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Preconditioning with Maillard reaction products improves antioxidant defence leading to increased stress tolerance in cardiac cells
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Advanced glycation end products (AGEs) are considered as biomarkers of ageing and are associated with several degenerative diseases. Besides endogenous formation, significant amounts of AGEs are taken up with food. Although nutritional AGEs are considered as undesirable, proinflammatory agents, they may also enclose potentially beneficial antioxidants. We used rodent cardiac cells to evaluate if food AGEs, present in bread crust, can modify the cellular antioxidant defence. Mice were fed with bread crust containing diet to prove the in-vivo relevance for the heart. In mouse cardiac fibroblasts, bread crust extract induced a moderate elevation of ROS production causing an activation of p42/p44 MAPK , p38 MAPK and NF-κB, followed by increased expression of antioxidative enzymes.

Preconditioning studies demonstrated that this was sufficient to protect cardiac fibroblasts and rat adult cardiac myocytes against severe oxidative stress. Furthermore, mice, fed a bread crust containing diet, exhibited a similarly improved cardiac expression of antioxidative defence genes. The consumption of AGEs can therefore contribute to an improved antioxidant status of the heart, thus exhibiting cardioprotective effects in case of severe oxidative stress as in ischemia reperfusion injury. Also, these data show that the exclusive interpretation of circulating AGEs as pathophysiological biomarkers of ageing might be misleading.

Introduction

Advanced glycation end products (AGEs) are formed as stable end products of the Maillard reaction (Ulrich and Cerami 2001) by further oxidations, eliminations and rearrangements.

AGEs represent a diverse family of chemical modifications that are found on proteins, lipids and nucleic acids. AGEs are associated with a variety of degenerative diseases like fibrosis, diabetes, nephropathies, retinopathies and Alzheimer´s syndrome. Structurally, AGEs are classified as non-fluorescent alkylation products, such as carboxymethyllysine (CML) or carboxyethyllysine (CEL), fluorescent heterocyclic compounds such as arginine-pyrimidine (Arg-Pyr) and cross linking AGEs such as the glyoxal lysine dimer (GOLD) or pentosidine. Some authors also discriminate between toxic (TAGE) and non-toxic AGEs (Takeuchi and Yamagishi 2004;[START_REF] Chuyen | Toxicity of the AGEs generated from the Maillard reaction on the relationship of food-AGEs and biological-AGEs[END_REF].

As AGEs accumulate with age, they are considered as biomarkers for ageing. Age dependent AGE accumulation has for example been shown on human cartilage, skin collagen and pericardial fluid [START_REF] Dyer | Accumulation of Maillard reaction products in skin collagen in diabetes and aging[END_REF]Verzijl et al. 2000;[START_REF] Simm | Advanced glycation endproducts a biomarker for age as an outcome predictor after cardiac surgery?[END_REF]. AGE content in the hippocampus allows the estimation of the age of human cadavers [START_REF] Sato | Estimation of age of human cadavers by immunohistochemical assessment of advanced glycation end products in the hippocampus[END_REF]) and skin collagen glycation and glycoxidation rates are associated with early deaths in C57BL/6NNia mice [START_REF] Sell | Longitudinal determination of skin collagen glycation and glycoxidation rates predicts early death in C57BL/6NNIA mice[END_REF]. AGE-modification causes structural alterations on macromolecules, especially proteins. The activity of enzymes can be inhibited by the AGE-modification [START_REF] Lee | Methylglyoxal can modify GAPDH activity and structure[END_REF], the activity of signalling molecules such as platelet derived growth factor (PDGF) can be disturbed [START_REF] Nass | Glycation of PDGF results in decreased biological activity[END_REF] as well as the rigidity of the extracellular matrix is strongly enhanced [START_REF] Bruel | Changes in biomechanical properties, composition of collagen and elastin, and advanced glycation endproducts of the rat aorta in relation to age[END_REF]. These processes contribute to the physiological decline that is observed in ageing individuals, as it was for example shown that AGE-crosslinks increase cardiac stiffness [START_REF] Wolffenbuttel | Breakers of advanced glycation end products restore large artery properties in experimental diabetes[END_REF][START_REF] Asif | An advanced glycation endproduct cross-link breaker can reverse age-related increases in myocardial stiffness[END_REF]. Besides structural alterations on biomolecules, AGEs interact with several binding proteins or receptors on cells of which the receptor of AGEs (RAGE) has been investigated most extensively [START_REF] Rong | RAGE a journey from the complications of diabetes to disorders of the nervous system -striking a fine balance between injury and repair[END_REF].

Activation of RAGE causes stimulation of the proinflammatory NF-ΚB-pathway [START_REF] Bierhaus | Understanding RAGE, the receptor for advanced glycation end products[END_REF] accompanied by the activation of MAP-kinases like the "stress kinase" p38 MAPK or A C C E P T E D M A N U S C R I P T
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the proliferation associated p42/44 MAPK (ERK) [START_REF] Simm | Advanced glycation endproducts stimulate the MAP-kinase pathway in tubulus cell line LLC-PK1[END_REF][START_REF] Zill | RAGE-mediated MAPK activation by food-derived AGE and non-AGE products[END_REF][START_REF] Ruhs | Maillard reaction products enriched food extract reduce the expression of myofibroblast phenotype markers[END_REF]).

AGEs/MRPs can either be generated in situ under physiological conditions using endogenous substrates or taken up from exogenous sources, mainly food. Besides the reducing sugars, α-dicarbonyl compounds like methylglyoxal or glyoxal which arise during glycolysis [START_REF] Nagaraj | Enhancement of chaperone function of alpha-crystallin by methylglyoxal modification[END_REF]Ghosh et al. 2006), fatty acid degradation and autoxidation of glucose [START_REF] Fu | Presence of dopa and amino acid hydroperoxides in proteins modified with advanced glycation end products (AGEs) amino acid oxidation products as a possible source of oxidative stress induced by AGE proteins[END_REF]) can react with free amino acid groups of endogenous proteins and contribute to AGE-formation. Food contains large quantities of Maillard reaction products (MRPs) or AGEs which arise during heating and processing and contribute to the characteristic flavour and colour. Such AGEs can be taken up by humans, have physiological consequences [START_REF] Koschinsky | Orally absorbed reactive glycation products (glycotoxins) an environmental risk factor in diabetic nephropathy[END_REF][START_REF] Lindenmeier | Structural and functional characterization of pronyl-lysine, a novel protein modification in bread crust melanoidins showing in vitro antioxidative and phase I/II enzyme modulating activity[END_REF][START_REF] Vlassara | Inflammatory mediators are induced by dietary glycotoxins, a major risk factor for diabetic angiopathy[END_REF][START_REF] Somoza | Five years of research on health risks and benefits of Maillard reaction products an update[END_REF][START_REF] Somoza | Dose-dependent utilisation of casein-linked lysinoalanine, N(epsilon)fructoselysine and N(epsilon)-carboxymethyllysine in rats[END_REF]Stirban et al. 2006;[START_REF] Goya | Effect of coffee melanoidin on human hepatoma HepG2 cells. Protection against oxidative stress induced by tert-butylhydroperoxide[END_REF]) and also direct effects on gene expression and oxidative status in organisms. Nevertheless, our knowledge on possible adverse effects especially concerning the heart is far from being comprehensive [START_REF] Chuyen | Toxicity of the AGEs generated from the Maillard reaction on the relationship of food-AGEs and biological-AGEs[END_REF]).

Myocardial infarction is still one of the leading causes of death in the elderly. During myocardial infarction, cardiomyocytes are subjected to nutrient and oxygen deprivation resulting in acidosis. After reperfusion, when oxidative metabolism restarts, huge ion fluxes are observed, concerted with a burst of reactive oxygen species. These events trigger the so called reperfusion injury, which finally results in apoptotic and/or necrotic cell death. Much research has been conducted to identify strategies and substances that can improve the myocardial response to reperfusion injury. So far it is known, that ischemic pre-and postconditioning or the use of antioxidants can have beneficial effects [START_REF] Brown | The cardiac fibroblast therapeutic target in myocardial remodeling and failure[END_REF].

Cardiac tissue contains two major cell types; cardiomyocytes and fibroblasts. Cardiac Therefore, for this study, a cardiac fibroblast cell line was initially used as a model system to analyze the influence of a model, standardized food-AGE (bread crust extract, BCE) on oxidative stress, signalling events, oxidative and antioxidative enzyme systems and on preconditioning against oxidative stress. In further experiments, cardiomyocytes were used to transfer these results to this entity and additional feeding experiments with mice were conducted to explore the relevance of the results in an animal model.

A C C E P T E D M A N U S C R I P T

Methods

Preparation of bread crust (BC) and bread crust extract (BCE)

Water-soluble bread crust extract (BCE) was prepared as described previously [START_REF] Lindenmeier | Structural and functional characterization of pronyl-lysine, a novel protein modification in bread crust melanoidins showing in vitro antioxidative and phase I/II enzyme modulating activity[END_REF]: A mixture of rye flour (108 g, type 1050) water (96 g) and sour dough starter culture (12 g, Boecker, Minden, Germany) was incubated overnight at 26°C to obtain a preferment. Sourdough (1500 g) was prepared by incubating dough of rye flour (type 1150, 674 g), preferment (75 g), and water (750 g) for 16 h at 26 °C. Afterwards, rye flour (type 1150, 1117 g), wheat flour (type 812, 745 g), water (1650 g), sourdough (1241 g), baker's yeast (43 g), and NaCl (43 g) were kneaded (dough weight 4839 g) to obtain rye/wheat mixed bread dough. This was baked in two baking tins (5 cm high), by using the following procedure: dough temperature (28-29 °C), dough rest ing (15 min), dough fermentation (45 min), water vaporization (10 s before and 5 s after the bread was introduced into the oven;

after 1 min, the water vapor was removed through the discharge pipe for 1 min); baking was performed for 24 min at 260 °C, followed by 186 min at 220 °C. Brown bread crust was carefully separated from the bread crumb with a kitchen knife; crust and crumb were frozen in liquid nitrogen and then ground in a mill. Bread crust was stored at -80°C before further use. Bread crust extract (final concentration 250 mg/mL in Hank's buffered salt solution Invitrogen, Karlsruhe, Germany) was prepared by 15 minutes sonification followed by centrifugation (5 min, 500 x g). This solution was stored at -80°C until further use. For some control experiments, BCE was further purified by the Detoxi-Gel Endotoxin Removing Gel (Thermo-Scientific, Bonn, Germany) according to the manufacturer's protocol. Size fractionation was performed by using the YM-10 Microcon centrifugation columns (Millipore, Schwalbach, Germany)

Cell culture and treatments

A cardiac fibroblast cell line (MCF) was established from male C57B/6NCrl mice and cultured as described previously [START_REF] Ruhs | Maillard reaction products enriched food extract reduce the expression of myofibroblast phenotype markers[END_REF]). Adult cardiomyocytes were isolated from 8-10 week-old male Wistar rats of 250-300g according to the procedure of Piper [START_REF] Piper | Culturing of calcium stable adult cardiac myocytes[END_REF]. For the examination of intracellular signalling pathways, fibroblasts were grown to
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confluence, synchronized by cultivation in DMEM (0.1 % calf serum (CS)) for 48 hours followed by treatment with a water-soluble bread crust extract.

Cell proliferation and cycle analysis

Cells were seeded into 12-well dishes at 5000 cells per cm 2 in DMEM containing 5 % CS.

After 5 hours, cells were treated with 10mg/mL of BCE for indicated time and cells were detached using trypsin to determine the cell number using a Multisizer™ 3 Coulter Counter (Beckman Coulter, Fullerton, CA). For cell cycle analysis, nuclear DNA content was determined by propidium iodide staining and flow cytometry. 500,000 cells were incubated with propidium iodide staining solution (20 µg/mL, 100 mM TRIS/HCl, 1.54 mM NaCl, 1 mM CaCl 2 0.5 mM MgCl 2 , 0.1 % NP40, 0.2 % BSA, pH 7.4) for 10 minutes in the dark. The number of proliferating cells (cells in the S and G2 cell cycle phase) was determined using the MultiCycle software (Phoenix Flow Systems; San Diego, CA).

Immunoblotting

Cells were lysed in 50 mmol/L Tris/HCl, pH 6.7, 2 % SDS, 1 mM Na 3 VO 4 , 0.1 µM ocadaic acid, 1x complete protease inhibitor (Roche Diagnostics, Mannheim, Germany) for 10 minutes. Organ samples were homogenized in the same buffer and debris removed by centrifugation (5 min, 12,000 x g). Denaturated lysates were resolved on SDS-PAGE and transferred onto a nitrocellulose membrane by semidry blotting (Biorad, München, Germany) using blotting buffer (50 mM CAPS, 1mM 3-mercaptopropionic acid, 10% methanol, pH 10).

Detection of specific proteins and phosphorylated kinases was performed using chemiluminescence as described [START_REF] Ruhs | Maillard reaction products enriched food extract reduce the expression of myofibroblast phenotype markers[END_REF]).

Intracellular oxidative stress assay

The formation of reactive oxygen species (ROS) was determined by using 2',7'dichlorofluorescin-diacetate (H 2 -DCF-DA; Molecular Probes Europe) as described earlier [START_REF] Ruhs | Maillard reaction products enriched food extract reduce the expression of myofibroblast phenotype markers[END_REF]). Confluent, serum starved cells were washed twice with PBS, detached from the substrate using trypsin and resuspended in Hank´s buffered salt solution (HBSS) (Gibco, Karlsruhe, Germany) containing 10 mM glucose. Cells were loaded for 10 minutes with 5 µM of the cell-permeant fluorescent dye 2',7'-dichlorodihydrofluorescin diacetate 

Reporter gene expression studies

Analysis of the activity of the NF-κB promoter was performed by using the dual luciferase reporter gene system. For transfection, cells were plated at 9 x 10 4 cells/well in a 96-well non-crosstalk plate (Greiner, Frickenhausen Germany). pNFκB-TA-Luc (BD Biosciences, California, USA) and phRL-CMV (Promega, Heidelberg, Germany) were cotransfected in a 10:1 ratio using the TransFectin TM transfection reagent (Bio-Rad Laboratories, Munich

Germany) [START_REF] Ruhs | Maillard reaction products enriched food extract reduce the expression of myofibroblast phenotype markers[END_REF]). Luciferase activities was determined according to [START_REF] Dyer | A noncommercial dual luciferase enzyme assay system for reporter gene analysis[END_REF]. Firefly activity was expressed normalized to renilla luminescence.

RNA extraction and RT-PCR

Total RNA was prepared using the Qiagen Total RNeasy kit (Hilden, Germany). Reverse transcription of 0.5 µg total RNA was performed using the Superscript II reverse transcription system (Invitrogen, Karlsruhe, Germany). The obtained cDNA was diluted twofold with water and used as a template for polymerase chain reaction (PCR). Primer details can be found in table 1.

Preconditioning, oxidative stress and simulated ischemia reperfusion

Serum starved cells (48 hours) were incubated with or without bread crust extract for 24 hours. Afterwards, cells were washed two times with PBS and treated with 0.7 mM H 2 O 2 for another 24 hours before cell death was determined by PI staining using flow cytometry. In case of inhibitor studies with UO126 (10µM), SB203580 (5µM), N-acetylcysteine (200µM), cells were incubated for 1 h before bread crust extract was added.
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Determination of free SH-groups by ESR spectroscopy

Reactive SH-groups (glutathione) were determined in logarithmically growing cells by electron spin resonance spectroscopy [START_REF] Weiner | EPR method for the measurement of cellular sulfhydryl groups[END_REF]) using the biradical Bis-(2,2,5,5-Tetramethyl-3imidazolin-1-yloxy-4yl)-disulfide as described in [START_REF] Nass | Advanced glycation endproduct accumulation in rho (0) cells without a functional respiratory chain[END_REF]).

Cells were washed with PBS and lysed in Na-phosphate 50 mM pH 7.6 containing Triton X-100 (0.1%) and homogenized using a glass homogenizer. After centrifugation (5 min, 10,000

x g), the supernatant was used for protein and SH determination. Biradical was added (100µM) and three minutes incubated at room temperature and ESR spectrum measured using a Miniscope 100 (Magnettech, Berlin, Germany). SH content was determined by using an external standard (GSH) and normalized for protein content (BCA-test, Pierce, PerBioScience, Bonn, Germany).

Animal feeding experiments

Feeding experiments were performed with three weeks old nude mice (Harlan-Winkelmann Borchen, Germany). Experimental diet consisted of C-1000 control diet (Altromin, Lage, Germany), supplemented with 15% (w/w) bread crust or 15 % (w/w) starch for controls. BC contains approximately 0.55g CML/kg which calculates to a final content of 0.083 g/kg diet.

Mice were pair fed with 5 g of diet per day (corresponds to a CML uptake of 27 mg CML/g
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Statistical analysis

For statistical analysis of data, the two sided unpaired Students's t test or in case of multiple data, one way ANOVA-test was calculated using the SPSS 17.0 software package. For all data standard error (SEM) is given.

A C C E P T E D M A N U S C R I P T

Results

Signal transduction events and gene expression changes triggered by BCE treatment

In long term treatments of serum starved MCF with BCE, the viability of the cells was not negatively affected (Fig. 1A). Instead, the 30 mg/mL bread crust extract treatment resulted in enhanced viability. There was also no impairment of cell proliferation over a period of seven days (data not shown). After four days, the BCE treated MCFs showed a significantly increased cell number (Fig. 1B) and this effect was associated with an elevated amount of cells in the S phase of the cell cycle indicating an increased number of proliferating cells (Fig. 1C).

Intracellular signalling pathways were then analysed in more detail. It is well known, that AGE modified proteins can induce cellular radical formation and activation of MAP-kinases and the transcription factor NFκB. Indeed, the treatment of MCFs with 10 mg/mL BCE for up to 45 minutes resulted in a 1.7 fold significant, but moderate increased ROS production (Fig. 2B). p38 MAPK and p42/44 MAPK (ERK) were also stimulated in a concentration and time dependent manner (Fig. 2A). p38 MAPK exhibited highest activation after 60 minutes BCE treatment (Fig. 2A) whereas the p42/44 MAPK was maximally phosphorylated after 5 minutes BCE exposure (Fig. 2A). BCE treatment for two to thirty hours also resulted in an up to fivefold activation of NFκB-luciferase activity in dual luciferase reporter assays comparable to a threefold activation by a 0.2 ng/mL LPS treatment for 18 hours (Fig 2C). BCE was essentially free of LPS, as removal of LPS by affinity columns did not result in decreased activity (data not shown).

Gene expression was analysed by RT-PCR with special emphasis to genes that are associated with the homeostasis of reactive oxygen species (ROS). As shown in figure 3, expression of xanthine dehydrogenase and the catalytical subunit of the NADP(H) oxidase gp91 phox was five-and three-fold higher in cells treated with bread crust extract, whereas nox4, the endothelial NADPH-oxidase, cox7c, a small regulatory subunit of the mitochondrial cytochrome-C-oxidase, and also lipoxygenases were not significantly regulated in response
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-13to bread crust extract treatment (data not shown). Despite this increased expression of genes with prooxidative properties, the expression of the stress induced protein (SIP), which is activated in response to various noxes such as ROS (Tomasini et al. 2001;Tomasini et al. 2002) remained unaltered (Fig. 3).

Vanin-1 and -3, were increased 5 and 10-fold, respectively (Fig. 3). Vanins are pantetheinases which permit the recycling of pantotheine to pantethonate and hereby generate cysteamine, a strong antioxidant [START_REF] Pitari | Pantetheinase activity of membrane-bound Vanin-1 lack of free cysteamine in tissues of Vanin-1 deficient mice[END_REF]. Peroxiredoxines, which also function as radical scavengers, were only slightly, but nevertheless significantly elevated (data not shown).

Within the family of superoxidedismutases (SOD), the mitochondrial Mn-SOD was strongly upregulated (12-fold), the extracellular SOD exhibited a less pronounced mRNA accumulation (2.5-fold), whereas the cytosolic Cu/Zn-SOD remained unchanged (Fig. 3).

Metallothioneins 1,-2, (Mt1, Mt2) which are cytosolic heavy metal binding proteins were upregulated up to 6-fold in case of methallothionine-2. Methallothionines have been implicated in cardioprotection against oxidative damage by releasing zinc and forming disulfides [START_REF] Feng | Metallothionein disulfides are present in metallothionein-overexpressing transgenic mouse heart and increase under conditions of oxidative stress[END_REF]). Ceruloplasmin (Cp) which is involved in metal homeostasis of copper and iron, was upregulated 4-fold (Fig. 3). Copper and iron are involved in many aspects of oxidative stress and ceruloplasmin knock-out mice showed increased susceptibility to oxidative stress [START_REF] Patel | Ceruloplasmin regulates iron levels in the CNS and prevents free radical injury[END_REF] in the central nervous system. We also determined the amount of free SH-groups, as estimation for reduced glutathione. Free SHgroups were increased significantly from 29.7 ± 1.9 to 36.7 ± 1.8 µmol/g protein after BCE treatment. Taken together, the upregulation of a subset of ROS-generating enzymes was well balanced by an elevated expression of antioxidative enzymes and proteins (Fig. 3). The SOD family members were further analysed on the protein level by immunoblotting. In both cases, RT-PCR data and western blot data correlated well with each other (Fig. 4).

A C C E P T E D M A N U S C R I P T
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Preconditioning of MCFs and rat cardiomyocytes with bread crust extract against oxidative stress and simulated ischemia/reperfusion

From the expression pattern identified, we speculated that bread crust extract pre-treatment might be protective against further oxidative stress. As a model for oxidative stress, cells were treated with H 2 O 2 for 24 hours at a concentration which killed approximately 50-80% of the cells. After preconditioning with BCE, cell death rate in response to hydrogenperoxide was reduced to at least 50 %. Due to the washing steps a direct anti-oxidative effect of extracellular BCE could be excluded. For adult cardiomyocytes, the effect of bread crust preincubation on simulated ischemia reperfusion injury was also investigated.

Cardiomyocytes were preincubated with bread crust and then subjected to simulated ischemia, characterized by no glucose, acidic pH and 1% O 2 and then reoxygenated in the presence at pH 7.4 (reperfusion). Again, a protective effect of bread crust extract preconditioning was observed (Fig. 6).

To elucidate which signal transduction element was essential for changes in gene expression and responsible for the protection against ischemia reperfusion injury, the effects of the antioxidant N-acetylcysteine (NAC) and the MAP-kinase inhibitors UO126 (ERK-inhibitor) and SB203580 (upstream inhibitor of p38 MAPK ) were analyzed.

The antioxidant N-acetylcysteine (NAC) had significant effects on the BCE-induced RNA accumulation for Mt2, gp91 phox , Vnn1, Vnn3 but no effect on MnSOD, SOD3, Cp, and XDH (Tab. 1). UO126 inhibited the phosphorylation of ERK and SB203580 the phosphorylation of MAPKAP2 efficiently under the conditions used (data not shown). The ERK inhibitor caused a significant decrease in activation of Cp, Mt2, MnSOD and Vnn3, whereas the decrease in gp91 phox RNA-accumulation was not significant. SOD3 and Vnn1 RNA-accumulation was unchanged and XDH-RNA was elevated by U0126 alone (Tab. 1). For SB203580 a significant decrease in RNA accumulation after BCE-treatment was observed for Vnn3; the decreases for Vnn1 and MnSOD were insignificant and Mt2, Cp, gp91 phox and SOD3 RNA accumulation was unaffected. XDH-RNA accumulation was again elevated by addition of the inhibitor without BCE-treatment (Tab. 2).

A C C E P T E D M A N U S C R I P T

In terms of preconditioning, NAC and UO126 significantly decreased the pre-treatment effect, but were unable to abolish it completely. In contrast SB203580 had no significant effect on preconditioning (Fig. 5).

BC feeding experiments

To further analyze if bioactive components from bread crust extract orally administered can cause effects on the heart of organisms, we conducted a feeding experiment with nude (nu/nu) mice. Mice were fed for 2 weeks with a diet poor in AGEs and the same diet supplemented with bread crust extract. To analyze if AGEs were absorbed, we determined the fluorescence as a marker for fluorescent AGEs which are present in high amounts in bread crust, as well as the protein bound carboxymethyllysine (CML) in serum samples. Both parameters were increased in bread crust fed animals by about 20 % (Fig. 7), but only changes in fluorescence were significant (p<0.05). The expression of major bread crust responsive genes in cell culture was analysed in the hearts of the mice and a significant increase for MnSOD, EcSOD, ceruloplasmin and gp91 phox was observed (Fig. 7).

Discussion

During aging and diseases such as diabetes and end stage-renal disease, increasing amounts of AGE-modified proteins, especially in the extracellular matrix have been detected

and are involved in the development of several degenerative diseases (For review see : Nass et al., 2007). In relation to cardiac diseases for example, [START_REF] Meerwaldt | Skin autofluorescence is a strong predictor of cardiac mortality in diabetes[END_REF] could show in a 5 year follow up study with diabetic patients that AGE-associated skin autofluorescence was strongly associated with cardiac mortality. In an animal model (C57BL/6NNia mice), markers of skin collagen glycation and glycoxidation rates could predict early deaths [START_REF] Sell | Longitudinal determination of skin collagen glycation and glycoxidation rates predicts early death in C57BL/6NNIA mice[END_REF]. Endogenous AGEs resulting from a high fat diet have also been linked to cardiac inflammation and fibrosis (Tikellis et al 2008).

Nevertheless, it has been controversially discussed, if food-AGEs/MRPs [START_REF] Webster | Maillard reaction products in food as pro-inflammatory and pro-arteriosclerotic factors of degenerative diseases[END_REF]) may have pathophysiological impacts on healthy organisms, comparable to in situ and
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-16in vivo generated AGEs [START_REF] Somoza | Health implications of thermally processed foods -COST Action 927[END_REF][START_REF] Sebekova | Dietary advanced glycation endproducts (AGEs) and their health effects--PRO[END_REF][START_REF] Somoza | Physiological effects of thermally treated foods[END_REF]. There is now compiling evidence that food-derived AGEs are absorbed, transported into circulation and excreted with the urine. This has, for example, been demonstrated for free-and caseinlinked N(ε)-fructoselysine and N(ε)-carboxymethyllysine [START_REF] Bergmann | Radio fluorination and positron emission tomography (PET) as a new approach to study the in vivo distribution and elimination of the advanced glycation endproducts N epsilon-carboxymethyllysine (CML) and N epsiloncarboxyethyllysine (CEL)[END_REF][START_REF] Somoza | Health implications of thermally processed foods -COST Action 927[END_REF]) but the uptake rate strongly depended on the compound analysed. Indirect evidence for the uptake of nutritional AGEs has also been obtained from animal studies and also human trials that demonstrated physiological consequences of nutritional AGEs in peripheral tissues/organs [START_REF] Koschinsky | Orally absorbed reactive glycation products (glycotoxins) an environmental risk factor in diabetic nephropathy[END_REF]Somoza et al. 2005;[START_REF] Chuyen | Toxicity of the AGEs generated from the Maillard reaction on the relationship of food-AGEs and biological-AGEs[END_REF]Stirban et al. 2006). Also, for long term feeding with an AGE-rich diet, a shortening of life span in mice was observed [START_REF] Cai | Reduced oxidant stress and extended lifespan in mice exposed to a low glycotoxin diet association with increased AGER1 expression[END_REF]). On the other hand, experimental data regarding the heart are largely missing.

At old age, the cardiovascular diseases such as myocardial infarction are the major cause of death. In this context, reperfusion injury is believed to be one major cause of cell death after myocardial infarction. A reperfusion associated burst of reactive oxygen is proposed to be a major trigger of necrotic and apoptotic cell death. Approaches to improve the survival of cardiomyocytes in this process have great potential to reduce the incidence of cardiac death [START_REF] Pell | Myocardial ischemic tolerance following heat stress is abolished by ATP-sensitive potassium channel blockade[END_REF]Valen 2003;[START_REF] Murphy | Mechanisms underlying acute protection from cardiac ischemia-reperfusion injury[END_REF][START_REF] Hausenloy | Preconditioning and postconditioning underlying mechanisms and clinical application[END_REF].

One strategy to improve resistance of cells to reperfusion injury is ischemic preconditioning (IP), where a short phase of ischemia prepares the cells for prolonged periods of ischemia followed by reperfusion. Unfortunately, IP is not efficient in tissue from old humans [START_REF] Juhaszova | Protection in the aged heart: preventing the heart-break of old age?[END_REF][START_REF] Bartling | Ischemic preconditioning is not cardioprotective in senescent human myocardium[END_REF].

In this study, we used bread crust extract (BCE) produced under standardized conditions as MRP/AGE containing model food extract [START_REF] Lindenmeier | Influence of Baking Conditions and Precursor Supplementation on the Amounts of the Antioxidant Pronyl-L-lysine in Bakery Products[END_REF][START_REF] Somoza | Dietary bread crust advanced glycation end products bind to the receptor for AGEs in HEK-293 kidney cells but are rapidly excreted after oral administration to healthy and subtotally nephrectomized rats[END_REF], Somoza et al. 2005). In a previous study [START_REF] Ruhs | Maillard reaction products enriched food extract reduce the expression of myofibroblast phenotype markers[END_REF]) we have shown with specific antibodies that BCE contained a variety of AGEs, namely Arg-pyridine, GA-pyridine, pentosidine, 3-deoxyglucusone-imidazolone, CML and also uncharacterized AGEs that cross reacted with an antiserum raised against glucose modified BSA. Treatment with this food extract led to an increased antioxidant defence in a cardiac fibroblast cell line and similar
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-17effects were observed in cardiac tissue of mice in feeding experiments. As a result, cardiac fibroblasts and also adult cardiomyocytes from rats were protected against exogenous oxidative stress. We therefore propose that an alimentary intervention with AGEs -primarily thought to be always harmful for tissue function -might be beneficial in the case of myocardial ischemia reperfusion.

As a prerequisite for achieving effects in a peripheral organ such as the heart, bioactive substances must be taken up into the blood stream to reach the target tissue. The elevated AGE-related fluorescence in serum of BC-fed mice, and the observed gene expression changes in cardiac tissue clearly demonstrated that bioactive BCE components could reach the cardiac tissue. In cell models for cardiac diseases we observed no toxic effects of the BCE treatment (Fig. 2A). We have also shown previously [START_REF] Ruhs | Maillard reaction products enriched food extract reduce the expression of myofibroblast phenotype markers[END_REF]) that BCE did not cause cardiac fibroblasts to switch to the myofibroblast phenotype, but rather decreases the expression of genes associated with fibrosis.

A moderate rise in ROS as observed after stimulation of cardiac fibroblasts with BCE can be sufficient to trigger the detected activation of the mitogen-activated protein kinases (MAPK) such as p42/p44 MAPK and p38 MAPK as well the activation of the transcription factor NFκB [START_REF] Martindale | Cellular response to oxidative stress signaling for suicide and survival[END_REF][START_REF] Winyard | Oxidative activation of antioxidant defence[END_REF]). Although we did not show the source of reactive oxygen, we think, based on other studies and the increase in expression of NADPH-oxidase subunits that such enzymes were responsible for the generation of ROS in response to BCE treatment. We demonstrated a significant contribution of ROS to the signalling process by pretreatment with the antioxidant NAC which decreased the effects of BCE on gene expression (Tab. 1) and accordingly, also the BCE preconditioning effect. The MAP-kinase inhibitors UO126 and SB203580 had smaller effects on preconditioning and also fewer genes were influenced. As a result of these signals, the expression of oxidative and antioxidative enzyme systems was altered. This resulted in protection against severe oxidative stress in the MCFs as well as in cardiomyocytes. Deduced from the gene expression pattern, SODs, ceruloplasmin, and vanins seem to be responsible for the The mechanism by which the cells detect the BCE compounds was not analysed in this study. Nevertheless, it has been described that RAGE contributes to the perception of endogenous AGEs as well as for BCE [START_REF] Vlassara | The AGE-receptor in the pathogenesis of diabetic complications[END_REF][START_REF] Zill | RAGE expression and AGE-induced MAP kinase activation in Caco-2 cells[END_REF][START_REF] Zill | RAGE-mediated MAPK activation by food-derived AGE and non-AGE products[END_REF].

Interestingly it has been shown [START_REF] Shang | RAGE modulates hypoxia/reoxygenation injury in adult murine cardiomyocytes via JNK and GSK-3beta signaling pathways[END_REF]) that the RAGE-ligand interaction is also crucial for the gene regulation in hypoxia reoxygenation injury in cardiomyocytes from mice.

Both, RAGE and RAGE-ligands are elevated after simulated ischemia/reperfusion and AKT is a key player in this reaction, similar to the situation in ischemic preconditioning (IP). In the absence of RAGE, cardiomyocytes are more resistant to reoxygenation injury, which is in accordance to another study [START_REF] Andrassy | Highmobility group box-1 in ischemia-reperfusion injury of the heart[END_REF]) that demonstrated significantly reduced damage in reperfused hearts of RAGE -/-mice if compared to wild type. In contrast to these studies, we have employed a putative RAGE-AGE interaction prior to simulated ischemiareperfusion. Although we have not yet analysed if the preconditioning effect has an impact on the ischemia-reoxygenation reponse itself, we have no indication that the AGE-pretreatment alters the expression of RAGE in the cells. We therefore propose that the observed preconditioning effect relied mostly on improved antioxidant defence and did not influence the RAGE-AGE interaction during hypoxia / reoxygenation.

In comparison to the effects of ischemic preconditioning (IP), which also results in improved antioxidants defence, BCE treatment did not result in increased AKT-phosphorylation (reviewed in: [START_REF] Murphy | Mechanisms underlying acute protection from cardiac ischemia-reperfusion injury[END_REF] but induced an early decrease in AKT phosphorylation which returned to normal levels already within 1h of treatment.

Nevertheless, the involvement of reactive oxygen species and also ERK suggests that the activation of antioxidative defence by BCE relies on partially overlapping mechanisms as the response to ischemic preconditioning.

It is documented that the antioxidative capacity of the heart, despite its high metabolic demand and high mitochondrial activity is weak in comparison to the liver but adequate under normal physiological conditions. However, it appears that the heart and the including A C C E P T E D M A N U S C R I P T cells are not particularly well equipped to deal with strong elevated ROS concentrations generated by an oxidative burst such as in ischemia-reperfusion stress [START_REF] Kang | The antioxidant function of metallothionein in the heart[END_REF].

Nutritional preconditioning might therefore be an interesting possibility to improve the resistance of cardiac cells to noxes such as reactive oxygen species produced under reperfusion conditions. However, it is not clear from our studies if long term AGE-rich nutrition might also be beneficial. Chronic feeding with an AGE reduced diet seemed to extend the life span of mice [START_REF] Cai | Reduced oxidant stress and extended lifespan in mice exposed to a low glycotoxin diet association with increased AGER1 expression[END_REF]), but as MRPs/AGEs represent a diverse family of chemical compounds the source, structure and composition of AGEs from food might be very important. It will therefore be crucial for further studies to identify the compound in BCE which was responsible for the protective effect. Initial experiments using CML-modified proteins and pronyl-lysine failed in reproducing the BCE preconditioning effect (S. Ruhs, unpublished results). Nevertheless, we suggest that the model of AGEs being always harmful by for example accelerating the ageing process has to be reassessed. 

Legends to the Figures

  fibroblasts (CF) are recognized as the major cell type responsible for the homeostatic maintenance of the extracellular matrix (ECM) (Vellaichamy et al. 2005). Cardiac fibroblasts are activated after myocardial infarctions or diseases and contribute to wound healing of the apoptotic or necrotic tissue where a stepwise remodelling of the ECM takes place (Colston et A C C E P T E D M A N U S C R I P T al. 2005). Cardiac fibroblasts are also involved in the development of fibrosis (Espira and Czubryt 2009).

  -DA). The cells were washed and incubated with 10 mg/mL BCE or H 2 O 2 (25 µM) in HBSS (Gibco, Karlsruhe, Germany) containing 10 mM glucose for indicated timepoints. To determine the number of dead cells, propidium iodide (2 µg/mL) was added immediately before the analysis. Intracellular oxidised fluorescent 2',7'-dichlorofluorescein (DCF) and propidium iodide was determined using an FACSCalibur flow cytometer equipped with CellQuest Pro software (Beckton Dickinson; Heidelberg, Germany). DCF-fluorescence was assessed only in living, PI negative cells.

  oxidative stress. The increased amount of the antioxidant GSH (SH-groups) could further contribute to the improved antioxidant defence.
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 1234 Fig. 1: Influence of bread crust extract on cell viability, cell cycle and proliferation.
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 67 Fig. 6: Adult rat cardiomyocytes can be protected against simulated ischemia reperfusion
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