL) for 18 h to mimic inflammation and thereafter TNF release was 
measured by ELISA. Neurotrophic receptors (TrkA, -B, -C, p75NTR, GFRα) were 
analyzed by Western-blotting. Electric field stimulation (EFS) of PCLS was performed to 
induce neural BC. BC was monitored by videomicroscopy and the initial airway area was 

defined as 100% initial airway area (IAA). Frequency-response curves (1-100 Hz) were 
conducted on untreated PCLS (control) or on pretreated PCLS, incubated with LPS 
(500 ng/mL for 18 h), nerve growth factor (NGF), brain derived neurotrophic factor 
(BDNF), neurotrophin 3 (NT3), or glial derived neurotrophic factor (GDNF) (each at 
50 ng/mL for 20 min or 24 h). 
Results: LPS application in guinea pig PCLS led to a 128-fold induction of TNF release 
and augmented BC in frequency-response curves (44%-IAA vs. 63%-IAA in control for 
frequencies ≥ 50 Hz). The expression of TrkA, -B, -C, p75NTR and GFRα was detected 
in PCLS. Among the neurotrophins studied NGF and GDNF (44%-IAA and 41%-IAA, 
respectively, vs. 63%-IAA in control for frequencies ≥ 50 Hz) increased the neurally-
induced BC after short incubation periods. In contrast, after incubation for 24 h only NT3 
(46%-IAA for frequencies ≥ 50 Hz) enhanced BC in comparison to the control (61%-IAA 
for frequencies ≥ 50 Hz). 
Conclusion: Since TNF levels were elevated after LPS, a pro-inflammatory state could 
be confirmed in PCLS, leading to AHR after EFS. Distinct neurotrophic factors are 
capable to induce AHR. The fast effects of NGF and GDNF may be based on direct 
modulation of neurotransmission, i.e. action potential profiles, whereas NT3 may involve 
altered transcription based changes of nerve function. 
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The role of the Raf kinase inhibitor protein (RKIP) in β-adrenergic signaling in the 
heart 
Schmid E.1, Lohse M. J.1, Lorenz K.1,2 
1Institut für Pharmakologie und Toxikologie Pharmakologie, Versbacher Str. 9, 97078 
Würzburg, Germany  
2Institut für Pharmakologie und Toxikologie, TU Dresden, Fetscherstr. 74, 01307 
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The Raf kinase inhibitor protein (RKIP) is a physiological regulator of major signaling 
cascades in the heart. It inhibits the ERK1/2 cascade as well as G protein-coupled 
receptor kinase 2 (GRK2). Inhibition of GRK2 attenuates the desensitization of G 
protein-coupled receptors (GPCR) and consequently increases receptor signaling. A 
prerequisite for RKIP-mediated GRK2 inhibition is the phosphorylation of RKIP by 
protein kinase C (PKC) at Ser153. Previous results suggest that β-adrenergic receptors 
(βAR) activate RKIP as a GRK2 inhibitor and thereby increase βAR signaling and 
contractility in cardiomyocytes. 
We aimed to investigate how βAR regulate RKIP function and whether RKIP affects the 
β-adrenergically induced maladaptive cardiac remodeling. 
Analysis of transgenic mice with cardiac overexpression of RKIP by echocardiography 
revealed a βAR-dependent hypercontractile phenotype. Interestingly, RKIP was 
markedly phosphorylated at Ser153 in untreated hearts as detected by phospho-
RKIP(Ser153) antibodies and dephosphorylation experiments. To analyze whether βAR 
as most prevalent receptors in the heart contribute to the RKIP phosphorylation, we 
investigated the extent of RKIP phosphorylation in RKIP transgenic mice that were 
deficient for either β1AR or β2AR. Even though PKC activation via βAR is a rather non-
canonical signaling event, our experiments showed that RKIP phosphorylation was 
mediated by both βAR subtypes and that RKIP phosphorylation was particularly 
impaired in mice lacking β1AR. 
In line with these results, the PKC inhibitor GF109203x attenuated isoproterenol induced 
RKIP phosphorylation in neonatal cardiomyocytes. Canonically, βAR mediate their 
effects via cAMP-mediated protein kinase A activation. However, it has been reported 
that cAMP can also activate PKC via Epac under certain circumstances. Indeed 
activation of this non-canonical pathway was sufficient to induce RKIP phosphorylation 
at Ser153 as shown using the Epac-specific cAMP analog 8-CPT-2'-O-Me-cAMP. 
Concerning the effect of RKIP on βAR induced remodeling, chronic application of 
isoproterenol in wild-type and RKIP transgenic mice revealed that RKIP prevents 
interstitial fibrosis as detected by a significantly lesser extent of Sirius Red staining. 
In conclusion, βAR activate RKIP as GRK2 inhibitor, which in turn enhances βAR 
signaling. RKIP is thus an important component of a positive feedback mechanism of 
βAR signaling, which most strikingly results in protection from cardiac remodeling. 
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Toxic effects of triazole fungicides on rat male reproductive system in prostate 
gland and testis 
Schmidt F., Rieke S., Heise T., Niemann L., Pfeil R., Marx-Stoelting P. 
Bundesinstitut für Risikobewertung Chemikaliensicherheit, Max-Dohrn Str. 8-10, 10589 
Berlin, Germany  
  
Triazole fungicides are widely used as active substances in plant protection products 
and as drugs against fungal infections. It is assumed that they may reveal endocrine 
disrupting properties by interaction with steroid hormone receptors and / or by 
modulating the activity of important enzymes for steroid hormone biosynthesis. Based 
on data from several published toxicological papers, hypotheses concerning potential 
low dose effects (effects at exposure levels that were relevant to humans) and mixture 
effects of chemicals are currently under controversial discussion, especially for 
substances acting as endocrine disruptors. 
To identify possible low dose effects, we investigated four triazole fungicides, 
cyproconazole, epoxiconazole, propiconazole and tebuconazole, and in addition one 
imidazole, prochloraz, separately in a wide dose range from NOAEL/100 to NOAELx10. 
Furthermore, we integrated phenobarbital (PB) as positive control for liver effects in our 
study. Adult male Wistar rats were dosed for 28 days via the diet. Rats were sacrificed 
and prostates and testes were weighed, grossly examined and kept for subsequent 
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histopathological and gene expression analysis with quantitative real time PCR and a 
low density microarray. 
None of the triazoles caused statistically significant changes in prostate gland or testis 
weights. PB caused a small decrease in testis weights just at the borderline of 
significance. Histopathological changes (hyperplasia) were observed in prostates of rats 
treated with cyproconazole at the highest dose level only. No significant effects on any 
of the parameters analysed were observed at the lower dose levels. A number of 
potential triazole target genes were not significantly affected. However, we identified one 
new potential target gene of triazole exposure – the vitamin D receptor that mediates the 
essential functions of calcitriol in organisms. 
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Animal models for addiction 
Schmitt U. 
Universitätsmedizin Mainz Klinik für Psychiatrie und Psychotherapie, Untere Zahlbacher 
Str. 8, 55131 Mainz, Germany  
  
Addiction in Germany as in other countries is still a major health problem. About 8.5 million 
people are alcohol addicts, 1.9 million use drugs inadaequately, and already about 170,000 
patients were categorized for pathological gambling. On the other hand, the 
pharmacological treatment against such diseases is more than limited. The use of animal 
models is therefore essential in carrying out research into clinical phenomena such as 
addiction. Addiction is a chronic disorder characterized by repeated bouts of drug taking, 
abstinence and relapse. Animal models for addiction provide the best means to improve the 
situation from a preclinical point of view. They need to fulfill validation criteria and here those 
for addiction were the best in terms of face and predictive validity. For example voluntarily 
self-administration of a drug against its own benefit by an animal and relapse behavior is the 
best face validity achieved in any animal model. However, the complexity of the clinical 
condition inevitably means that even the best animal models seemed inadequate 
representations of the condition they seek to mimic. One crucial aim of future animal models 
needs to be a close homology with discrete human behavioral phenotypes in terms of 
psychological processes, and underlying neurobiological mechanisms. Especially in alcohol 
research this includes models for craving and relapse presently including conditioned 
reinstatement, stress-induced reinstatement, ethanol priming-induced reinstatement, 
conditioned place preference, Pavlovian spontaneous recovery, the alcohol deprivation 
effect, and seeking-taking chained schedules. Thus, a wide array of animal models is 
available that permit investigation of behaviors directed at obtaining access to alcohol, as 
well as neurobehavioral mechanisms and genetic factors that regulate these behaviors. 
These models also are instrumental for identifying pharmacological treatment targets and 
as tools for evaluating the efficacy of potential medications for the prevention of alcohol 
craving and relapse. 
This presentation talk will pinpoint existing models and highlight the pros and cons, 
reviewing the development and refinement of animal models that address crucial areas 
of biology, pathophysiology, clinical treatments, and drug screening for abuse liability. 
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Statins inhibit NF-ĸB motif-binding transcription factor HIVEP1 in TNFα-treated 
endothelial cells 
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Trégouët D. - A.6, Pap T.4, Brand E.2, Brand S. - M.1 
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Disease, University of Muenster, Muenster, Germany  
2University Hospital Muenster, Internal Medicine D, Department of Nephrology, 
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4Institute of Experimental Musculoskeletal Medicine, University of Muenster, Muenster, 
Germany  
5INSERM, UMR_S 626, Marseille, France  
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Objective: Transcription factor HIVEP1 (human immunodeficiency virus type 1 
enhancer binding protein 1) is involved in NF-ĸB-mediated inflammatory signal 
transduction. We recently identified HIVEP1 to be replicatively associated with venous 
thrombosis by two tagging SNPs, positioned 90 kb upstream (rs169713) and within exon 
4 (rs2228220) of HIVEP1, in a multistage study following GWAs (AJHG 2010; PLoS 
ONE 2011). In the current study we analyzed A) the regulation of HIVEP1 in 
inflammation and B) potential inhibitory effects of different statins. 
  
Methods: Quantitative real-time PCR (qPCR) was performed to define HIVEP1 expression 
in two different inflammatory mouse models, mice transgenic for human TNFα (hTNFtg) and 
tristetraprolin (TTP)-deficient mice. Regulation of HIVEP1 was analyzed by promoter 
deletion constructs (pGL3-Basic vector), reporter gene assays and overexpression of 
transcription factors in EA.hy926 vascular endothelial cells. Identification of transacting 
factors was conducted by ChIP and bandshift assays (EMSA). The impact of different 
statins on HIVEP1 was analyzed by PCR, western blot and EMSA. 
  
Results: HIVEP1 expression was strongly increased by proinflammatory cytokines 
TNFα and IL1β in EA.hy926 cells. HIVEP1 was also significantly elevated in hearts of 
hTNFtg and TTPdeficient mice, compared to wild type mice. Application of different 
statins, predominantly simvastatin but not pravastatin, prevented the TNFα-induced 
HIVEP1 expression in endothelial cell culture experiments. Interaction of NF-κB with the 
HIVEP1 promoter was markedly reduced by simvastatin in EMSA experiments. 
  

Conclusion: Nuclear accumulation of HIVEP1 during inflammatory conditions in 
endothelial cells can effectively and most efficiently be prevented by simvastatin. The 
underlying mechanism may involve hampered NF-κB binding to the HIVEP1 promoter. 
Our findings may be of clinical relevance, linking HIVEP1 repression by statins to 
venous thrombosis treatment. hTNFtg mice and TTP-deficient mice will be used as 
model organisms to validate our results in future experiments. 
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MicroRNA dependent regulatory loop involving opioids 
Schneevoigt N., Kraus J. 
Inst. für Pharmakologie und Toxikolgie, Leipziger Straße 44, 39112 Magdeburg, 
Germany  
  
Opioids are potent analgesics and widely used for the treatment of severe pain such as 
cancer pain. The effects of opioids are mediated by three different opioid receptors, termed 
mu, delta and kappa opioid receptors. Among these, mu opioid receptors (MOR) are of 
utmost importance, because they mediate the effects of most of the clinically used opioids 
including morphine and methadone. 
Here we report that MOR are functionally regulated by microRNA in primary fetal rat striatal 
neurons and in human neuroblastoma SH SY5Y cells. Using overexpression and inhibition 
of distinct microRNA species, we demonstrated that typical functions of MOR, namely the 
morphine-induced phosphorylation of p42/44 MAPK and the morphine-induced inhibition of 
cAMP production were inhibited by the microRNA species let7A, let7D, mir98 and mir124. 
MicroRNA are key regulators of eukaryotic gene expression. By binding to complementary 
homologous mRNA sequences they inhibit their translation. The enzymes dicer and drosha 
play pivotal roles in the maturation of microRNA. In addition, argonaute2 is a RNase 
involved in the intracellular targetting of microRNA. Interestingly, Western blot experiments 
revealed that the MOR agonists morphine and methadone significantly upregulated the 
expression of dicer, drosha and argonaute2 in SH SY5Y cells, which were stimulated with 
the opioids for six to eight days. The induction of the proteins produced by methadone was 
generally stronger than that produced by morphine. In line with these observations, we 
demonstrated upregulation of functional microRNA by morphine by using a microRNA-
sensitive reporter gene system. Notably, those microRNA species that regulated MOR 
activity were themselves induced by the MOR ligands, which establishes a regulatory 
feedback loop. 
In conclusion, our results suggest that the opioid system in the brain is regulated by this 
feedback loop. An intriguing idea, which we will investigate in the future, is that the opioid 
induced downregulation of MOR might be one of the mechanisms involved in the induction 
of tolerance and addiction. 
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1Medizinische Hochschule Hannover Institut für Pharmakologie, Carl-Neuberg-Str. 1, 
30625 Hannover, Germany  
2NIH/NAID/LMI Molecular Signaling Section, 10 Center Drive, Bethesda, Maryland 
20814, United States 
3University of Kansas Department of Pharmacology and Toxicology, 5064 Malott Hall, 
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The Duffy Antigen Receptor for Chemokines (DARC) is a non-signaling 7-transmembrane 
domain protein that binds promiscuously to proinflammatory CC and CXC chemokines. 
DARC is expressed on 1) erythrocytes, where it is thought to function as a “chemokine sink” 
for the blood, 2) on vascular endothelium, where it may mediate trans-cellular chemokine 
transport, and 3) at high levels in cerebellum where functions remain undefined.  We 
hypothesized that DARC modulates cerebellar functions, including balance and locomotion. 
We found that DARC-deficient C57Bl/6J mice showed increased anxiety and reduced 
locomotor activity in the elevated plus maze test as well as reduced time on the rotarod test 
of balance. In actometer experiments, DARC-/- mice showed increased immobility time and 
increased intensity of harmaline-induced cerebellar tremor. Using radiation chimeric wt and 
DARC-/- recipient mice transplanted with bone marrow from wt or DARC-/- donors, we were 
able to fully reproduce the rotarod- and locomotor activity (elevated plus maze, actometer) 
phenotype. The behavior was not significantly influenced by the genotype of the transferred 
bone marrow. However, in contrast to unirradiated and untransplanted DARC-/- - and wild-
type mice, which showed significant differences in anxiety in the elevated plus maze test, all 
four groups of the radiation bone marrow chimeric mice showed an increased preference for 
the closed arm, indicating a higher level of anxiety.  This may be the result of irradiation-
induced anxiety, which has been recently reported [1]. 
In summary, our results show that DARC-/- mice have a behavioral phenotype involving 
locomotion and balance that is largely independent of hematopoietic DARC and mainly 
caused by DARC in the cerebellum and/or the vascular endothelium. We speculate that 
DARC may function to control local chemokine levels in brain that may modulate 
neurotransmission. 
  
[1]  J. Neuroscience Res. 90: 2009-2019 (2012) 
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Biodegradability and genotoxicity of surface functionalized colloidal silica (SiO2) 
particles in the aquatic environment 
Schneider M.1, Meder F.2, Daberkow T.2, Haiss A.1, Treccani L.2, Rezwan K.2, 
Kümmerer K.1 
1Leuphana University Lüneburg Institute of Sustainable and Environmental Chemistry, 
Scharnhorststraße 1, 21335 Lüneburg, Germany  
2University of Bremen Advanced Ceramics, Am Biologischen Garten 2, 28359 Bremen, 
Germany  
  
The wide applications of engineered nanoparticles and colloids increase their release 
into the aquatic environment. Recently, more particles are modified with organic 
functionalities to make them more attractive for new applications; whereas their fate in 
the environment, e.g. biodegradability, and their genotoxicity is mainly unknown. 
For this reason, we functionalized silica particles with technically highly relevant 
alkylamino, alkylcarboxyl, benzyl groups and investigated the physicochemical 
properties including zeta potential, isoelectric point, morphology, surface area, porosity, 
and functional group surface density. The immobilization of the functional groups to the 
surface was clearly proven with elemental analysis. Further, the biodegradability was 
tested with the Closed Bottle Test (OECD 301 D). The carbon amount obtained from 
elemental analysis was used to calculate the Theoretical Oxygen Demand (ThOD) for 1 
g of each particle type. The genotoxicity of the non-biodegradable functionalized 
nanoparticles was analyzed with the umu-test using Salmonella typhimurium 
TA1535/pSK 1002. The test is routinely used for the detection of the genotoxic potential 
of environmental samples. 
The particles were not close to the threshold for readily biodegradation of 60%. Only for 
SiO2-Benzyl a slight biodegradation (13.7±6.7%) was seen. For all other particles the 
values were in the background level of the test with SiO2-3-Aminopropropane 2.8±1.9% 
and SiO2-Pentane-3,5-dicarboxylicacid 2.9±2.6%. No inhibition of bacterial growth and 
no DNA damaging potential (Induction rate [IR]<2.0) after 4h exposure was seen with 
concentrations up to 100 µg ml-1. The IRs of the functionalized particles were similarly to 
the negative control (IR=1.04). In addition, the particles were found to be stable against 
agglomeration in the culture media (TGA) over the incubation time. But a change in the 
surface charge in TGA-media with SiO2-3-Aminopropane particles from 38.9 mV in 
water to -20.5 mV in TGA-media was measured. This indicated the adsorption of media 
components like peptides to the particle surface. All other particles showed minimal 
changes in the surface charge ranging from 3-11 mV. 
In summary, the surface functionalized particles considered within this study are not 
biodegradable and not genotoxic. However, the adsorption of media components 
especially of SiO2-3-Aminopropyl particles may influence their uptake and therefore their 
mode of action. 
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The semi-essential amino acid arginine is crucial for the function of human T 
lymphocytes and is a central element in the regulation of immune responses during 
inflammation. Arginine depletion within the tumor microenvironment and during 
inflammatory reactions leads to a clinically relevant immunosuppression and inhibition of 
antitumoral immune responses. 
We showed that proliferation and cytokine release of T lymphocytes is impaired in the 
absence and reconstituted in the presence of arginine. 
Since transport of arginine is an important determinant for the intracellular arginine 
availability, we have started to analyze the expression and regulation of arginine 
transport proteins in primary human T lymphocytes. Transmembranous transport of 
arginine occurs via specialized carrier proteins that exchange either exclusively cationic 
amino acids (cationic amino acid transporter, CATs) or cationic and neutral amino acids 
(y+LATs, bo,+ AT und ATB0,+). Expression and regulation of these transport proteins have 
so far not been studied in human immune cells. 
We thus investigated the expression of these transporters in resting and stimulated 
purified subsets of human T lymphocytes on mRNA and protein level. In addition, the 
influence of arginine availability on transporter expression was studied. 
By reverse transcription and subsequent quantitative real time PCR, we found a 
complex regulation of CAT isoforms and y+LAT2 upon T cell activation by anti-CD3/anti-
CD28-coupled beads. Neither hCAT-2 isoforms nor other arginine transporters were 
expressed in human T cells. 
In CD3+ T cells hCAT-1 mRNA was induced 6h upon activation and persisted up to 48h 
in the absence of arginine. In the presence of 1mM arginine, hCAT-1 expression 
declined after 6h and was only 50% of the expression in arginine-depleted cells after 
48h. hCAT-3 and y+LAT-2 mRNA were  highly expressed in resting human T cells and 
their expression was preserved upon stimulation in the absence of arginine, but was 
 down-regulated in the presence of 1mM arginine. 
Western Blot analysis revealed a similar regulation of hCAT-1 and-3 on the protein level. 
 Finally, mRNA expression and regulation of hCAT isoforms and y+LAT-2 in CD4+ and 
CD8+ subsets were similar to the results of the CD3+ subset. 
Our results indicate an important role of hCAT-1 expression during T cell stimulation and 
arginine depletion. Arginine transporters may thus represent novel targets for 
pharmacological manipulation of T cell immune responses. Further studies are necessary to 
reveal their specific function in T cells and the mechanisms of their regulation. 
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Valproic acid reduces atrial enlargement in CREM-Ib∆C-X transgenic mice 
Scholz B., Stein J., Himmler K., Schmitz W., Müller F. U. 
Institut für Pharmakologie und Toxikologie, Domagkstraße 12, 48149 Münster, Germany  
  
Background and aims: The transcription factors CREB and CREM (cAMP response 
element binding protein and modulator) regulate gene transcription by modulating the 
histone acetyl transferase activity of CPB/p300. Heart-directed overexpression of the 
human cardiac splice variant CREM-Ib∆C-X in mice (TG) leads to atrial dilatation and 
development of an arrhythmogenic substrate resulting in spontaneous onset of atrial 
fibrillation (AF). Here, we tested the hypothesis whether increased histone acetylation 
induced by a treatment with histone deacetylase inhibitor (HDAC) valproic acid (VPA) 
attenuates the atrial phenotype of TG mice. 
Methods: TG and wild-type (WT) mice were treated with VPA or vehicle (Veh) in weeks 
5-12 of life. Alterations in atrial morphology were analyzed by means of atrial weight to 
body weight ratio and the length of isolated atrial cardiomyocytes. 
Results:  In week 12 the indexed atrial weight in Veh-treated TG mice was increased by 
71% as compared to Veh-treated WT (in mg/g; mean±SEM. TG, 0.49±0.06, n=30; WT, 
0.29±0.01, n=32; P<0.05). In TG mice VPA reduced this increase in atrial weight by 70% 
(in mg/g. VPA-treated TG, 0.35±0.02, n=34; P<0.05 vs. Veh-treated TG). In parallel, 
length of atrial cardiomyocytes was increased by 28% in TG mice vs. WT mice after Veh 
treatment (in µm. TG, 147±2, n=198/4; WT, 115±1, n=195/4; P<0.05). However, atrial 
cardiomyocyte length was not normalized by VPA in TG mice (in µm. VPA-treated TG, 
144±2, n=203/5). 
Conclusions: VPA is principally able to normalize one prominent aspect of the 
phenotype of CREM-TG mice, the atrial size. This normalization cannot be explained by 
a reduction of cardiomyocyte length. (Supported by EU/EUTRAF.) 

 
 

299 

Clostridium perfringens TpeL toxin as a tool to inactivate oncogenic Ras proteins 
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Freiburg, Germany  
  
TpeL is a recently identified member of bacterial toxins that belong to the family of 
clostridial glucosylating toxins (CGTs). It is produced by hypervirulent isolates of 
Clostridium perfringens type A, B, and C strains. CGTs modify and inactivate small 
GTPases by mono-O-glucosylation. Here we identify the small GTPase Ras as the 
major substrate of TpeL in vitro and in vivo.  Furthermore, we show that TpeL preferably 
utilizes UDP-GlcNAc for modification of its target protein. Ras glucosylation by TpeL 
leads to inhibition of the Ras-driven MAPK signaling pathway and to apoptosis in HeLa 
cells. As hyperactive Ras mutations are common drivers in cancer initiation and 
progression, we tested the ability of TpeL to modify several cancer-associated K-Ras 
mutations in vitro and in cultured cancer cell lines. Importantly, we find that TpeL is 
capable of glucosylating a variety of oncogenic Ras proteins. This finding renders TpeL 
an interesting tool to abolish the oncogenic potential in Ras-driven cancers.  Finally, we 
aimed to identify host cell factors that are involved in the uptake and intoxication process 
of TpeL. To this end, a haploid genetic screen (Carette et al., 2011, Nature) was 
performed, leading to several TpeL-resistant cell clones that lack genes that are 
essentially involved in the uptake or mode of action of the TpeL toxin. 
  
1. Carette JE, Raaben M, Wong AC, Herbert AS, Obernosterer G, Mulherkar N, 
KuehneAI, Kranzusch PJ, Griffin AM, Ruthel G, Dal Cin P, Dye JM, Whelan SP, 
Chandran K,Brummelkamp TR. Ebola virus entry requires the cholesterol 
transporterNiemann-Pick C1. Nature. 2011 Aug 24;477(7364):340-3.2. Guttenberg G, 
Hornei S, Jank T, Schwan C, Lü W, Einsle O, Papatheodorou P,Aktories K. Molecular 
characteristics of Clostridium perfringens TpeL toxin andconsequences of mono-O-
GlcNAcylation of Ras in living cells. J Biol Chem. 2012Jul 20;287(30):24929-40. 
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A “superagonist” provides novel insights into the biology of the muscarinic M2 
acetylcholine receptor 
Schrage R.1, Klöckner J.2, Holzgrabe U.2, Mohr K.1 
1Universität Bonn Institut für Pharmazie Pharmakologie und Toxikologie, Gerhard-
Domagk-str. 3, 53121 Bonn, Germany  
2Universität Würzburg Institut für Pharmazie und Lebensmittelchemie Pharmazeutische 
Chemie, Am Hubland, 97074 Würzburg, Germany  
  
A “superagonist” promotes receptor activation with higher efficacy than the endogenous 
agonist (Smith et al., 2010). Recently we identified iperoxo, the most potent muscarinic 
agonist known to date (Dallanoce et al., 1999; Klöckner et al., 2010; Bock et al., 2012), 
as a “superagonist” at muscarinic M2 acetylcholine receptors. 
Functional experiments including [35S]GTPγS and dynamic mass redistribution (DMR) 
revealed a significantly higher operational efficacy of iperoxo for both Gi- and Gs-protein 
activation relative to the endogenous agonist acetylcholine and other classical 
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muscarinic agonists. By systematic N-alkylation of the iperoxo molecule, we could 
demonstrate that “superagonism” at muscarinic M2 receptors is based on the interaction 
of iperoxo’s isoxazoline ring moiety with the orthosteric binding pocket of the receptor 
protein (Schrage et al., 2012). 
To get further insight into the active state of the muscarinic M2 receptor, we radiolabelled 
iperoxo and applied “[3H]iperoxo” in radioligand binding experiments in membrane 
homogenates from CHO cells stably expressing muscarinic receptor subtypes. 
[3H]iperoxo turned out to be the first radiolabelled agonist which is able to label all five 
muscarinic subtypes. The outstanding high affinity of iperoxo (KD = 100 pM) enables 
radioligand binding experiments under conditions in which other muscarinic 
radioagonists like [3H]acetylcholine fail to induce a considerable signal (i.e. whole cell 
binding experiments). 
Blocking the interaction of the M2 receptor with its preferred Gi-protein by Pertussis 
Toxin eliminated high affinity binding of [3H]iperoxo. Under these conditions, additional 
application of guanylnucleotides demonstrated that a low affinity fraction of [3H]iperoxo 
binding is not associated with the Gs- or any other G protein. 
In conclusion, the muscarinic “superagonist” iperoxo in radiolabelled form, [3H]iperoxo, 
proved to be a powerful pharmacological tool for gaining new insight into the function of 
the muscarinic M2 receptor. 
  
Smith NJ et al. (2011) When simple agonism is not enough: emerging modalities of 
GPCR ligands. Mol. Cell. Endocrinol. 331: 241–247. 
Dallanoce C et al. (1999) Synthesis and functional characterization of novel derivatives 
related to oxotremorine and oxotremorine-M. Bioorg. Med. Chem. 7: 1539–1547. 
Klöckner J et al. (2010) Convergent, short synthesis of the muscarinic superagonist 
iperoxo. Tetrahedron Lett. 51: 3470-3472. 
Bock A et al. (2012) The allosteric vestibule of a seven transmembrane helical receptor 
controls G-protein coupling. Nat. Commun. 3:1044 doi: 10.1038/ncomms2028. 
Schrage R et al. (2012) Agonists with supraphysiological efficacy at the muscarinic M2 
acetylcholine receptor. Br. J. Pharmacol. 2012 Oct 12. doi: 10.1111/bph.12003. 
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The pharmacological receptor profile of kratom and its two alkaloids mitragynine 
and paynanthenine. 
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Kratom is an extract of the south-east asian tree Mitragyna speciosa.  It is used 
traditionally in folk medicine as an opium substitute and suspected to cause addiction. 
In the present study we investigated the effect of the psychoactive herbal product as well 
as the major components mitragynine and paynanthenine in comparison to different 
opioids at the receptor level to clarify the pharmacological receptor profile. Using binding 
assay studies the affinity of the extract and the major alkaloids to opioid and other 
neurotransmitter receptors was estimated. 
The experiments showed that Kratom and both tested alkaloids exerted a specific affinity 
to the all three opioid receptors measured in MOR- and DOR-transfected HEK 293 cells 
and in rat brain tissue. It has to be mentioned, that in comparison with specific opioid 
receptor ligands kratom and the alkaloids are more than 100 times less potent. 
Furthermore, we found that the plant extract has a high µmolar affinity to D1 
dopaminergic and non-differentiated glutamate binding sites whereas we did not find 
binding affinity to the cannabinoid, D2 dopaminergic as well as to other glutamatergic 
tested systems. These data can be discussed in the light of differences in the 
behavioural effects of kratom and  the alkaloids in comparison to opioids. 
The pharmacological receptor profile of kratom and its two alkaloids mitragynine and 
paynanthenine. 
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Development of a Database on Toxic Effects of Nano-Objects 
Schröder K., Pohlenz-Michel C., Voss J. - U., Simetska N., Escher S., Mangelsdorf I. 
Fraunhofer ITEM Chemikalienbewertung, Datenbanken und Expertensysteme, Nikolai-
Fuchs-Str. 1, 30625 Hannover, Germany  
  
Nano-objects are considered to be more toxic than fine dust of the same substance. Due 
to the heterogeneous data (e.g. composition, shape, surface) of the objects and the 
many different study designs used for investigations, it is difficult to overview the 
publications and to draw common conclusions. Therefore, based on the RepDose 
database of Fraunhofer ITEM, the PaFtox database was developed which contains 
repeated dose toxicity studies with nano-objects applied via inhalation and instillation. 
Currently, the database PaFtox comprises 131 inhalation studies and instillation studies 
with rodents with particles of titan dioxide, carbon black, silicon dioxide, metals or metal 
oxide, and carbon-nanotubes (study duration > 28 days). The particle characterisation 
(primary and secondary) in the literature is very heterogeneous and only seldom 
sufficient; e.g. the specific surface is not provided for all nano-objects. 
Properties of particles can be categorised and these categories can be used for LOEL 
analyses. The analysis related to the diameter category of particles ≤ 56 nm and > 56 
nm reveals, that the LOELs of nano-objects are by a factor of 18 (median) lower than the 
LOELs of larger objects. The scope of the studies strongly differs, regarding the 
parameter (effects) determined as well as the related time points of investigations. 
Therefore, analyses of effect sizes are limited to frequently measured effects like 

neutrophil number, total protein and LDH content in BALF, or infiltration observed in the 
lung. 
The PaFtox database offers the opportunity of a systematic and structured analysis of 
the available literature of particle toxicology. The ultimate goal is to use the database as 
a tool for identifying physicochemical properties that either are related to toxicity or to 
cancer. 
This project was performed on behalf of the German Federal Environmental 
Agency (FKZ: 370961220) and financed by federal funds. 
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Background. POTS is characterized by excessive cardiac sympathetic drive during 
orthostatic stress. The condition can be mimicked in healthy subjects through 
pharmacological norepinephrine reuptake transporter (NET) inhibition. The final pathway 
mediating the tachycardia at the level of the sinus node is beta-adrenoceptor stimulation 
and subsequent I(f) pacemaker current modulation. 
Aim. To compare hemodynamic responses to placebo, I(f)-blockade, and beta1-
adrenergic blockade in a human POTS model. 
Methods. We included 19 healthy men in a three-way double-blind, randomized, and 
crossover trial. Subjects ingested ivabradine (7.5 mg), metoprolol (95 mg), or matching 
placebo 13 hrs and 1 h before testing. Additionally, subjects ingested the selective NET 
inhibitor reboxetine (4 mg) on all 3 occasions. We measured heart rate, blood pressure, 
and cardiac stroke volume (impedance cardiography) in the supine position and during 
graded head-up tilt. 
Results. Compared with placebo, ivabradine had no effect on supine heart rate, blood 
pressure, or cardiac stroke volume, while metoprolol decreased supine heart rate 
(p<.001) and blood pressure (p<.001). On reboxetine + placebo, upright heart rate 
was113 bpm (95% CI 104-123). Compared with placebo, ivabradine and metoprolol 
reduced upright heart rate 12 (95% CI 4-21, p<.006) and 21 (95% CI 13-30, p<.0001) 
bpm, respectively. The decrease in stroke volume during head-up tilt was similar 
between treatment groups. However, stroke volume and cardiac output at a given heart 
rate were decreased with metoprolol, but not with ivabradine. Orthostatic tolerance - 
measured as the time to (pre)syncope during head-up tilt - was not affected by either 
treatment. 
Conclusion. Short-term pharmacological I(f) inhibition with maximal recommended 
ivabradine doses ameliorates hyperadrenergic orthostatic tachycardia elicited by NET 
inhibition, albeit to a lesser extent than beta1-adrenergic blockade. At a given heart rate, 
beta1-adrenergic blockade but not I(f) inhibition decreased cardiac stroke volume and 
cardiac output. Funded by Deutsche Forschungsgemeinschaft. 
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Uptake and biological activity of the phase II metabolite resveratrol-3-sulfate in 
human colon cancer cells 
Schroeter A.1, Pignitter M.2, Somoza V.2, Marko D.1 
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Resveratrol has been associated with a spectrum of potentially beneficial health effects, 
however the molecular mechanisms have not fully been elucidated[1].In addition to 
several potentially desirable cellular effects, resveratrol has been recently reported to 
interfere with human topoisomerases[2, 3], a mechanism which might impair DNA 
integrity, thus potentially limiting the use of this polyphenol as a 
chemopreventivecompound. The majority of studies available so far focus primarily on 
the effects of resveratrol itself, which is known to be a substrate for phase II 
metabolism[4, 5].In the present study, we compared cellular uptake and the 
topoisomerase-targeting potential of resveratrol and aphase II metabolite, resveratrol-3-
sulfate, in HT29 cells, with special emphasis on the question whether within-cells 
topoisomerase targeting is associated with DNA damage. 
Under cell-free conditions in the decatenation assay,resveratrol-3-sulfate was found to 
suppress the activity of human topoisomerase IIonly at concentrations as high as 250 
µM. In a cell-based assay (ICE assay),no poisoning of topoisomerase II by resveratrol 
nor resveratrol-3-sulfate was observed up to 250µM. After 24h of incubationof HT29 
cells with resveratrol-3-sulfate, no significant effect on DNA integrity was detectable in 
the comet assay, whereas the parent compound resveratrol caused significant DNA 
damage already at 50µM. Possible cytotoxic effects of the substances were excluded by 
trypan blue exclusionassay revealingno decrease of viability under 80% for 
concentrations up to 250µM.HPLC analysis demonstrated that resveratrol as well as its 
conjugated form were taken up by HT29 cells and further metabolized. Hereby, the 
concentration of the parent compound in the cells was found to be approximately 4 times 
higher in comparison with the conjugated metabolite. 
Resveratrol is metabolized by phaseII enzymes to conjugated forms like resveratrol-3-
sulfate. In our test system, the conjugated form revealed some potential for biological 
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activity by inhibiting topoisomerase II in a cell-free assay. Although we demonstrated 
that the conjugated form is taken up by the cells,no poisoning of topoisomeraseII in 
HT29 cellsor a significant increase in DNA strand breakswere observed. This might be 
due to the comparably lowintracellular levelof resveratrol-3-sulfate. The results indicate 
that sulfation might represent a detoxifying metabolic pathway for resveratrol with 
respect to topoisomerase interference. 
  
[1] Vang, O., Ahmad, N., Baile, C. A., Baur, J. A., et al., What is new for an old 
molecule? Systematic review and recommendations on the use of resveratrol. PLoS 
One 2011, 6, e19881. 
[2] Leone, S., Cornetta, T., Basso, E., Cozzi, R., Resveratrol induces DNA double- 
strand breaks through human topoisomerase II interaction. Cancer Letters 2010, 295, 
167- 172. 
[3] Leone, S., Basso, E., Polticelli, F., Cozzi, R., Resveratrol acts as a topoisomerase II 
poison in human glioma cells. Int J Cancer 2012, 131, E173-178. 
[4] Wenzel, E., Somoza, V., Metabolism and bioavaibility of trans- resveratrol. Molecular 
Nutrition & Food Research 2005, 49, 472- 481. 
[5] Walle, T., Bioavaibility of resveratrol. Annals of The New York Academy of Science 
2011, 1215, 9- 15. 
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Direct and sustained cytoprotective activity of quercetin in C6 astroglioma cells 
exposed to continuously generated or bolus applied H2O2 
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The dietary plant polyphenol quercetin protects cells in vitro from H2O2 induced oxidative 
damage. However, the distance between cytoprotective and cytotoxic concentrations is 
very small. Experimental evidence suggests quercetin to protect cells by direct 
antioxidant action and by sustained enhancement of the cellular defence system via the 
Nrf2/ARE-pathway. In this study we investigated whether cytoprotective concentrations 
of quercetin in C6 cells depend on the mode of cytoprotective action (direct vs. 
sustained) or of H2O2 delivery: bolus administration vs. continuous generation using 
glucose/glucose oxidase (GOD). 
    In culture media in the absence of cells quercetin decomposes with formation of H2O2. 
From the appearance of H2O2 a half live for quercetin of about 100 min was determined. 
GOD in culture medium containing 25 mM glucose produced 33 ± 3 nmol H2O2/µg GOD 
x min. Cells were stressed by incubation either with 500 µM H2O2 for 24 h or with 0.1 
µg/ml GOD corresponding to 3.3 nmol H2O2/ml x min for 2 h followed by 22 h culture in 
peroxide-free medium. Both treatments decreased the viability by more than 90%. When 
present during exposure to H2O2 or GOD quercetin protected the cells at concentrations 
≥ 10 µM. Pre-incubation with quercetin for either 24 or 2 h before inducing oxidative 
stress had a far smaller but significant cytoprotective effect with about the same 
concentration dependency. The cytoprotective activity of quercetin was limited by its 
cytotoxicity at concentrations > 10 µM after exposure for 24 h or at concentrations ≥ 50 
µM after 2 h. During the pre-incubation quercetin at concentrations ≥ 5 µM induced an 
increase of the total cellular glutathion content by 46% from 35 ± 5 to 52 ± 3 nmol/mg 
cell protein. 
   Taken together, quercetin enhances the cellular defence system of C6 cells, as 
indicated by an increase of cellular glutathion, and provides direct as well as lasting 
protection against oxidative injury. Independent of the modes of quercetin and peroxide 
application cytoprotection occurs at concentrations close to cytotoxic action. Such 
concentrations are not achievable in vivo via nutrition. 
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Decreased cardiac potassium outward current contributes to action potential 
prolongation in adult ventricular cardiomyocytes from mice expressing CREM-
Ib∆C-X 
Schulte J. S., Fehrmann E., Seidl M., Heinick A., Schmitz W., Müller F. U. 
Westfälische Wilhelmsuniversität, UKM Institut für Pharmakologie und Toxikologie, 
Domagkstrasse 12, 48149 Münster, Germany  
  
Rationale: 
The structurally related transcription factors cAMP response element binding protein 
(CREB) and cAMP response element modulator (CREM) mediate a regulation of gene 
transcription in response to cAMP and are expressed in the heart. Transgenic mice with 
cardiomyocyte-directed expression of the repressory human cardiac CREM isoform 
CREM-Ib∆C-X (TG) develop a complex atrial phenotype with development of an 
arrhythmogenic substrate leading to spontaneous-onset atrial fibrillation but also action 
potential (AP) prolongation in ventricular cardiomyocytes (VCMs). Here we further 
investigated the underlying ion currents in VCMs and tested a proarrhythmic potential of 
our findings. 
Methods & Results: 
To further investigate action potential (AP) prolongation in TG VCMs (APD70: 141%, 
APD90:273%) we recorded potassium currents from WT and TG primary adult VCMs. 
Total potassium current peak amplitude was decreased in TG vs. WT to about 75% (in 
pA/pF; mean±SEM; TG, 36±2*; WT, 48±3; TG 23/9, WT 14/6 [cells/mice], *p<0.05 vs. 
WT) while the steady-state current was not different between groups. This points to a 
reduction of the transient outward current Ito which is in line with a reduced level of the 
mRNA encoding the Ito underlying channel subunit Kv4.2 to about 70% in TG.To test the 
proarrhythmic potential of the AP prolongation we applied stimulation/rest protocols to 
Indo-1/AM loaded TG and WT VCMs and quantified the occurrence of spontaneous 

calcium releases (sCaRs) which are regarded as proarrhythmic events. We observed a 
tendency to an enhanced rate of cells displaying sCaRs in TG VCMs under basal 
conditions (sCaR/cell; 2 Hz: TG, 0.77±0.2; WT 0.27±0.1, TG n=60/12, WT n=37/9). 
However, there were no significant differences between groups regarding the number of 
cells displaying sCaRs or the rate of event/cell under this condition. 
Summary & Conclusions: 
Expression of CREM-Ib∆C-X in the mouse heart leads to AP prolongation along with a 
reduction of 1) potassium current peak amplitude and 2) mRNA of the Ito underlying 
subunit Kv4.2 assuming a regulation of Ito by CREM-Ib∆C-X. The AP prolongation has 
no major effect on the rate of sCaRs in TG VCMs. However, AP prolongation due to Ito 
reduction is an early hallmark of the failing heart. Therefore, upregulation of repressory 
CREM isoforms in human heart failure might contribute to the formation of a 
proarrhythmic substrate by a regulation of potassium currents. (Supported by IZKF 
Münster) 
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Does Angiotensin II decrease cGMP levels? 
Schulte K., Koesling D., Mergia E. 
Pharmakologie und Toxikologie, Universitätsstrasse 150, 44801 Bochum, Germany  
  
In the regulation of the vascular tone, the vasoconstrictor action of Angiotensin II the 
main metabolit of the renin-angiotensin-system is balanced by the NO/cGMP pathway 
which causes vascular relaxation. A central position in the NO/cGMP pathway is hold by 
the two NO-sensitive guanylyl cyclases (NO-GC1 and NO-GC2) which produce cGMP in 
response to nitric oxide (NO). The amplitude and duration of cGMP signal is controlled 
by cGMP-hydrolysing phosphodiesterases (PDEs) which thereby contribute to vascular 
tone. In vascular smooth muscle cells, three different PDEs, PDE1, PDE3 and PDE5 are 
responsible for cGMP degradation and termination of the cGMP signal. 
Deletion of the NO-GC1, the major cGMP-forming enzyme in the vasculature caused a 
vast reduction (90%) of the NO-induced cGMP signal which led to a reduced vascular 
relaxation. In addition aortas of NO-GC1 KO mice displayed an increased 
Phenylephrine-induced contraction and also an increase in peripheral resistance which 
surprisingly was not accompanied by blood pressure elevation. 
To shift the balance to a more contractile status, NO-GC1 KO and WT mice were treated 
with Ang II for two weeks. The treatment led to a comparable reduction of the 
endothelium-dependent and -independent vasorelaxation in WT and KO mice. 
Here we characterize changes in the vascular contractility of Ang II-treated KO and WT 
mice in organ bath experiments and in isolated perfused hind limbs. Further, we 
examine whether Ang II-induced changes in vascular reactivity are based on changes in 
levels of cyclic nucleotides (cGMP, cAMP). Therefore cyclic nucleotides were 
determined using radioimmunoassay and the activity and expression of the forming and 
degrading enzymes was assessed with enzymatic assays and western-blot analysis. 
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Cooperativity Between Aryl Hydrocarbon Receptor and β-catenin Binding Sites in 
CYP1A1 Induction 
Schulthess P.1, Braeuning A.2, Löffler A.2, Schwarz M.2, Blüthgen N.1 
1Charité - Universitätsmedizin Berlin Institute for Pathology, Charitéplatz 1, 10117 Berlin, 
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2University of Tübingen, Institute of Experimental and Clinical Pharmacology and 
Toxicology Department of Toxicology, Wilhelmstraße 56, 72074 Tübingen, Germany  
  
Cellular responses to 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) or similarly 
acting compounds are mediated by the aryl hydrocarbon receptor (AhR), which, 
upon activation by appropriate ligands, acts as a transcription factor (TF) at so-called 
dioxin response elements (DREs) in the promoter region of target genes such as 
Cytochrome P450 1A1 (CYP1A1). In addition, signaling through the Wnt/β-catenin 
pathway has been identified as a modulator of AhR-induced hepatic CYP1A1 
expression. The mechanisms underlying the interplay between these different TFs 
converging on the CYP1A1 promoter are still poorly understood. 
With the help of in vitro mutation studies of the CYP1A1 promoter and bioinformatical 
site-specific DNA–protein interaction analyses, we developed a mathematical model 
based on the framework of statistical mechanics to investigate the degree of cooperation 
between these binding sites within the CYP1A1 promoter. 
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FeDTex Database – A versatile tool condensing data from developmental and 
reproductive toxicity studies 
Schulz F., Batke M., Lewin G., Escher S., Mangelsdorf I. 
Fraunhofer ITEM Chemikalienbewertung, Nikolai-Fuchs-Str. 1, 30625 Hannover, 
Germany  
  
Studies on developmental and reproductive toxicity are the major cost factor and the 
major consumer of animals in toxicity testing. Thus, these studies are in contrast to the 
3R-principle (Reduction, Refinement and Replacement of animal testing) and there is 
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great necessity to develop new alternative in vitro and in silico methods. Existing animal 
data can be integrated in this process by identifying critical targets and by validation of 
alternative methods covering diverse adverse outcome pathways. The Fertility and 
Developmental Toxicity in experimental animals database (FeDTex DB) developed by 
Fraunhofer ITEM focusses on developmental and reproductive toxicity studies. 
Currently, 269 chemicals are covered with 535 studies conducted in rodents and rabbits 
during the last three decades. FeDTex DB is structured into three major parts: reference, 
study design and toxicological data. Unique tick-sheets and pick-lists were implemented 
for a multitude of subcategories to ensure consistent and precise database entries. The 
study design covers the general study data including test substance, study type, species 
used including strain, sex and number of animals per dose group, exposure including 
dosage, route of application and duration  and sacrifice. Notably, a documentation of the 
scope of examination is also integrated in the study design to allow a matching with the 
toxicological effects. This is important as FeDTex DB contains studies following 
international guidelines as well as non-guideline studies with varying examinations. 
(Adverse) effects are assigned to the corresponding generation (i.e. F0, F1, F2 or F3), 
developmental stage (i.e. prenatal, postnatal or adult), and target/organ. Every single 
effect is finally characterised by a specific LOEL for the affected sex, examinations 
without effect result in a related NOEL. In order to determine the added value of the F2 
generation in reproductive toxicity studies, NOELs of the F0, F1 and F2 generation have 
been compared. Further, a considerable chemical overlap with the Fraunhofer Repeated 
Dose Toxicity Database (RepDose DB) allows combined analysis of reproductive toxicity 
and repeated dose toxicity data. 
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Genotoxicity of the Brassica constituent 1-methoxy-3-indolylmethyl glucosinolate: 
DNA adduct formation in vitro, in animal models and in humans 
Schumacher F.1, Engst W.1, Florian S.1, Monien B. H.1, Seidel A.2, Frank H.2, Glatt H.1 
1Deutsches Institut für Ernährungsforschung (DIfE) Potsdam-Rehbrücke 
Ernährungstoxikologie, Arthur-Scheunert-Allee 114-116, 14558 Nuthetal, Germany  
2Biochemisches Institut für Umweltcarcinogene, Prof. Dr. Gernot Grimmer-Stiftung, 
Lurup 4, 22927 Grosshansdorf, Germany  
  
1-Methoxy-3-indolylmethyl (1-MIM) glucosinolate, an abundant constituent of Brassica 
vegetables such as broccoli and cabbage, was recently identified as a potent 
genotoxicant in bacteria and mammalian cells after metabolic activation by the plant 
enzyme myrosinase. Its stable breakdown product 1-MIM alcohol, a benzylic alcohol, 
showed mutagenicity in test systems designed for expression of human sulfotransferase 
(SULT) 1A1 or 1C2. The mutagenic effects of both compounds could be correlated with 
the formation of identical DNA adducts [1]. We synthesized the predominant adducts N2-
(1-MIM)-dGuo and N6-(1-MIM)-dAdo and developed a sensitive and specific UPLC-ESI-
MS/MS-based method for quantification of these adducts using isotope dilution [2,3]. 
First, we investigated the tissue distribution and dose- and time-dependence of the DNA 
adduct formation in mice after a single oral application of 1-MIM glucosinolate or 1-MIM 
alcohol. While 1-MIM glucosinolate led to significant DNA adduct levels mainly in the 
large intestine of mice, 1-MIM alcohol additionally led to high levels in liver and stomach. 
For both compounds nearly linear dose-adduct-relationships with peak levels 8 h after 
application were observed. Second, in a subchronical study we dosed mice, transgenic 
for the human SULT1A1/1A2 gene cluster, up to 40-times with 1-MIM alcohol and 
determined DNA adduct levels. Nearly constant amounts of adducts were detected 
during the whole dosing period (90 d) in tissues with a high cell turnover (e.g. colon) in 
contrast to accumulating DNA adducts in tissues with low cell turnover rates (e.g. liver). 
In addition to the mass spectrometric data of the animal experiments performed, the 
cellular localization of the adducts detected was investigated by immunohistochemistry 
using a newly prepared polyclonal antibody against 1-MIM DNA adducts. Third, we 
studied the urinary excretion of 1-MIM-adducted nucleosides in four human volunteers, 
who consumed a single portion of raw broccoli. High amounts of N2-(1-MIM)-dGuo, N6-
(1-MIM)-dAdo and the corresponding ribonucleoside adducts N2-(1-MIM)-Guo and N6-(1-
MIM)-Ado were detected time-dependently until 48 h after the intervention in the urine of 
each human subject, indicating a substantial exposure of the human organism to 
reactive metabolites of 1-MIM glucosinolate after broccoli consumption. 
  
[1] Glatt et al., Chem Biol Interact., 2011 
[2] Schumacher et al., Anal Chem., 2012 
[3] Schumacher, Herrmann et al., Anal Biochem., 2012 
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Oxidative stress due to tobacco smoke condensate in different cell culture models 
Schumann B., Wiese J., Glahn F., Thomas S., Foth H. 
Martin-Luther-Universität Institut für Umwelttoxikologie, Franzosenweg 1a, 06097 
Halle/Saale, Germany  
  
Tobacco smoke contains thousands of substances. More than 69 of them are 
carcinogenic for humans. Also radicals and ROS-inducing (reactive oxygen species) 
substances are present in tobacco smoke and -condensate (total particulate matter, 
TPM). 
In the present study the effect of TPM on oxidative stress was investigated. Therefore 
we analyzed cytotoxicity (MTT and Resazurin assay), oxidative stress markers, as 
glutathione (GSH), ROS formation and oxidative stress related gene expression. 
Different cell culture models like tumor cell lines, primary cell cultures of bronchus 
(normal human bronchus epithelial cells, NHBEC) and lung (peripheral lung cells, PLC) 
moreover mini organ cultures of peripheral lung (L-MOC) and bronchial tissue (B-MOC) 
were investigated. 

It was shown that the mini organ cultures are viable for a period of up to 74 days. The 
determination of the protein content and the normalization of the fluorescence to the 
protein content can be a possibility for standardization of MOC in this case. In viability 
assays the lung tumor cell line H322 was least sensitive to TPM after 72 h (EC20: 21 
mg/l), followed by NHBEC (EC20: 8 mg/l) and PLC (EC20: 4 mg/l). B-MOC showed the 
strongest decrease in viability (EC20: < 1 mg/l). This order is inversely correlated with the 
basal GSH content of the tested cell models. In further experiments we modulated the 
intracellular GSH content; we used N-acetylcysteine (NAC) to increase GSH content and 
buthionine sulfoximine (BSO) to decrease GSH level. By DCF assay (2´,7´-
dichlorofluorescin) the formation of ROS, induced by Hg(II) and TPM, were detected. 
TPM caused a 1.9 fold increase and Hg(II) a 2.4 fold increase of ROS in H322 cells. In 
NHBEC TPM increased ROS by 1.3 fold, whereas Hg(II) did not induce ROS in the 
concentrations tested. In gene expression analyses inter-individual differences became 
apparent. In NHBEC we found induction as well as repression of Interleukin-8 (IL-8) after 
incubation with TPM. Manganese superoxiddismutase (SOD-2) was not detected due to 
low expression. These results differ from the experiments with TPM in the tumor cell line 
H322, where only a slight repression of IL-8 and a slight induction of SOD-2 were 
shown. 
The viability assays showed that TPM has a cytotoxic potential depending on 
concentration, duration of exposure and cell culture model. Cytotoxicity is partly 
associated with oxidative stress and GSH seems to play an important role for antioxidant 
protection in this context. 
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Soluble mediators from activated leukocytes cause oxidative DNA damage in 
adjacent cells 
Schupp N.1, Schmidt Z.1, Queisser N.1, Sela S.2 
1University of Würzburg Institute of Pharmacology and Toxicology, Versbacher Strasse 
9, 97078 Würzburg, Germany  
2Western Galilee Hospital Eliachar Research Laboratory, Nahariya, Israel  
  
There is overwhelming epidemiological evidence for a causal relationship between 
chronic inflammation and increased risk of malignant diseases like colorectal, pancreatic 
and hepatocellular cancer. The basis for this relationship lies in the infiltration of 
leukocytes into tissues at sites of inflammation as part of the immune response. 
However, the mechanistic steps following infiltration of leukocytes remain poorly defined. 
The hypothesis is tested that reactive oxygen species and inflammatory mediators 
released from activated leukocytes could damage DNA of the surrounding tissue. 
Cultured liver cells (HepG2) were exposed to leukocytes isolated from blood of dialysis 
patients and healthy subjects and to the macrophage-like cell line RAW 264.7 (RAW), all 
activated with the NADPH oxidase activator phorbol myristate acetate (PMA). This was 
done in a co-cultivation system with a 0.4 µm mesh, allowing only the migration of 
molecules and not of cells. After the incubation, comet assay and staining for 8-oxodG 
were performed with the cells. 
A time- and dose-dependent induction of DNA strand breaks in HepG2 cells was 
observed after incubating them with PMA-stimulated leukocytes and RAW cells, while 
PMA alone did not cause any DNA damage. Also the formation of 8-oxodG in HepG2 
cells was detected after incubation with stimulated leukocytes. Here the impact of 
leukocytes isolated from dialysis patients was higher than of those from control subjects, 
probably due to the secretion of inflammatory mediators and a higher rate of superoxide 
release. 
In conclusion we found that 1 and 3 hours of incubation resulted in DNA strand breaks 
and formation of the mutagenic 8-oxodG, respectively, in HepG2 cells exposed to 
stimulated blood cells. This observation supports the hypothesis that activated 
inflammatory cells affect mutagenesis. 
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The blood-pressure regulating hormone aldosterone causes oxidative stress, DNA 
damage and fibrosis in rat livers 
Schupp N., Queisser N. 
University of Würzburg Institute of Pharmacology and Toxicology, Versbacher Strasse 9, 
97078 Würzburg, Germany  
  
Hypertension is frequently associated with hyperaldosteronism, which can contribute to liver 
fibrosis and hepatocellular carcinoma, with reactive oxygen species (ROS) playing an 
important role. Here we investigated the effects of elevated aldosterone (Ald) levels on livers 
of rats with mineralocorticoid-induced hypertension, as well as underlying mechanisms. 
Sprague-Dawley rats were treated for 4 weeks with Ald delivered via osmotic minipumps. 
To distinguish if damage caused in the liver was dependend on increased blood pressure or 
on increased Ald levels, the mineralocorticoid receptor (MR) antagonist spironolactone was 
administered in a subtherapeutical dose. The impact of oxidative stress was investigated 
with the antioxidant tempol. 
Ald treatment caused oxidative stress in livers visualised by the redox sensitive dye 
dihydroethidium. DNA damage in the form of double strand breaks was also detected in raz 
livers. Oxidative stress and DNA damage was prevented by spironolactone, proving a role 
of the MR. A further sign of DNA damage was the elevation of DNA repair activity shown by 
increased amounts of poly(ADP-ribose) generated during the DNA repair process by the 
enzyme PARP-1. An increase of the transcription factor Nrf2, the main regulator of the 
antioxidative response could be detected as well as of its target genes heme oxygenase-1 
and glutathione synthase (γ-GCLC). These effects were also prevented by spironolactone 
and tempol. Furthermore, Ald induced fibrosis, detected histopathologically as well as by 
detection of increased expression of the fibrosis marker protein α-smooth muscle actin. 
Fibrosis could be reduced by blocking the MR as well as by scavenging ROS. 
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In summary, mineralocorticoid-induced hypertension, and especially increased Ald, not only 
has adverse effects on classical target organs of high blood pressure like kidney and heart 
but also on the liver. Blocking the MR therefore might have beneficial effects on the liver and 
on further organs affected by Ald. 
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Toluene diisocyanate (TDI): dose-response of respiratory effects in different 
animal species (review) 
Schupp T.1, Collins M.2 
1Fachhochschule Münster FB01, Stegerwaldstraße 39, 48565 Steinfurt, Germany  
2International Isocyanagte Institute,Inc. Scientific Office, Whitworth Street, Bridgewater 
House, Manchester, M1 6LT, Great Britain 
  
Toluene diisocyanate (TDI, CAS-No.: 26471-62-5) is a high production volume chemical 
used for the synthesis of versatile materials like flexible polyurethane foams or high-
performance adhesives. However, TDI can induce isocyanate asthma in workers. 
Workplace exposure limits are mainly based on human experience. 
  
Currently, an unanimously agreed animal model to detect thresholds for respiratory 
sensitization is not available. However, numerous inhalation studies were performed 
with TDI in different animal species like mice, rats and guinea pigs, and occasionally in 
rabbits, following different protocols. 
  
Here, we show results of a review concerning dose-response in inhalation studies with 
TDI. Some studies investigated irritation only, others covered physiological responses 
and pathological parameters which cover more or less respiratory sensitization. The 
end-points reported are altered breathing patterns after exposure, changes in broncho-
alveolar fluid and sometimes antibody titres in exposed animals. Exposure regimes 
spanned from acute to subacute, continuous or intermittent exposure with or without 
challenge. Where NOAECs were not reported, we applied the US EPA Benchmark-Dose 
software (version 2.2) to calculate BMD10 values, if possible.        
  
Interestingly, TDI-induced respiratory irritation and sensitization NOAECs or BMD10 are 
not different from each other and are more or less uniform across species, ranging from 
5 to 30 ppb, whereas LOAECs are in the range from 20 to 40 ppb. 
  
  
Conflict of Interest: 
  
Thomas Schupp and Michael A Collins are consultants to the diisocyanates industry. 
The opinions and conclusions are those of the authors and not necessarily those of their 
employers. 
  
Schupp T and Collins MA: Toluene diisocyanate (TDI) airway effects and dose-
responses in different animal models. EXCLI J 2012;11:416-435. 
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3Radboud University Nijmegen Medical Centre Laboratory Medicine and 
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Objective 
Anemia of chronic disease (ACD) is generally attributed to increased hepcidin 
production.  The first-in-class hepcidin antagonist NOX-H94, a pegylated anti-hepcidin L-
oligonucleotide, is in development for targeted treatment of ACD.  We investigated 
whether NOX-H94 prevents the inflammation-induced serum iron decrease during 
experimental human endotoxemia.  Effects on the innate immune response were studied 
as secondary endpoints. 
  
Materials and Methods 
This randomized, double-blind, placebo-controlled trial was carried out in 24 healthy 
young men.  At T=0 hours (h), 2 ng/kg E. coli endotoxin was administered intravenously 
(i.v.), followed by 1.2 mg/kg NOX-H94 or placebo i.v. at T=0.5h.  Blood was drawn 
serially for 24h for measurements of inflammatory and iron parameters.  Data are 
expressed as Mean±SD, statistical testing was done by Two-way Repeated-Measures 
ANOVA. 
  
Results 
Endotoxin administration led to flu-like symptoms peaking at T=1.5h, irrespective of the 
treatment group.  Peak CRP at T=24h was also similar in NOX-H94 and placebo treated 
groups (34.3±18.0 vs. 36.8±8.7 mg/L) as was the rise in leucocytes at T=6 h (12.1±2.2 
vs. 12.1±2.3x109/L).  Plasma levels of TNFa, IL6, IL10, and IL1ra peaked markedly and 
similarly in both treatment groups.  Serum iron concentrations in the NOX-H94 treated 
group rose from 18.0±6.8 at baseline to 38.3±8.1 µmol/L at T=6h and then slowly 
declined until T=24h (9.3±5.8 µmol/L). In the placebo group serum iron raised from 
19.0±7.6 at baseline to a peak at T=3h of 32.6±6.7 µmol/L and reached its lowest point 

at T=12h (8.0±3.0 µmol/L). At 9h, the primary endpoint, serum iron concentrations in the 
NOX-H94 treated subjects were 33.9±9.0µmol/L compared with 10.7±5.6 µmol/L in 
placebo controls (P<0.0001). 
  
Conclusion 
NOX-H94 effectively prevented the inflammation-induced drop in serum iron 
concentrations 9 hours after endotoxin administration to healthy volunteers in over 90% 
of the subjects studied.  These findings demonstrate the clinical relevance of the anti-
hepcidin activity of NOX-H94. 
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Recovery of soman blocked neuromuscular function by non-oxime bispyridinium 
compounds in rat diaphragm 
Seeger T., Worek F., Thiermann H. 
Institut für Pharmakologie und Toxikologie der Bundeswehr, Neuherbergstr. 11, 80937 
München, Germany  
  
Introduction: 
Oximes are rather inefficient in restoring muscle function blocked by different 
organophosphorus compounds, e.g. soman. As the bispyridinium non-oxime MB327 
showed therapeutic efficacy in soman and tabun poisoned guinea pigs in vivo, a 
homologous series of non-reactivating bisquaternary substances was tested for their 
ability to restore soman blocked neuromuscular function of rat diaphragm preparations in 
order to identify potential structure-activity relationships. 
  
Methods: 
In a high throughput system with 12 organ baths force generation of diaphragm 
hemispheres, stimulated by an indirect electrical field stimulation (25 - 100 Hz), was 
measured continuously after soman poisoning and subsequent application of the test 
compounds in the absence of soman. Bispyridinium and bis(4-tert-butylpyridinium) 
compounds with different methylene linker length (C1-C6) between the two pyridinium 
rings were used at concentrations between 1-300 µM. Muscle force was analyzed as a 
time–force integral and expressed as a percentage of the control. 
  
Results: 
Force production was completely blocked by 3 µM soman without any recovery after wash 
out of of soman (1.4 ± 0.7 % AUC, 50 Hz). Partial recovery of muscle force was recorded 
with the bispyridinium compound with a C5 linker (MB442) and the 4-t-butyl-substituted 
compounds with a C2 (MB583) or C3 (MB327) linker. The recovery of soman-impaired 
neuromuscular transmission was concentration dependent. Hereby, the recovery of the 
muscle force was most pronounced at 25 Hz (MB442: 27 ± 3.1%, MB583: 21 ± 4.9%, 
MB327: 26 ± 3.0% AUC). Substances with longer or shorter linker length had no effect on 
muscle force restoration. Determination of AChE activity in rat diaphragm homogenates 
revealed no reactivation of the inhibited enzyme by the test compounds. 
  
Conclusion: 
This study showed that several substituted and non-substituted bispyridinium non-
oximes were able to restore soman-induced neuromuscular block in rat diaphragms and 
gave insight into potential structure-activity relationships. 
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AhR-independent gene regulation by TCDD in mouse liver and kidney 
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Arylhydrocarbon receptor (AhR)-deficient mice have been shown to be resistant to a variety 
of adverse effects of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). Furthermore, AhR-
deficient mice of various origins exhibit various phenotypes although the physiological 
function(s) of the AhR still await(s) elucidation. TCDD induces damage of immune function, 
reproduction, organogenesis, growth and differentiation of epithelial tissues etc. in rodents. 
Here, we investigated the effects of TCDD on liver and kidney gene expression in adult 
female wild-type (wt) and AhR-deficient mice (originating from Finish Public Health Institute, 
Kuopio, Finland) from our own breeding five days after treatment with either TCDD, single 
dose, 25 µg/kg body weight, or with corn-oil (vehicle) given by oral gavage. Subsequently, 
RNA was isolated and Microarray analysis was performed using Agilent Whole Mouse 
Genome Oligo Microarray 4x44k. In wt mice, 282 genes were more than 2-fold up-regulated 
by TCDD in the liver including some of well-known AhR target genes like cytochrome P450 
(CYP) 1A1 (551-fold), 1A2 (41-fold) and 1B1 (63-fold); 152 genes were up-regulated in the 
kidney. In AhR-deficient mice, 242 hepatic and 90 renal genes showed an increased 
expression after TCDD treatment. Among those, 15 hepatic and 13 renal genes were up-
regulated in both wt and AhR-deficient animals. None of the core genes of the ‘AhR gene 
battery’ except CYP1B1 (2-fold) was up-regulated in AhR-deficient mice. The AhR-
independent, TCDD-regulated genes comprise genes involved in lipid, carbohydrate, and 
amino acid metabolism, and in immune regulation. In wt mice, 203 hepatic and 20 renal 
genes were more than 2-fold down-regulated. In AhR-deficient mice, 234 hepatic genes 
including CYP1A2 (4-fold) and CYP3A44 (7-fold) and 235 renal genes showed a decreased 
expression. In addition, 18 hepatic genes were down-regulated in both wt and AhR-deficient 
animals. Our results demonstrate that TCDD can cause a broad spectrum of alterations in 
gene expression in mouse liver and kidney in an AhR-independent manner. 
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smICER: a novel inducible cAMP responsive element modulator (CREM) isoform 
Seidl M. D.1, Nunes F.1, Fels B.1, Hildebrandt I.1, Schmitz W.1, Schulze-Osthoff K.2, 
Müller F. U.1 
1Westfälische Wilhelms-Universität Institut für Pharmakologie und Toxikologie, 
Domagkstr. 12, 48149 Münster, Germany  
2Eberhard Karls Universität Tübingen Interfakultäres Institut für Biochemie, Hoppe-
Seyler-Str. 4, 72076 Tübingen, Germany  
  
The activating transcription factor CREB (cAMP responsive element binding protein) and 
different activators and repressors encoded by the Crem gene regulate gene transcription 
via cAMP responsive elements (CREs). This regulation is critical for multiple cellular 
processes including apoptosis. The CREM isoform ICER (inducible cAMP early repressor) 
is regulated by a CRE-containing internal promoter (P2). ICER proteins are induced upon 
elevation of intracellular cAMP levels and act as repressors of CRE-mediated transcription. 
Here we describe a novel group of three inducible CREM repressor proteins (consisting of 
exon g, H and Ib) regulated by a newly identified internal CRE controlled promoter (P6) 
highly conserved between species. These proteins were named “smICER (small ICER)” 
due to their structural and functional similarity to ICER. Chromatin immunoprecipitation 
revealed binding of CREB to the CREs within P6 in human and mouse myocardium. P6 
activity was induced by overexpression of constitutive active CREB or by stimulation with 
the adenylyl cyclase activator forskolin in a CRE-sensitive manner in HEK293 cells. In mice, 
smICER mRNA was detected in various tissues and was induced by stimulation with the β-
adrenoceptor agonist isoprenalin for 10h to 1100 and 800% in heart or lung tissue, 
respectively. Internal translation of three smICER proteins was detected by the use of His-
tagged deletion constructs. HT29 and HT1080 cells were sensitized to proapoptotic effects 
of TRAIL or etoposide by smICER overexpression which beyond that repressed P6 and P2 
basal and forskolin stimulated activities to 40-60% in HEK293 cells.  Forskolin specifically 
induced P6 activity in HT29 cells and P2 activity in 16HBEo cells whereas respective P2 
and P6 activities were not affected. In conclusion, the Crem gene provides two different, 
partially redundant and interdependently controlled mechanisms of a cAMP-dependent 
induction of transcriptional repressors implicated in the regulation of apoptosis. Both 
promoters are activated in a cell type specific manner and are suppressed by smICER. 
Biological mechanisms previously ascribed to ICER have to be revised for a potential role of 
smICER. (Supported by the DFG) 
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Differences of intracellular bioavailability and metal ion release of nano- and 
microscale copper oxide: Impact on genomic stability 
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Ionic copper is an essential trace element and strictly regulated by the cellular copper 
homeostasis. Nevertheless an overload may lead to adverse health effects by increasing 
the level of loosely bound copper, which may in turn generate hydroxyl radicals via 
Fenton-type reactions and thus damage proteins, DNA and lipids. Today, copper 
containing compounds like engineered nano- and microscale copper oxide particles 
(CuO NP, CuO MP) are increasingly applied as catalysts or for antimicrobial purposes. 
In cell cultures especially CuO NP induced pronounced cytotoxicity and DNA damage. 
Therefore within the present study we compared the effects of CuO NP, CuO MP or 
soluble copper chloride (CuCl2) with respect to DNA damage induction as well as base 
excision repair by investigating the impact on poly(ADP-ribosyl)ation. In addition we 
aimed to clarify the extent of cellular uptake and intracellular distribution in A549 cells 
after 24 h incubation with CuO NP, CuO MP or CuCl2. Our results showed that in HeLa 
S3 cells after 24 h incubation, only CuO NP induced DNA strand breaks by themselves, 
while all compounds caused an acceleration of H2O2-mediated DNA strand break 
formation. Furthermore, CuO NP and CuO MP as well as CuCl2 inhibited the H2O2-
induced poly(ADP-ribosyl)ation dose-dependently. Regarding the intracellular release 
and distribution of copper ions, cytoplasmic copper content was strongly elevated in 
case of CuO NP and CuCl2 as compared to the basal cytoplasmic copper level of A549 
cells. Considering the nuclear protein fraction copper accumulation occurred in the order 
CuO NP > CuO MP > CuCl2. To estimate the contribution of the soluble and particulate 
species to the observed biological effects we investigated the copper ion release in 
aqueous model fluids like cell culture medium, ultrapure water and artificial lysosomal or 
alveolar fluid. Our results showed that CuO NP released more copper ions than CuO 
MP, in all media. In summary and given that the order of cytotoxicity is CuO NP > CuCl2 
> CuO MP our data are only in part able to explain the distinct higher toxicity of CuO NP. 
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Bile salt-activated cholesterol esterase (CEase) is a lipolytic enzyme with broad 
substrate specificity. The enzyme is primarily expressed in the pancreas and the 
mammary glands of higher mammals but was also found in the liver, macrophages, 
eosinophils, endothelial cells and the circulation. The major role of CEase is the 
duodenal digestion of dietary lipids. In addition, CEase is directly involved in the 
absorption of cholesteryl esters and is associated with the development of inflammatory 
diseases, such as atherosclerosis and rheumatoid arthritis [1-3]. CEase inhibitors were 
shown to reduce plasma cholesterol level in vivo and increase both level of 
atheroprotective HDL cholesterol and ratio HDL:LDL in humans [4]. 
We have developed a new fluorescence-based high throughput screening assay in order 
to measure the activity of human CEase (hCEase) with 4-methylumbelliferyl butyrate (4-
MUB) as a substrate. The enzyme was isolated from human breast milk according to 
Fontbonne et al. [5] via anion exchange chromatography followed by heparin affinity 
chromatography. Inhibition of hCEase was validated with literature-known inhibitors, i.e. 
thieno[1,3]oxazin-4-ones [6]. Initial screening of a small compound library led to the 
identification of a series of isoindolinones [7] as novel inhibitors of hCEase. The 
isoindolinones exhibited IC50 values in the low micromolar range. Further kinetic 
characterization of the enzyme-inhibitor interaction for the most potent isoindolinone 
derivatives resulted in hyperbolic mixed-type inhibition towards hCEase with Ki values in 
the high nanomolar range. A remarkable characteristic of this inhibition is a residual 
product formation through the ternary enzyme-substrate-inhibitor complex. 
  
[1] Hui, D. Y.; Howles, P. N. J. Lipid. Res. 2002, 43, 2017-2030 and references therin. 
[2] Kodvawala, A.; Ghering, A. B.; Davidson, W. S.; Hui, D. Y. J. Biol. Chem. 2005, 280, 
38592-38598. 
[3] Lindquist, S.; Andersson, E. L.; Lundberg, L.; Hernell, O. PloS One 2012, 7, e47006. 
[4] Hui, D. Y.; Howles, P. N.  International Publication Number: WO2009086096 (A2) 
2009. 
[5] Fontbonne, H.; Brisson, L.; Verine, A.; Puigserver, A.; Lombardo, D.; Ajandouz el, H. 
J. Biochem. 2011, 149, 145-151. 
[6] Pietsch, M.; Gütschow, M. J. Med. Chem. 2005, 48, 8270-8288. 
[7] Augner, D.; Gerbino, D. C.; Slavov, N.; Neudörfl, J. M.; Schmalz, H.-G. Org. Lett. 
2011, 13, 5374-5377. 
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Class IB phosphoinositide 3-kinases control various cellular responses and comprise one 
catalytic p110γ subunit which forms two independent heterodimeric enzymes by binding 
to one of the two non-catalytic subunits, p87 or p101. Growing experimental data 
suggest that PI3Kγ enzymes are integrated into separate signalling pathways. In earlier 
studies (Kurig et al., PNAS, 2009; Shymanets et al., Biochem J, 2012), we showed that 
p87/p110γ and p101/p110γ differ in their sensitivity to Gβγ and provided evidence that 
demonstrates a critical role of Ras in distinct regulation of the PI3Kγ enzymes. In order 
to elucidate the molecular basis for these differences, we studied tissue expression of 
p87 and p101 and regulation of PI3Kγ enzymes by Gβγ and Ras. Distribution of p87 and 
p101 in human tissues expressing p110γ reveals a distinct expression pattern for each 
non-catalytic subunit. This argues against a redundant function of p87 and p101 and 
emphasizes specific cellular role for both enzymes. Regulation of PI3Kγ enzymes by 
Gβγ and Ras was studied using recombinantly expressed and purified proteins from Sf9 
cells. Posttranslational processing of Ras was verified by mass spectrometric analysis. 
In reconstituted approaches using phospholipid vesicles, we tested the ability of Gβγ 
and Ras to stimulate lipid kinase activity of both enzymes. Gβγ exhibited considerably 
higher potency and efficiency than Ras. The impact of Gβγ (concentrations up to 400 
nM) on the p101/p110γ activation was more pronounced than on p87/p110γ activation 
whereas the impact of Ras (concentrations up to 400 nM) on the activation of both 
enzymes was similar. Concomitant stimulation of PI3Kγ enzymes by Gβγ and Ras 
showed synergistic effect in the case of p87/p110γ whereas the effect on p101/p110γ 
was rather additive. To evaluate the impact of Gβγ and Ras in the translocation of the 
cytosolic enzyme to its membrane-bound substrate, Gβγ- or/and Ras-mediated 
recruitment of PI3Kγ enzymes to phospholipid vesicles was studied. In addition to the 
known role of Gβγ in binding and translocation of p101/p110γ to phospholipid vesicles, 
the indispensable role of Ras in recruitment of p87/p110γ became evident. Taken 
together, our data argue for the integration of class IB phosphoinositide 3-kinases in 
independent pathways. We therefore hypothesize that p101/p110γ is integrated in 
pathways dominated by Gβγ whereas p87/p110γ functions as a coincidence detector 
integrating signals from Gβγ and Ras pathways. 
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Differential modulation of murine cardiac L-type calcium channels by β2-subunit 
splice variants: A whole-cell and single-channel study 
Singh A. K., Breitenkamp A., Böhnke A. K., Matthes J., Herzig S. 
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Background: The voltage gated L-type Ca2+ channel (L-VGCC) is the central molecular 
gateway regulating calcium influx into cardiomyocytes. Molecular cloning has revealed 
the heteromultimeric constitution of cardiac L-VGCCs composed of a pore-forming 
Cav1.2 (α1c) subunit and modulatory auxiliary α2δ and β-subunits (Cavβ). 
Several studies have shown that Cavβ isoforms and their splice variants are differentially 
able to modulate L-VGCC behavior. Moreover, the modulation of L-VGCC by Cavβ 
crucially depends on the initial segment of the cytosolic N-terminus of the Cav1.2 pore 
subunit. 
Although β2-subunits seem to be the predominant isoform in murine heart, the effect of 
particular β2-subunit splice variants on single-channel activity has not yet been 
investigated. 
Aim of the study: The present work aims at characterizing electrophysiological 
properties of recombinant murine L-VGCC pore Cav1.2 with a long N-terminus co-
expressed with naturally occurring murine cardiac β2 splice variants (β2a, β2b, β2d) and a 
α2δ-1 subunit. 
Material and methods: The patch-clamp technique using barium as charge carrier was 
applied on recombinant murine L-VGCC expressed in HEK293 cells. 
Results: The three Cavβ2 splice variants show significantly different effects on single-
channel parameters, e.g. open probability (β2a: 3.4±0.7%; β2b: 1.3±0.2%; β2d: 1.6±0.4%; 
n=5; p<0.05), peak current (β2a: 50±9 fA; β2b: 14±2 fA; β2d: 21±67 fA; n=5; p<0.05), 
availability (β2a: 93±5%; β2b: 71±5%; β2d: 84±4%; n=5; p<0.05) and closed time (β2a: 
6.3±0.5ms; β2b: 9.8±1.6ms; β2d: 12.4±0.8ms; n=5; p<0.05) at 10 mV test potential. 
Regarding single-channel activity these data suggesting a consistent rank order 
(β2a>>β2b≈β2d) when co-expressed with a long N-terminal Cav1.2. 
In agreement with the rank order revealed from single-channel data density of whole-cell 
currents (IBa amplitude at 0 mV: β2a: -95±14 pA/pF, n=7; β2b: -63±6 pA/pF, n=10; β2d: -
61±12 pA/pF, n=9) and their voltage-dependent inactivation after applying test potentials 
ranging from -20 to +20 mV (β2a: 23.2±5.4% to 30.4±3.6%, n=7; β2b: 7.5±10.5% to 71.4 
±7.7%, n=10; β2d: 30.2±8.6% to 84.4±5.1%, n=9) was differentially affected by the Cavβ2 
splice variants. 
Summary: This study reveals the differential modulation of murine cardiac L-VGCC by 
several Cavβ2 splice variants at single-channel and whole-cell level. We currently 
investigate the effects of the above mentioned β2-subunit splice variants on currents 
carried by a short N-terminal Cav1.2 isoform. 
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Primate-specific Mas-related G protein-coupled receptors-X1 (MRGPR-X1) are highly 
enriched in nociceptive dorsal root ganglia (DRG) neurons. The endogenously occurring 
cleavage product of proenkephalin A, bovine adrenal medulla (BAM) peptide 8-22, 
constitutes the cognate agonist of MRGPR-X1. As the application of BAM8-22 to human 
volunteers induced acute pain, MRGPR-X1 are considered promising targets for future 
analgesic therapy. Despite these obvious advantages, data investigating putative effects 
of MRGPR-X1 on chronic pain are not available. 
Therefore, we analyzed effects of MRGPR-X1 on distinct signaling pathways known to 
control the expression of chronic pain markers. Using HEK293 cells, DRG neuron-
derived F11 cells and cultured rat DRG neurons recombinantly expressing MRGPR-X1, 
we firstly found induction of the early growth response protein-1 via extracellular signal-
regulated kinases-1/2-induced serum response element activation, which has been 
shown to play a significant role in the development of inflammatory pain. Secondly, we 
observed MRGPR-X1-induced up-regulation of chemokine receptors-2 (CCR2) via 
nuclear factor of activated t-cells (NFAT). Notably, CCR2 induction in DRG neurons is 
considered as a key event in the onset of neuropathic pain but has not yet been 
ascribed to actions of distinct hormones or neurotransmitters. In line with this notion, the 
established NFAT-activating neuropeptide bradykinin failed to induce CCR2 despite of a 
clear NFAT activation in the same cellular setting. 
Induction of the cognate CCR2 ligand chemokine ligand-2 (CCL2) in DRG neurons or 
mast cells has also emerged as a pivotal step in the development of neuropathic pain. 
MRGPR-X1 activation did not induce CCL2 in DRG neurons. However, herein we are 
the first to identify an endogenous expression of functional MRGPR-X1 receptors in the 
human mast cell line LAD-2 and ascribe an increased CCL2 production to MRGPR-X1-
induced signaling in human mast cells. 
Thus, we identify MRGPR-X1 as inducers of distinct chronic pain markers in DRG 
neurons. In these lines we suggest that MRGPR-X1 engage a pro-algetic CCR2/CCL2 
signaling circuit involving DRG neurons and mast cells. We propose that interrupting the 
engagement of this circuit might be a promising new strategy to ease chemokine-
promoted pain with minimal untoward effects. 
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Overexpression of the Down syndrome related protein kinase DYRK1A causes 
cell cycle arrest of human neuroblastoma cells 
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Dual specificity tyrosine-phosphorylation-regulated kinase 1A (DYRK1A) is encoded on 
human chromosome 21 and is 1.5-fold overexpressed in Down syndrome. Recent 
reports show that an imbalance of DYRK1A expression is associated with alterations in 
brain development and function. Neuronal development and differentiation are regulated 
by an accurate control of cell cycle exit and a disturbed gene expression of DYRK1A is 
assumed to deregulate this processes. 
Here we report on a new neuronal cell model to elucidate the effects of DYRK1A 
overexpression on cell cycle progression and as a tool to investigate the consequences 
of its pharmacological inhibition. 
We generated a human neuroblastoma cell line (SH-SY5Y) with a stable and inducible 
overexpression of wild type DYRK1A (wt) or the kinase dead mutant DYRK1A K188R 
(KR). By continuous real time impedance measurements we followed the time course in 
which increased expression of DYRK1A affected cell proliferation. 
DYRK1A overexpression reduced the proliferation of SH-SY5Y cells with a latency of 24 
hours, suggesting an effect on cell cycle progression. A gradual reduction of cell 
proliferation could be observed accordingly with increasing levels of DYRK1A 
overexpression, resulting in a stop of proliferation at high levels of overexpression. 
These effects on cell proliferation could be attenuated by pharmacological inhibition of 
kinase activity using the DYRK1A inhibitor harmine. Overexpression of DYRK1A KR did 
not affect cell proliferation at all. These results provide evidence for a dose dependent 
effect of DYRK1A activity on neuronal cell proliferation. Western blot analysis showed 
that DYRK1A overexpression resulted in reduced protein level of Cyclin D1, indicating a 
G1-phase arrest. Flow cytometry of propidium iodide stained cell also indicated an arrest 
of SH-SY5Y cells in G1-phase after overexpression of DYRK1A, but not of DYRK1A KR. 
In Hela cells, we found that DYRK1A is capable to phosphorylate the cell cycle regulator 
p27Kip1 at serine 10, a phosphorylation site with an important role to regulate p27Kip1 
function in G1 phase transition 
  

• Becker W. (2012). Emerging role of DYRK family protein kinases as 
regulators of protein stability in cell cycle control. Cell Cycle. 2012 Sep 
15;11(18). 

• Hämmerle B, Ulin E, Guimera J, Becker W, Guillemot F, Tejedor FJ. 
(2011). Transient expression of Mnb/Dyrk1a couples cell cycle exit and 
differentiation of neuronal precursors by inducing p27KIP1 expression and 
suppressing NOTCH signaling. Development;138(12):2543-54. 

• Tejedor FJ, Hämmerle B. (2011). MNB/DYRK1A as a multiple regulator of 
neuronal development. FEBS J.;278(2):223-35. 
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Cannabinoids are increasingly used for medical purposes, e. g. in the treatment of 
multiple sclerosis. Most of the effects of cannabinoids are mediated by the two classic 
cannabinoid receptors, CB1 and CB2. The cannabinoids methanandamide (MAEA), and 
JWH015, respectively, are selective ligands for these receptors. 
Here we report that CB1 are functionally regulated by microRNA in human Jurkat T 
lymphocytes. Using overexpression and inhibition of distinct microRNA species, we 
demonstrated that typical functions of CB1, namely the MAEA-induced phosphorylation 
of p42/44 MAPK and the MAEA-induced inhibition of cAMP production were inhibited by 
mir23B and let7D. CB2 was not regulated by the microRNA species tested here. 
MicroRNA are key regulators of eukaryotic gene expression. By binding to 
complementary homologous mRNA sequences they inhibit the translation of these 
mRNA species. The RNases dicer and drosha play pivotal roles in the maturation of 
microRNA. In addition, argonaute2 is a RNase involved in the intracellular targetting of 
microRNA. Interestingly, Western blot experiments revealed that MAEA significantly 
upregulated the expression of dicer and drosha in Jurkat cells, which were stimulated for 
two to six days. Argonaute2 was induced in response to MAEA after stimulation of the 
cells for two to four days. In contrast, stimulation of the cells with JWH015 did not result 
in significant induction of these proteins. In a reporter gene system we demonstrated the 
upregulation of functional microRNA by MAEA, which most likely is the result of the 
induction of dicer, drosha and argonaute2. Notably, those microRNA species that 
regulated CB1 activity were themselves induced by MAEA, which establishes a 
regulatory feedback loop. 
In conclusion, our results suggest that those functions of cannabinoids in T cells, which 
are mediated by CB1, are regulated by this feedback loop. Furthermore, since many T 
cell functions are regulated by microRNA, this may explain a number of the 
immunomodulatory effects of cannabinoids, e. g. their effect to induce a T helper cell 
type 2-skewed immune response, which is known to depend on dicer. 
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In search for new selective 11β-HSD1 inhibitors – focusing on members of the 
Cucurbitaceae family 
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The microsomal enzyme 11β-hydroxysteroid deydrogenase type 1 (11β-HSD1) 
catalyzes the interconversion of glucocorticoid receptor (GR)-inert cortisone to receptor-
active cortisol, thereby acting as an intracellular switch for regulating the access of 
glucocorticoid hormones to the GR. Multiple evidence argues for an important 
aetiological role of 11β-HSD1 in various metabolic disorders including insulin resistance 
or rather diabetes mellitus type 2, hypertension, dyslipidemia and obesity. The 
modulation of 11β-HSD1 activity with selective inhibitors is being pursued as a new 
therapeutic approach for the treatment of diabetes mellitus and other symptoms of the 
metabolic syndrome. 
It has been estimated that up to one-third of patients with diabetes mellitus consume 
some form of complementary and alternative medicine, involving the use of herbs and 
other dietary supplements as alternatives to mainstream Western medical treatment. 
Therefore, our focus of interest in search of new therapeutic targets are special herbs, 
fruits and seeds, which have a long tradition for treatment of diabetes, hypertension and 
obesity in the medicine of indigenous populations as well as in traditional Chinese 
medicine. 
In our laboratory we have found that Momordica charantia (also known as bitter melon 
or karela), which is traditionally used for treatment of diabetes in Asia, South America, 
the Caribbean and East Africa, contains a selective 11β-HSD1 inhibitor. Momordica 
charantia belongs to the Cucurbitaceae family. For this reason, especially other 
members of the Cucurbitaceae family and several widely-used herbs for treatment of 
diabetes, hypertension and obesity are of great interest and have been tested. In our 
study we used an HPLC- and a fluorescence based method (fluorescence resonance 
energy transfer, FRET) to determine reduction activity and possible inhibition of 11β-
HSD1 protein. Both methods were tested with known 11β-HSD1 inhibitors and found to 
be suitable as a simple method for the detection of new potential inhibitors. The FRET-
assay can be adapted for high-throughput screening. However, no further herbs or 
dietary supplements containing a selective 11β-HSD1 inhibitor were found so far. 
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TRPM3 (melastatin-related transient receptor potential 3) is a calcium-permeable 
nonselective cation channel that is expressed in various tissues, including insulin-
secreting β-cells and a subset of sensory neurons from dorsal root (DRG) and trigeminal 
ganglia. TRPM3 can be activated by the neurosteroid pregnenolone sulphate (PregS) 
and heat. TRPM3-/- mice display an impaired sensation of noxious heat and thermal 
hyperalgesia. We have previously shown that TRPM3 is blocked by the citrus fruit 
flavanones hesperetin, naringenin and eriodictyol as well as by ononetin, a 
deoxybenzoin from Ononis spinosa. To further improve the potency and the selectivity of 
TRPM3 block, we conducted a hit optimisation procedure by re-screening a focussed 
library that was composed of chemically related compounds. We identified 
isosakuranetin and liquiritigenin as active blockers of PregS-induced Ca2+ entry through 
TRPM3. Isosakuranetin, a flavanone that can be found in blood oranges and grapefruits, 
diplayed an IC50 of 50 nM, and is the most potent inhibitor of TRPM3 identified so far. 
The novel compounds exhibited a marked specificity for TRPM3 compared with other 
thermosensitive TRP channels, and blocked PregS-induced [Ca2+]i signals in freshly 
isolated DRG neurones. Electrophysiological whole cell measurements confirmed the 
potency of isosakuranetin to block TRPM3 in insulin-secreting INS1E cells and in freshly 
isolated b-cells. Since the physiological functions of TRPM3 channels are still poorly 
defined, the development and validation of potent and selective blockers is expected to 
contribute to clarifying the role of TRPM3 in vivo. 
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Background and aims:  Previous data showed that heart-directed overexpression of 
CREM-Ib∆C-X, a human isoform of the transcription factor CREM, leads to abnormal 
atrial growth and spontaneous occurrence of atrial fibrillation (AF) in transgenic mice. 
Here we tested the hypothesis that homozygous mice (TG/TG) for this isoform are 
affected more or earlier by atrial enlargement and/or cardiac arrhythmia than their 
heterozygous littermates (WT/TG). 
Methods and results: We mated WT/TG mice and determined the level of transgenic 
CREM by means of either Southern and Western blot analysis as well as real-time-PCR. 
Up to week 26 of life, survival of resulting TG/TG mice was not affected compared to 
WT/TG and wild-type mice. Atrial dilatation- as one of the earliest occuring morphologic 

alterations in the heterozygous model- was further increased and emerged sooner in 
TG/TG mice as studied via comparison of heart weights: For instance, atria to body 
weight ratio was increased 4-fold in heterozygous (n=23) and 10-fold in homozygous 
(n=60) transgenic mice as compared to wild-type controls (n=16) at an age of 26 weeks. 
Concomitantly, the length of atrial cardiomyocytes was augmented in week 2 (25% in 
WT/TG and 50% in TG/TG compared to wild-type). In addition, we carried out in vivo 
ECG measurements starting in week 5 after birth. Homozygous mice developed AF 
considerably earlier than their heterozygous littermates based on a logrank test that 
included 39 wild-type, 63 WT/TG and 114 TG/TG mice. Remarkably, spontaneous AF 
occurred in 97% of homozygous mice in week 5-7 whereas heterozygous mice showed 
AF in week 12-14 at the earliest. 
Conclusions: Expression of CREM-Ib∆C-X in mouse hearts induces abnormal 
development and growth of atria leading to the occurrence of spontaneous AF in a gene 
dose-dependent manner underlining the impact of CREM for AF. Homozygous 
transgenic mice may represent a promising model of permanent AF for pharmacological 
studies aiming on the control of heart rate. (Supported by EU/EUTRAF) 
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Cholesterol esterase (CEase, EC 3.1.1.13) is a bile-salt activated serine hydrolase with 
a broad substrate spectrum. The enzyme is primarily expressed in the acinar cells of the 
pancreas and in the mammary glands of higher mammals and plays a role in dietary 
digestion of lipids and absorption of cholesteryl esters [1]. In addition, both in vitro [2] 
and in vivo [3, 4] studies show proatherogenic and proinflammatory effects of CEase. 
Therefore, CEase is an interesting target for the development of novel inhibitors in order 
to treat hypercholesterolemia and atherosclerosis. We have developed a fluorescence-
based assay using 4-methylumbelliferyl butyrate (4-MUB) as substrate. All 
measurements were done in the presence of 6 mM sodium taurocholate and 5% (v/v) 
DMSO at pH 7.0. The assay was established for both porcine and bovine pancreatic 
CEase and Michaelis constants, Km, of 87.8 µM and 223 µM were determined, 
respectively. A series of nineteen isoindolinones was synthesized according to Augner 
et al [5] and characterized as inhibitors of the two CEases. The majority of compounds 
showed inhibitory activity towards both enzymes with IC50 values in the low micromolar 
range and a residual activity at high inhibitor concentrations. Those isoindolinones 
bearing a 3-phenyl substituent and a (substituted) 2-benzyl group were particularly 
active. Para-substitution at the 3-phenyl group led to a decrease in inhibitory potency. A 
para-substitution of the 2-benzyl group was less favorable than the respective 
substituent in ortho-position. The 3-phenylisoindolinones DR45 and MS20, bearing a 2-
benzyl and a 2-(o-chlorobenzyl) substituent, respectively, were the most potent 
derivatives of the series with IC50 values of 1.30-1.73 µM. Determination of Ki values and 
modes of inhibition of DR45 and MS20 against bovine CEase resulted in hyperbolic 
mixed-type inhibition with Ki = 0.693 µM and Ki = 1.14 µM, respectively. Towards porcine 
CEase, DR45 exhibited a hyperbolic mixed-type inhibition (Ki = 0.486 µM), whereas 
MS20 showed noncompetitive inhibition (Ki = 1.40 µM). Hyperbolic mixed-type inhibition 
was characterized by a values β > 0 representing a productive enzyme-inhibitor-
substrate complex. 
  
[1] Hui, D. Y.; Howles, N.  Lipid Res. 2002, 43, 2017‐2030. 
[2] Brodt‐Eppley; White, P.; Jenkins, S.; Hui, D. Y. Biochim. Biophys. Acta 1995, 1272, 
69‐72. 
[3] Kodvawala, A.; Ghering, A. B.; Davidson, W. S.; Hui, D. Y.  J. Biol. Chem. 2005, 280, 
38592‐38598. 
[4] Lindquist, S.; Andersson, E.-L.; Lundberg, L; Hernell, O. PloS one 2012, 7, 10, 
e47006. 
[5] Augner, D.;  Gerbino, D. C.; Slavov, N.; Neudörfl, J.-M,; Schmalz, H.-G. Org. Lett. 
2011, 13, 5374-5377. 
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Complex in-vitro models of the respiratory tract 
Steinritz D.1, Schmidt A.1, Kehe K.1, Pohl C.2, Kirkpatrick C. J.2, Thiermann H.1 
1Bundeswehr Institut für Pharmakologie und Toxikologie, Neuherbergstr. 11, 80937 
München, Germany  
2Johannes Gutenberg Universität Mainz Institut für Pathologie, Langenbeckstr. 1, 55101 
Mainz, Germany  
  
Inhalation of gases, particles and volatile compounds may cause damage to the 
respiratory system resulting in acute adverse health effects which can be life-threatening 
as the physiological gas exchange is typically compromised. Even if intensive care 
measures are taken, mortality is high. 
A wide range of chemicals and disease-causing agents are recognized as toxic 
inhalation hazards. Due to the development in chemistry and pharmacology, frequently 
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new substances (e.g. nanoparticles) appear on the market or are introduced in daily 
routine which finally turn out to be lung toxicants. 
To minimize the health risk caused by potentially toxic inhalant hazards, a conclusive 
risk assessment is necessary. Moreover, a more profound understanding of the 
pathophysiology is needed to develop more effective treatments. 
Until recently, risk assessment was primarily based on animal studies. There is a 
continuous effort to develop alternative approaches which avoid testing on animals 
(which is cost-, personnel- and time-expensive) wherever possible. 
In-vitro cell culture models, using human cell lines, are a promising approach to facilitate 
those investigations, replace animal studies and avoid interspecies differences. Complex 
in vitro models of the respiratory tract, that resemble in-vivo conditions more closely, 
were developed to investigate toxic effects of lung toxicants. 
We evaluated the acute cytotoxicity of alkylating substances (sulfur and nitrogen 
mustards) in different cocultures of the proximal and distal respiratory system. Following 
exposure, functional and structural barrier integrity of cocultures was affected, measured 
by a breakdown of trans-epithelial-resistance (TER) accompanied by a widening of 
intercellular spaces. Subsequent quantification of interleukin-6 and -8 in supernatants of 
exposed cocultures showed enhanced liberation of proinflammatory markers. 
Moreover, we investigated the effect of widespread environmental pollutants (e.g. Cd2+). 
The cytotoxic effects (decrease in TER, morphological changes, reduction of cell viability 
and increase of cytokine release) markedly differed depending on the route of exposure 
(endothelial vs. epithelial exposure). 
This talk will give an overview about established in-vitro models of the respiratory 
system, will highlight the advantages, will discuss the challenges and limitations that 
come along with these models and will give an outlook on further developments in the 
field of complex in-vitro models of the lung. 
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Chemistry in living systems - profiling neuronal and astroglial proteome dynamics 
with a 'click' 
Stellmacher A.1, Landgraf P.1, Müller A.1, Tischmeyer W.2, Dieterich D. C.1,3 
1Otto-von-Guericke University Institute for Pharmacology and Toxicology, Leipziger 
Strasse 44, 39120 Magdeburg, Germany  
2Leibniz Institute for Neurobiology Special Laboratory Molecular Biology Techniques, 
Brenneckestrasse 6, 39118 Magdeburg, Germany  
3Leibniz Institute for Neurobiology RG Emmy Noether Neuralomics, Brenneckestrasse 6, 
39118 Magdeburg, Germany  
  
The establishment of synapses during brain development, a process, known as 
synaptogenesis, as well as long lasting forms of synaptic plasticity are fundamental 
processes for building up highly efficient communication networks between neurons and 
glia cells. Numerous neuronal, especially synaptic proteins, have been identified, but 
much less is known about the dynamic changes of these proteomes. Especially the 
specificity and dynamics of the astroglial proteome is not well explored, perhaps 
because their role has been underestimated for a long time. Recent findings suggest an 
equal partnership between astrocytes and neurons during development, after maturation 
and during synaptic plasticity processes. 
Here we use small chemical reporters to metabolically label newly synthesized proteins, 
glycosylated proteins, or lipids. The core of all these techniques capitalizes on the 
manifold potential of small bioorthogonal chemo-selective groups, which deliver unique 
chemical functionality to their target molecules. Subsequently, they can be tagged with 
exogenously delivered probes for detection or isolation in a highly selective manner 
using the complementary techniques BONCAT (bioorthogonal non-canonical amino 
acid tagging) and FUNCAT (fluorescent non-canonical amino acid tagging). Thereby, 
one can identify and visualize the subpopulation of newly synthesized proteins using the 
bioorthogonal non-canonical amino acid azidohomoalanine by utilizing the cell’s own 
translation machinery. To track newly synthesized proteins exclusively in selected cell 
types in mammalian neuron-astroglia co-cultures a mutant methionine tRNA synthetase 
(MetRS) is expressed under a cell-specific promotor allowing the incorporation of 
azidonorleucine (ANL), which is excluded from incorporation into proteins using the 
endogenous protein synthesis machinery. Employing copper-catalyzed [3+2]-azide-
alkyne-cycloaddition (‘click chemistry’), the reactive azide group of ANL is covalently 
coupled either to a fluorescent alkyne-tag (FUNCAT) or to an alkyne-bearing affinity tag 
(BONCAT). 
Using this cell-selective labeling we are monitoring neuronal and glial proteome 
dynamics under dopaminergic modulation of neural activity by the D1/D5 dopamine 
receptor agonist SKF38393 in vivo and in vitro. Thereby we are able to discriminate the 
neuronal and astroglial effects on dopaminergic modulated learning paradigms and 
break down the involved signaling pathways. 
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Soy Isoflavones – their influence on the differenciation of human breast stem cells 
– a toxicological model for endocrine disruptors 
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The adult mammary gland requires stem cells, or a stem cell-like activity, to fulfil the 
massive expansion in epithelial tissue during pregnancy and breast feeding and to 
replace cells that are lost through routine tissue renewal. Recently a human breast 
epithelial cell type with stem cell characteristics has been isolated. The SV40 

immortalized cell line (M13SV1) was non-tumorigenic (Kao et al., 1995), the daughter 
cell lines M13SV1 R2 and M13SV1 R2-N1 have a low and high tumorigenicity 
respectively, and show a change in tumorigenicity and estrogen response after growth in 
minimal media (Wang et al., 2010). 
Isolated isoflavones are currently components of dietary supplements to treat 
postmenopausal symptoms of women. However, the epidemiological data to the effect 
of isoflavone intake on breast cancer is contradictory. According to the stem cell theory 
of carcinogenesis, breast stem cells are the ideal target for the proposed research. 
Therefore, we want to use these human breast stem cell lines to test the effect of 
endocrine disruptors, such as soy isoflavones in a human relevant model. 
Here, we analyzed the effect of the phytoestrogen genistein, the most intensively studied 
soy protein, on the differentiation of the 3 cell lines. The expression of different luminal 
epithelial cell markers, estrogen receptors and stem cell markers was measured on the 
mRNA level by quantitative real time PCR. The analysis of several of these markers was 
also performed on the protein level using western blot. Additionally, we performed a 
commercial PCR-Array with a broad number of genes related to breast cancer and 
estrogen receptor-dependent signal transduction. In parallel we also studied the 
changes on the protein level using 2D gel electrophoresis, followed by mass 
spectrometry. 
We want to use this panel of different markers to establish a toxicological model that can 
be used in the future to analyze a wide range of different endocrine disruptors. 
  
Kao CY, Nomata K, Oakley CS, Welsch CW, Chang CC. (1995) Two types of normal 
human breast epithelial cells derived from reduction mammoplasty: phenotypic 
characterization and response to SV40 transfection. Carcinogenesis (3): 531-538. 
Wang KH, Kao AP, Chang CC, Lee JN, Chai CY, Hou MF, Liu CM, Tsai EM (2010) 
Modulation of tumorigenesis and oestrogen receptor-α expression by cell culture 
conditions in a stem cell derived breast epithelial cell line. Biol Cell. 102(3):159-72. 
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An adenylyl cyclase 8 missense mutation linked to familial myocardial infarction 
does not affect basal or forskolin-stimulated activity 
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Background: Identification of mutations in familial myocardial infarction (MI) may help to 
elucidate the complex aetiology of MI. A rare haplotype was identified which co-
segregates with extremely early-onset MI in a German family. This haplotype comprises 
a missense mutation in the gene encoding adenylyl cyclase 8 (ADCY8). ADCY8 has 
previously been implicated in the development of atherosclerosis and was therefore 
considered as potentially causative. Other mutations in complete linkage disequilibrium 
affect ATAD2 and EFR3A, two genes not previously implicated in cardiovascular 
disease. We therefore aimed at analyzing the function of the mutated adenylyl cyclase 8 
(p.V602I, mut) as compared to wild-type (wt). 
Methods: The human ADCY8 cDNA was cloned into the expression vector pEZ-M02. 
The mutation c.G1804A was introduced using site-directed mutagenesis. Wild-type and 
mutant adenylyl cyclase 8 were transiently overexpressed in parallel in HEK293 cells. 
Cellular adenylyl cyclase 8 content was carefully adjusted between groups and equal 
expression levels were confirmed by qPCR and western-blot. Cells were stimulated by 
forskolin at 10 to 100,000 nM, phosphodiesterases were inhibited by 500 µM 
isobutylmethylxanthin. Cellular cyclic AMP concentrations were analyzed by enzyme-
linked immunosorbent assay (ELISA). 
Results: In three independent experiments and in both genotypes the relationship 
between forskolin concentration and cellular cAMP content followed a typical sigmoidal 
concentration-response curve. Wild-type and mutant adenylyl cyclase 8 were 
indistinguishable in their ability to produce cAMP upon forskolin stimulation. 
Conclusion: The c.G1804A mutation is unlikely to cause differences in catalytic function 
of adenylyl cyclase 8. Nevertheless, other functional consequences like altered co-factor 
binding, enzyme trafficking or stability of adenylyl cyclase 8 cannot be ruled out. Further 
experiments are warranted to investigate the role of mutations in the other affected 
genes as well as ADCY8 c.G1804A. 
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Ca2+-activated K+ channels in murine breast cancer 
Steudel F. A.1, Steinle M.1, Wiehr S.2, Pichler B.2, Ruth P.1, Lukowski R.1 
1Universität Tübingen Pharmakologie, Toxikologie und Klinische Pharmazie, Auf der 
Morgenstelle 8, 72076 Tübingen, Germany  
2Universität Tübingen Labor für Präklinische Bildgebung und Bildgebungstechnologie 
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Background: The human epidermal growth factor receptor (HER2) is amplified and/or 
overexpressed in approx. 20-30% of all human breast cancers resulting in a higher 
grade of malignancy. Oncogenic HER2 signalling through multiple cellular events 
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including the modulation of Ca2+-dependent pathways and expression of immediate 
early genes (IEG) promotes cell cycle progression, malignant transformation and growth. 
In the present study we investigated the role of Ca2+-activated K+ channels (KCa) of BK 
and IK type for spontaneous and growth-factor induced [Ca2+]i changes, cell cycle 
progression and proliferation of primary mouse tumor cells as well as their importance 
for survival of HER2 overexpressing breast cancer mice. 
Methods: Cells derived from MMTV-HER2 mammary tumor-bearing mice were 
analysed in presence or absence of different KCa modulators using conventional and real 
time growth monitoring systems. The cellular DNA content as a measure for ploidity was 
determined by propidium iodide and flow cytometry. Changes in [Ca2+]i oscillation 
frequency and peak amplitudes were investigated in synchronized cells loaded with the 
Ca2+ indicator FURA-2. Expression of IEGs, cyclins and KCa channels were determined 
by qRT-PCR and Western blot. Tumor onset and growth were examined in tumor-prone 
BK- and IK-deficient mice by PET/MRI and compared to their litter-matched controls, 
respectively. 
Results: Inhibition of IK by TRAM-34 or serum withdrawal efficiently reduced the 
proliferation of HER2 tumor cells probably by a G1 cell cycle arrest, whereas the BK 
blocker iberiotoxin did not affect growth. C-jun, cyclin D1 and E1 expression and [Ca2+]i 
levels were acutely increased by growth-factor reintroduction to arrested tumor cells. 
Furthermore, we find (i.) significantly different FCS triggered Ca2+ oscillation profiles in 
arrested and stimulated cells and (ii.) that spontaneous Ca2+ oscillations of proliferating 
HER2 tumor cells are TRAM-34 sensitive. Importantly, Kaplan-Meier-analyses, 
supported by PET/MRI, showed for BK-deficient mice a complete prevention and for IK-
deficient animals a delay of mammary tumor onset and progression. 
Conclusion: Ca2+-dependent cell cycle progression and growth of HER2+ mammary 
cancer cells and tumors depend on intrinsic IK activity. From the results obtained so far 
it is plausible that HER2 mammary gland cells require BK to become malignant as well; 
however, tumorigenesis might also be influenced by the lack of BK channels elsewhere. 
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Effects of flavonoids on the expression of Benzo(a)pyrene metabolizing enzymes 
and modulation of cell cycle via interaction with the AhR 
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The aryl hydrocarbon receptor (AHR) is a ligand-dependent cytoplasmatic transcription 
factor that mediates the toxicity of polycyclic aromatic hydrocarbons (PAH). Upon 
activation, the AHR activate expression of gene battery encodes for drug-metabolizing 
enzymes, especially cytochrome P450 (CYP) monooxygenases, which play a crucial 
role in detoxification as well as metabolic activation of procarcinogens, such as 
benzo(a)pyrene (BaP). Accordingly, chemical AHR antagonism is regarded as a suitable 
strategy to avoid manifestation of DNA lesions and thus the initiation of environmental 
carcinogenesis. Certain plant constituents, especially flavonoids, are known to bind to 
the AHR and modulate downstream gene expression. This in turn may result in a 
sequential reduction of CYP activity and metabolic toxification of BaP. 
Here we investigate the effects of two flavonoids, luteolin & silibinin, on the expression of 
AHR-dependent BaP-activating enzymes and accompanied DNA damage in human 
AHR-proficient and -deficient colon carcinoma HCT 116 cells. Gene expression 
analyses revealed that luteolin can significantly reduce the BaP-induced expression of 
CYP1A1 & GSTA2 in AHR-proficient HCT 116 cells, whereas silibinin exerts an 
attenuated negative effect on AHR target gene expression. As expected, luteolin 
treatment had no effect on expression of both enzymes in AHR-knockdown cells. 
Analyses of DNA damage by means of Comet assays revealed that BaP induces DNA 
double strand breaks in AHR-proficient HCT116 cells. Co-exposure with both flavonoids 
resulted in a dose-dependent reduction of comet formation. Accordingly, indirect 
measurement of DNA damage by FACS analysis showed an accumulation of BaP-
treated cells in S phase. Co-incubation with silibinin/BaP resulted in a reduction of S 
phase arrest in a dose-dependent manner. Silibinin alone did not affect the cell cycle of 
HCT 116 cells. In comparison, luteolin exposure caused a 3-fold increase in S phase 
accumulation of HCT116 cells. Interestingly, BaP co-treatment had no effect on luteolin-
induced S phase arrest. The co-incubation of AHR-deficient cells with luteolin/BaP 
partially revealed a reduction of S phase-arrested cells. 
Although, further mechanistic studies are necessary, we suppose that the repressive 
effect on the AHR-dependent expression of BaP-metabolizing enzymes, and the 
associated reduction of DNA damage, identify both flavonoids as suitable cancer 
preventive agents. 
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Molecular mechanisms of EGFR activation by carbon nanoparticles in lung 
epithelial cells 
Stöckmann D. 
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Abstract: 
  
Background: Particulate air pollution in lung epithelial cells induces pathogenic 
endpoints like proliferation, apoptosis, and pro-inflammatory reactions. The activation of 
the epidermal growth factor receptor (EGFR) is a key event responsible for signaling 
events involving mitogen activated protein kinases specific for these endpoints. These 
events are relevant for the toxicological evaluation of inhalable particles. In order to 
elucidate the influence of environmental particles on molecular mechanisms of 

membrane signaling, changes in lipid as well as protein composition of membrane 
signaling platforms were studied. 
Methods: Membrane signaling events were investigated in isolated lipid rafts from lung 
epithelial cells treated with environmental model particles (carbon nanoparticles) with 
regard to lipid and protein content of the signaling platforms. Using positive and negative 
intervention approaches, lipid raft changes, subsequent signaling events, nSmase 
activity and lung inflammation were investigated in vitro in lung epithelial cells (RLE-
6TN) and in vivo in exposed animals. 
Results: As a typical pattern of cell reaction after exposure to carbon nanoparticles, 
EGFR and src family kinases were excluded from the lipid raft fraction. In-depth 
analyses of nanoparticle-specific molecular events in lung epithelial cells demonstrate 
that carbon nanoparticles specifically trigger intracellular oxidative stress which leads to 
an increase of ceramide in lipid raft structures causative for subsequent EGFR signaling. 
The accumulation of ceramide in lipid rafts was identified as an early cellular reaction on 
nanoparticle exposure in lung epithelial cells. In this context, the activity of neutral 
sphingomyelinase (nSmase) was measured. Interestingly, carbon particles rather 
inhibited the enzyme activity, indicating a non-enzymatic generation of ceramide by 
nanoparticle-induced oxidative stress. An intervention strategy using the biophysical 
active substance ectoine demonstrates that stabilizing membrane signaling units 
prevents nanoparticle-triggered cell reactions. 
Conclusion: The data identify the generation and accumulation of ceramides in lipid rafts 
as a so far unknown event in pro-inflammatory signaling and contribute to the 
understanding of particle cell interaction and therefore to risk identification and risk 
assessment of inhalable xenobiotics. 
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The human thyrotropin receptor (TSH-R) controls growth of differentiated thyroid cells 
and regulates synthesis as well as secretion of thyroid hormones. The TSH-R is a G 
protein coupled receptor (GPCR) and activates G proteins of all four families, i.e. Gs, 
Gi/o, G12/13 and Gq/11. Most TSH-R regulated molecular targets identified so far are 
dependent on Gs-cAMP signalling whereas Gq/11-regulated molecular effectors are still 
largely unknown. Of note, an upregulation of Regulator of Calcineurin 1 (RCAN1) in 
thyroid cancer cells has been previously described after activation of the Gq-coupled 
KiSS-1/G protein coupled receptor 54 (GPR54). In this study, RCAN1 was characterized 
as an inhibitor of cell migration. Thus, we tested whether stimulation of the TSH-R could 
also induce RCAN1 in thyroid cancer cells. In fact, the RCAN1 isoform RCAN1.4 was 
upregulated after TSH-R stimulation in two follicular thyroid carcinoma cell lines, one 
stably and the other endogenously expressing the human TSH-R. Adenylyl cyclase 
activator forskolin did not mimic these TSH effects. Furthermore, cAMP antagonist Rp-
cAMPS and pertussis toxin did not inhibit RCAN1 induction by TSH. Thus, TSH 
increased mRNA and protein levels of RCAN1  independent of Gs or Gi/o signalling. 
Instead, RCAN1 induction required the activation of Gαq/11 which was demonstrated by 
an siRNA approach. Next, we analysed the assumption that RCAN1.4 is regulated by 
calcineurin-NFAT signalling. Indeed, TSH increased the expression of a luciferase 
reporter gene under control of an NFAT promoter. Moreover, pre-treatment with the 
calcineurin inhibitors cyclosporin A or tacrolimus prevented induction of RCAN1 as well 
as the small molecule inhibitor INCA-6, which specifically interferes with NFAT activation 
by calcineurin. To summarize, we present evidence for a novel Gq/11-regulated effector 
of the TSH-R, which is potentially involved in anti-metastatic effects in thyroid carcinoma 
cells. 
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Antiproliferative effects of the antidepressant fluoxetine in colon cancer cells 
Kannen V.1,2, Hintzsche H.1, Garcia S. B.2, Stopper H.1 
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The antidepressant fluoxetine (FLX) reduced the incidence of colon carcinoma in 
epidemiological studies and the severity (number and degree of malignancy) of 
carcinogen-induced preneoplastic lesions in colon tissue of rats and mice. Here we 
investigated potential mechanisms of the anticarcinogenic activity of fluoxetine in a 
xenograft model and in vitro. The xenograft model consisted of HT-29 cell tumors in 
NOD/SCID immunodeficient mice. Tumor bearing animals were treated with FLX for 3 
days. While control tumors more than doubled their volume during that time, FLX treated 
tumors shrank to about half of the initial size measured before FLX treatment. 
Histological analysis of control tumors revealed stronger cell proliferation at the invasive 
front of the tumor and the perinecrotic area surrounding the necrotic tumor core than in 
the tumor parenchym. FLX reduced the proliferation in the invasive front and perinecrotic 
area, but not in the tumor parenchym. In HT-29 colon carcinoma cells in vitro FLX 
altered cell cycle progression without inducing apopotosis. The compound did not 
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display direct oxidant or antioxidant effects, but prevented mitochondrial antimycin-
mediated superoxide production. To simulate the tumor milieu, hypoxic conditions were 
applied. This also increased superoxide production, which was prevented by FLX. The 
intracellular pH and the mitochondrial membrane potential were slightly lowered by FLX 
treatment, pointing towards influences on cellular metabolism and energy production. 
We hypothesize that FLX may interfere with reactive oxygen species mediated signaling 
within the growing tumor, preventing proliferative and angiogenesis inducing signaling. 
In addition, cellular energy metabolism may be compromised. These effects may play a 
role in early premalignant cell transformation stages as well as during tumor 
progression. Since the dose applied in the xenograft model was considerably higher 
than the human therapeutic dose range used in antidepressive therapy it remains to be 
determined whether FLX doses can be found which induce these effects and are within 
an acceptable range for human application. 
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Cardiomyocyte-specific thrombospondin 1 overexpression accelerates recovery 
from ischaemia-reperfusion injury 
Stümpel F. T., Meier M., Müller F. U. 
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Thrombospondin 1 (TSP-1) is an extracellular glycoprotein involved in the inhibition of 
angiogenesis, activation of TGFβ1, and de-adhesion. Its expression in the adult healthy 
heart is low, but increases in response to injury or stress. Using a mouse model of TSP-
1 overexpression under control of the cardiomyocyte-specific αMHC promoter we now 
examined the role of TSP-1 in the acute recovery from ischaemia-reperfusion injury. 
Isolated intact hearts from transgenic (TG) animals and wild-type (WT) controls were 
retrogradely perfused via the aorta according to Langendorff using an oxygenated 
modified Krebs-Henseleit buffer. To measure ventricular pressure a saline-filled balloon 
was inserted into the left ventricle via the left atrium and the mitral valve. Hearts were 
electrically stimulated at a constant rate of 450 min−1. While permanently recording left-
ventricular developed pressure (devP) and maximal rate of contraction (dP/dtmax) hearts 
were allowed to equilibrate during 30 min before being subjected to 30 min of no-flow-
ischaemia followed by 30 min of reperfusion. (All data are mean±SEM; n=10 per group; 
pre-I: pre-ischaemia; R+10/R+30: 10/30 min after onset of reperfusion; *: p<0.05 vs. pre-
I; +: p<0.05 vs. WT; 2-way-ANOVA) 
 
  WT pre-I WT R+10 WT R+30 TG pre-I TG R+10 TG R+30 
devP (mmHg) 50±4 22±5 * 46±3 57±6 45±6 + 54±5 
devP % 100 47±10 * 92±5 100 79±6 + 97±5 
dP/dtmax (mmHg/s) 3165±268 1031±194 * 2519±190 * 3368±296 2144±252 *+ 2940±272
dP/dtmax % 100 35±7 * 81±3 * 100 63±4 *+ 88±4 
 
Note that 10 min after onset of reperfusion TG hearts performed significantly better than 
their WT counterparts. We conclude that TSP-1 exerts an anti-ischaemic effect mainly in 
the early phase of reperfusion where it accelerates and ameliorates recovery from 
ischaemic dysfunction. Thus, the upregulation of TSP-1 in response to stress or injury 
found in other studies may be a protective compensation, limiting further damage. Our 
animal model will help provide deeper insights into the mechanisms of this protective 
effect of TSP-1. (Supported by the DFG) 
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The publication of the agonist or antagonist bound structures of the adenosine A2A 
receptor has revealed details about the conformational changes associated with the 
activation process. To investigate the activation dynamics of different adenosine 
receptor subtypes we used dynamic fluorescence resonance energy transfer (FRET) 
measurements of a modified A1 and A2A receptor construct (A1R, A2AR). The cyan 
fluorescent protein (CFP) served as energy donor and the fluorescein arsenical hairpin 
binder (FlAsH), which binds specifically to a CCPGCC motive in the receptor, served as 
acceptor fluorophore. The A2AR sensor has previously been published as A2A FlAsH3 
CFP and contains a FlAsH-binding sequence in the 3rd intracellular loop (IL3) and CFP 
at the truncated C-terminus. An A1R-sensor was constructed similarly to the A2A FlAsH3 
CFP by sequence alignment and insertion of the CCPGCC motif at corresponding 
positions within IL3 and C-terminal fusion of the A1R with CFP.  To compare A1R and 
A2AR dynamics, we established HEK293 cell lines stably expressing these sensors and 
investigated the signal amplitude and the receptor activation kinetics in living cells. The 
following standard ligands of adenosine receptors were used: adenosine (Ado) as the 
endogenous ligand, N-ethylcarboxamidoadenosine (NECA) as a nonselective agonist for 
AR subtypes, 2-p-(2-Carboxyethyl)phenethylamino-5′-N-ethylcarboxamidoadenosine 
(CGS 21680) as an  agonist which with specificity for the A2AR, and N6-
Cyclopentyladenosine (CPA) as an agonist with an increased affinity for the A1R. We 
used saturating ligand concentrations of 100µM and compared the ligand effects to 
adenosine which was set as 100%.  We observed a clear ligand dependent difference 
for the FRET-signal amplitude of both sensors. At the A2AR receptor adenosine evoked 

the largest effect giving for following rank order: Ado>NECA>CPA>CGS 21680. In 
contrast at the A1R we observed the following rank order: NECA>Ado>CPA. CGS 21680 
caused a very small signal at the A1R and therefore could not be analyzed reliably. Next, 
we compared maximal receptor activation rates and observed the following activation 
rate order for the A2AR: Ado>NECA>CPA>CGS 21680 and for the A1R: 
Ado>CPA>NECA. Again CGS 21680 could not be analyzed for the A1R. The different 
signal amplitude and different activation kinetics are indicative for a different activation 
behavior of the A1R and A2AR. 
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Molecular mechanisms of nanoparticle-cell interaction: tools to study subacute 
toxicity of poorly soluble nanomaterials 
Sydlik U.1, Bieschke C.1, Stöckmann D.1, Grether-Beck S.2, Unfried K.1 
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With the growing importance of nanotechnology the probability of a human exposure 
against nanomaterials is exponentially increasing. The evaluation of the toxicological 
potential of nanomaterials is a recent problem for legislation as well as for producers and 
suppliers. In addition to cytotoxic effects, subacute reactions like apoptosis, proliferation and 
inflammation may contribute to the toxicity of these materials. Therefore it is necessary to 
establish assays for hazard identification and risk assessment which are specific for these 
materials and for the respective endpoints. Using carbonaceous particles of different size 
classes, in our previous studies we identified the initial molecular steps of sub-acute toxic 
effects of nanoparticles in different types of epithelial cells. Cell signalling events at the level 
of the cell membrane led to the activation of specific mitogen-activated-protein-kinases 
(MAPK) and the respective subacute endpoints. 
In the current study a set of poorly soluble particles of different size including silica 
(SiO2) and titanium dioxide (TiO2) was used to investigate if this stress response is a 
general feature for this kind of materials. For this purpose, lung epithelial cells were 
analyzed for MAPK activation, induction of oxidative stress, and pro-inflammatory 
reactions in response to the particles. In all performed assays, just the nano-sized 
particle induced strong responses. In detail, treatments of the cells lead to a dose- and 
time-dependent activation of the MAPKs p38, Jnk1/2, and Erk1/2 respectively. 
Furthermore, ROS production was observed after exposure to nanoparticles. Increasing 
the anti-oxidative capacity of the cells, we could show that the activation of this signal 
transduction pathway was mainly due to intracellular generation of ROS. In a second set 
of experiments, the in vitro data were verified in animal experiments in which particles 
were applied to the lungs of C57Bl/6 mice. MAPK activation as well as inflammatory 
endpoints depending on these pathways were correlated to the in vitro data. 
Taken together, the results suggest that the activation of MAPK signalling cascades in 
epithelial cells in vitro reflect the induction of pathogenic endpoints induced by 
nanoparticles in vivo. Molecular events elicited by poorly soluble particles may be useful 
parameters for in vitro toxicity testing of this kind of materials. 
  
Sydlik et al., 2006; Unfried et al., 2008; Weissenberg et al., 2010; Peuschel et al., 2010 
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Identification of novel targets for the treatment of neuropathic pain 
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1Institute of Clinical Pharmacology Goethe University Frankfurt, Theodor Stern Kai 7, 
60590 Frankfurt am Main, Germany  
2Institute of Clinical Neuroanatomy, Neuroscience Center Goethe Universität Frankfurt, 
Theodor Stern Kai 7, 60590 Frankfurt am Main, Germany  
3Institute of Pharmacology and Toxicology University of Witten/Herdecke, Witten, 
Germany  
  
Neuropathic pain, which results from a lesion or disease affecting the somatosensory 
system, is often unresponsive to currently available treatments. Many mechanisms 
responsible for neuropathic pain involve changes in gene expression. 
In this study we attempted to identify novel genes that might play a role in neuropathic 
pain related pathways, in order to better understand the molecular mechanisms of 
neuropathic pain and to enhance therapeutical options in the future. 
To survey neuropathic pain we used the mouse spared nerve injury (SNI) model, in 
which two of the three peripheral branches of the sciatic nerve are transected. Seven 
days after SNI, we isolated dorsal root ganglia and the superficial dorsal horn of the 
spinal cord (lamina I-III) by laser microdissection, and we performed a genome-wide 
micro-array analysis. We found 102 upregulated and 283 downregulated genes in the 
dorsal horn and 147 upregulated and 31 downregulated genes in the dorsal root ganglia, 
respectively. We confirmed the regulation of selected genes by RT-PCR and western 
blot analyses. These findings will enhance our understanding of the molecular 
mechanisms in neuropathic pain processing. 
  
The study was supported by the Else Kröner-Fresenius-Stiftung within the context of the 
Translational Research Innovation Pharma (TRIP) graduate school. 
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Pharmacologic Inhibition of IGF-1R/InsR Prevents Malignant Cell Transformation 
In Vitro 
Thierbach R.1, Poburski D.1, Glei M.1, Ristow M.1,2 
1Friedrich-Schiller-Universität Jena Institut für Ernährungswissenschaften, Dornburger 
Straße 29, 07743 Jena, Germany  
2Eidgenössische Technische Hochschule Zürich Labor für Energiestoffwechsel, 
Schorenstraße 16, 8603 Schwerzenbach, Switzerland 
  
Increased cancer incidence in states of elevated blood glucose or diabetes mellitus 
suggests an influence of metabolic changes onto cancer development. Dysregulations of 
the insulin/IGF1-axis or related pathways may cause changes in metabolism as well as 
cancer-related processes like proliferation and apoptosis. The elucidation of these 
potentially causal relations would give benefits for cancer therapies and cancer 
prevention and is an aim of scientific works since several years. 
A first aim of our project was to find molecular connections between the published 
inhibiton of IGF-1R/InsR through OSI-906 and reduced cancer cell growth. Thereby we 
found that OSI-906 also prevents the malignant transformation of cells. Because this 
inhibitor-mediated protective mechanism is highly effective and may help to elucidate the 
causal relations between changed energy metabolism and malignant cell transformation 
we used the BALB/c-cell transformation assay in combination with OSI-906 in the 
present study. 
By comparison of transformation rates between OSI-906-treated (100 nM) and 
colchicin–treated (50 nM) cells we could show that the OSI-906 dependent inhibition of 
cell transformation is not caused by reduced cell proliferation. Next we hypothesized 
massive changes in the oxidative energy metabolism due to reduced glucose intake as a 
cause of the protective mechanism but we could not find such a relationship. By 
immunoblot we could show regulations of stress signaling (MAPK), apoptosis (PARP-1) 
and protein synthesis (p70S6K). The aim of our ongoing project is to elucidate the 
underlying protective mechanisms on a spatiotemporal molecular level. 
The anticipated results will enable insights into molecular mechanisms of the 
insulin/IGF1 signaling during tumor developmental processes as well as therapeutic 
approaches on existing tumors by use of inhibitors of the downstream PI3K/Akt signaling 
pathways. 
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Development of a 3D-cell culture model for toxicological testing and comparison 
to the conventional 2D-sytem 
Thomas S., Wiese J., Schumann B., Glahn F., Foth H. 
Martin-Luther-Universität Halle-Wittenberg Institut für Umwelttoxikologie, Franzosenweg 
1a, 06097 Halle (Saale), Germany  
  
The use of conventional 2D cell cultures is well established and allows a wide-ranging 
investigation of toxicological endpoints and mechanisms. The advantage of a 3D model 
is the more realistic representation of the in-vivo situation, and thus may improve the 
transferability of the results. Alternatives to in-vivo testing are needed in a growing 
number of research areas. Therefore the development of 3D models in toxicology seems 
to become increasingly important. 
For the development of new 3D models different cell types originating from different 
tissues were screened for their applicability. Our tests comprised two hepatocyte cell 
lines (HepG2 and HepRG), one cell line from the intestinal epithelium (Caco-2) and a 
primary culture of human lung cells. We developed a protocol for the system of the 
hanging drop method and used this to generate three-dimensional spheroids. Under 
these conditions only the two hepatocyte cell lines showed a uniform, spherical growth, 
whereas the lung and intestinal cells did not grow. 
The spheroids of the hepatocytes could be cultivated over a period of 2 weeks and could 
also be kept in suspension culture for even longer. With an initial cell number of 2000 
cells per drop, the spheroids had a diameter of 350 – 400 µm after a culture period of 6 
days in the droplets. 
For the establishment of this 3D model the characterization and morphological analysis 
occurred by immuno-histochemical staining (H & E) and by confocal laser scanning 
microscopy. 
The main aspect of this work was the comparison between 2D and 3D culture of both 
cell lines after exposure to mercury. After determining the subtoxic level (MTT assay: for 
2D c <20 µM), the models were incubated with different concentrations for 24 hours and 
tested for various mechanistic endpoints (viability, LDH release, reactive oxygen 
species). In the monolayer cultures ROS production increased approximately 1.8-fold 
upon treatment with 40 µM Hg(II). 
The two liver cell lines HepG2 and HepaRG can be cultivated in form of hanging drops, 
and thus offer the opportunity to create more in-vivo like model systems. In contrast, this 
protocol is not suitable for intestinal epithelial cells and peripheral lung cells. This is 
possibly due to the fact that these are non-physiological conditions for these cells. 
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Alternaria alternata toxins as possible activators of the AhR pathway 
Tiessen C., Kahle N., Pahlke G., Marko D. 
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38, 1090 Vienna, Austria  
  
Introduction 
The several mycotoxins formed by Alternaria alternata are known to possess genotoxic 
properties thus representing a potential risk for human health. However, the underlying 
mechanisms of action are not completely elucidated yet. The mycotoxins alternariol (AOH), 
its methyl ether (AME) and altertoxin-II (ATX-II) have been reported recently to induce DNA 
strand breaks in mammalian cells (Fehr et al. 2009; Schwarz et al. 2012). 
In the present study we addressed the question whether the toxins activate the AhR 
pathway thus modulating the transcription of phase I enzymes. Therefore the impact on the 
transcription and protein level of cytochrome p450 enzymes (CYP) in human esophageal 
cells (KYSE510) was investigated. 
Material and Methods 
To examine the activation of the AhR pathway by mycotoxins, the impact on the 
transcription level of CYP1A1 and CYP1A2 genes was investigated by quantitative real-
time-PCR (q-PCR) after 24h of incubation. To exclude artifact, cytotoxicity was determined 
by WST and SRB assay. Furthermore the increased amount of transcripts of these 
enzymes were verified at the protein level with the 7’-ethoxyresorufin-O-deethylase (EROD) 
assay to determine CYP activity. 
Results 
Onset of cytotoxicity was observed after 24h of incubation with 50µM AOH and AME, 
respectively. For ATX-II, a decrease of 30% in cell viability was already detected at a 
concentration of 0,5 µM. Q-PCR revealed the highest induction of the transcription level of 
CYP1A1 at 10µM AOH (10-fold), followed by 0,1µM ATX-II (4-fold), but showed no effect for 
AME. To confirm these results, CYP activity was measured in the EROD assay. ATX-II 
enhanced CYP activity concentration-dependently up to 130%, whereas AOH induced an 
increase above 150%. For AME up to 50µM, CYP activity was only slightly enhanced. 
Conclusion 
Incubation of KYSE510 esophagus cells with AOH or ATX-II leads to an increase in the 
transcription of CYP1A1 followed by enhanced CYP activity in the EROD-assay. Therefore 
it is conceivable that Alternaria toxins act as possible, although comparably weak, activators 
of the AhR-Pathway. Considering that at least AOH represents a potential substrate for 
CYP1A1, functionalization by enhanced CYP- activity might result in the formation of 
quinone structures thus potentially generating oxidative stress, which might contribute to the 
genotoxic properties of this mycotoxin. 
  
Fehr M., Pahlke G., Fritz J., Christensen M. O., Boege F., Altemöller M., Podlech J., and 
Marko D., 2009, Alternariol acts as a topoisomerase poison, preferentially affecting the 
IIα isoform. Mol. Nutr. Food Res. 53, 441-451. 
Schwarz C, Kreutzer M, Marko D. 2012. Minor contribution of alternariol, alternariol 
monomethyl ether and tenuazonic acid to the genotoxic properties of extracts from 
Alternaria alternata infested rice. Toxicol Lett. 214(1), 46-52. 
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Onset of antiplatelet effect of prasugrel and ticagrelor is delayed in STEMI / 
NSTEMI patients undergoing percutaneous coronary intervention 
Trenk D., Leggewie S., Stratz C., Nührenberg T., Ferenc M., Schmitz R., Valina C. M., 
Hochholzer W., Neumann F. - J. 
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Introduction:  Studies in healthy subjects respective in patients with stable coronary artery 
disease using loading dose regimens have shown a more rapid onset of antiplatelet effect 
of prasugrel (60 mg) and ticagrelor (180 mg) if compared with clopidogrel (600 mg). These 
results have triggered the strategy to delay the loading of P2Y12 ADP antagonists to 
completion of angiography in acute coronary syndromes (ACS). However, 
pharmacodynamic data on the time course of antiplatelet effect in ACS patients are lacking. 
Methods: This prospective registry enrolled 94 patients admitted with STEMI (ST-
elevation myocardial infarction) / NSTEMI (non STEMI) and scheduled for percutaneous 
coronary intervention (PCI). All patients received a bolus dose of acetylsalicylic acid and 
a loading dose (LD) of either prasugrel (60 mg) or ticagrelor (180 mg) before PCI. 
Treatment with prasugrel/ticagrelor was at the discretion of the responsible physician. 
Platelet reactivity was assessed by VerifyNow P2Y12 test system, light transmission 
aggregometry (LTA using 5 µM adenosine diphosphate (ADP)) and multiple electrode 
impedance aggregometry (MEIA - Multiplate assay using ADPtest cartridges with 6.5 µM 
ADP) at PCI and at day 1 following intervention 2 to 4 hours after administration of the 
first maintenance dose of prasugrel 10 mg/ticagrelor 90 mg. 
Results: Our registry comprised 34 patients with STEMI (19 on prasugrel and 15 on 
ticagrelor) and 60 patients with NSTEMI (18 vs. 42). PCI was performed 62 [37 – 87] 
minutes (median [25/75 percentiles]) after loading with prasugrel and 74 [40-161] 
minutes after loading with ticagrelor (p=0.105 for comparison of prasugrel vs. ticagrelor). 
Platelet reactivity assessed by VerifyNow P2Y12 testing at PCI was 141 [43 – 275] PRU 
in patients on prasugrel vs. 93 [40 – 200] PRU in patients treated with ticagrelor 
(p=0.367). At PCI, high on-treatment platelet reactivity (HTPR: >208 PRU) was 
determined in 41% of the prasugrel cohort vs. 25% of patients on ticagrelor (p=0.115). 
At day 1 after PCI, platelet reactivity was significantly lower in patients on prasugrel (10 
[5-40] PRU) than in patients on ticagrelor (50 [10-88] PRU; p<0.001). Only one patient 
displayed HTPR.  LTA and MEIA testing provided similar results. 
Conclusion: Due to delayed onset of antiplatelet effect of prasugrel and ticagrelor in 
STEMI/NSTEMI patients, a large proportion of patients exhibit high on-treatment platelet 
reactivity during PCI when performed timely. 
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The atherosclerosis relevant substances TNFα, oxLDL and angiotensin II induce 
oxidative stress and DNA-damage in macrophages 
Triebswetter S.1,1, Zernecke A.2, Schupp N.1 
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Atherosclerosis is characterized by increased levels of TNFα, oxLDL, IL-17 and 
angiotensin II. All four substances were shown to induce oxidative stress and/or DNA-
damage in different cell types. Should this also be the case in macrophages, this could 
lead to an increased number of mutations and to an enhanced activation of apoptotic 
pathways in macrophages involved in atherosclerosis and thereby to an accelerated 
progression of the disease. 
Therefore we measured the dose-dependent production of oxidative stress in 
macrophages induced by TNFα, oxLDL, IL-17 and angiotensin II by staining with the 
redox-sensitive dye dihydroethidium (DHE). DNA-damaging effects by TNFα, oxLDL, IL-
17 and angiotensin II in the form of structural defects were monitored by comet assay, 
double strand breaks were detected with an antibody against the DSB marker γ-H2AX. 
Additionally all experiments were conducted with LDL as a control for oxLDL. 
While LDL neither induced oxidative stress nor DNA-damage, TNFα, as well as IL-17, 
oxLDL and angiotensin II were shown to induce the production of reactive oxygen 
species in concentrations from 50 ng/ml, 100 ng/ml, 1 µg/ml and 50 nM respectively. 
DNA-damage could be found for TNFα in concentrations from 1 ng/ml and for 
angiotensin II and oxLDL starting with the lowest concentration each, but not for IL-17. 
Interestingly TNFα caused severe DNA-damage in concentrations from 1 ng/ml whereas 
it did not induce significant production of reactive oxygen species below 50 ng/ml. 
Since previous studies showed that TNFα and oxLDL blood levels of atherosclerosis 
patients range around 2 ng/ml and 0,5 µg/ml respectively, the genotoxic effects seen in 
our experiments could be highly relevant for atherosclerosis initiation and progression. 
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Regulation of mast cell activation by TRP protein-mediated Ca2+ entry 
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Ca2+ influx is essential for mast cell activation induced by different ligands. Nonselective 
cation channels of TRP family are one of the main Ca2+ entry source in many non-
excitable cells. These channels contribute thereby either to Ca2+ entry or/and 
depolarisation. Recently, we showed that activation of TRPM4 monovalent selective 
cation channel induced by [Ca2+]i elevation  following FcεRI-stimulation leads to 
depolarisation and critically restricts the driving force for Ca2+ influx in mast cells (1). In 
addition to TRPM4 the expression of other TRP transcripts was identified in bone 
marrow derived mast cells (BMMC) and peritoneal mast cells (PMC) and a functional 
role in mast cells was proposed for numerous TRP channels (2). 
To identify the physiological role of candidate TRP channel proteins for mast cell 
functions we performed a microfluorimetric analysis in BMMCs and PMCs using 
agonists known to activate those TRP channels in other cell systems and various Ca2+ 
mobilising mast cell activators. Although we can identify Trpc6 transcripts and TRPC6 
proteins in mast cells, substances known to activate TRPC6 channels (diacylglycerol 
analogue OAG, hyperforin analogue Hyp-9 and flufenamic acid (FFA)) failed to evoke 
[Ca2+]i rise in our PMC and BMMC cultures. Lysophosphatidylcholine (LPC, 10 µM), 
which can activate overexpressed TRPC5 channels, did not evoke [Ca2+]i elevations in 
BMMCs whereas PMCs reacted with a slow but continuous increase in [Ca2+]i that was 
enhanced by adenosine (10 µM). Sphingosine-1 phosphate, also a TRPC5 activator, 
and Substance P evoked variable increase in [Ca2+]i in PMCs, but no response in 
BMMCs. Elevations in [Ca2+]i following application of compound 48/80 and endothelin-1, 
respectively, were negligible in BMMCs compared to that observed in PMCs. Currently, 
we analyse the role of TRPC proteins for Ca2+ signalling in BMMCs and PMCs derived 
from mouse lines with inactivation of individual or multiple TRPC channel proteins that 
may physically interact and/or exhibit functional synergism in mast cells after stimulation 
with Ca2+-dependent secretagogues including C48/80, Endothelin-1 and following FcεRI-
stimulation. 
  
(1) Increased IgE-dependent mast cell activation and anaphylactic responses in mice 
lacking the calcium-activated nonselective cation channel TRPM4. Vennekens et al., Nat 
Immunol. 8: 312-20 (2007) 
(2) The Role of TRP Proteins in Mast Cells. Freichel M., Almering J., & Tsvilovskyy V., 
Front Immunol 3, 150 (2012). 
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Increased hyaluronan production as a result of insulin resistance – the missing 
link between diabetes and cancer? 
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Epidemiological studies have shown an elevated incidence of certain tumor entities in 
type 1 and type 2 diabetes. The underlying mechanisms remain to be elucidated. 
Abundant hyaluronic acid (HA), which is formed from glucose derived precursors UDP-
glucuronic acid and UDP-N-acetylglucosamine, in the vicinity of gastrointestinal cancer 
cells is a hallmark in tumor development. This observation has led to intense research 
on the impact of the HA-rich environment on tumor cells. We therefore examined the 
effects of increased glucose supply and insulin on HA production in human esophageal 
cancer cells. 
Glucose concentration-dependently augmented HA production in a variety of human 
esophageal cancer cell lines. Insulin by contrast diminished HA synthesis. Lower 
glucose-6-phosphate and concomitantly increased lactate levels in insulin-stimulated 
cells indicate the utilization of glucose for glycolysis rather than HA production. In cells 
with simulated insulin resistance, induced by prolonged exposure to insulin or insulin 
receptor (INSR) siRNA, insulin-stimulated phosphorylation of INSR and IRS-1 was 
reduced. In these cells, HA secretion was elevated, reflecting increased HA synthesis. 
Simultaneously, glucose-6-phosphate levels were increased and lactate levels were 
decreased. Since insulin is an important glycolysis activator, diminished insulin action 
conceivably leads to abrogation of glycolysis. Accordingly, siRNA against the key 
glycolytic enzyme, phosphofructokinase-1, mimicked the effects of simulated insulin 
resistance. Potentially decreased insulin actions due to insulin resistance in the context 
of diabetes type 2 diminishes glycolysis and thus promotes the use of early glucose 
metabolites such as glucose-6-phosphate for HA production instead of energy gain. 
Since increased HA production is of critical importance for cancer growth and spread, 
the cellular shift in glucose usage from glucose catabolism to HA anabolism indicates a 
possible link between type 2 diabetes and cancer progression. New anti-cancer 
strategies that lead to inhibition of the glycolytic pathway should therefore be 
investigated with respect to effects on HA synthesis. 
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Acid-induced lung damage: Inflammation or Chemical Injury?  
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Aspiration of gastric juice is the cause of about 10% of all cases of the Adult Respiratory 
Distress syndrome (ARDS), a life-threatening and often fatal disease. At present, lung 
injury and hypoxemia in ARDS are considered to be the result of hyperinflammation. 
This concept seems particularly intriguing for the case of acid-induced lung injury, 
because this hypothesis implies that it is not the chemical injury, but the inflammation in 
response to the injury, that causes ARDS in this setting. 
In order to examine the role of inflammation in ARDS, we used one-hit and two-hit lung 
injury models of mechanical ventilation (MV) in mice, in which we ventilated healthy 
lungs and lungs pre-injured with acid instillation in the absence and presence of steroids 
to cause different degrees of pulmonary inflammation. MV is a life-supporting measure, 
which is mandatory in patients with acute respiratory distress syndrome (ARDS), though 
it also has serious side-effects and promotes pulmonary inflammation (biotrauma), 
particularly in pre-injured lungs. We assume that MV and acid alter homeostatic set-
points in the lung related to inflammation. 
Our experimental studies revealed that certain inflammatory mediators, including IL-6 
and KC, are released in the lung as soon as mild inflammation is induced, e.g. during 
mechanical ventilation alone. This state of inflammation is further characterized by 
increased microvascular permeability and leukocyte recruitment, but does not lead to 
physiological dysfunction such as hypoxemia. We suggest that the leukocytes liberated 
during mild inflammation function as a patrol sent out by the immune system to examine 
the dimension of the insult. At a certain set-point – in our hands at a pH of below 2 plus 
ventilation – another set of immune regulators such as IP-10 (CXL10) and its receptors 
(CXCR3) become activated that cause severe lung injury leading to hypoxemia. This 
set-point, however, appears to be activated only in the range of acid concentrations 
sufficient to cause severe chemical injury already without inflammation. This 
presentation will examine the hypothesis that hyperinflammation is the attempt of the 
lung to avert an otherwise fatal situation. 
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The Werner Syndrome (WS) is a monogenic premature ageing disorder that displays 
typical age-related symptoms like atherosclerosis, osteoporosis, and a high cancer 
incidence. It is mainly caused by defects in the WRN gene. WRN is a member of the 
RecQ helicase family possessing helicase and exonuclease activities. It is involved in 
various aspects of DNA metabolism such as DNA repair, telomere maintenance, and 
replication. Poly(ADP-ribose) polymerase 1 (PARP1) is also involved in these processes 
by catalyzing the formation of the branched biopolymer poly(ADP-ribose) (PAR). It was 
shown previously that WRN interacts with PARP1 and that WRN’s enzymatic functions 
are inhibited by this interaction (von Kobbe et al., 2004, Nucleic Acids Res.). 
Here, we present that PAR itself physically and functionally interacts with WRN. Our 
results demonstrate that WRN binds size-fractionated short and long PAR in a non-
covalent manner. We identified and characterized a novel PAR-binding motif (PBM) 
within the WRN sequence revealing that a set basic aminoacids is of critical importance 
for the WRN-PAR interaction. On a functional level, PAR-binding inhibits WRN-DNA-
binding and WRN’s helicase activity in a concentration dependent manner. To analyze 
WRN’s exonuclease activity we developed a novel assay based on isotope-dilution 
mass spectrometry that allows accurate quantification of exonuclease activity in general 
and of WRN’s exonuclease activity in particular (Mangerich et al., 2012, MAD). Using 
this assay, we confirmed WRN’s substrate specificity and verified the previous finding 
that PARP1 is able to inhibit WRN’s exonuclease activity. Moreover, mass spectrometric 
experiments revealed that PAR binding also inhibits WRN’s exonuclease activity in a 
concentration-dependent manner. Finally, studies in living cells demonstrated that 
pharmacological inhibition of cellular poly(ADP-ribosyl)ation modifies the recruitment 
kinetics of WRN to sites of laser-induced DNA damage. 
In conclusion, our data revealed that PAR interacts with WRN via at least one specific 
PBM and that this interaction leads to inhibition of WRN’s enzymatic functions. The 
finding that cellular poly(ADP-ribosyl)ation regulates WRN’s recruitment to sites of DNA 
damage highlights the potential functional relevance of the WRN-PAR interaction during 
DNA damage repair. 
  
on Kobbe, C., Harrigan, J. A., Schreiber, V., Stiegler, P., Piotrowski, J., Dawut, L., and 
Bohr, V. A. (2004) Poly(ADP-ribose) polymerase 1 regulates both the exonuclease and 
helicase activities of the Werner syndrome protein. Nucleic Acids Res. 32, 4003−4014. 
Mangerich, A., Veith, S., Popp, O., Fahrer, J., Martello, R., Bohr, V. A., and Bürkle, A. 
(2012) Quantitative analysis of WRN exonuclease activity by isotope dilution mass 
spectrometry. Mech. Ageing Dev. 133, 575−579. 
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Vettel C.1, Mehel H.2, Emons J.1, Wittköpper K.1, Dewenter M.1, Lämmle S.1, Seppelt 
D.1, Riedel M.1, Napiany S.1, Lutz S.1, Sossalla S.3, Lechene P.2, Maier L.3, Nikolaev V. 
O.3, Zimmermann W. - H.1, Eschenhagen T.4, Vandecasteele G.2, Fischmeister R.2, El-
Armouche A.1 
1Universitätsmedizin Göttingen Pharmakologie, Robert-Kochstr. 40, 37075 Göttingen, 
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2Universite Paris-Sud 11, Inserm UMR-S 769 LabEX LERMIT Pharmacie, 5 rue JB 
Clement, 92296 Chatenay Malabry, France  
3Universitätsmedizin Göttingen Kardiologie und Pneumologie, Zentrum für molekulare 
Kardiologie, Robert-Kochstr. 40, 37075 Göttingen, Germany  
4Universitätsklinikum Hamburg-Eppendorf Institut Experimentelle Pharmakologie und 
Toxikologie, Martinistr. 52, 20246 Hamburg, Germany  
  
Background: Diminished cAMP- and augmented cGMP-signaling is characteristic for failing 
hearts. Among the PDE superfamily, phosphodiesterase 2 (PDE2) has the unique property to 
be stimulated by cGMP, but primarily hydrolysis cAMP. This appears to mediate a negative 
cross-talk between cAMP- and cGMP signaling pathways. However, the role of PDE2 in the 
heart is only poorly understood. Here, we investigated whether myocardial PDE2 is altered in 
heart failure (HF) and determined PDE2 mediated effects in isolated cardiomyocytes, in a 
cardiac stress model as well as in PDE2 heart-specific transgenic mice (TGs). 
Methods and Results: Immunoblotting revealed that myocardial left-ventricular PDE2 
expression was ~2-fold higher in patients with end-stage heart failure. This finding was 
confirmed in an experimental large animal HF model from rapid pacing canine left 
ventricles. Accordingly, chronic β-AR stimulation via isoprenaline infusions in rats (ISO, 
2.4 µg/g*d for 4 days) enhanced PDE2 cAMP hydrolytic activity 4-fold compared to 
NaCl-controls and was correlated with blunted cardiac β-AR inotropic responsiveness as 
determined by FRET-based sensors and echocardiography, respectively. Importantly, 
PDE2 cAMP hydrolytic activity could be further enhanced only in ISO-cardiomyocytes by 
additional cGMP, as induced by the application of the sAC activator SNP. Moreover, in 
vivo i.p. injections of the specific PDE2 inhibitor BAY 60-7550 (3 µg/g) normalized 
dysfunctional β-AR inotropic responsiveness in ISO hearts but interestingly also induced 
significant positive chronotropic responses in both ISO- and NaCl-hearts on top of 
maximal β-AR stimulation with dobutamine. Conversely, ECG telemetry in PDE2-TGs 
showed a marked reduction in resting and dobutamine-stimulated heart rate 
accompanied by a limited inotropic response to dobutamine. Notably, the PDE2-TG 
phenotype showed preserved cardiac output at rest and so far did not show any 
morphological cardiac pathology with ageing (~ 1 year). 
Conclusions: PDE2 maintains resting heart rate in the healthy heart but becomes 
markedly upregulated in the diseased ventricles and desensitizes against β-AR 

mediated chronotropic and inotropic effects. This may constitute an important defence 
mechanism during cardiac stress with excessive adrenergic drive. Thus, activating 
myocardial PDE2 may represent a novel intracellular anti-adrenergic and heart rate 
maintaining therapeutic strategy in HF. 
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The channel-kinase TRPM7 and Purinergic Signaling in T-cell differentiation 
Vettore V.1, Romagnani A.2, Gudermann T.1, Grassi F.2, Zierler S.1 
1Ludwig-Maximilians Universität München Walther-Straub-Institut für Pharmakologie und 
Toxikologie, Goethestrasse 33, 80336 München, Germany  
2Institute for Research in Biomedicine, Via Vincenzo Vela 6, 6500 Bellinzona, Switzerland 
  
Genetic inactivation of the kinase-coupled transient receptor potential ion channel, 
TRPM7, in mice results in developmental defects of T-cells. Disruption of TRPM7 kinase 
triggers increased susceptibility to allergic reactions. The in vitro kinase substrate 
annexin A1 is highly expressed in lymphocytes and is crucial for their differentiation, 
indicating a possible role of TRPM7 kinase. Intracellular Mg2+ and Mg·ATP levels tightly 
regulate channel activity. Since free Mg2+ favorably binds to ATP, mitochondrial de-novo 
synthesis of ATP, will affect internal Mg2+ availability. A drop in free Mg2+ results in 
TRPM7 conductance and additional Mg2+ influx. ATP, released upon T-cell receptor 
stimulation, activates P2X7 receptor signaling, which leads to Ca2+ influx and further 
ATP production. This yields to regulatory T-cell (Treg) lineage instability and conversion 
to pro-inflammatory TH17 cells. 
Hence, we assume that TRPM7 channel and kinase play critical roles in the strength of 
T-cell activation and differentiation. 
To test this hypothesis we studied the phenotypic presentations of a mutant mouse 
model, TRPM7K1646R, with disrupted kinase activity, using electrophysiological, 
biochemical and molecular biological techniques. TRPM7K1646R mice are viable and 
display no apparent phenotype. However, our results showed that TRPM7K1646R mice 
have lower lymphocyte cellularity. Electrophysiological analysis of derived lymphocytes 
and mast cells revealed no changes in maximal current amplitude (17 ± 3 pA/pF) taken 
at 500 s as compared to wild type (wt) cells (13 ± 2 pA/pF). Currents were elicited by 
perfusion with Mg2+-free internal solution. To probe functional surface expression of 
TRPM7, we applied a divalent-free solution to maximize TRPM7 conductance. Similarly, 
no significant alterations in current amplitude (29 ± 2 pA/pF for wt and 28 ± 4 pA/pF for 
TRPM7K1646R) were observed, indicating that channel�expression in the plasma 
membrane was not altered. Furthermore, we set out to study a possible interplay 
between TRPM7 and purinergic signaling and establish whether enhanced TRPM7 
activity results in Treg lineage instability. These experiments will provide insight into 
TRPM7 channel and kinase function in T-cell differentiation and plasticity and may help 
identify novel therapeutic targets for autoimmune therapy. 
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Myrrh is the oleo-gum resin of mainly Commiphora molmol ENGLER (Burseraceae). The 
calcium antagonistic properties of the sesquiterpenic compound T-cadionol and 
antidiarrheal properties have been described in the past [Claeson et al. 1991]. As a 
compound of the traditional herbal medicine Myrrhinil-INTEST®, myrrh is used in Germany 
for the treatment of inflamed and unspecific intestinal disorders. In this regard, further 
knowledge about the functional influence of myrrh on inflamed intestinal tissue should be 
acquired. The aim of the study was therefore to determine the effect of an ethanolic myrrh 
extract (MY) on the muscle tone of untreated and inflamed rat ileum/jejunum preparations in 
relation to nimodipine. Inflammation was experimentally induced by 2,4,6-trinitrobenzene 
sulfonic acid (TNBS, 10mM, 30min). To analyse the calcium antagonistic properties at the 
L-type calcium channel, preparations were treated with increasing myrrh extract 
concentrations and the influence on the effect of the L-type calcium channel agonist Bay 
K8644 were observed measuring in vitro muscle contraction of rat ileum/jejunum 
preparations. Myrrh extract (0,15; 0,25 u. 0,35mg/ml)  induced a concentration-dependent 
right-ward shift of the Bay K8644 concentration-response curve in untreated preparations 
with a significant EC50 shift (0,15mg/ml MY: 9,2x10-5 vs. 2,6x10-5  M, *p<0,05; 0,25mg/ml 
MY: 2,0x10-6 vs. 1,2x10-5 M, **p<0,01; 0,35mg/ml MY:  1,4x10-5 vs. 1,3x10-4 M, *p<0,05). 
Schild analyses resulted in a pA2 value of -0,979. Furthermore, increasing myrrh extract 
concentrations induced a concentration-dependent decrease of the maximum effect of Bay 
K8644 in inflamed and untreated preparations. In inflamed tissue the antagonistic effect of 
myrrh was more pronounced, especially in the lower concentration range (EC50 shift of 
1,7x10-5 for untreated preparations vs. 7,3x10-5 for inflamed preparations).The results of this 
study suggest an antagonistic effect of myrrh extract resulting in a decreased smooth 
muscle tone of the intestinal muscular system. Right-shift of the concentration-response 
curve similar to a treatment with nimodipine indicates competitive inhibition of the L-type 
calcium channel especially in lower concentrations. However, concentration-dependent 
decrease of the maximum effect unlike nimodipine treatment suggests additional effects of 
myrrh extract in higher concentrations such as non-competitive inhibition or interaction with 
other pharmacological targets. 
  
Claeson, P.; Zygmunt, P.; Högestätt, E. D. (1991); Pharmacol. Toxicol. 69 (3), S. 173-
177. 
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Activation of platelet MAPKinases p38 and JNK induced by staphylococcal α-toxin 
Vogel K., Föhrkolb C., Presek P. 
Martin-Luther-University Halle-Wittenberg Division of Clinical Pharmacology, 
Department of Pharmacology and Toxicology, Magdeburger Strasse 4, 06097 Halle / 
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Introduction 
Endocarditis and sepsis caused by the gram-positive pathogen Staphylococcus aureus 
are associated with high morbidity and mortality. Human platelets are susceptible to α-
toxin (also denoted as α-hemolysin), one of the most prominent virulence factors of 
Staphylococcus aureus. The activity of this 34 kDa exotoxin is mediated by formation of 
transmembrane pores permissive to calcium ions. The toxin has immediate and 
prolonged effects in vitro represented by induction of aggregation and altered adhesion 
events, respectively (1). Upon α-toxin-induced platelet aggregation, p38 and JNK 
become activated while ERK 2 does not seem to be affected. 
Here, we report about effects of inhibitors of Src kinase family members (SFK) on 
platelet aggregation and signalling pathways involved in the activation of the 
MAPKinases p38 and JNK1/2 upon α-toxin-mediated platelet stimulation. 
Methods 
Human platelets were isolated from whole blood of healthy volunteers, adjusted to 5x108 
platelets/ml of apyrase-containing suspension buffer, stimulated with various 
concentrations of α-toxin in the presence and absence of receptor agonists, antagonists 
and inhibitors as well. Phosphorylation p38 and JNK were determined by Western 
blotting and densitometrically quantified (2). Aggregation was measured according to 
Born. 
Results 
Pre-incubation with structurally different Src inhibitors SU6654, PP1 and PP2 diminished 
α-toxin-mediated activation of stress-activated protein kinases p38 and JNK1/2 by about 
20, 50 and 60 %, respectively. The thromboxane A2 (TxA2)-receptor antagonist 
SQ29548 reduced activation of both kinases, too. JNK1/2 activation is almost completely 
inhibited, while p38 activation is only reduced to 30%. The inhibitory effects of PP2 and 
SQ29548 are abolished by co-stimulation with epinephrine and ADP. 
The inhibitors of SFK PP1, PP2 and SU6654 reduced α-toxin-induced platelet 
aggregation by about 50% whereas PP3 has no effect. Similar inhibitory effects have 
been observed by the use of the TxA2-receptor antagonist SQ29548. Again, the 
inhibitory effects of PP2 and SQ29548 are abrogated by co-stimulation with ADP or 
epinephrine. 
Conclusion 
With respect to MAPKinases, our data demonstrate that α-toxin induces similar 
signalling events as compared to other platelet agonists. p38 and JNK might be 
regulated downstream of Src family members. TxA2- and Gi-dependent pathways also 
participate in α-toxin-induced kinase activation and platelet aggregation. 
  
(1) Schubert, S., Schwertz, H., Weyrich, A.S., Franks, Z.G., Lindemann, S., Otto, M., 
Behr, H., Loppnow, H., Schlitt, A., Russ, M., Presek. P., Werdan, K., Buerke, M. Toxins, 
3, 120-133, 2011. 
(2) Nass N, Vogel K, Hofmann B, Presek P, Silber RE, Simm A (2010) Glycation of 
PDGF results in decreased biological activity. Int J Biochem Cell Biol. 42: 749-54 
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MRP4-mediated transport of sphingosine-1-phosphate: inhibition by statins 
Vogt K., Bröderdorf S., Kroemer H. K., Jedlitschky G., Rauch B. H. 
Universitätsmedizin Greifswald Institut für Pharmakologie, Felix-Hausdorff-Str. 3, 17487 
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Background: Sphingosine-1-phosphate (S1P) is a lipid mediator which affects multiple 
biological functions, i.e. monocyte migration as well as cell proliferation and survival. 
Upon platelet activation with agonists such as thrombin, S1P is released from platelets. 
Previous data suggest an ATP-dependent export mechanism (1). A candidate transport 
protein is MRP4(ABCC4), an ATP-dependent transporter, which has been shown to be 
highly expressed in platelets (2). Furthermore, several statins are known to affect 
platelet function. Therefore, we investigated the involvement of MRP4 in the transport of 
S1P. In addition, the effects of statins on the MRP4-mediated transport as well as on the 
release of S1P from platelets were analyzed.  
Methods and Results: For the measurement of MRP4-mediated transport we 
established Sf-9 insect cells transfected with human MRP4 and prepared isolated 
membrane vesicles thereof. Direct transport studies with fluorescein-labeled S1P 
revealed a significant ATP-dependent transport into the MRP4-enriched inside-out 
vesicles compared to an only basal transport in the mock-transfected Sf-9 vesicles. An 
ATP-dependent transport of S1P was also detectable in membrane vesicles prepared 
from human platelets. In addition, detection of the fluorescein-labeled S1P together with 
staining of MRP4 with a specific antibody in confocal fluorescence microscopy revealed 
a partial co-localization of S1P and MRP4 in human platelets. Co-incubation of MRP4-
expressing vesicles from Sf-9 cells with fluvastatin or rosuvastatin (10 -100 µM) resulted 
in a significant reduction of S1P transport, indicating competition with this transport 
pathway.  
Conclusions: These data indicate that MRP4 is involved in the active release of S1P 
from platelets. Furthermore, statins can interfere with the release of pro-inflammatory 
mediators such as S1P from human platelets. This mechanism may contribute to the 
known pleiotropic anti-inflammatory effects of statins.  
  
1. Ulrych et al., J Thromb Haemost. 2011; 9:790-798. 
2. Jedlitschky et al., Blood. 2012; 119:3394-3402.  
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Camphorquinone activates caspases in human oral keratinocytes 
Volk J., Leyhausen G., Wessels M., Wahl I., Beckedorf A., Geurtsen W. 
Medizinische Hochschule Hannover Zahnerhaltung, Parodontologie und Präventive 
Zahnheilkunde, Carl-Neuberg-Str.1, 30625 Hannover, Germany  
  
Objective: Camphorquinone (CQ) is the most important photoinitiator used in dental 
adhesives and resin composites. Aim of this study was to evaluate the apoptotic potency 
of non-irradiated CQ alone and in presence of reducing agent N,N-dimethyl-p-toluidine 
(DMT) on immortalized human oral keratinocytes (OKF6/TERT2). 
Methods: OKF6/TERT2 cells were treated with 0.5-2.5 mM CQ and, in addition, with 1 
mM CQ in combination with DMT (1.0 mM, 2.5 mM). Intracellular reactive oxygen 
species (ROS) -formation was assessed in the first 90 min of treatment by fluorescence 
spectroscopy using 2',7'-dichlorfluorescein-diacetate (DCFH-DA). Cell membrane 
leakage, cell viability and caspase 3/7 activation were evaluated by a cell-based 
fluorescence/luminescence assay (Promega) after 3, 5 and 10h and apoptosis by DNA-
fragmentation after 24h. Bonferroni´s ANOVA (p < 0.05) was used for statistical analysis. 
All experiments were run at least three times. 
Results: Non-irradiated CQ induced concentration-dependent increase of intracellular 
ROS (2.5 mM CQ: 1928 ± 293% of untreated control). This effect was accompanied by a 
significant decrease in cell viability (2.5 mM CQ: 54 ± 7%; c: 96 ± 4%). In addition, 2.5 
mM CQ caused a pronounced increase of caspase 3/7 activity (227 ± 43%) after 10h. 
DMT in combination with 1 mM CQ induced an intracellular ROS level (2181 ± 246%) 
similar to 2.5 mM CQ. However, this co-treatment did neither decrease viability (72 ± 
2%) nor enhance caspase activity (107 ± 14%) in comparison to 1 mM CQ alone 
(viability: 69 ± 7%, caspase activity: 105 ± 13%). DNA laddering in agarose gel 
electrophoresis confirmed that 2.5 mM CQ caused apoptosis. Cell membrane leakage 
was not detectable within 10 h. 
Conclusion: Non-irradiated CQ causes significant cytotoxic and apoptotic effects in 
human oral keratinocytes. The presence of DMT does not influence these effects, 
despite the fact that DMT triggers the CQ-induced intracellular ROS generation. 
  
Supported by Deutsche Forschungsgemeinschaft/German National Science Foundation 
(DFG) (VO1727/1-2) 
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Age-dependent modulation of xenobiotic metabolism in primary human skin 
fibroblasts 
Volpi E., Götz C., Majora M., Fischer K., Tigges J., Fritsche E., Krutmann J. 
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In no other part of the human body, aging processes are displayed as explicitly as in the 
skin, but are still far from being fully understood. In addition to that and in contrast to 
other organs such as liver, there are still gaps regarding our knowledge on the 
xenobiotic detoxification capacities of human skin, even though skin represents our 
largest organ and is a very important target for a vast number of potentially harmful 
chemicals. 
In our present work we therefore aimed to elucidate the effects of intrinsic aging on 
xenobiotic detoxification in human skin. We were interested to find out whether and how 
detoxification capacities change in correlation with age and whether this might lead to a 
decreased protective potential in the elderly population. We focused on prominent 
enzymes which were also the objective of previous publications (1,2). 
To address the above mentioned questions, we used cells from a skin fibroblast culture 
bank established in our institute containing primary human skin fibroblasts from healthy 
individual female donors belonging to three different age groups (18-30 years, 40-50 
years and 60+ years old).  Cells from these different groups were used to obtain 
samples for mRNA, protein and activity analyses of xenobiotic metabolism in correlation 
to donor age. 
Regarding Phase I activity, our focus was on CYP1 and COX-2 or PGE2 production, 
respectively, and on GST, UGT and NAT 1 for Phase II. First results show that Phase II 
is present in primary human skin fibroblasts, while the impact of Phase I on xenobiotic 
metabolism, contrastingly, is lower. Our data indicate that the activity of GST pi, 
described as the most prominent GST in human skin (3), might be modulated according 
to donor age both at the expression and the functional level. We also aim to describe 
Phase I activities, the expression of specific UGT isoforms in human fibroblast as well as 
the activity of the different NAT1 isoforms to gain further insight into xenobiotic 
metabolism in human skin and a possible connection to intrinsic aging. 
  
(1) Götz C, Pfeiffer R, Tigges J, Ruwiedel K, Hübenthal U, Merk HF, Krutmann J, 
Edwards RJ, Abel J, Pease C, Goebel C, Hewitt N, Fritsche E: Xenobiotic metabolism 
capacities of human skin in comparison with a 3D-epidermis model and keratinocyte-
based cell culture as in vitro alternatives for chemical testing: phase II enzymes. 
Experimental Dermatology 21:364-369 (2012). 
(2) Götz C, Pfeiffer R, Tigges J, Ruwiedel K, Hübenthal U, Merk HF, Krutmann J, 
Edwards RJ, Abel J, Pease C, Goebel C, Hewitt N, Fritsche E: Xenobiotic metabolism 
capacities of human skin in comparison with a 3D-epidermis model and keratinocyte-
based cell culture as in vitro alternatives for chemical testing: phase II enzymes. 
Experimental Dermatology 21:364-369 (2012). 
(3) Raza H, Awasthi YC, Zaim MT, Eckert RL, Mukhtar H: Glutathione S-Transferases in 
Human and Rodent Skin: Multiple Forms and Species-Specific Expression. J Invest 
Dermatol 96:463-467 (1991). 
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The repair of oxidative base modifications is strongly retarded in primary 
lymphocytes 
von der Lippen C., Epe B. 
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It has been described that primary human lymphocytes have impaired nucleotide 
excision and single-strand break (SSB) repair. In this study we examined whether also 
base excision repair of oxidatively generated lesions such as 8-Oxo-7,8-dihydroguanine 
(8oxoG) is affected. 
Primary lymphocytes were isolated from buffy coats by density centrifugation. Untreated 
and phytohemagglutinin (PHA)-stimulated peripheral blood lymphocytes as well as 
immortalized EBV-transformed lymphocytes were compared with respect to the DNA 
repair kinetics. We measured the removal of SSB, cyclobutane pyrimidine dimers (CPD) 
and oxidised purines (Fpg-sensitive lesions) using an alkaline elution technique. The 
repair of SSB induced by H2O2 at 37°C was considerably slower in primary lymphocytes 
when compared to PHA-stimulated. After 1 hour, only 10 % of induced SSB were 
unrepaired in PHA-stimulated lymphocytes compared to more than 50 % in primary 
cells. No removal of CPD during 24 hours after UV-B irradiation was detectable in 
primary lymphocytes, whereas approximately 50 % of the lesions were repaired in PHA-
stimulated and EBV-transformed lymphocytes. Fpg-sensitive lesions were induced using 
acridine orange as a photosensitizer. Within 24 hours, induced Fpg-sensitive lesions 
were completely removed in EBV-transformed lymphocytes and approximately 50 % 
were repaired in PHA-stimulated lymphocytes. In contrast, primary lymphocytes did not 
repair these lesions at all. To find the reason for the difference in repair rates of oxidative 
base modifications, we analysed OGG1 protein levels by western blot. The results 
indicate that the amount of OGG1 in untreated primary lymphocytes is much smaller 
than in PHA-stimulated and EBV-transformed lymphocytes. 
Putative pathophysiological consequences of the repair deficiency in primary 
lymphocytes need further investigation. 
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Functional characterisation of phospholipase C-γ2 deletion mutants associated 
with immune dysregulation and cold-induced urticaria in humans 
Bühler A., Weitzer C., Gierschik P., Walliser C. 
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The inositol-phospholipid-specific phospholipase Cγ2 (PLCγ2) produces the second 
messengers diacyglycerol (DAG) and inositol 1,4,5-triphosphate (IP3) by catalysing the 
hydrolysis of the membrane phospholipid phosphatidylinositol 4,5-bisphosphate (PIP2). 
IP3 triggers the release of Ca2+ from the endoplasmatic reticulum, representing a crucial 
event in cellular activation. For example, the activation of PLCγ2 upon B-cell receptor 
(BCR) stimulation has been implicated to be a critical step in the BCR-mediated Ca2+ 
signaling. 
  
Over the past years, the molecular mechanisms of the autoinhibitory regulation of PLCγ2 
have been further elucidated and have become an important issue in the regulatory 
network of the enzyme. Recently, it has increasingly become clear that a loss of 
autoinhibitory control and, hence, constitutive activation of PLCγ2 leads to severe 
inflammatory phenotypes. This constitutive activation of PLCγ2 can be caused by point 
mutations [1-3] or large deletions [4] in the autoinhibitory region of the enzyme. 
  
Ombrello et al. identified a novel disease pattern characterized by cold-induced urticaria, 
immunodeficiency, and autoimmunity. Since this unique phenotype could be linked to 
deletions in the human PLCG2 gene within the autoinhibitory region between the two 
catalytic subdomains X and Y, the syndrome was designated PLAID (phospholipase C-
γ2-associated antibody deficiency and immune dysregulation). The fact that B cells and 
mast cells from PLAID patients showed enhanced concentrations of cytosolic Ca2+ at 
low temperatures points to a role of the PLCγ2 deletion mutants in cold-temperature-
triggered cellular activation. However, this causal relationship was not previously 
established. We here show that expression of PLCγ2 deletion mutants from PLAID 
patients causes marked cold-temperature-sensitivity in transfected intact cells with 
maximum constitutive activity already at 34 oC instead of 37 oC.  These changes are 
specifically observed with PLCγ2, not with the closely related PLCγ1 isoform. These 
results suggest that the cold-temperature-sensitivity observed in cells from PLAID 
patients is specifically and exclusively mediated by the structural alterations of PLCγ2. 
We suggest that cold-temperature-sensitivity of PLCγ2 may also give rise to other clinical 
syndromes, such as cold-induced asthma and acute coronary syndromes associated 
with mast cell activation. 
  
[1] Abe, K., Fuchs, H., Boersma, A., Hans, W., Yu, P., Kalaydjiev, S., Klaften, M., Adler, 
T., Calazada-Wack, J., Mossbrugger, I., Rathkolb, B., Rozman, J., Prehn, C., 
Maraslioglu, M., Kametani, Y., Shimada, S., Adamski, J., Busch, D.H., Esposito, I., 
Klingenspor, M., Wolf, E., Wurst, W., Gailus-Durner, V., Katan, M., Marschall, S., 
Soewarto, D., Wagner, S., and Hrabe de Anglis, M. (2011) Arthritis Rheum. 63, 1301-
1311 
  
[2] Zhou, Q., Lee, G-S., Brady, J., Datta, S., Katan, M., Sheikh, A., Martins, M.S., 
Bunney, T.D., Santich, B.H., Moir, S., Kuhns, D.B., Long Priel, D.A., Ombrello, A., Khan, 
J., Milner, J., Kastner, D.L., and Aksentijevich. I. (2012) Am. J. Hum. Gen. 91, 1-8 
  
[3] Yu, P., Constien, R., Dear, N., Katan, M., Hanke, P., Bunney, T.D., Kunder, S., 
Quintanilla-Martinez, L., Huffstadt, U., Schröder, A., Jones, N.P., Peters, T., Fuchs, H., 
Hrabe de Angelis, M., Nehls, M., Grosse, J., Wabnitz, P., Meyer, T.P.H., Yasuda, K., 
Schiemann, M., Schneider-Fresenius, C., Jagla, W., Russ, A., Popp, A., Josephs, M., 

Marquardt, A., Laufs, J., Schmittwolf, C., Wagner, H., Pfeffer, K., and Mudde, G.C. 
(2005) Immunity 22, 451-465 
  
[4] Ombrello M.J., Remmers, E.F., Sun, G., Freeman, A.F., Datta, S., Torabi-Parizi, P., 
Subramanian, N., Bunney, T.D., Baxendale, R.W., Martins, M.S.,  Romberg, N., 
Komarow, H., Askentijevich, I., Kim, H.S., Ho, J., Cruse, G., Jung, M-Y., Gilfillan, A.M., 
Metcalfe, D.D., Nelson, C., O´Brien M., Wisch, L., Stone, K., Douek, D.C., Gandhi, C., 
Wanderer, A.A., Lee, H., Nelson, S.F., Shianna, K.V., Cirulli, E.T., Goldstein, D.B., Long, 
E.O., Moir, S., Meffre, E., Holland, S.M., Kastner, D.L., Katan, M., Hoffman, H.M., and 
Milner, J.D. (2012) NEJM 366, 330-338 
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Exogenous ∆9-tetrahydrocannabinol influences circulating endogenous 
cannabinoids in human 
Walter C., Ferreiros N., Geisslinger G., Tegeder I., Lötsch J. 
Goethe-University pharmazentrum/ZAFES, Institute of Clinical Pharmacology, Theodor-
Stern-Kai 7, 60590 Frankfurt am Main, Germany  
  
Aim: Delta9-tetrahydrocannabinol (THC) competes with the endogenous cannabinoids 
arachidonoyl ethanolamide (anandamide) and 2-arachidonoyl glycerol at cannabinoid 
receptors. This may cause adaptive changes in the endocannabinoid signaling cascade 
as a part of the mechanism of action of THC. This study aimed at investigating this 
interaction in humans, pursuing a translational approach to the influences of THC on the 
endocannabinoid system. 
Methods: A single oral dose of 20 mg THC was administrated to 30 healthy volunteers 
in a randomized placebo-controlled cross-over study. Concentrations of circulating 
exogenous cannabinoids THC, 11-OH-THC, THC-COOH and of circulating 
endocannabinoids anandamide,2-arachidonoylglycerol, palmitoyl ethanolamide and 
oleoylethanolamide were assessed in plasma at baseline and at 2 and 3 h after drug 
administration by liquid chromatography-tandem mass spectrometry. 
Results: The concentrations of circulating endocannabinoids were higher in men than in 
women and decreased over 3 h while subjects rested in supine position. THC co-
administration was associated with a significantly smaller time-dependent decrease in 
endocannabinoid concentrations. During the THC condition concentrations of circulating 
endocannabinoids were significantly higher than during the placebo condition. 
Conclusions: Administration of THC to healthy volunteers influenced the concentrations 
of circulating endocannabinoids. This shows that marijuana use may lead to changes in 
endocannabinoid signaling in humans. The results provide a translation of molecular 
findings of an interaction of exogenous THC with the endocannabinoid system in 
humans. 
  
  
Acknowledgement: DFG Lo 612/10-1 

 
 

362 

Influence of Rac1 on DEN-induced hepatic stress responses and formation of liver 
tumors 
Wartlick F.1, Bopp A.1, Henninger C.1, Schwarz M.2, Fritz G.1 
1Heinrich-Heine-Universität Düsseldorf Toxikologie, Universitätsstraße 1, 40225 
Düsseldorf, Germany  
2Eberhard-Karls-Universität Tübingen Pharmakologie und Toxikologie, Wilhelmstrasse 
56, 72074 Tübingen, Germany  
  
Background: The small GTPase Rac1 is a well characterized member of the Ras-
homologous (Rho) family. It is not only a key regulator of the actin cytoskeleton but also 
regulates the activity of NADPH oxidase, stress kinases and transcription factors (e.g. 
NF-κB, AP1). As Rac1 is downstream of Ras and moreover is needed for nuclear 
translocation of β-catenin, it is hypothesized to affect tumor initiation and promotion. 
Here, we investigated the influence of Rac1 on early stress responses and formation of 
liver tumors following administration of the alkylating carcinogen diethylnitrosamine 
(DEN). 
  
Methods: To study the function of Rac1 in tumor formation, a liver-specific Rac1 knock-
out model was used (rac1flox/flox x AlbCre). Wild-type and rac1-/- mice were treated with 
DEN and sacrificed after 24 h or 72 h. The influence of Rac1 on DNA repair, cell death 
and inflammation was investigated by Western blot analysis (γH2AX, pp53, TNFα) and 
histological staining (γH2AX foci analysis, TUNEL and HE staining). Furthermore, the 
mRNA expression levels of 94 genes involved in DNA repair, cell cycle progression and 
cell death was analyzed by qRT-PCR array. In addition, formation of liver tumors was 
analyzed 40 weeks after DEN injection. 
  
Results: Hepatic deficiency of Rac1 increased the level of S139-phosphorylated H2AX 
(gH2AX), which is a surrogate marker of DNA double-strand breaks (DSB), at both time 
points. Moreover, inflammation (immune cell invasion) and cell death (percentage of 
TUNEL positive cells)) were also enhanced in rac1-/- mice as compared to rac1+/+ 
animals as analyzed 72h after DEN treatment. qRT-PCR analyses revealed that the 
expression of 60 genes is altered following DEN treatment. Out of these, 26 genes 
showed a different expression pattern between animals proficient and deficient in 
hepatic Rac1 protein. Untreated rac1-/- mice showed higher expression of genes 
involved in base excision repair (Apex1, Lig1) and homologous recombination (BRCA1, 
Rad51) and a reduced mRNA expression of Cyp2E1 and MGMT. Regarding tumor 
formation, the number of liver tumors was reduced in rac1-/- animals. 
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Conclusion: The data show that rac1 ko increases the number of DSBs, the frequency 
of cell death and inflammation but reduces the number of liver tumors following 
treatment with DEN. Hence, Rac1 signaling is suggested to protect the liver from acute 
cytotoxic effects of nitrosamines while increasing their carcinogenic potential. 
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Background: The transcription factor Islet-1 is a marker of cardiovascular progenitors. 
lslet-1 positive (Islet-1+) cells give rise to the right ventricle, atria and outflow tract during 
murine cardiac development. The presence of Islet-1+ cells in early postnatal hearts and 
their potential to differentiate into cardiac myocytes, smooth muscle and endothelial cells 
suggested that Islet-1 is also a marker of cardiac progenitors in adult life. In the adult 
heart Islet-1 expression is limited to parasympathetic neurons, smooth muscle cells, few 
cardiomyocytes within the proximal aorta and pulmonary artery and sinoatrial node cells 
and it remained unclear whether these cells still have the potential to proliferate. 
Methods and Results: Proliferation of Islet-1+ cells was evaluated using a transgenic 
mouse model with nuclear β-galactosidase (β-gal) inserted into the Islet-1 locus (Isl-1-
nLacZ). Positive cells are easily visualized by a blue nuclear signal after X-gal staining. 
To evaluate whether these cells were proliferating, we monitored DNA synthesis by 
[3H]thymidine incorporation. Isl-1-nLacZ mice (10 weeks of age) received daily injections 
of [3H]thymidine (200 µCi, i.p.) every morning for five days. Animals were sacrificed four 
hours after the last injection. Hearts were removed and embedded for cryo-sections (10 
µm). For autoradiography slides were coated with photographic emulsion (Ilford L.4) and 
placed in light-tight box for seven days. Afterwards slides were developed in Kodak D-19 
for 4 min, fixed in sodium thiosulfate and counter stained with haematoxylin. DNA 
synthesis in fibroblasts resulted in stained fibroblast nuclei with superimposed silver 
grains after autoradiography throughout the heart. Colocalization of β-gal+ nuclei and 
silver grains would indicate DNA synthesis in Islet-1+ cells, but was not detected in 
>10000 cells analysed. 
Conclusion: Islet-1+ cells in the adult heart are quiescent in normal adult mouse hearts. 
Whether they possess proliferative potential under pathological conditions deserves 
further analysis. 
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Pim-1 (Provirus integration site for Moloney murine leukemia virus 1) kinase belongs to 
a family of constitutively active serine/threonine kinases. It mediates cell survival by 
targeting proteins involved in apoptosis, cell cycle regulation, signal transduction 
pathways, and transcriptional regulation. Pim-1 kinase is overexpressed in various 
tumors and has been linked to poor prognosis. In hematopoietic malignancies and 
prostate cancer, Pim-1 is known to promote tumor onset and progression, classifying 
Pim-1 as proto-oncogene. In colon carcinoma, Pim-1 overexpression has been 
described, but its functional role in this tumor entity has not been determined so far. 
  
Colon carcinoma is the third most common form of cancer and the second leading cause 
of cancer-related deaths in the Western world. When detected at early stages, the 
prognosis is favourable, but the presence of metastatic disease is associated with 
limited survival. Thus, there is the need for novel molecular targets and strategies to 
specifically block oncogenic pathways. 
  
In this study, using RNAi-based knockdown approaches as well as a recently described 
specific low molecular weight inhibitor, we establish the functional relevance of Pim-1 in 
colon carcinoma. Pim-1 inhibition leads to anti-proliferative and pro-apoptotic effects. 
Employing the polymer polyethyleneimine (PEI) for nanoparticle complexation and in 
vivo delivery of Pim-1 specific siRNA, we determined antitumor effects upon Pim-1 
knockdown in tumor xenografts in mice. Furthermore, this knockdown of Pim-1 
sensitized tumor cells to 5-Fluorouracil (5-FU) in vitro and in vivo, offering new 
possibilities for combinatorial treatment approaches. The more detailed analysis of the 
crosstalk between Pim-1 and 5-FU also revealed Pim-1 to be regulated by miR-15b. 
  
In conclusion, we demonstrate the pivotal role of Pim-1 in colon carcinoma and establish 
the inhibition of Pim-1 or the RNAi-mediated Pim-1 knockdown, based on polymeric 
PEI/siRNA nanoparticles, as promising therapeutic approaches. 
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Pasteurella multocida toxin (PMT) is a major virulence factor of Pasteurella multocida 
causing pasteurellosis in man and animals, and is responsible for atrophic rhinitis in 
pigs. PMT stimulates calcium signaling via Gq to increase inositol phosphate production 
through phospholipase Cβ and activates RhoA signaling through heterotrimeric G 
proteins, resulting in formation of stress fibers and focal adhesions. On the basis of Gai2, 
the molecular mechanism of PMT to activate heterotrimeric G proteins was revealed. 
The toxin deamidates an essential glutamine residue of the Gai2-subunit leading to 
constitutive activation of the G protein and inhibition of adenylyl cyclase. Here, we 
studied the specificity of PMT for its G protein targets. Using mass spectrometry we 
tested, which members of the Gαq/11-, Gα12/13- and Gαi-families are substrates of the 
toxin. In addition, we report that a Gαq/Gαs chimera can serve as a substrate for PMT to 
activate adenylyl cyclase, suggesting that the substrate specificity is independent of the 
nature of the G protein effector. The data identify regions in G proteins essential for 
recognition by PMT and allow the construction of PMT-activatable G protein chimeras. 
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Introduction 
The methyl-CpG-binding protein 2 (MeCP2) binds to methylated DNA at CpG 
dinucleotides and acts as a transcriptional modulator. Thus, MeCP2 recognizes the key 
epigenetic process, i.e. DNA methylation. We have previously shown that cardiac 
expression of MeCP2 is diminished in human and murine heart failure. Prevention of 
MeCP2 downregulation in transgenic models aggravated hallmarks of heart failure. In 
particular, expression of metabolic genes in the heart was inhibited by MeCP2. Thus, the 
aim of this study was to characterize the effect of MeCP2 on mitochondria and 
determine the impact of mitochondrial disturbances on the heart. 
Methods and results 
To generate a mouse model with cardiac myocyte-specific and inducible expression of 
MeCP2 the tetracycline-inducible system (MeCP2-Tg) was used and analyzed under 
basal conditions and after chronic cardiac pressure overload due to transverse aortic 
constriction (TAC). At baseline, cardiac transgenic expression of MeCP2 did not affect 
cardiac function as compared with wild-type littermates (dp/dtmax 6352 ± 279 mmHg/s; 
dp/dtmin -6410 ± 402 mmHg/s in control animals; dp/dtmax 6399 ± 389 mmHg/s; dp/dtmin -
6072 ± 587 mmHg/s in MeCP2-Tg). In isolated cardiac myofibrils, maximal mitochondrial 
respiratory capacity as well as ATP production in the presence of palmitoylcarnitine was 
significantly reduced in MeCP2-Tg vs. controls. Electron microscopical examination 
revealed smaller mitochondria and perinuclear clustering of mitochondria in MeCP2 
transgenic hearts. After TAC cardiac contractility and relaxation was significantly 
decreased in MeCP2-Tg animals (dp/dtmax 5726 ± 145 mmHg/s; dp/dtmin -6379 ± 200 
mmHg/s in control animals; dp/dtmax 5048 ± 264 mmHg/s; dp/dtmin -4828 ± 402 mmHg/s 
in MeCP2-Tg). Quantitative transcriptome analysis showed that the key regulators of 
mitochondrial biogenesis, Pgc1α and Pgc1β were significantly downregulated in MeCP2 
transgenic mice after TAC and in isolated cardiac myocytes after transfection of MeCP2. 
Chromatin immunoprecipitation analysis in cardiomyocytes confirmed direct binding of 
MeCP2 to the promoters of both cofactors. As a consequence, several genes involved in 
mitochondrial fatty acid utilization were significantly repressed by MeCP2. 
Conclusion 
These results demonstrate that the epigenetic reader MeCP2 plays an important role in 
heart failure modulating mitochondrial gene expression and subsequently cardiac 
metabolism via the nuclear cofactors Pgc1α and Pgc1β. 
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Oxidative stress is involved in the etiology of a variety of diseases, such as cancer, 
inflammation, atherosclerosis or neurodegenerative diseases. Among others, oxidative 
stress induces DNA lesions which are primarily removed by base excision repair. If the 
damage exceeds the repair capacity of the cell, cell death is induced. It has become 
clear that cell death in response to oxidative stress might be mediated by pathways, 
such as apoptosis, regulated necrosis and/or parthanatos. While the signaling pathways 
of apoptosis have been intensively studied during the last decades, the molecular 
mechanisms of regulated necrosis or parthanatos are less clear so far. Moreover, 
studies have been performed almost exclusively in proliferating cells despite the fact that 
in vivo most of the cells reside in a quiescent state, i.e. hepatocytes, neurons, 
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keratinocytes or endothelial cells. Important regulators of cellular proliferation in the 
organism are cell-cell contacts, a mechanism which is referred to as contact-inhibition. 
The phenomenon of contact-inhibition also becomes evident in cell culture since non-
transformed cells are arrested in G0/G1-phase at a critical cell density. We therefore 
investigated the toxicity of oxidative stress in murine and human fibroblasts and 
compared the sensitivity of proliferating and contact-inhibited cultures to the ROS 
producer tertiary-butyl hydroperoxide (t-BOOH). As a control, serum-depleted cultures 
arrested in G0/G1 were compared to contact-inhibited cells. We revealed marked 
differences in the sensitivity to t-BOOH at the different cell culture conditions. The 
underlying mechanisms are currently investigated. 
  
The work is funded by a grant of the Johannes Gutenberg-University Mainz. 
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Thrombomodulin is widely known as an anticoagulant factor leading to the activation of 
the protein C cascade in the presence of thrombin. Treatment with recombinant soluble 
thrombomodulin decreases the infarct size in experimental models of ischemic stroke. 
However,the role of endogenous thrombomodulin in the brain microvasculature was 
unclear so far. To examine whether endogenous thrombomodulin in the brain is involved 
in stroke mechanisms we generated a novel mouse line that allows deletion of 
thrombomodulin specifically in brain endothelial cells. For this purpose we crossed a 
mouse line carrying the gene for the inducible type of the Cre recombinase in the locus 
of the SLCO1C1 to thrombomodulin floxed mice. After treatment with tamoxifen we 
found thrombomodulin to be almost absent in the capillaries in the brain and markedly 
reduced in larger vessels (>10µm). 
After occlusion of the middle cerebral artery (MCAO) male thrombomodulin-deficient 
mice exhibited an increased infarct volume after 48 h compared to Cre-negative 
littermates (36.9±3.9 vs. 25.7±2.2 mm3, p<0.05), whereas there was no difference in 
female mice (15.8±2.5 vs. 20.1±2.4 mm3). Additionally there was a similar pattern in 
behavioral testing as male thrombomodulin-deficient mice showed a more severe deficit 
in the latency-to-move test than the male control group (3.3±0.4 sec vs. 2.0±0.3 sec, 
p<0.05) and no difference was observable between the female groups (2.1±0.2 sec vs. 
2.1±0.3 sec). 
In summary we generated a mouse line which enables to examine the role of 
thrombomodulin specifically in brain endothelial cells. We found endogenous 
thrombomodulin to be important for infarct size and behavioral outcome in stroke but 
only in male mice. Whether these effects are due to the different regulation of the 
members of the protein C pathway by steroidal hormones has to be clarified. 
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Introduction:  
Psychotropic drugs have varying degrees of affinity to peripheral and central muscarinic 
cholinergic receptors. Typical and common peripheral anticholinergic adverse events 
(AE) are dry mouth, blurred vision, constipation, urinary retention, tachycardia and 
increase of intraocular pressure. Central effects include impaired cognitive functions, 
confusion and delirium1. The elderly are more susceptible and severity can be 
cumulative as the number of medications increases. The aim of this study was to further 
determine the importance of risk factors as age, sex and concomitant medication for the 
occurrence of psychotropic drug-induced anticholinergic AEs. 
Methods:  
Databases of the spontaneous ADR reporting system AGATE (Arbeitsgemeinschaft 
Arzneimitteltherapie bei psychiatrischen Erkrankungen e. V.)2 which systematically 
surveys and assesses psychotropic drug-induced adverse events were analysed. The 
risks for anticholinergic AEs were corrected with the prescription numbers estimated at 
two reference days per year. The ‘anticholinergic load’ associated with the patients’ 
medications was estimated by using a modified anticholinergic risk scale1,3, based on 
studies reporting in vitro muscarinic receptor antagonism. 
Results: 
Already 50 to 65 years old patients have a threefold higher risk than younger patients to 
suffer from peripheral anticholinergic AEs or delirium. The relative risk of patients over 
65 years old is even as high as about five compared to patients younger than 50 years. 
In contrast, women compared to men do not exhibit a significantly higher risk for 
anticholinergic AEs. In average, patients suffering from anticholinergic AEs got 3.0 (18- 
50 year-old), 4.0 (51-65 year-old), and 4.5 drugs (>65 year-old), respectively.  In 
contrast, the average number of concomitant anticholinergic drugs per patient does not 
depend on age (about 1.8 anticholinergic drugs). 
Conclusions:  
Already 50 to 65 year-old patients have an increased risk to suffer from anticholinergic 
side effects. This might be due to normal aging which is accompanied by a gradual loss 
of cholinergic function caused by dendritic, synaptic, and axonal degeneration. 
  
1. Back C, Wittmann M, Haen E (2011) , Verwirrtheitszustände als wichtige 
Arzneimittelwirkung. Ther Umsch 68: 27-33 
2. Haen E, Laux G (2011) Arzneimitteltherapiesicherheit/Pharmakovigilanz in der 
klinischen Psychotherapie - Das Klinikwerk AGATE. Psychopharmakotherapie 18: 238-
43 
3. Rudolph JL et al (2008) The Anticholinergic Risk Scale and Anticholinergic Adverse 
Effects in Older Persons. Arch Intern Med 168: 508-13 
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Introduction: 
Recently, two Dear Doctor Letters warned prescribers that the widely used 
antidepressants citalopram and its S-enantiomer escitalopram can dose-dependently 
prolong the QTc interval and increase the risk for torsade de pointes tachyarrhythmias 
and sudden death1. Concomitant drugs which are also known to prolong QTc or which 
inhibit the metabolism of both antidepressants (by the cytochrome P450 enzymes 
CYP2C19, CYP2D6, and CYP3A4) may further increase the risk for adverse events. 
The aim of this study was to further determine the influence of age, sex and concomitant 
medication on the plasma concentrations of citalopram and escitalopram. 
Methods:  
Data from psychiatric patients in several Bavarian hospitals were collected during 
routine TDM between 2006 and 2012. A total of 1078 plasma concentrations for 
citalopram and 811 for escitalopram were anonymously stored in our TDM databank in 
addition with informations about time of blood withdrawal, dose, dosing schedule, 
duration of treatment, comedication, patient’s sex, age, body weight and height, 
diagnosis, and smoking behaviour. Serum concentrations from patients with CYP 
inhibiting concomitant drugs were excluded for most evaluations. In addition, plasma 
concentrations were interpreted in relation to dose-related reference ranges2. 
Results: 
1. The plasma concentrations of about 30 % of all patients over 65 years old exceeded 
the upper limit of the therapeutic reference range of citalopram or escitalopram. In 
comparison to younger patients they had a 1.5 or 2.7 times higher risk for 
supratherapeutic concentrations of citalopram or escitalopram, respectively. 
2. The total clearance (Clt) of female patients treated with citalopram was by 25 % lower 
than the Clt of men. Age over 65 years decreased the Clt by further 30 %. 
3. The Clt of both antidepressants decreased with increasing number of concomitant 
CYP inhibitors. 
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Conclusions:  
Age over 65 years, female sex and pharmacokinetic or pharmakodynamic interactions of 
the concomitant drugs do not only increase the risk for QTc prolongation in general but 
also for supratherapeutic plasma concentrations of citalopram and escitalopram. To 
minimize the risk for adverse events it is therefore not sufficient to follow the dose 
restrictions but advisable to monitor plasma concentrations by TDM. 
  

1. Wenzel-Seifert K, Wittmann M, Haen E (2010) Rote-Hand-Briefe zu 
Citalopram und Escitalopram. Pharmakotherapie 19: 25-28 

2. Haen E (2011) Therapeutic drug monitoring in pharmacovigilance and 
pharmacotherapy safety. Pharmacopsychiatry 44: 254-8 
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Background: ABCC2 (Multidrug resistance–associated protein 2, MRP2) is a major 
efflux transporter for various endogenous and exogenous, conjugated and unconjugated 
compounds, which is expressed at many compartment barriers. There is increasing 
evidence that different ABCC2 haplotypes contribute to clinically relevant changes of 
drug bioavailabilty, although data is partly inconsistent. Recently, miR-379 was identified 
to down regulate ABCC2 expression in HepG2 cells. The aim of our study was to 
elucidate, whether various ABCC2 haplotypes underlie differential epigenetic regulation 
by miR-379 in human peripheral blood mononuclear cells (PBMCs). Methods: Genomic 
DNA (gDNA) of 15 healthy Caucasian volunteers was genotyped by pyrosequencing for 
the three ABCC2 SNPs -24C>T, 1249G>A and 3972C>T. PBMCs from three subjects 
homozygous for CGC, CGT or TGT were isolated from whole blood via ficoll gradient 
centrifugation and transfected with Pre-miR-379 or Pre-miR negative control (Pre-miR-
NC). After 24 hours of incubation, Western Blot analysis and qtPCR were performed. To 
characterize the functional impact of miR-379 on ABCC2 haplotype transport, 
glutathione-methylfluorescein efflux assays were conducted. Results: We could 
demonstrate a significant but differential ABCC2 down-regulation after Pre-miR-379 
transfection on mRNA and protein level in all diplotypes: CGC/CGC (mRNA: -12.7±4.2 
%, p=0.04; protein: -9.9±0.1 %, p=0.04), CGT/CGT (mRNA: -36.7±2.4 %, p=0.04; 
protein: -21.6±0.4 %, p=0.04) and TGT/TGT (mRNA: -55.7±1.2 %, p=0.04; protein: -
46.3±4.0 %, p=0.04). In addition, we observed a significant reduction of 
methylfluorescein efflux in Pre-miR-379 transfected PBMCs corresponding to the 
haplotype-dependent down-regulation of ABCC2 protein expression. Conclusion: We 
showed for the first time a differential interaction of a microRNA with different haplotypes 
of ABCC2. This observation may contribute to the explanation that the impact of ABCC2 
genetic variants differs in various tissues and that the outcome of clinical studies is not 
always consistent. The reason for differential interaction of miR-379 with ABCC2 
haplotypes may be caused by changes of the secondary structure of ABCC2 mRNA or 
result of their differential stabilities which may influence the mRNA/miRNA interplay. 
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The cationic amino acid arginine is essential for the efficient function and activation of 
human T cells. Depletion of arginine, as found in tumor tissues and areas of chronic 
inflammation, leads to hyporesponsiveness of T cells. This leads to a decrease of their 
cytokine production and down-regulation of their proliferation resulting in the arrest in 
G0-G1 phase of the cell cycle. 
Transmembran transport is crucial for arginine availability in T cells. Previous analysis 
revealed a strong regulation of human cationic amino acid transporter 1 (hCAT-1) 
expression in T cells depending on stimulation and arginine availability. For that reason 
we assume, that hCAT-1 is mainly responsible for influx and efflux of arginine in 
activated T cells. hCAT-1 belongs to the solute carrier family SLC7 and is expressed 
ubiquitously in humans except for adult hepatocytes. 
To analyze the subcellular location of hCAT-1 in T cells under different conditions, we 
stimulated human primary T cells in arginine-containing and -deficient media for 48 
hours. Membrane proteins of intact cells were then biotinylated, the cells lysed 
afterwards and biotinylated proteins separated using streptavidin-coupled beads. 
Western Blot analysis revealed an increased hCAT-1 protein expression in total cell 
lysates of stimulated T cells, which was even higher under arginine deficient conditions. 
Furthermore hCAT-1 protein was strongly expressed in the plasma membrane of 
stimulated cells incubated in the absence of arginine, whereas almost no hCAT-1 protein 
could be detected in the membrane fraction from stimulated cells, exposed to arginine-
containing medium. Also, arginine uptake into stimulated T cells previously incubated in 
arginine-free medium was strongly increased compared to unstimulated T cells. These 
findings support our hypothesis, that hCAT-1 is largely responsible for arginine transport 
into activated human T cells, previously exposed to an arginine-free environment. 
To confirm our results, we are now establishing siRNA-mediated down-regulation of 
hCAT-1 in primary human T cells. So far, we have succeeded to reduce hCAT-1 mRNA 
expression in stimulated T cells to a level of about 30 percent in comparison to cells, 

which were treated with non-target siRNA. Assays elucidating T cell function will then be 
performed to further elucidate the role of hCAT-1 in activated T cells. 
In summary these results confirm our assumption that hCAT-1 plays an important role in 
arginine transport in stimulated human T cells. This enlarges our current knowledge of T 
cell function, the adaptive immune system and tumor-associated immune escape. 
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Role of histamine H2-receptor in the treatment of acute myeloid leukaemia M4/M5 
Werner K., Hartwig C., Neumann D., Seifert R. 
Hannover Medical School Institute of Pharmacology, Carl-Neuberg-Str. 1, 30625 
Hannover, Germany  
  
Acute myeloid leukaemia (AML) is a malignant disease of the haematopoietic system 
characterized by blocked differentiation of stem cells and increased proliferation of 
progenitor cells. Histamine (HA) is approved as an orphan drug for AML therapy. 
  
Recently, it was reported that especially patients with monocytic leukaemia (FAB 
classes M4/M5) benefit from a therapy with HA [1]. HA, via the histamine H2-receptor 
(H2R), inhibits the NADPH oxidase (NOX) that generates reactive oxygen species (ROS) 
in leukaemic cells. Reduced production of ROS leads to survival of natural killer cells 
and T cells and thereby, facilitates killing of AML cells.   
  
Based on these findings we investigated the effect of different selective H2R agonists 
and antagonists on inhibition of NOX. We isolated monocytes from peripheral blood of 
healthy human volunteers using the AutoMacs cell separator. We obtained monocytes 
with a purity about 90 % as determined by anti-CD14 staining and flow cytometry.   
  
ROS production was measured using the lucigenin chemiluminescence assay. 
Monocytes were preincubated with different concentrations of H2R agonists and 
antagonists and were stimulated with the chemotactic peptide N-formyl-L-methionyl-L-
leucyl-L-phenylalanine (fMLP). ROS generation in monocytes was inhibited by HA and 
selective H2R agonists in a concentration-dependent manner. The H2R antagonist 
famotidine reversed the inhibition. Figure 1 shows representative time courses of 
chemiluminescence measurements. 
  
Future studies are aiming to investigate the H2R-mediated NOX inhibition in monocytic 
leukaemia (M4/M5) cells. Furthermore, correlation of ROS production and cAMP 
accumulation will be examined. 
  
[1] J. Aurelius et. al., Haematologica 2012 Jun 11 Epub ahead of print   
 

 
Figure 1: 
ROS production in human monocytes 
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Toxicology of Nanomaterials: Long-term inhalation study with Nanomaterials: 
Study design to test nanoscale Ceriumoxide and Bariumsulfate for 
carcinogenicity 
Wiench K.1, Keller J.2, Ma-Hock L.2, van Ravenzwaay B.2, Landsiedel R.2 
1BASF SE Product Safety, Carl-Bosch-Str. 38, 67056 Ludwigshafen, Germany  
2BASF SE Experimental Toxicology and Ecology, Carl-Bosch-Str. 38, 67056 
Ludwigshafen, Germany  
  
Many nanomaterials belong to the group of materials of poorly soluble biopersistent 
particles. Up to now only two of these nanomaterials, Titanium dioxide and Carbon 
black, have been tested in long-term rat inhalation studies. Chronic inhalation of those 
particles resulted in lung tumors in rats. These lung tumors were only observed at high 
concentrations, which also lead to an overload of the lung clearance and also caused 
inflammations of the lung. 
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Altogether, the German Environmental Ministry (BMU) with the Federal Institute for 
Occupational Safety and Health (BAuA), the Federal Institute for Risk Assessment (BfR) 
and BASF SE are performing a long-term inhalation study with nanomaterials to test the 
role of lung overload and inflammation in lung tumor formation. 
The 28 day range-finding and kinetic pre-studies are finished (presented in according 
abstracts) and the long-term study will start in early 2013. The long-term study tests two 
insoluble, biopersistent nanoparticles according to the OECD test guideline no. 453. 
Examinations will assess the systemic distribution, internal exposure of selected organs, 
possible neuronal transport to the olfactory bulbs and genotoxicity. 
Based on short-term inhalation studies, BaSO4 (NM220) and CeO2 (NM212) as OECD 
repository nanomaterials were selected. In short-term inhalation studies BaSO4 did not 
induce inflammation in the lung at high concentrations of up to 50 mg/m3, in contrast 
CeO2 caused mild inflammatory reactions only at concentrations of 10 mg/m3. Therefore, 
CeO2 will be tested at three concentrations in the long-term study: one neither causing 
inflammation nor overload, one causing inflammation but no overload and one high 
concentration causing inflammation and overload of the lung. BaSO4 will be tested in a 
concentration which caused overload, but no inflammation in the lung. 
The study is part of the European NanoREG project and supervised by an external 
expert committee. 
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A role of TRPM6 in the prenatal development of mice 
Wisnowsky A.1, Ferioli S.1, Heilmaier R.1, Sytik L.1, Simmons D.2, Zierler S.1, Hofmann 
T.3, Gudermann T.1, Chubanov V.1 
1Ludwig-Maximilians Universität München Walther-Straub-Institut für Pharmakologie und 
Toxikologie,, Goethestraße 33, 80336 München, Germany  
2The University of Queensland School of Biomedical Sciences, Sir William MacGregor 
Building 64, St Lucia Campus 4072, Australia  
3Philipps-Universität Marburg Biochemisch-Pharmakologisches Centrum Marburg, Karl-
von-Frisch-Straße, 35032 Marburg, Germany  
  
TRPM6 is a bi-functional protein consisting of a transient receptor potential ion channel 
segment linked to an α-type protein kinase domain. Loss-of-function mutations in the 
human TRPM6 gene result in an inherited human disease called hypomagnesemia with 
secondary hypocalcemia (HSH). TRPM6 is expressed in the intestinal epithelium and 
the distal convoluted tubule in the kidney. These findings suggest that TRPM6 can 
directly participate in magnesium uptake by renal and intestinal epithelial cells. This 
concept, however, is surrounded by considerable controversy. Thus, it was reported that 
Trpm6 null mice die at embryonic day 12.5 due to neural tube closure defects in a 
magnesium-independent mode (Walder et al., Hum Mol Genet, 2009). In order to test 
this idea we performed a phenotypic analysis of Trpm6 gene deficient mice carrying a 
LacZ reporter, and of additional mouse strains with Trpm6 genes conditionally 
inactivated in several embryonic organs. Tracking LacZ expression and using TRPM6-
specific antibodies, we have observed that TRPM6 is not expressed in the neuronal 
tube. Furthermore, we provide comprehensive in vivo and in vitro evidence which allows 
us to conclude that (i) TRPM6 is not involved in the neural tube closure, and (ii) 
fundamentally different mechanisms underlie mortality of TRPM6 deficient embryos. 
Using this information we were able to generate viable Trpm6 null offspring enabling us 
to study the physiological role of TRPM6 in adult mice. 
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The pentameric form of phospholamban is an important PKA target 
Wittmann T.1, Lohse M. J.1, Schmitt J. P.1,2 
1Universität Würzburg Institut für Pharmakologie und Toxikologie, Versbacher Straße 9, 
97078 Würzburg, Germany  
2Institut für Pharmakologie und Klinische Pharmakologie, Universitätsklinikum 
Düsseldorf, Heinrich-Heine-Universität Düsseldorf, Moorenstraße 5, 40225 Düsseldorf, 
Germany  
  
Phospholamban (PLN) is a crucial regulator of myocyte calcium cycling by inhibiting the 
sarcoplasmic reticulum calcium ATPase (SERCA2a). It is generally believed that PLN is 
active as a monomer and that PLN switches to a passive state by forming pentamers 
upon PKA dependent phosphorylation [1]. 
In transfected cells as well as in transgenic mice, we found a R9C mutant of PLN to 
inhibit PKA dependent phosphorylation of PLN only within the pentamer. This 
observation suggested an important role of the pentamer in controlling PLN 
phosphorylation and activity. Therefore, we compared the phosphorylation patterns of 
wild-type PLN monomers and pentamers. Concentration or time dependent stimulation 
of transfected HEK293AD cells with forskolin was followed by Western blot analyses 
using anti-phospho-Ser16 antibodies. The stoichiometry of pentamer phosphorylation 
was investigated using Phostag®acrylamide gels. 
Western blot analyses allowed the separation of PLN monomers and pentamers and the 
direct comparison of phosphorylation states. Phosphorylation signals increased in 
parallel for monomers and pentamers after stimulation of cells for 4 minutes at 37°C with 
rising forskolin concentrations. In accordance with the concentration dependent 
phosphorylation patterns, time dependent stimulation of cells was performed with 
0.25µM forskolin before stopping the reactions at different time points. Surprisingly, 
phosphorylation started earlier in PLN pentamers than in monomers. Monomer 
phosphorylation appeared to occur only after pentamer phosphorylation was almost 
complete. However, the absence of pentamers due to the expression of purely 
monomeric PLN mutants, significantly accelerated the phosphorylation of monomers. 
Phostag®acrylamide gels showed pentamers with 0 to 5 phosphates indicating that 

pentamer phosphorylation occurs stepwise without preference for specific 
stoichiometries.   
Taken together, both PLN pentamers and monomers provided suitable PKA targets. 
Analyses of phosphorylation kinetics even suggest pentamers as the preferred PKA 
target. Functional analyses are currently performed to further validate the role of 
pentamers in regulating PLN activity. 
  
[1] Kranias E.G. & Hajjar R.J. Circ. Res. 2012;110:1646-1660. 
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Nucleoside Diphosphate Kinase B is essential for angiogenesis in the zebrafish 
Wolf N. M.1,2, Jörgens K.3, Kroll J.3, Katus H. A.1, Meder B.1, Wieland T.2 
1University Hospital Heidelberg Internal Medicine III, Cardiology, Im Neuenheimer Feld 
350, 69120 Heidelberg, Germany  
2Medical Faculty Mannheim, University of Heidelberg Institute of Experimental 
Pharmacology, Maybachstraße 14, 68169 Mannheim, Germany  
3Medical Faculty Mannheim, University of Heidelberg Center for Biomedicine and 
Medical Technology, Ludolf-Krehl-Str. 13-17, 68167 Mannheim, Germany  
  
Nucleoside diphosphate kinases (NDPKs) regulate a variety of cellular processes, for 
example G protein mediated signal transduction. In the zebrafish the main NDPK 
isoforms have different functions. Whereas the loss of NDPK A causes no obvious 
phenotype, depletion of NDPK B zebrafish embryos displays a severe heart failure 
phenotype with reduced contractility of both heart chambers and loss of blood flow. 
Knockdown of NDPK C results in a more restricted phenotype with a loss of ventricular 
contractility. 
  
To investigate the role of the NDPK isoforms on vasculogenesis in vivo, we performed 
Morpholino(MO)-mediated knockdown experiments in the transgenic zebrafish strain 
Tg(fli:EGFP). Depletion of NDPK A did not affect the vasculature of the zebrafish 
embryos. At 72 hours post fertilization, the knockdown embryos were indistinguishable 
from the control-injected fish. In contrast, the loss of NDPK B was associated with a 
dramatic inhibition of formation of intersegmental (ISV) and dorsal longitudinal 
anastomotic vessels (DLAV) in the trunk. Additionally, the NDPK B knockdown embryos 
were unable to form the parachordal vessels and the subintestinal veins, hinting at 
defective angiogenesis. Besides the vascular malformations in the trunk the NDPK B 
knockdown embryos showed severe vessel abnormalities in the head. Depletion of 
NDPK B caused disruption of the central arteries, which extend by angiogenesis towards 
midbrain and forebrain. To confirm that the observed phenotype was mediated by the 
loss of NDPK B protein we performed mRNA rescue experiments. Re-expression of 
NDPK B by co-injection of MO-NDPK B together with MO-resistant NDPK B mRNA 
restored the protein expression of NDPK B.  It reconstituted the correct formation of 
ISVs which is a premise for the DLAV formation by anastomosis. 
Depletion of NDPK C alone did not hamper vessel formation. The number of intact ISVs 
was unchanged in comparison to control-injected embryos. However, sensitizing of MO-
NDPK C knockdown embryos with low doses of MO-NDPK B resulted in appearance of 
ISV malformations pointing to a synergistic interaction of these isoforms. 
  
Taken together, our data demonstrate that NDPK B and eventually NDPK C play a role 
in angiogenesis in vivo. 
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Bedside implementation of clinical pharmacology to meet the specific 
requirements of the elderly patient in traumatology 
Wolf U.1, Neef R.2, Schendel K.2, Presek P.1 
1Martin-Luther University Halle-Wittenberg Department of Pharmacology and 
Toxicology, Division of Clinical Pharmacology, Magdeburger Straße 4, D-06097 Halle, 
Germany  
2University Hospital Halle Department of Traumatology and Reconstructive Surgery, 
Ernst-Grube-Straße 40, 5570 Halle, Germany  
  
Background:  The elderly traumatized patient >70 yrs of age (eP) often is on a broad 
spectrum of medicaments (polypharmacy) that might have induced severe physiologic 
disorders and even contributed to his trauma. 
Concept and Procedure:   We stepwise focus on 4 aspects taking into regard the 
clinical diagnosis of the individual eP: 
  1. Which drugs the patient is on can or should be avoided? 
  2. What does the patient need for the acute surgical situation? 
  3. Individual list of resulting medicaments -> What kind of adverse effects (AE) and    
      drug drug interactions (IA) must we have to take into account and take care of? 
  4. Presumption of an adapted list of drugs on the P’s discharge as a preventative 
      contribution. 
Further algorithm from our pharmacological advices is based on preliminary findings 
resulting from clinical bedside visitation at regular intervals. 
Resulting preliminary clinical pharmacological algorithms predominantly call 
attention to manifestation of AE and IA in the eP. Altered pharmacokinetics and 
dynamics resp. drug dose and organ deteriorations are additional factors to consider. 
Thus we focus on intraindividual AE and IA with physiological risks and disorders. 
Elements for further algorithmic advices result from our continuous bedside experience. 
The different antihypertensive agents, HMG-CoA reductase inhibitors, substitution for 
hypothyreoidism, anemia, treatment of urinary incontinence, different analgetics as well 
as antibiotics are taken into account. We appoint to the concomitant use of aspirin and 
NSAIDs, to PPIs and analyse typical age-related risks resulting from combinations 
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concerning neuropsychiatric agents. The favourite analgetic combination of metamizol, 
tramadol and metoclopramide (“Würzburger Schmerztropf”) needs adaption in the eP. 
SSRIs are critical in a broad spectrum of co-dispensed drugs. Metformin is referred to in 
context with surgical intervention. Bradycardia, AV blockades and QT elongation need 
attention. 
Concluding challenging responsibility:  Treatment of a traumatized eP should always 
include investigation of the cause of fall. Constant review of medication list can ensure 
safe and minimized polypharmacy.  The responsibilty for clinical pharmacological care 
remains a challenge. Bedside implementation of clinical pharmacology is an important 
beneficial resource with the potency to establish algorithmic advices as a preventative 
tool in gerontopharmacology. 
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Identification of cCMP binding and activated proteins 
Wolfertstetter S.1, Schinner E.1, Hofmann F.2, Schlossmann J.1 
1Universität Regensburg, Institut für Pharmazie Pharmakologie & Toxikologie, 
Universitätsstraße 31, 93053 Regensburg, Germany  
2TU München Institut für Pharmakologie & Toxikologie, Biedersteiner Strasse 29, 80802 
München, Germany  
  
cAMP and cGMP are well established second messengers and essential for numerous 
of (patho)physiological processes. These purine cyclic nucleotides activate the cyclic 
nucleotide-dependent protein kinases PKA and PKG, respectively. So far, there was no 
evidence of further cyclic nucleotides acting as second messengers. Meanwhile the 
existence of the pyrimidine cyclic nucleotide cyclic cytidine 3’,5’-monophosphate (cCMP) 
was described. Formation of cCMP by cytidylyl cyclases is debated. cCMP induces 
relaxation of vascular smooth muscle via PKGI. Furthermore, it was postulated that 
cCMP is relevant for cell growth and blood cell function. However, functions regulated by 
cCMP are mostly unknown. Our aim is to identify cCMP-binding and -activated proteins 
and to elucidate whether cCMP plays a role as second messenger. We confirmed that 
cCMP activates purified PKA and PKGI. Then we investigated the effect of cCMP on 
intact tissues of wildtype (WT) and cGKI-knockout (KO) mice, namely jejunum, lung and 
brain. cCMP stimulated cyclic GMP-dependent protein kinases in WT tissue lysates, 
however there was no stimulation of phosphorylation in KO tissue lysates. We identified 
PKGI, PKGII and PKARIα/β as cCMP-binding proteins in tissue lysates. These results 
indicate that cCMP could play an important role in physiological processes in jejunum, 
lung and brain. 
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The cyclic pyrimidine nucleotide cCMP causes caspase-dependent apoptosis in 
mouse lymphoma cell lines 
Wolter S.1, Försterling L.1, Golombek M.1, Schwede F.2, Seifert R.1 
1Hannover Medical School Institute of Pharmacology, Carl-Neuberg-Str.1, 30625 
Hannover, Germany  
2BIOLOG Life Science Institute, Flughafendamm 9a, 28199 Bremen, Germany  
  
Cytidine 3′,5′-cyclic monophosphate (cCMP) is a cyclic pyrimidine nucleotide which 
binds to and activates cAMP-dependent protein kinase A (PKA) and cGMP-dependent 
protein kinase G (PKG)1. PKA is involved in the control of a variety of cellular processes. 
PKA exists as an inactive tetramer consisting of a dimeric regulatory (R2) and two 
catalytic (C) subunits that releases the active C-subunits upon binding of cAMP. 
Stimulation of S49 wild-type (wt) cells, derived from murine T-cell lymphoma with 
dibutyryl-cAMP (DB-cAMP) induces apoptosis by an intrinsic, mitochondria-dependent 
mechanism. Apoptosis induced by DB-cAMP occurs via a PKA-dependent mechanism, 
as the S49 kin- cells lacking the catalytic subunit of PKA are resistant to DB-cAMP-
mediated cell death2. The cell-permeable acetoxymethyl-ester of cCMP – cCMP-AM – 
causes inhibition of cell proliferation in S49 wt and S49 kin- cells. As confirmeded by 
western blotting and flow cytometry, stimulation with cCMP-AM results in caspase 
activation as well as cleavage of poly (ADP-ribose) polymerase (PARP), and pre-
incubation with the caspase-inhibitor carbobenzoxy-valyl-alanyl-aspartyl-[O-methyl]-
fluoromethylketone (Z-VAD-FMK) rescues the cells from apoptosis. 
Using tandem mass spectrometry (MS/MS) analysis we showed that cCMP-AM uptake 
has no effect on the level of the cyclic nucleotides cAMP or cGMP of the cells. Real-time 
PCR demonstrated no expression of PKG in the S49 cells and, therefore, PKG is no 
target of cCMP in this system. 
Recently, we identified some potential cCMP targets by a proteomic approach. These 
proteins point to endoplasmic reticulum stress-induced apoptosis, p53 pathways and 
changes in the cytoskeleton. Further investigations will focus on target proteins of cCMP 
in S49 cells and analysis of other mouse and human cell lines concerning their response 
to cCMP. 
  
(1)Wolter S, Golombek M, Seifert R (2011) Differential activation of cAMP- and cGMP-
dependent protein kinases by cyclic purine and pyrimidine nucleotides. Biochem 
Biophys Res Commun, 415:563-566 
(2) Yan L, Herrmann V, Hofer JK, Insel PA (2000) b-Adrenergic receptor/cAMP-   
mediated signalling and apoptosis of S49 lymphoma cells. Am J Physiol, 279: C1665-
C1674 
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Dynamics of interaction between Gq subunits and GRK2 
Wolters V., Bünemann M. 
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GRK2 is well known to regulate the activity of GPCRs by phosphorylating activated 
receptors, which promotes receptor internalisation by arrestins. In addition to the kinase 
function GRK2 has been shown to interact with activated Gαq and Gβγ subunits. This 
sequestration is suspected to attenuate effects mediated by the G protein subunits. Here 
we used a FRET approach to determine dynamics of the interaction between either Gαq 
or Gβγ and GRK2. HEK 293T cells were transfected with YFP-tagged Gαq, mTurquoise-
tagged GRK2 and M3 receptor. Stimulation with a saturating acetylcholine concentration 
results in an increase in FRET ratio, which mirrors the interaction between Gαq and 
GRK2. Onset-kinetics can be described by a monoexponential fit with t½ ~ 3.2 s. We 
found a similar development of FRET between Cerulean-tagged Gβ and YFP-tagged 
GRK2 upon stimulation of M3 receptor. Onset-kinetics show that the Gβγ GRK2 
interaction is twice as fast as the Gαq GRK2 interaction (t½ ~ 1.5 s). The known capacity 
of GRK2 to simultaneously bind Gαq and Gβγ is used in a well-established FRET assay 
for G protein activation. This assay results in a decrease in FRET ratio when the 
G protein complex consisting of YFP-tagged Gαq and Cerulean-tagged Gβγ is activated. 
Coexpression of GRK2 increases the amplitude of the FRET change most likely by 
physical separation of the Gq protein subunits. Only GRK2 constructs with full capacity 
to bind both Gαq and Gβγ are able to potentiate the agonist induced attenuation of 
FRET. In contrast to a previous publication (Jensen JB et al. (2009), JGP) we show here 
that GRK2 do not only affect the amplitude of FRET signals but has an effect on 
resulting kinetics as well. In presence of GRK2 onset-kinetics are slowed by ~ 18 fold 
compared to the control experiment without GRK2 (presence of GRK2 t½ = 2.77 s, 
absence of GRK2 t½ = 0.15 s). As onset-kinetics in presence of GRK2 are corresponding 
to the dynamics of Gq protein subunit GRK2 interaction, we propose that in this condition 
the resulting kinetics are mainly defined by the interaction of Gαq and Gβγ to GRK2. 
  
Jensen JB et al. (2009), JGP 133 (4), 347-359 
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Regeneration after acute kidney injury requires Plexin-B2 
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Acute kidney injury (AKI), defined as an abrupt decrease in renal function, is a frequent 
clinical condition associated with high morbidity and mortality. A better mechanistic 
understanding of the pathophysiology of kidney injury and regeneration is needed to 
develop new therapeutic strategies that improve the patients’ prognosis. Plexin-B2, a 
transmembrane receptor for semaphorins, is highly expressed in renal tubular epithelial 
cells (TECs) which are particularly susceptible to acute kidney injury. To analyze the 
function of Plexin-B2 during kidney injury and regeneration, we generated conditional 
knockout mice lacking Plexin-B2 specifically in renal TECs. Under physiological 
conditions, these mice showed no significant morphological or functional differences 
when compared to control animals. In contrast, kidney regeneration after ischemia-
reperfusion injury, a well-established model of acute kidney injury, was strongly impaired 
in Plexin-B2 conditional knockout mice. While renal morphology and function fully 
recovered in control animals within 3 weeks after injury, the renal tubules of mice lacking 
Plexin-B2 became obstructed by hyperproliferating TECs resulting in strongly impaired 
renal function. Mechanistically, we found that whereas the majority of surviving renal 
TECs in control animals divides with an angle parallel to the basement membrane, 
Plexin-B2-deficient TECs divide in an angle perpendicular to the basement membrane 
eventually leading to tubular obstruction. Our study shows that Plexin-B2 is critical for 
kidney regeneration after acute kidney injury and may represent a new pharmacological 
target for the treatment of renal failure. 
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Identification of intracellular reaction products of antineoplastic platinum 
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Oxaliplatin and cisplatin are effective chemotherapeutic agents and widely used in the 
therapy of various types of cancer. Besides the dose limiting side effects, resistances 
are the main limitations in the treatment. Resistances to these platinum complexes can 
be intrinsic or occur frequently during therapy. Increased intracellular formation of 
biologically inactive adducts with proteins or peptides like glutathione appears to be one 
of the factors contributing to resistances. The aim of the project is the identification of 
binding partners inside tumor cells and the evaluation of related resistance mechanisms 
in vitro. Due to the high separation power and sensitivity, capillary electrophoresis with 
laser induced fluorescence (CE-LIF) is the method of choice.  In our research work we 
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use carboxyfluorescein diacetate platinum (CFDA-Platinum), a fluorescent labelled 
cisplatin analogue with similar pharmacodynamic and -kinetic properties. For the in vitro 
experiments we compared a human ovarian cancer cell line (A2780) and its 
corresponding cisplatin-resistant variant (A2780cis). Therefor the cells were grown until 
80 – 90 % confluence and incubated with CFDA-Platinum up to 50 µM. After 24 hours 
the cells were scraped, resuspended in phosphate buffered saline and lysed by 
sonication for 20 minutes on ice. The cytosolic fraction was analyzed by CE-LIF.  In 
addition, we performed model experiments with CFDA-Platinum and potential binding 
partners, e.g. glutathione. 
CE-LIF is an appropriate analytical method to detect CFDA-Platinum and complexes of 
CFDA-Platinum up to the ppb range in biological samples. First results show a complex 
formation of CFDA-Platinum with biological molecules of interest. A comparison of 
human ovarian cancer cells and its cisplatin-resistant variant indicates differences in the 
intracellular distribution CFDA-Platinum. 
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Recent data suggest that erythropoietin (Epo) can improve cardiac function following 
ischemia reperfusion injury. We hypothesized that Epo-receptor (EpoR) activation in adult 
cardiac progenitor cells (CPCs) is involved in the process. EpoR was found to be 
prominently expressed in embryonic, but not adult mouse heart. In the latter EpoR was 
confined to interstitial cells. After enzymatic digestion and straining (pore size: 30 µm) to 
isolate CPCs from adult mouse heart, we found a 4-fold higher EpoR expression compared 
to unselected cardiac cells (n=3). Flow cytometry (FC) revealed that 24±3% of the CPC-
enriched cell pool expressed EpoR (n=3) with 3±2% and 28±2% of the EpoR+ being also c-
kit+ and Sca-1+ respectively. 49±2% of the EpoR+ cells expressed endothelial cell markers 
(40±2% CD34+, 9±2% FLK1+);  42±4% expressed myocyte markers (αMHC+/cTNT+). The 
majority of αMHC+ cells stained positive for Ki67, consistent with FC showing that 49±7% 
αMHC+/EpoR+ cells were in S and G2 phase (n=3; vs. 13±3% in αMHC-/EpoR-; n=3). We 
confirmed this finding in a transgenic mouse model with cardiomyocyte-restricted EGFP 
expression (driven by the αMHC-promoter). Interestingly, co-culture with neonatal rat 
cardiomyocytes yielded EGFP+ cardiomyocytes with typical sarcomeric structures. Epo 
treatment of the CPC-pool enhanced Akt phosphorylation (n=6/group) and increased 
GATA4+ and cTnT+ cell abundance in vitro (2-fold; n=3). Cell cycle arrest abrogated the 
aforementioned effect, suggesting that Epo influenced CPC proliferation. Finally, we tested 
the potential of Epo to protect against ischemia by inducing proliferation cardiomyogenic 
progenitors in a model of myocardial infarction (MI). Following MI mice were treated twice 
with 2,000 U/kg Epo (i.p.). Ten weeks post MI echocardiography revealed blunted 
myocardial deterioration in mice receiving Epo (∆EF=-11.18%, n=5) compared to control 
(∆EF=-20.82%, n=6). FC revealed an enhanced αMHC+/cTnT+ progenitor pool in the Epo 
treated group (20.3±1.9% vs. 10.6±2.3% in control, n=8/6) 4 weeks post MI. In conclusion, 
we found that EpoR is expressed in a putative cardiomyogenic progenitor cell pool in the 
adult heart. These progenitors appear to proliferate in vitro and in vivo; with further 
enhanced proliferation under Epo administration. This may contribute to Epo mediated 
protection after MI and highlights the therapeutic effect of Epo upon ischemic cardiac injury. 
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Carcinogenesis is a progressive multistep progress comprising various genetic 
alterations such as mutations in tumor suppressor genes and oncogenes. Non-genotoxic 
carcinogens (NGCs) induce tumor formation by mechanisms other than changes in the 
underlying DNA sequence. Phenobarbital (PB) is a classic non-genotoxic carcinogen 
leading to perturbations in gene expression and DNA methylation. Recently, non-coding 
RNAs from the Dlk1-Dio3 cluster were identified as potential biomarkers for mouse liver 
tumor promotion caused by PB. One gene within this imprinted region is named 
Gtl2/Meg3. In humans, loss of MEG3 expression is found in various primary tumors, but 
not in hepatoblastoma, a malignant liver neoplasm occurring in infants and children. 
We noted that Meg3 is overexpressed in PB-promoted mouse liver tumors as well as in the 
majority of human hepatoblastoma samples containing activating CTNNB1-mutations. In 
murine PB-treated liver only one of the three transcript variants mentioned in the NCBI 
database was expressed. This transcript, however, could not be detected in cell culture. 
Thus a Meg3 expression vector was created and stably transfected into two different mouse 
hepatoma cell lines leading to several sublines with strong Meg3 expression. We showed 
that Meg3 overexpression led to p53 protein accumulation and promoter activation. 
Additionally, apoptosis was affected by Meg3. Furthermore, we compared Meg3 transfected 
and untransfected cells concerning putative targets and signaling pathways. 
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Enhancing the orientation away from the drug of abuse toward social interaction 
Kummer K.1, Prast J.1, Barvitz C.1, Schweigard V.1, Pelzl R.1, Fritz M.1, Klement S.1, 
Dechant G.2, Saria A.1, Zernig G.1 
1Innsbruck Medical University Center for Psychiatry Experimental Psychiatry Unit, 
Innrain 66a, A-6020 Innsbruck, Austria  
2Medical University Innsbruck Institute for Neuroscience, A-6020 Innsbruck, Austria  
  
A main challenge in the therapy of drug dependent individuals is to help them reactivate 
interest in non-drug-associated activities. Among these activities, social interaction is 
doubly important because treatment adherence itself depends on it. We recently 
developed a rat experimental model based on the conditioned place preference (CPP) 
paradigm in which only four 15-min episodes of social interaction with a sex- and weight-
matched male conspecific (i) reverse CPP from cocaine to social interaction and (ii) 
inhibit the reacquisition/reinstatement of cocaine CPP (Fritz et al 2011a). The 
reorientation was dose-dependently enhanced by the sigma1 receptor antagonist 
BD1047 (Fritz et al 2011b, Pharmacology 87:45-48). Of all the sensory components of 
the composite stimulus 'social interaction', touch was found to be the most rewarding 
one (Kummer et al 2011, Front Behav Neurosci 5:80). The behavioral reversal was 
paralleled by a reversed expression of the immediate early gene Zif268: Social 
interaction counterconditioning reversed the cocaine CPP-associated increase in Zif268 
expression in the nucleus accumbens shell (AcbSh) and core (AcbC), the basolateral 
(BLA) and central amygdala, and the ventral tegmental area (Fritz et al 2011, Addiction 
Biology 16:273-284; Prast et al 2012, Pharmacology 90:264-273). Differential activation 
during acquisiton/expression of CPP was also demonstrated for the prelimbic cortex 
(social interaction) and the granular and dorsal agranular insular cortex (cocaine; El 
Rawas et al 2012, Front Behav Neurosci 6:63). The cocaine CPP-associated Zif268 
expression reversal by social interaction was paralleled by an increase in pCREB and a 
decrease in fosB/deltafosB expression (El Rawas et al 2012, Front Behav Neurosci 6:8). 
In a concurrent CPP paradigm, excitotoxic lesioning of AcbC or BLA shifted CPP toward 
social interaction, whereas AcbSh inactivation shifted CPP toward cocaine (Fritz et al 
2011, PloS One 6:e26761). Supported by FWF grants P18787-B05, W1206-B18 (SPIN), 
M1169-B18, and by VEPPP. 
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Remodelling of calcium activated potassium channels in proliferating vascular 
smooth muscle cells with constitutive activation of SK4 channels by NDPK-B 
Zhou X. - B.1, Sun Q.1,2, Lukowski R.3, Ruth P.3, Korth M.4, Borggrefe M.5, Skolnik E. 
Y.6, Dobrev D.1,2, Wieland T.7 
1Division of Experimental Cardiology, Medical Faculty Mannheim, University of 
Heidelberg,, 68167 Mannheim, Germany  
2Institute of Pharmacology, Medical Faculty, University of Duisburg- Essen, Essen, 
Germany  
3Department of Pharmacology and Toxicology, Institute of Pharmacy, University of 
Tübingen, Tübingen, Germany  
4Department of Experimental Pharmacology and Toxicology, University Medical Center 
Hamburg-Eppendorf, Hamburg, Germany  
51st Department of Medicine, Medical Faculty Mannheim, University of Heidelberg, 
Mannheim, Germany  
6Department of Medicine and Department of Pharmacology, New York University 
Langone Medical Center, New York, United States 
7Institute of Experimental and Clinical Pharmacology and Toxicology, Medical Faculty 
Mannheim, University of Heidelberg, Mannheim, Germany  
  
Endothelial injury stimulates proliferation of vascular smooth muscle cells (VSMCs). 
Ca2+-activated K+ channel (KCa channel) remodelling has been implicated in vascular 
proliferation during atherosclerosis. Type-B nucleoside diphosphate kinase (NDPK-B) is 
involved in cell proliferation and has been shown to activate SK4 channels in 
proliferating T-lymphocytes via histidine phosphorylation of the channel C terminus. 
Here we explored the role of NDPK-B in the regulation of KCa channels in proliferating 
VSMCs. 
KCa channel regulation by NDPK-B was investigated in a mouse model of endothelial 
injury mimicking atherosclerotic lesions by mechanical denudation of the endothelium in 
the right carotid artery. After two weeks of endothelial injury, carotid artery VSMCs were 
isolated and used for voltage-clamp and real-time PCR studies. 
In mature VSMCs, BK channel, but not SK1-4 channel, currents were detectable. In 
proliferating VSMCs, SK4 channel currents (ISK4) appeared while BK channel current 
(IBK) amplitude decreased. Real-time PCR showed an increase in SK4 and a decrease 
in BK channel mRNA level, consistent with a switch of KCa currents in proliferating 
VSMCs from BK to SK4. Adding recombinant NDPK-B (10µg/ml) into proliferating 
VSMCs through the patch pipette led to a 2-fold increase in basal ISK4 but not IBK 
amplitude, whereas application of type-A or type-C NDPKs (10µg/ml each) had no 
effect. NDPK-B did not increase the membrane currents in proliferating VSMCs from 
SK4-/- mice, indicating that NDPK-B is a selective activator of SK4 channels in 
proliferating VSMCs. Concomitant inclusion of protein histidine phosphatase 1 (PHP-1) 
into the cells not only prevented the effect of NDPK-B but further reduced the basal ISK4. 
An inactive PHP-1 (H53A) mutant was without effect, suggesting a constitutive activation 
of SK4 channels by NDPK-B.  In inside-out patches, direct application of NDPK-B to the 
channel increased SK4 channel activity. PHP-1 completely reversed the effect of NDPK-
B. VSMCs from endothelium-injured NDPK-B-/- mice exhibited an ISK4 lowered by 50% 
compared to WT littermates. This current was no longer sensitive to PHP-1. 
 In conclusion, our results demonstrate that NDPK-B directly phosphorylates and 
activates newly expressed SK4 channels in proliferating VSMCs after endothelial injury. 
Therefore, targeted inhibition of NDPK-B might be a novel therapeutic approach to 
prevent atherogenesis and restenosis after angioplasty. 
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Stimulating, sleep and withdrawl improving effects of kratom in alcohol 
dependence and development of dependence to kratom – a case report 
Havemann-Reinecke U.1, Ziebolz N.1, Havemann-Reinecke U.1, Maurer H.2, Schröder H.3 
1Universitätsmedizin Göttingen Psychiatrie und Psychotherapie, von-Siebold-Str. 5, 
37075 Göttingen, Germany  
2Universität Hamburg/Saar Pharmakologie und Toxikologie, 66424 Homburg, Germany  
3Universität Magdeburg Institut für Pharmakologie und Toxikologie, Leipziger Str. 44, 
39120 Magdeburg, Germany  
  
Mitragynine and paynantheine are active alkaloids extracted from the thai medicinal 
plant Mitragyna speciosa, extracts of which are known as kratom. Kratom activates 
opioid receptors and is actually abused as an herbal drug because its stimulant and 
euphoric effects. 
Aim: to present selfmedication of alcohol dependence related withdrawal symptoms with 
kratom and development of kratom by a case report. 
A 47-old male patient with heavy use of alcohol (350g/d) used kratom to limit alcohol 
dependence related withdrawal symptoms, further as a stimulant and euphoric 
substance in the morning (5g) and as a soporific (10g). The patient was admitted in our 
clinic for withdrawal treatment. Urine was analysed by GCMS and GCMS sonography. 
Plasma level of mitragynine and paynantheine were performed. Withdrawal symptoms 
and clinical symptoms were registered by the Opioid Withdrawal Scale (OWS), sleep by 
Pittsburgh sleep quality index (PSQI) and mood by Montgomery Asberg Depression 
Rating Scale (MADRS). Medical treatment was started on 125 mg/day doxepine. In the 
2nd and 3rd night an additional medication of diazepam with 5mg a time was necessary. 
Receptor binding studies of kratom, mitragynine and paynantheine were performed. 
The GC/MS sonography of the kratom powder of the patient showed indolalkaloids like 
mitragynine, 7-hydroxymitragynine, paynantheine, speciogynine, speciofoline and other 
unspecific plant contents. The urine screening on day 1 showed: mitragynine, 
paynantheine, xylometazoline, on day 3: monochlorbenzodiazepine, doxepine, 
xylometazoline. The analysis of the patient plasma showed concentrations of Mitragynin: 
0,14 mg/l; Paynanthein: 0,01 mg/l. 
The ICD-10 diagnoses of the patient were: Kratom and alcohol dependence and 
xylomethazoline abuse. The patient benefits regarding sleep quality and quantity. The OWS 
Score shifts from 17 (day 1) to 2 (day 14). The blood pressure and heart rate decrease from 
150/90  to 100/70 and 64/bpm (day 14). 3H-DAMGO-radioligand-bindungsassay of 
mitragynine showed 150-fold less affinitity to the µ-opiatereceptor than morphine. 
The patient’s selfmedication with kratom prevented alcohol withdrawal symptoms. 
Withdrawl treatment with doxepine (and diazepam) clearly prevented withdrawal 
symptoms of dependence of kratom (mitragynine and paynantheine) and alcohol.The 
effect of Kratom seem to be effective via µ-opiatereceptors but also via k-and δ-
opiatereceptors and dopamine receptors as new animal studies (Stolt et al. 2013) show. 
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Evaluation of the gentoxic potential of different radiofrequency electromagnetic 
fields in MRC-5 cells and B6C3F1 mice 
Ziemann C.1, Tillmann T.1, Oertel A.1, Brockmeyer H.1, Murbach M.2, Capstick M.2, 
Kuster N.2, Dasenbrock C.1 
1Fraunhofer Institute for Toxicology and Experimental Medicine (ITEM) Toxicology and 
Environmental Hygiene, Nikolai-Fuchs-Str. 1, 30625 Hannover, Germany  
2IT'IS Foundation, Swiss Federal Institute of Technology (ETHZ), Zeughausstrasse 43, 
8004 Zürich, Switzerland 
  
Public exposure to radiofrequency electromagnetic fields (RF-EMF) has increased 
dramatically, attracting attention to health risk evaluation. RF-EMF was classified as 
possibly carcinogenic to humans (Group 2B) by the IARC in 2011, but clear risk 
assessment is still limited by data gaps and contradictory results. As there are hints of 
disturbance of DNA-integrity by RF-EMF exposure, we investigated the in vitro and in 
vivo genotoxic and co-genotoxic potential of intermittent exposure (5 min ON/10 min 
OFF) to different RF-EMF signals (continuous wave, UMTS, WiFi, RFID), using well 
established and standardized genotoxicity tests. In vitro, normal human MRC-5 lung 
fibroblasts were exposed blinded in two parallel waveguides (1 sham, 1 exposed) of a 
1950 MHz exposure system for 1, 4, or 24h to specific absorption rates (SAR) of 0.5, 
2.0, or 4.92 W/kg. Induction of DNA-strand breaks (DSB) and oxidative DNA-damage 
was subsequently evaluated in an enzyme (hOGG1)-modified comet assay. In vivo, 
male B6C3F1 mice were whole-body exposed at SAR of 1.6, 4.0 and 10 W/kg for 14d 
(20h/d) using a reverberation chamber. Micronucleus (MN) frequency was determined in 
peripheral blood (PB) and immature bone marrow erythrocytes, and in keratinocytes. 
Furthermore, malondialdehyde (MDA) was measured in PB erythrocytes. Irrespective of 
signal type, SAR, or exposure duration the RF-EMF signals didn’t mediate significant 
cytotoxicity, induction of DSB or oxidative DNA-damage in MRC-5 cells, compared to 
sham-exposed cells. This was confirmed in human HTR-8/SVneo trophoblast cells. But, 
the positive controls EMS (DSB) and potassium bromate (oxidative DNA-damage) were 
quite effective, indicating appropriate sensitivity of the cells and accurate performance of 
the test. In vivo, no significant increase in MN formation was observed in CW, WiFi, or 
RFID exposed mice. However, slight, but significant increase in MN was obvious in PB 
erythrocytes after UMTS (10 W/kg) exposure, the clastogenic activity of 
cyclophosphamide was significantly decreased by CW pre-exposure (10 W/kg) in bone 
marrow, and MDA levels were altered by WiFi and RFID. In conclusion, none of the 
tested RF-EMF signals revealed evidence for a marked direct DNA-damaging potential 
in vitro. There are, however, indications of slight RF-EMF-mediated effects in vivo, which 
need to be confirmed. 
Part of the SEAWIND project, funded by the European Union’s Seventh Framework 
Programme ([FP7/2007-2013)] under grant agreement No. 244149 
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Human Pulmonary Toxicology 
Zilker T. 
TU München - Klinikum rechts der Isar Toxikologie, Ismanninger Straße 22, 81675 
München, Germany  
  
Injuries to the lungs are mainly produced by toxic gases. Depending on the water 
solubility the onset of symptoms differs. Highly water soluble gases induce immediate 
signs of the eyes, throat and upper airways. To this group belong ammonia, acroleine, 
chloramine, formaldehyde, hydrogen chloride, hydrogen fluoride, and sulphur 
dioxide.Chlorine represents the second group. It has intermediate water solubility. 
Besides being an irritant for the airways it has also the potential to reach the lower 
airways. A delayed pulmonary oedema can happen. To the third group belongs NO2 and 
phosgene. Because of its poor water solubility these gases are transported into the 
alveolar space  and produce acute lung injury (AlI) with a delay up to 24 hours. All toxic 
gases create an inflammatory reaction. Macrophages release inflammatory cytokines 
such as TNFα . neutrophils invasion ensues caused by attraction through leukotriens. 
Pneumocytes Typ I and  pneumocytes Typ II are damaged. Toxic mediators lead to a 
damage of the basement membrane of epithelial cells. The cytoskeleton is shrunk 
leading to capillary leakage. Plasma exudates reach the alveolar sac producing a lung 
oedema which is followed by a severe impairment of  gas exchange. Most of the toxic 
gases have a strong oxidant effect. Pulmonary phospholipid oxidation creates 
arachidonic acid via phospholipase A. Arachidonic acid is part of the cyclooxygenase 
pathway leading to the synthesis of prostaglandin F2 a strong vasoconstrictor increasing 
pulmonary vascular pressure  The strong natural antioxidant system is overwhelmed by 
reactive oxygen species like superoxides and hydrogen peroxides.  Typical clinical signs 
of  AlI,are dyspnoe with tachypnoea.  The oxygen saturation is reduced even if oxygen is 
supplemented. On the lung radiograph a shadowing with spotty areas of opaqueness 
can be seen, 
Many different pharmacological treatments were tested in animal models and tried in 
humans without resounding effects. Inhalation of aerolized corticosteroids were 
advocated for many years but are discredited nowadays.They may prevent the 
development of a bronchiolitis obliterans in more chronic cases. Pentoxifylline, 
Aminophylline, NAC, Ibuprofen, bronchodilators, and sodium bicarbonate inhalation 
were used. The best treatment however is supportive care with oxygen supply and a 
mild sedation. In severe cases full sedation and mechanical ventilation is needed. The 
best way of artificial ventilation consist of a low tidal volume and an optimal end-
expiratory pressure (PEEP). 
  
Critical Care Toxicology, Elsevier Mosby 2005 Philadelphia: 1011-1027 
Goldfrank's Toxicological emergencies,  McGraw-Hill 2006 New York: 1673-1688 
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Increased levels of angiotensin II lead to DNA damage and oxidative stress in 
kidneys of WT and AT1a receptor-deficient mice independent of blood pressure 
Zimnol A., Schupp N. 
Universität Würzburg Institut für Toxikologie, Versbacherstr.9, 97078 Würzburg, 
Germany  
  
The renin–angiotensin system (RAS) plays a crucial role in blood pressure regulation, 
electrolyte balance and cardiovascular homeostasis. Angiotensin II (Ang II), the active 
hormone of the RAS, in higher concentrations leads to vasoconstriction, oxidative stress 
and hypertension. Hypertensive patients have an increased risk to develop cancer, 
especially kidney cancer. We have shown in vivo, that Ang II is capable to cause an 
elevation of blood pressure as well as DNA damage dose-dependently via the AT1 – 
receptor. 
To clarify the detailed role of the AT1-receptor, male C57BL/6-mice and AT1a- receptor-
deficient mice were equipped with osmotic minipumps, delivering Ang II in a 
concentration of 600 ng/kg × min during 28 days. Additionally, wild-type mice were 
treated with the Ang II receptor antagonist candesartan (7 mg/kg × d). 
In wild-type mice, Ang II induced hypertension, caused an elevated albumin level in the 
urine and led to formation of oxygen radicals (ROS), measured with the fluorescent dye 
dihydroethidium. Furthermore, genomic damage, in form of single strand breaks and 
double strand breaks, was augmented in this group. All these responses to Ang II could 
be attenuated by concurrent administration of candesartan. AT1a receptor-deficient mice 
had lower basal systolic pressures, normal urinary albumin levels, - compared to wild-
type mice. In AT1a receptor-deficient mice treated with Ang II, systolic pressure was 
only slightly increased, and no effect on renal function could be detected. However, Ang 
II led to a significant increase of ROS in this group. In addition, genomic damage, 
especially in form of double strand breaks was significantly induced. 
Our results prove that Ang II-induced ROS production and induction of DNA damage is 
independent of blood pressure. The receptor responsible for the mediation of these 
effects seems to be AT1B, since blocking of both subtypes with candesartan resulted in 
a complete prevention of adverse Ang II effects. 
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Arrestin3 affinity to β2AR is independent from ubiquitination but determined by 
the number of phosphorylation sites 
Zindel D., Bünemann M., Krasel C. 
Institut für Pharmakologie und klinische Pharmazie AG Bünemann, Karl-von-Frisch-
Str.1, 35043 Marburg, Germany  
  
G-protein coupled receptors can be classified with regard to their arrestin binding. Upon 
prolonged agonist stimulation class A receptors interact transiently with arrestin at the 
plasma membrane whereas class B receptors cointernalize with arrestin on endosomes. 
It has been argued that this more stable interaction of arrestin with class B receptors 
correlates with stable arrestin ubiquitinylation. To define the role of ubiquitin for arrestin 
affinity to β2AR we used an YFP-tagged arrestin3 C-terminally fused to ubiquitin. As 
shown by others before (1) this chimera switched the arrestin trafficking pattern from 
class A to class B with the β2AR. However, using FRET we found that dissociation of 
arrestin wild-type or the chimera from the β2AR proceeded with identical kinetics. To 
determine whether the arrestin affinity to the β2AR is dependent on the number of 
phosphorylation sites we varied the number of serines in the C-terminus. To this end we 
used a β2V2chimera, which contained the large clusters of serines of C-terminus of the 
vasopressin type 2 receptor and created a β2ARSSS mutant, which has three additional 
serines in the receptor C-terminus. Analysis of arrestin affinity to the β2ARSSS mutant  
and a β2V2chimera by FRET and FRAP revealed significantly slower dissociation rates 
suggesting that arrestin affinity coincides with the number of phosphorylated residues in 
the receptor. Both the β2V2 chimera and β2ARSSS mutant exhibited altered trafficking 
pattern as they were colocalized with arrestin on endosomes. From these data we 
conclude that arrestin affinity to b2AR is determined by the number of phosphorylated 
residues in the receptor but is unaffected by arrestin ubiquitinylation. 
  
(1) (Shenoy, S. K., et al. (2007). Ubiquitination of beta-arrestin links seven-
transmembrane receptor endocytosis and ERK activation. The Journal of Biological 
Chemistry, 282(40), 29549–62 
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Ionizing radiation-induced cell adhesion molecule expression in tumor and 
endothelial cells 
Zoer B., Opgenoorth B., Fritz G. 
Heinrich Heine University Toxicology, Universitätstraße 1, 40225 Dusseldorf, Germany  
  
Background: Mechanisms involved in migration of tumor cells into tissues after 
irradiation therapy are poorly understood. The most important event for new tumor 
formation is extravasation of circulating tumor cells, which is mediated by binding of the 
tumor cells to endothelium via cell adhesion molecules (CAMs). The aim of our study is 
to investigate which adhesion molecules are most important for ionizing radiation (IR)-
simulated adhesion and to study early metastasis formation in vivo. 
 Methods: Primary human umbilical vein endothelial cells (HUVECs) were exposed to 
X-ray, and/or treated with several small-molecule inhibitors of the Ras-homologous 
GTPase Rac1 or the HMG-CoA reductase inhibitor Lovastatin. mRNA was isolated to 
study expression patterns of cell adhesion factors after irradiation. Furthermore, human 
colon cancer cells (HT29 and DLD1) and human breast cancer cells (MCF7) were 
exposed to X-ray and expression patterns of CAMs as well as ligands for adhesion 
molecules were studied by qRT-PCR or flow cytometry. 
Results: Expression of E-selectin, ICAM and VCAM was upregulated in HUVECs after 
exposure to 10 Gy X-ray, but tumor CAM expression was not changed markedly. 
Lovastatin reduces the expression of VCAM and CD44 in HUVECs. Rac1 may be 
involved in upregulation of CAMs, but its exact role needs to be elucidated.  As a major 
ligand for E-selectin, sLex expression was studied on the surface of DLD1, HT29 and 
MCF7 cells by FACS. Dose and time kinetic analyses revealed that the level of sLex 
was not upregulated following irradiation. 
Conclusion: Irradiation changes the expression of cell adhesion molecules in HUVECs. 
The ligand for E-selectin, sialyl Lewis X, does not change after irradiation in tumor cells. 
The small GTP family member Rac1 may play a role in tumor cell adhesion. 

 
 
 
 
 
 
 
 

395 

A validated, rapid UPLC-MS/MS method for simultaneous ivabradine, reboxetine, 
and metoprolol analysis in human plasma and its application to clinical trial 
samples 
Zörner A., Schröder C., Kayacelebi A. A., Suchy M. T., Gutzki F. - M., Stichtenoth D. O., 
Tank J., Jordan J., Tsikas D. 
Medizinische Hochschule Hannover Institut für Klinische Pharmakologie, Carl-Neuberg-
Str. 1, 30625 Hannover, Germany  
  
A recent clinical trial assessing human autonomic cardiovascular regulation applied 
pacemaker channel inhibition with ivabradine, norepinephrine transporter blockade with 
reboxetine, and beta-adrenoreceptor blockade with metoprolol. To verify patient 
adherence, we developed and validated a fast UPLC-MS/MS assay measuring all three 
compounds simultaneously. Deuterium-labeled drugs, d3-ivabradine, d5-reboxetine and 
d7-metoprolol, served as internal standards. Sample preparation of 200 µL human 
plasma consisted of a single liquid-liquid extraction step by means of ethyl acetate. 
Chromatographic separation was performed on a 50-mm long BEH C18 column with 
gradient elution using a mixture of water and methanol each containing 2 mM 
ammonium acetate over 4.5 min. The mass spectrometer was operated in the positive 
electrospray ionization (ESI+) mode. Characteristic product ions resulting from collision-
induced dissociation of unlabeled and deuterium-labeled drugs with argon were used for 
quantification in the selected-reaction monitoring mode. We validated the method 
according to the European Medicines Agency (EMA) guideline on bioanalytical method 
validation over the range from 1 ng/mL to 500 ng/mL for all three analytes. Linear 
responses with correlation coefficients >0.99 over that range were acquired. The LOQ 
value was 1 ng/mL for each drug. Regulatory criteria for accuracy (80 % - 120 %) and 
precision (RSD <15 %) were met for all drugs. The internal standard-normalized matrix 
factor was close to 1 for low and high analyte concentrations. We successfully measured 
ivabradine, reboxetine, and metoprolol concentrations in 107 human plasma samples 
from a clinical trial. Quality control samples processed in parallel confirmed the method’s 
reliability in a clinical setting. 

 
 

396 

In  Silico  Toxicologic  Assessment  of  Anti-Tumor  Human  DNA  Polymerase  α  
Inhibitors 
Zoschke C.1, Dunkel M.2, Preissner R.2, Schäfer-Korting M.1 
1Freie Universität Berlin, Institute for Pharmacy Pharmacology and Toxicology, Königin-
Luise-Str. 2+4, 14195 Berlin, Germany  
2Charité-University Medicine Berlin, Institute for Physiology, Lindenberger Weg 80, 
13125 Berlin, Germany  
  
Innovative in silico methods developed during the last decade connect structural 
compound properties to pharmacological or toxicological endpoints. OECD has defined 
validation requirements and incorporated several models into a coherent toolbox. 
Suitability of in silico methods available by open access[1] and commercially[2] for pre-
clinical drug assessment has been evaluated using a nucleoside analogue human DNA 
polymerase a inhibitor as example. OxBu has been identified by molecular modeling[3] 
and outperformed 5-fluoruracil in cell lines of non-melanoma skin cancer (NMSC)[4] and 
when applied onto a human-based NMSC model. Since DNA polymerase a inhibition is 
a new approach in non-melanoma skin cancer therapy we aimed for a wide range of 
toxicological screening. For reference we used adefovir, tenofovir (close in structure), 5-
fluoruracil (gold standard in NMSC therapy), ingenol mebutate (latest innovation in 
NMSC therapy), d aminolevulinic acid (comparable indication) and aphidicolin (identical 
pharmacological target). 
Results predict skin permeability of OxBu (logkp -4.6) equally to 5-fluoruracil (logkp -4.7) 
following the application of aqueous solutions. Applied orally, intestinal absorption is low 
and hepatotoxicity is less severe as with 5-fluoruracil. Nephrotoxicity is likely due to the 
effects of adefovir and tenofovir – as well as for aciclovir (high doses). Blood brain 
barrier permeation of OxBu is predicted to be lower in mice than of 5-fluoruracil or of 
ingenol mebutate. In the rat, novel DNA polymerase a inhibitors are predicted less toxic 
than adefovir or tenofovir as to be derived from LD50, LC50 and chronic LOAEL values. 5-
fluoruracil and ingenol mebutate are predicted to be more toxic than OxBu according to 
LD50, chronic LOAEL values. 
Although prediction power of in silico methods varies depending on the intended 
endpoint, nucleoside analogues are predicted to have a desirable benefit-to-risk-ratio. 
For future pre-clinical drug assessment prediction accuracies need to be both increased 
and clearly indicated whereas prediction spectra should be widened and refer to 
requirements of regulatory authorities. 
  
[1]  SCHMIDT, U., STRUCK, S., GRUENING, B., HOSSBACH, J., JAEGER, I. S., 
PAROL, R., LINDEQUIST, U., TEUSCHER, E. & PREISSNER, R. 2009. Nucleic Acids 
Res, 37, D295-9 
[2]  ACCELRYS SOFTWARE INC., D. S. 2010 
[3]  ZDRAZIL, B. et al., 2011. J Enzyme Inhib Med Chem, 26, 270-9 
[4]  SCHWANKE, A., 2010. Int J Pharm, 397, 9-18 
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