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HNE-ELISA: detecting lipid peroxidation in biological systems
L. Andrisic1, S. Borovic Sunjic1, L. Mrakovcic1, G. Waeg2, F. Gueraud3, N. Zarkovic1
1Rudjer Boskovic Institute, Zagreb, Croatia; 2Karl-Franzens University, Graz, Austria; 3INRA, Toulouse, France
Reactive oxygen species (ROS), when overproduced in organism, can interact very quickly with most biological molecules with usually harmful consequences. ROS initiate process of degradation of polyunsaturated fatty acids (PUFA) which is described in literature with a term lipid peroxidation. It is proven that degradation of PUFA is involved in many pathological processes in organism. One of the main end products of PUFA peroxidation in biological systems is 4-hydroxy-nonenal (HNE) and is widely utilized marker for detection of oxidative stress.

Different methods for detection of HNE are described in literature (including expensive and complicated GC method for detection of free HNE) but the most utilized are immunochemical methods for detection of protein bound HNE by monoclonal antibodies, because of their simplicity, relatively low cost and good sensitivity.  The method employed for this research is HNE ELISA for quantification of HNE-histidyne adducts. This method was previously described and published specifically for in vitro cell lines and here we demonstrate that the same method is very promising for its applicability in different biological systems such as plasma samples and tissue homogenates.  
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The effect of Pirolin on lipid peroxidation in kidney of rats treated with doxorubicin, docetaxel and their combination

A. Antosik1, J. Czepas1, S. Tabaczar1, J. Piasecka-Zelga3, A. Koceva-Chyla2, K. Gwozdzinski1
1Department of Molecular Biophysics, and 2Department of Thermobiology, University of Lodz, Lodz, Poland; 3Nofer Institute of Occupational Medicine, Lodz, Poland

Doxorubicin (DOX) and docetaxel (DTX) are widely used in chemotherapy. Their combination is clinically effective against many cancers. Both drugs induce oxidative stress and side-effects, e.g. nephrotoxicity. Thus, an application of a nitroxide, might be a promising strategy for reduction of oxidative stress.

We investigated the effect of Pirolin (PL) on lipid peroxidation in kidney of rats treated with DOX, DTX or their combination. Rats were treated with a single dose (2mg/ml/compound/rat) of: 0,9% NaCl, PL, DOX, DTX, DOX+PL, DTX+PL, DOX+DTX, DOX+DTX+PL. Four days later the rats were sacrificed and the level of TBARS and hydroperoxides were estimated in kidney homogenates.

Rats injected with PL had a decreased level of hydroperoxides in comparison to control. Both drugs induced oxidative stress in cell membranes, but this effect was more profound for DTX. We observed significant elevation of TBARS level in all groups, except of PL and DOX+DTX. PL reduced level of hydroperoxides generated by DOX but increased TBARS amount. Nitroxide increased hydroperoxides induced by DTX, but barely affected TBARS production. Combination of drugs decreased the level of hydroperoxides while had no effect on TBARS level in comparison to control. PL had no effect on hydroperoxides level but it increased TBARS level induced by combination of drugs.

This study indicate that PL acts rather as prooxidant in vivo depending on its combination with the anticancer drug.
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Comparison of the effect of pycnogenol and vitamin E in two rat models of arthritis
K. Bauerova1, S. Ponist1, D. Mihalova1, O. Ondrejickova1, M. Strosova1, F. Drafi1, E. Paulovicova2
1Institute of Experimental Pharmacology and Toxicology; 2Institute of Chemistry, Slovak Academy of Sciences, Bratislava, Slovakia

Since the animal models of arthritis have similar pathological characteristics as rheumatoid arthritis (RA), they are used for quantification of disease progress and assignment of suitable pharmacological treatment. This work engages in research into the study of the effect of natural substances, i.e. of pycnogenol and vitamin E in two models of arthritis - carrageenan induced arthritis (CARA) and adjuvant induced arthritis (ADA). In both rat models the same oral doses of the substances tested were used: 10 mg/kg of animal weight. In CARA and ADA hind paw volume (HPV) was found to increase with time. Vitamin E administration in CARA was not successful in HPV reduction. The same therapy applied for ADA reduced the swelling insignificantly. Pycnogenol decreased the swelling in both models, in CARA significantly and in ADA insignificantly. The effects of the two substances on HPV were comparable in the final phase of CARA and the acute phase of ADA. Moreover in ADA, we investigated the effect of pycnogenol and vitamin E on plasmatic levels of TBARS, protein carbonyls and MCP-1, which are consequences of oxidation stress accompanying inflammation in arthritis. A significant decrease of MCP-1 and carbonyl levels in plasma was recorded in treatment with pycnogenol on end of the experiment - day 28. In conclusion, pycnogenol was rather effective in both models, which could be considered as a promising result for RA pharmacotherapy (VEGA 2/0090/08, COST B35, APVV-51-017905).
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Intracellular generation of reactive oxygen species as a crucial requirement for directional migration  of hepatic pro-fibrogenic cells

C. Busletta1, E. Novo1, D. Povero1, L. Valfrè di Bonzo1, C. Paternostro1, S. Cannito1, K. Mareschi2,   I. Ferrero2, E. David3, F. Marra4, F. Fagioli2, M. Pinzani4, M. Parola1 

1Dept. Exp. Medicine & Oncology; 2Dept. Pediatric Sciences,  Univ. of Torino; 3Dept. of Pathology, San Giovanni Battista Hospital, Torino; 4Dept Internal Medicine, Univ. of Florence, Italy

Background/Aims. Myofibroblast-like cells (MFs) can originate from activated hepatic stellate cells (HSC/MFs), portal fibroblasts and bone marrow-derived mesenchymal stem cells (hMSC).  In this study we investigated signalling mechanisms regulating migration of human HSC/MFs  and human bone marrow-derived MSCs. 

Methods. Signal transduction was evaluated by integrating cell and molecular biology techniques, whereas non-oriented migration and chemotaxis by using the wound healing assay and the modified Boyden’s chamber assay,  respectively. Morphological analysis was performed on liver specimens from HCV cirrhotic patients or animal models of fibrosis.  

Results. Exposure of both cell types to either chemoattractant polypeptides (PDGF-BB, VEGF, MCP-1), hypoxic conditions or intracellular generation of reactive oxygen species (ROS) and properly designed mechanistic experimental manipulations revealed a common scenario always characterized by: a) an early intracellular ROS generation and a redox-dependent activation of Ras/Erk and JNK signalling pathways, the latter being transient and limited to 46 kDa isoforms; b) polypeptide-, hypoxia- and ROS-dependent migration was almost abolished by silencing cells for JNk1 and JNK2 isoforms; c) polypeptide- and hypoxia-dependent migration were abolished by apocynin or rotenone, indicating NADPH or mitochondria as a source for ROS, respectively; d) immunohistochemistry or immunofluorescence revealed that several MFs in developing septa or in pseudolobules were positive for phosphorylated JNK isoforms, with most of them in hypoxic areas of parenchyma. 
Conclusions. Whatever the stimulus, migration of human HSC/MFs and MSCs requires a common scenario of increased generation of intracellular ROS and related activation of JNK1/2 isoforms and Ras/ERK signalling, representing a putative common therapeutic target for antioxidants and/or small molecules such as protein kinase inhibitors.   
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4-Hydroxynonenal modulated cytokine production of in vitro blood-brain barrier

M. Cindric1, A. Cipak2, L. Mrakovcic2, N. Zarkovic2, K. Zarkovic1
1School of Medicine, University of Zagreb, Croatia; 2Rudjer Boskovic Institute, Zagreb, Croatia

Brain tissue is particular susceptible to oxidative damage via oxygen radicals. The formation of free radicals and other oxidants is combined with an enhanced lipid peroxidation in cells and tissues. Among the end products of lipid peroxidation of particular relevance is 4- hydroxynonenal (HNE), which is present in the blood-brain barrier (BBB) under pathological circumstances, such as relative hypoxia or inflammation. Besides, HNE causes impairment of in vitro BBB model. However, HNE acts not only as a second messenger of free radicals, but also as a growth regulating factor interfering with the effects of various cytokines. Cells constituting BBB actively produce cytokines, therefore participate in mediation of immune response within central nervous system. In response to injury or infections, cytokines are released at high concentrations thus contributing to both neurodegeneration and to astrocytic reactivity. Hence, in vitro model of BBB was established to study effects of HNE on cytokine production of both endothelial and astrocytic side of BBB model by using Luminex x-map technology. HNE caused differences in production of CINC-2αβ, IL-1β and VEGF suggesting its role in modulation of inflammatory processes. Although expected, no differences in TNF α, IL-6 and IFN γ production occurred.
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Is telomerase the link between cancer and Alzheimer´s disease?

F. Dasí1, A. Lloret2, F.V. Pallardó2-3, J. Viña2
1FIHCUV/INCLIVA; 2Dept. Physiology, School of Medicine, University Valencia;3CIBERER

It has recently been shown that Alzheimer disease (AD) is associated with a reduced risk of cancer, and conversely a history of cancer is associated with a reduced risk of AD. The potential link between these two disorders have been noted for some time, but so far the molecular basis connecting both diseases remain elusive. Lessons could be learnt from Parkinson´s disease (PD), since it has been observed that people with PD, also have a decreased risk of most cancers. Cancer is a disorder of uncontrolled cell proliferation and lack of cell death; AD and PD in contrast are caused by an increased neuronal cell death. It stands to reason that the genetic factors that promote one condition would suppress the other.

In this study we show experimental evidence indicating that cancer and AD share some of the underlying genetic pathways, specifically telomerase that has been shown to be involved in the  regulation of cell proliferation and survival. PC12 rat pheochromocytoma cells were treated with amyloid β-peptide (Aβ) and RnTERT telomerase catalytic mRNA expression was determined by qRT-PCR. Our results show that Aβ treatment significantly decreased RnTERT expression in PC12 cells in a concentration-dependent manner which could explain the decreased cancer incidence observed among persons with AD. 
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Oxidative stress in primary fibroblasts from Kindler Syndrome patients

F. Dasí1, J. Markovic1, N.J. Mora2, J.L. García-Giménez3, M. DelRio4, G. García-Leal2, J. Viña2, F.V. Pallardó2,3
1FIHCUV/INCLIVA; 2Dept. Physiology, School of Medicine, University of Valencia; 3CIBERER; 4CIEMAT

Kindler syndrome (KS) is a rare, autosomal recessive genodermatosis characterized by skin fragility, skin blistering, progressive skin atrophy, followed by photosensitivity and progressive poikiloderma carcinogenesis. The genetic basis of KS is the loss of the gene KINDI which encodes the kindlin-I, a protein expressed in the basal keratinocytes of the epidermis. Loss of kindlin-I results in abnormal skin fragility with defects in actin cytoskeleton anchorage to cell matrix adhesion sites. However, the molecular mechanism leading to the multiple defects of KS is partially understood and simple actin anchorage insufficiencies cannot completely explain the phenotype of this rare disease suggesting that other mechanisms exist that explain symptoms such as photosensitivity and carcinogenesis. The aim of this study was to determine the oxidative stress profile and the expression of several antioxidant enzymes in a model of KS fibroblasts.

Cell morphology was determined by microscopy, GSH and GSSG levels were measured by HPLC, H2O2 and O2- were determined by flow cytometry and expression of antioxidant enzymes was determined by qRT-PCR and Western Blot.

The KS fibroblast showed a pro-apoptotic morphology. Oxidative stress parameters such as GSSH, GSSG/GSH and O2- were increased in the KS fibroblasts whereas antioxidant enzymes catalase, MnSOD and Trx1 showed diminished levels than control fibroblasts which could explain the oxidative stress and the pro-apoptotic morphology observed in the fibroblast from these patients.

Our results are, to the best of our knowledge, the first indication that oxidative stress caused by antioxidant defence imbalance plays an important role in KS pathology and provides another perspective for studying this disease, in which the shortfall in kindlin-1 is not sufficient to explain some features of these patients.

P8
Effect of methotrexate and carnosine on high-molar-mass hyaluronan degradation  by Weissberger’s system 
F. Drafi1, K. Valachova1, E. Hrabarova2, K. Bauerova1, I. Juranek1, L. Soltes1
1Institute of Experimental Pharmacology and Toxicology, Slovak Academy of Sciences, Bratislava, Slovakia; 2Institute of Chemistry, Slovak Academy of Sciences, Bratislava

Rheumatoid arthritis (RA) is a systemic inflammatory disorder primarily targeting joints. High-molar-mass hyaluronan (HA), a main synovial component, is attacked by reactive oxygen species (ROS) during the acute RA manifestation. Methotrexate (MTX) is widely used as a basic anti-rheumatic drug. Carnosine (CARS) a hydroxyl-radical-scavenger is an endogenous dipeptide which is used as a neuroprotective drug. The aim was to test MTX and CARS for their potential protective effect against HA degradation in vitro. CARS and MTX were studied in the selected concentrations: 100, 200 and 400 μmol/l. The degradation of HA was recorded by the method of rotational viscometry. First, the substance tested was added to the system before the (OH radicals were generated. Next, the substance tested was applied one hour after the initiation of the HA degradation, when RO( and ROO( radicals were generated. Both substances tested have similar effect on (OH radicals generation, mainly in the lowest concentration they were shown to have a pro-oxidant effect, followed in higher concentrations by their protective action on HA degradation. The effect on RO( and ROO( radicals was different: CARS in comparison to MTX was more effective in prevention of HA dynamic viscosity decrease (APVV-51-017905, COST B35, VEGA 2/0090/08, VEGA 2/0083/09, VEGA 2/0003/08).
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Pro-inflammatory and anti-inflammatory effects of oxidized and chlorinated phospholipids, and the possible role of PPARs

N. M. Fauzi1, N. Bougarne2, K. De Bosscher2, G. Haegeman2, C. M. Spickett1
1SIPBS, University of Strathclyde, Glasgow, UK; 2LEGEST, University of Gent, Gent, Belgium                               
Oxidized and chlorinated phospholipids have many biological and atherogenic effects, including leukocyte-endothelial adhesion and inflammatory cytokine production.  However, some anti-inflammatory effects have also been found: for instance, oxidized palmitoyl-arachidonoyl-glycerophosphocholine (oxPAPC) prevents activation of TLR-2 and 4 by microbial products. We hypothesized that additionally, some anti-inflammatory effects of oxPAPC may be caused by activation of PPARs. To investigate this, oxPAPC, 1-palmitoyl-2-glutaryl-sn-glycero-3-phosphocholine (PGPC), stearoyl oleoyl phosphatidylcholine (SOPC) chlorohydrin and 2-chlorohexadecanal were tested in two systems: a recombinant NF-κB-driven reporter gene system stably integrated in L929sA cells and a recombinant PPRE-dependent reporter gene system, transfected into HEK293T cells. It was found that oxPAPC produced a marked anti-inflammatory effect by inhibiting TNF-induced IL-6 production in a concentration-dependent manner. However, there was no effect of SOPC chlorohydrin and 2-ClHDA treated with or without TNF in this system. Preliminary experiments suggested that OxPAPC increased the activation of PPRE in cells transfected with PPARα, but chlorinated phospholipids did not give any significant effect. It appears that chlorinated lipids have different effects to free-radical oxidized lipids, but further work is required to confirm these findings (Funding by the Government of Malaysia and COST Action B35 is gratefully acknowledged).
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Crucial role of Heme Oxygenase-1 in the resistance of neuroblastoma cells to oxidative stress

A.L. Furfaro1, J.R. Zumba Macay1, B. Marengo1,2, C. Domenicotti1,  M. Nitti1, C. De Ciucis1, M.A. Pronzato1, U.M. Marinari1, N. Traverso1
1Department of Experimental Medicine, University of Genoa, Italy; 2G. Gaslini Institute, Genoa, Italy

Heme oxygenase-1 (HO-1) catalyzes the rate-limiting step in the degradation of the pro-oxidant heme to active products, such as bilirubin, that exert antioxidant, antiapoptotic and anti-inflammatory effects. Several studies indicate that many tumours express or over-express HO-1 suggesting that this enzyme might be a potential target in anticancer therapy. In our study, we have investigated HO-1 expression in GI-ME-N cells, a neuroblastoma (NB) cell line without MYCN amplification, that resulted particularly resistant to apoptosis after glutathione depletion by L-butionine-S,R-sulfoximine (BSO). We supposed that HO-1, as an inducible stress-protein, could be involved in this resistance. In order to investigate this hypothesis we treated GI-ME-N cells with a specific HO-1 inhibitor, Zinc (II) Protoporphyrin IX, or with small interfering RNA against HO-1. Our data showed that inhibition of HO-1 expression/activity, in GI-ME-N cells treated with BSO, determines decreased cell viability and increased ROS production in comparison with NB cells treated with BSO alone. These results may suggest novel auxiliary anticancer chemotherapeutic approaches (Grants from PRIN20077S9A32_002 and Genoa University).
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Nutritional modulation of sirtuin expression is mediated by redox changes

J. Gambini, C. Borrás, R. López-Grueso, S.L. Vallés, M.C. Gómez-Cabrera, V. Bonet-Costa, J. Viña

Department of Physiology, University of Valencia, School of Medicine, Spain 
Aim. Sirtuins are NAD-dependent deacetylases that modulate metabolism, the rate of ageing and other critical physiological parameters. The role of the NAD/NADH redox ratio in the regulation of sirtuins has been proposed. To test this idea, researchers have measured NAD and NADH in several cellular models. However, in a pioneer study Krebs and co-workers showed that direct measurement of tissue content of NAD and NADH do not supply the required information: they fail to differentiate between free and bound nucleotides. 

Methods. We have used cell culture, invertebrates (Drosophila) and vertebrates (mice) models to study the regulation of sirtuins. 

Results. We have found that buffering NAD/NADH pair with known concentrations of lactate and pyruvate regulates sirtuin expression in 3T3 fibroblasts in culture. Ethanol, which affects NAD/NADH ratio, also up-regulates sirtuin expression in this model. In Drosophila, ethanol up-regulates sirtuin expression and these results in an increased average life span of the flies. Exercise causes a significant increase in lactate-pyruvate ratio and thus changes in NAD-NADH. 

Conclusion. The importance of this study lies in the fact that sirtuin expression does not depend on levels of free NAD or NADH but rather on the ratio of these co-enzymes in tissues. This ratio can be modulated by many physiological manipulations like exercise or moderate ethanol intake. We have observed that these metabolic changes result in significant increases in average life span of the animals. The importance of these facts is to understand the role of oxidation in longevity (This work has been supported by BFU2007-65803/BFI and ISCIII2006-RED13-027 from the 'Red Temática de investigación cooperativa en envejecimiento y fragilidad' (RETICEF RD06/003–027) to J.V., by grant GV/2007/263 to C.B and by grants GVPRE/2008/138 and Catholic University 2008-011-002 to J. G).
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Cholesterol oxidation products contribute to the imbalance between MMP-9 and TIMP-1/TIMP-2

S. Gargiulo, P. Gamba, B. Sottero, G. Poli, G. Leonarduzzi

Department of Clinical and Biological Sciences, University of Turin, San Luigi Gonzaga Hospital, Orbassano, Turin, Italy 

The rupture of a vulnerable atherosclerotic plaque, which consists of a lipid-rich plaque core covered by a thin cap with ongoing inflammation, is a major cause of thrombus formation leading to acute coronary syndrome (ACS). Connective tissue integrity depends on a balance between degradation and repair of the extracellular matrix (ECM). The degradation of ECM by matrix metalloproteinases (MMPs) contributes to fibrous cap thinning and plaque rupture. Macrophages are considered to be the major source of these enzymes in vulnerable regions of the atherosclerotic plaques. The MMPs are a family of more than 20 structurally related proteases that share a Zn2+-based catalytic mechanism and they are inhibited by forming 1:1 complexes with tissue inhibitors (TIMPs) of MMPs. MMP-9 has a prominent role in plaque formation, destabilization and rupture and its serum levels may serve as a biomarker for ACS. Several studies have been demonstrated that oxidized low density lipoproteins (oxLDL) induce expression, synthesis and gelatinolytic activity of MMP-9 in monocytes/macrophages. These lipoproteins contain numerous lipid oxidation products and among them, oxysterols are able to modulate several biochemical effects in the pathogenesis of atherosclerosis.  

To clarify the role of these compounds, we have studied the effect of an oxysterol mixture, whose composition is similar to that found in the human carotid plaques, on the MMP-9 expression by promonocytic U937 cells. Our results indicate that the oxysterol mixture induces a significantly increase of mRNA, synthesis and activity of MMP-9, whereas it doesn’t affect the expression of the endogenous inhibitors TIMP-1 and TIMP-2. The cell treatment with pharmacological inhibitors demonstrate that this effect is mediated by the activation of the MAP kinases ERK and JNK which, in turn, may act on the transcription factors AP-1 and NF-kB.

Our data show that cholesterol oxidation products can contribute to the plaque instability through the upregulation of MMP-9, a key enzyme in the degradation of fibrous cap of advanced atherosclerotic plaques. 

P13
AGEs/RAGE complex up-regulates BACE1 via NF-κB pathway activation

M. Guglielmotto1, M. Aragno1, E. Tamagno5, I. Vercellinatto1, S. Visentin2, C. Medana2, M. G. Catalano3, O. Danni1, G. Boccuzzi3, M. Tabaton4
1Department of Experimental Medicine and Oncology, University of Turin, Italy; 2Department of Analytical Chemistry, University of Turin, Italy; 3Department of Clinical Pathophysiology, University of Turin, Italy; 4Department of Internal Medicine, University of Genoa, Italy;  5Scientific Institute of the Cavalieri-Ottolenghi Foundation

Alzheimer’s disease (AD) can be classified in two major forms: sporadic AD accounting for ~99% of cases and familial AD comprised of rare early-onset forms in which gene mutations have been identified that foster the production or the aggregation of A(. Although the pathogenesis of sporadic Alzheimer disease  is not clearly understood, it is likely dependent on several age-related factors. Diabetes is a risk factor for AD, and multiple mechanisms connecting the two diseases have been proposed. Hyperglycemia enhances the formation of advanced glycation end products (AGEs) that result from the auto-oxidation of glucose and fructose. The interaction of AGEs with their receptor, named RAGE, elicits the formation of reactive oxygen species that are also believed to be an early event in AD pathology.  Recently, different types of AGEs have been characterized, depending on the molecule from which they originate. One in particular, identified as AGE-2, is a glyceraldehyde-derived pyridinium AGE (GLAP), a toxic molecule. 

To investigate a functional link between the disorders diabetes and AD, the effect of pentosidine and GLAP, was studied on BACE1 expression both in vivo, in streptozotocin treated rats, and in vitro in differentiated neuroblastoma cells. We showed that pentosidine and GLAP were able to up-regulate BACE1 expression through their binding with RAGE and the consequent activation of NF-κB. In addition, both pentosidine and GLAP were found to be increased in the brain in sporadic AD patients. Our findings demonstrate that activation of the AGEs/RAGE axis, by up-regulating the key enzyme for amyloid-β production, provides a pathologic link between diabetes mellitus and AD.
P14
Phenolic substances modifying SERCA activity as possible therapeutic tools
Ľ. Horákova, P. Žižková, M. Štrosová, J. Viskupičová

Institute of Experimental Pharmacology and Toxicology,  SAS, Bratislava, SK
Ca-ATPase from sarco/endoplasmic reticulum (SERCA) is a transmembrane enzyme, regulating calcium homeostasis. SERCA activity alterations play a crucial role in many physiological and pathological events, including diseases associated with redox imbalance. Some phenolic substances are specifically able to modulate SERCA by inhibiting/stimulating its ATPase activity. Effects of synthetic substances (trolox, pyridoindole derivatives) natural flavonoids, their lipophilic derivatives and standardized extracts of flavonoids (Pycnogenol, EGB 761), were investigated on the SERCA activity both in the absence and presence of peroxynitrite. The unmodified flavonoids rutin and naringin exerted stimulating properties on SERCA activity. Pycnogenol and lipophilic flavonoids with incorporated fatty acid chain decreased the activity of SERCA.

In the presence of peroxynitrite, SERCA activity was protected by trolox, rutin and pyridoindole derivatives, while lipophilic rutin derivatives exerted inhibitory properties. To understand the differences in affecting Ca-ATPase activity by the agents tested, we studied conformational changes of SERCA in both the cytosolic ATP-binding and the transmembrane Ca-binding site. Oxidation of membrane lipidic environment of SERCA was also analyzed.
The nature of conformational alterations of SERCA may be critical for various effects of agents concerning SERCA activity. Understanding the mechanisms of SERCA modifications may be an important factor for the development of novel agents with therapeutic properties against human pathologies (This work was supported by COST B35, VEGA 2/0001/08, 2/0083/09).
P15
The potential use of ferritin for brain tumor prognosis
H. Jaksch1-3, P. Strasser1, S. Golaszewski2, Y. Krenn2, E. Haschke-Becher1, G. Ladurner1, P. Eckl3, N. Bresgen3
1Central Laboratory, Christian-Doppler-Clinic, Paracelsus Medical University; 2University Clinic of Neurology, Paracelsus Medical University; 3University of Salzburg, Department of Cell Biology

Previously, we have shown the in-vitro secretion of acidic isoferritins by hepatocytes. This ferritin species triggers lipid peroxidation and HNE formation leading to apoptosis via upregulation of p53, stimulation of proapoptotic Fas and intrinsic proapoptotic mitochondrial signaling. Evidence is increasing, that ferritin is elevated in serum from tumor patients (e.g. neuroblastoma, hepatoma), its use as potential tumor marker being discussed. However, no information exists on serum ferritin levels in glioblastoma and meningioma, the most frequent types of brain tumors. Intriguingly, we have detected isoferritins in conditioned media obtained from rat glioma cell cultures and human glioma cell lines. Therefore, we have initiated a pilot study to investigate the relevance of ferritin determination for glioma/meningioma diagnosis. For this, ferritin is quantified in patients sera prior to and after surgical tumor resection. In a complementary approach, the distribution of ferritin, p53, Fas/FasL and FLIP in tumor tissue and cell cultures derived from tumor explants has been assessed by immunohisto-/cytochemistry. Here, we present preliminary findings which indicate (i) that serum ferritin levels vary in glioma and meningioma patients but (ii) decrease markedly after tumor removal in meningioma. The correlation of tumor-related ferritin secretion, lipid peroxidation and glioma/meningioma development is discussed (This project is supported by the PMU-Research Fund).
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α-Lipoic acid attenuates exercise-induced oxidative stress in skeletal muscle during recovery from strenuous exercise

S. Kinnunen1, S. Hyyppä2, N. Oksala3, J. Jakus4, C. K. Sen5, M. Atalay1
1Institute of Biomedicine/Physiology, University of Eastern Finland, Kuopio, Finland; 2Equine Research, MTT Agrifood Finland, Ypäjä, Finland; 3Department of Surgery, Tampere University Hospital, Tampere, Finland; 4Hungarian Academy of Sciences, Chemical Research Centre, Budapest, Hungary; 5Dorothy M. Davis Heart & Lung Research Institute, The Ohio State University Medical Center, Columbus, OH, USA
The use of antioxidant supplementations has recently been questioned. While antioxidant supplementation clearly decreases exercise-induced oxidative stress, there is also risk for attenuation the physiological response of tissues to exercise and blunting the exercise-induced adaptations. (-Lipoic acid (LA) is a natural thiol compound, present in bound form in all animal cells. It is considered as a metabolic antioxidant and a redox-modulator decreasing oxidative stress and at the same time supporting cellular metabolic processes.  In the present study, we aim to study the protective role of LA supplementation at rest and during recovery after an acute, 75 minutes of aerobic exercise in plasma and in skeletal muscle of horse. Using electron paramagnetic resonance measurements, strenuous exercise-induced free radical formation  was observed  in gluteus medius muscle during control period but not in LA-supplemented horses. The level of lipid peroxidation markers was lower after LA-supplementation compared with non-supplemented horses. In addition, activities of thioredoxin reductase and glutathione reductase in muscle were significantly increased in LA-treated horses, but neither LA nor exercise affected muscle thioredoxin activity. LA increased the concentration of total glutathione in muscle at rest and during recovery. Moreover, LA-supplementation increased the oxidative capacity of the muscle and lowered the blood lactate concentration during exercise. Despite the possible adverse effects of antioxidant supplementation including blunting the training effects, in our study we observed that LA-supplementation decreases exercise-induced oxidative stress at lipid phase, enhance antioxidant protection without impairing the athletic capacity of the muscle in horse. 
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Aging and ovariectomy cause a decrease in brain glucose consumption in vivo in Wistar rats 

R. López-Grueso, C. Borrás, J. Gambini, K.M. Abdelaziz, J. Viña
Department of Physiology, University of Valencia, School of Medicine, Spain
Introduction. The life expectancy of the population has been increased steadily over the twentieth century in both genders. The survival of women has always been higher compared to men and these differences in longevity are reproduced in other animal species such as rats. There must be some biological basis to support the differences in longevity between males and females. Differences can be explained by the effects of estrogens because ovariectomy cancels out the benefits shown in females compared to males. Aim: Our aims were to study the cerebral glucose consumption in vivo in young and old female Wistar rats and evaluate the effect of ovariectomy on the brain glucose uptake. Material and methods. We used female Wistar rats, divided into young (4–7 months), young control (Sham) and ovariectomized (3 or 6 weeks) and old (22–24 months) groups. After intravenous administration of 18F-fluorodeoxyglucose (FDG) the cerebral glucose uptake was measured in vivo by Positron Emission Tomography (PET). Results. There was a significant decrease in cerebral glucose consumption in old rats compared with young rats. Similar results were found in glucose uptake when comparing control rats with ovariectomized rats, i.e., ovariectomy significantly reduces the brain glucose consumption. Conclusions: Aging causes a decrease in cerebral glucose metabolism. Ovariectomy reduces cerebral glucose consumption significantly compared to control rats and is similar to the old group (This work has been supported by BFU2007-65803/BFI and ISCIII2006-RED13-027 from the 'Red Temática de investigación cooperativa en envejecimiento y fragilidad' (RETICEF RD06/003–027) to J.V., by grant GV/2007/263 to C.B and by grants GVPRE/2008/138 and Catholic University 2008-011-002 to J. G.).
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Sex-related uniformity in HO-1 induction upon hyperoxia treatment in lungs of young CBA mice 

Ž. Mačak-Šafranko1, S. Sobočanec1, T. Balog1, A. Šarić1, M. Korolija1, A. Čipak Gašparović1, K. Žarković2, N. Žarković1, B. Kušić1, T. Marotti1 

1Division of Molecular Medicine, Ruđer Bošković Institute, Zagreb, Croatia; 2School of Medicine, University of Zagreb, Department of Neuropathology Clinical Medical Center, Zagreb, Croatia

Prolonged administration of supraphysiological oxygen concentrations results in tissue damage in many organs including lungs. The age-related phenomenon of prolonged hyperoxic tolerance of the young animals compared to the adult animals is noticed in numerous studies. In this study, we determined the effect of hyperoxia treatment on oxidative/antioxidative response, certain cytochrome P450 enzymes, heme-oxygenase 1 (HO-1) expression and whether the regulation of protective mechanisms in lungs of young mice is sex-related. Contrary to sex-related differences in the response of protective mechanism upon hyperoxia treatment that we observed in liver, in this study we found sex-related uniformity in the expression of protective mechanisms. This is mainly achieved via uniform increase of heme-oxygenase 1 (HO-1) expression, and 4-hydroxynonenal (HNE) generation in both sexes upon hyperoxia treatment. This finding points out sex-related uniformity towards hyperoxia treatment in lungs of young mice.
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Cellular senescence in skeletal semitendinosus muscle: correlation between 4-HNE adducts, telomere’s length, stress proteins and physical activity level 

F. Magi1, G. Duranti1, A. Druzhevskaya2, F. Ripani1, F. Margheritini1, S. Sabatini1, P. Parisi1, D. Caporossi1
1Dep. of Health Sciences, University of Rome “Foro Italico”, Italy; 2Sports Genetics Laboratory, St Petersburg, Russia

Chronic oxidative stress increases telomere loss inducing cellular senescence and aging. 4-HNE, responsible for skeletal muscle diseases, arises under oxidative stress condition that induce accumulation of modified protein. Nevertheless, regular exercise enhances antioxidant defences and stress response proteins, providing adaptation towards related and non-related stressors. 

Semitendinosus muscle biopsies from 29 adult healthy male (16-56 yrs), with different sport activity levels, were analyzed for telomere length (TRF analysis), HNE adducts, HSPs (HSP27 and αB-crystallin) and catalase (CAT) activity content. 

Telomere shortening were positively associated with aging, but no correlation was identified with respect sport activity levels; HNE, HSPs levels and CAT activity showed individual variability not related neither with telomere length nor with sport training levels, even if HNE damage seems to increase with age, whereas αB-crystallin showed an opposite correlation.
Our data confirm in this tissue the correlation between telomere length and aging, while the extent of HNE-adducts does not correlate with age, small HSPs expression, or physical activity level. 
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Alternate-day fasting protects the rat heart against the age-related inflammation and fibrosis

M. Maina1, L. Castello2, G. Testa1, G. Cavallini3, E. Bergamini3, G. Poli1, E. Chiarpotto1
1Department of Clinical and Biological Sciences, University of Torino, Italy; 2Pediatric Hospital “Regina Margherita-S.Anna”, Pediatric Oncohematology, Staminal Cell Transplant and Cellular Therapy Centre, Torino, Italy; 3Interdepartmental Research Center on Biology e Pathology of Aging, University of Pisa, Italy

At present, one of the more popular theories of aging is the free radical and oxidative stress theory. In parallel, many studies on the pathogenesis of fibrosis in different chronic pathological diseases of various organs have demonstrated its association with an increased oxidative stress, and often with aging the fibrotic component of tissues increases. One of the few treatments shown to be really effective in slowing down aging is calorie restriction (CR). Between the hypotheses put forward to explain how CR works, the protection against the age-associated increase of oxidative stress remains on the top. On the basis of our previous results on the protective effect of CR on age-induced aortic oxidative stress and fibrosis, we analyzed CR effect on oxidative stress and fibrosis of the heart during aging and on the signaling pathways potentially involved. We used rats of different age. CR was obtained by alternate-day fasting (AF) started at 2 months of age. In the left ventricle of the heart of elderly (24 months) versus young (6 months) male rats we found a significant increase in oxidative stress paralleled by increased fibrosis. With advancing age there was also a significant increase in inflammatory cytokine levels and in NF-kB DNA binding activity. AF protected against all these age-related phenomena. The evaluation of MAPK pathway is ongoing. Anyway, our data support the hypothesis that this kind of dietary restriction protects against age-related fibrosis, at least in part by reducing inflammation and oxidative damage, and this protection can thus be considered a factor in the prevention of age-related diseases with sclerotic evolution.
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P53 transgenic mice suffer exercise-induced oxidative stress. study of the antioxidant properties of P53 in exercise physiology
V.E. Martínez-Bello1, F. Sanchis-Gomar1, C. Escriva1, S. Ibañez-Sania1, A.L. Nascimento1, E. Garcia-López1, R. García-Valles1, B. Ferrando1, H. Pareja-Galeano1, M. Serrano2, M.C. Gómez-Cabrera1, J. Viña1 

1Department of Physiology, University of Valencia, Spain; 2Tumour Suppression Group, Spanish National Cancer Research Centre (CNIO), Madrid, Spain

Introduction. The tumor suppressor p53 is a master transcriptional factor that integrates and responds to a multitude of stresses. Over the last years, a new role of p53 has been demonstrated in the regulation of mitochondrial function, antioxidant status and maximum aerobic exercise capacity. However, there is no evidence about this behavior in the interaction of aerobic exercise, transgenic modification and oxidative stress. 

Objective. The aim of this study was to determine the effect of endurance training in s-p53 transgenic mice, on different markers of oxidative damage, mitochondrial biogenesis and performance (VO2max and endurance capacity).

Design. Twelve wild-type and eleven s-p53 transgenic male mice (4 months old) were randomly divided into four groups: Wild type control (n=6), wild type exercised (n=6), s-p53 control (n=5) and s-p53 exercised (n=6). Aerobic-trained animals were exercised 5 d/wk during 8 wks. We determined plasma markers of oxidative stress and the mitochondrial biogenesis cascade in the skeletal muscle of our animals. Two performance tests were also performed before and after the training period. 

Results. The s-p53 transgenic mice showed, in basal conditions, a significantly lower oxidative stress than the Wild-type ones. However plasma MDA, protein carbonyls and protein nitrotyrosination levels were significantly increased in the transgenic animals after the training period. Although all the animals increased their VO2max after 8 weeks of training, the s-p53 ones did not improve their endurance capacity when compared with the wild-type ones. The mitochondrial biogenesis signaling cascade was activated in the wild-type animals after training, however no induction was found in the skeletal muscle of the s-p53 animals. Moreover the antioxidant enzymes (Catalase, MnSOD and CuZnSOD) remained unchanged in skeletal muscle after the training protocol.  
Conclusion. In basal conditions the s-p53 transgenic mice seems to be more protected to oxidative damage compared to wild type ones. However, after the training period there was a significant increase in plasma oxidative stress parameters in the s-p53 mice. Those results suggest an important and complex role of p53 in the antioxidant defense status. Surprisingly we did not find a significant increase in endurance capacity, after training, in the s-p53 mice. Those results could be explained by a decrease in the activation of the exercise-induced mitochondrial biogenesis signaling pathway in the transgenic mice.
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Epigallocatechin 3-gallate modulates pro-inflammatory effect of oxysterols in human enterocyte-like cells: NADPH oxidase involvement
C. Mascia, M. Carere, F. Biasi, G. Poli
Dept. of Clinical and Biological Sciences, University of Torino, Italy 

Several epidemiological and pathological studies have confirmed the involvement of cholesterol oxidation products, namely oxysterols, in the pathogenesis of chronic intestinal human diseases. Oxysterols accumulate in the gut mainly through dietary intake and could contribute to the functional impairment of the enteric mucosa inducing oxidative and inflammatory reactions. Differentiated CaCo-2 cells, a model for normal small intestine mucosa, were treated with a defined mixture of the most common oxysterols found in cholesterol-rich foodstuffs. These compounds induce the release of reactive oxygen species (ROS) by NADPH oxidase (NOX) activation and enhance the production of pro-inflammatory cytokines. Recently, it has been shown that the epigallocatechin gallate (EGCG), a major constituent of green tea, is able not only to scavenge ROS, but also to counteract pro-inflammatory cell signals. The EGCG pre-treatment of cells challenged with oxysterols diminished both NADPH oxidase activity and cytokine production suggesting a link between pro-oxidant and pro-inflammatory effects activated by these cholesterol oxidation products. 

The use of specific small interfering RNA and inhibitors of NOX activity will allow us the actual involvement of NADPH oxidase in the oxysterol pro-inflammatory effects.
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Mutual activation of SREBP2 and BACE1 in the brain of high-cholesterol fed rats.

R. Mastrocola1, M. Guglielmotto1, E. Tamagno1, G. Boccuzzi2, M. Aragno1
1Dept. of Experimental Medicine and Oncology; 2Dept. of Clinical Pathophysiology, University of Turin, Italy

Background. Hypercholesterolemia has been identified as a major risk factor for Alzheimer's disease (AD). Altered neuronal membrane levels of cholesterol promotes the processing of the APP by the BACE1 to generate toxic A. Moreover, it has been shown the activation of cholesterogenic genes expression by SREBP2 in neuronal cells in response to accumulation of misfolded proteins, such as prions. The role of SREBP2 in hypercholesterolemia-induced activation of BACE1 has never been investigated. 

Design and methods. Male wistar rats were fed a standard diet or a high-fat diet (HF) for 20 weeks. Both plasma and brain tissue levels of cholesterol and 24-OH-cholesterol were increased. For in vitro study SKNBE neuroblastoma cells were treated with 20 M cholesterol for up to 48 hrs (Ch-neu). BACE1 and SREBP2 expression and activation were increased both in HF animals brain and in Ch-neu. Preliminary immuno-fluorescence analyses show colocalization of BACE1 and SREBP2 in hippocampal neurons of HF rats. Moreover, Ch-cells showed SREBP2-binding on BACE1 promoter. Indeed, BACE1 up-regulation was significantly reduced, but not completely reverted, by SREBP2 siRNA in Ch-neu. 

Conclusion. Our results convincingly demonstrate that BACE1 activation not only depends on the availability of cholesterol but that neurons respond to A deposition with a specific up-regulation of cholesterol biosynthesis, thus establishing a positive activation loop between SREBP2 and BACE1. 
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Interaction of pyrroline nitroxide Pirolin with paclitaxel – generation of reactive oxygen species

K. Matczak1, A. Pieniazek1, K. Kochel1, A. Koceva-Chyla1, K. Gwozdzinski2

1Department of Thermobiology, and 2Department of Molecular Biophysics, University of Lodz, Poland

Taxanes are used in monotherapy or in combination with other anticancer drugs, e.g. doxorubicin (DOX). The exact mechanism of PTX cytotoxicity against tumor cells is still under extensive study. Adjuvant treatment of breast cancer with PTX enhanced cytotoxicity of DOX, but also its cardiotoxicity, due to the oxidative stress generated in relatively unprotected heart myocytes. 

The aim of our study was to examine the effect of Pirolin (PL) on ROS genereted by paclitaxel in MCF-7 breast cancer cells. The cells were incubated with IC50 concentration of PTX (0.4 μM) for 2 h and with 50 μM concentration of nitroxide for 3 h. When combination of both compounds was used the cells were pretreated with Pirolin for 1 h before the addition of PTX. Dihydroethidine fluorescent probe was employed to measure formation of intracellular ROS level, mainly O2-·, directly in cell monolayer. Kinetics of ROS formation was monitored over 0-180 min time period under cell culture conditions using fluorescent microplate reader.

We observed appreciable amount of ROS not only in cells treated with PTX but also in those treated with Pirolin. In all cases a considerable and progressive increase in ROS production over time was found. 

It should be emphasized that in our experimental model Pirolin did not reduce the amount of reactive oxygen species generated by PTX in breast cancer cells. These properties of pyrroline nitroxide and its ability to promote O2-· formation in cancer cells make its good candidate for eventual use in anticancer adjunctive therapy with paclitaxel. 
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Novel in vitro bone regeneration model comprises bioglass, 4-hydroxynonenal and/or protein
L. Mrakovcic1, R. Wildburger2, M. Cindric3, S. Borovic Sunjic1, A. Mogus Milankovic1, N. Zarkovic1
1Rudjer Boskovic Institute, Zagreb, Croatia; 2Medizinische Universität Graz, Austria; 3School of Medicine, University of Zagreb, Croatia

Bone healing is a complex biological process that could be prolonged or incomplete, especially concerning long bones and large joints defects, and often in elderly people or in polytraumatized patients. Various attempts are done to solve this severe medical and social problem by development of novel bioactive materials, among which bioactive glass is the most attractive due to its osteoconductive and osteostimulative properties. 

Since lipid peroxidation was defined as important parameter of systematic stress response in patients with traumatic brain injuries and bone fractures, 4-hydroxynonenal (HNE), as its final product and the major bioactive marker, represents particularly interesting biomolecule. HNE regulates differentiation, proliferation and apoptosis of cells and might therefore play important role regulating regeneration of damaged tissue such as bone.

We investigated the concept of using bioactive glass coated with HNE and/or protein. Our results show stimulatory effect of HNE on cell growth and differentiation.
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Diverse effects of antioxidants in cancer therapy

T. Ozben  

Akdeniz University, Faculty of Medicine, Department of Biochemistry, Antalya, Turkey

There are conflicting views on the use of antioxidants in cancer patients, and their potential interactions with radiation and chemotherapy. Some chemotherapeutic agents and all radiation therapy induce oxidative stress by generation of oxygen free radicals (ROS) which might be an alternative mechanism for their cytotoxic effect via inducing apoptosis. A question has logically developed as to whether antioxidants taken concurrently during chemotherapy could reduce the beneficial effect of chemotherapy on malignant cells by inhibiting ROS and preventing apoptosis of cancer cells. In order to clarify the roles of antioxidants in chemotherapy, we investigated Quercetin (3,3’,4’,5,7 pentahydroxyflavone) and N-acetylcysteine (NAC) in different cell types treated with anticancer drugs. We studied cytotoxic activity of Topotecan alone and/or in combination with Quercetin in two human breast cancer cell lines, MCF-7 and MDA-MB-231. We also investigated the effect of NAC on MRP1-mediated doxorubicin and vincristine cytotoxicity in Human Embryonic Kidney (HEK293) and its MRP1 transfected (293MRP) cells. Our data indicated increased oxidative status in MCF-7 and MDA-MB-231 cells exposed to Topotecan. Treatment with Quercetin did not inhibit ROS generation, and enhanced  cytotoxicity of Topotecan in both cells. In contrast, NAC enhanced resistance against doxorubicine and vincristine in MRP1 overexpressing cells. Our study demonstrate that Quercetin and NAC have diverse effects in the cytotoxicity of chemotheurapeutic drugs. We conclude that whether an antioxidant supplement would be helpful, harmful or neutral depends in part on the specific antioxidant (and its dose), the chemotherapy drugs being used, the type and stage of cancer being treated. Well designed randomized controlled trials are needed to fully elucidate the impact of single antioxidants and antioxidant combinations in conventional cancer therapy. 
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HIF-2α-dependent up-regulation of SERPINB3 in hepatic cancer cells: a redox link between hypoxia and invasiveness

C. Paternostro1, S. Cannito1, C. Turato2, S. Quarta2, T. Musso3, E. David4, S. Colombatto1, A. Biasiolo2, M. Villano2, P. Pontisso2, M. Parola1 

1Dept. Exp. Medicine & Oncology, Univ. of Torino; 2Dept. Clinical & Exp. Medicine, Univ. of Padua; 3Dept. Public Health & Microbiology; 4Department of Pathology, San Giovanni Battista Hospital, Torino, Italy
Background/Aims. Hypoxia, common in malignant tumours, induces epithelial – to mesenchymal transition (EMT) and increased invasiveness in human cancer cells by means of a biphasic mechanism involving early redox signalling and a late, HIF1α-dependent, up-regulation and release of VEGF. In this study we have analysed in human hepatocellular carcinoma (HCC) and HepG2 cells relationships between hypoxia and the expression of SERPINB3 (S-B3) a serine protease inhibitor over-expressed in HCC  that has been shown to induce apoptosis resistance and, more recently, to be  involved in cell proliferation and EMT. 

Methods. EMT, invasiveness and signal transduction pathways were analysed by morphological, molecular and cell biology techniques in HepG2 cells, exposed to hypoxia and/or incubated with wild type and mutated S-B3 recombinant proteins. Moreover, liver specimens from either HCV cirrhotic patients carrying G1 and G2 HCC or from transgenic mice over-expressing S-B3 were analyzed by immunohistochemistry.  

Results. Exposure of HepG2 cells to hypoxia involves a very significant increase in S-B3 expression, as detected within 24 hrs. Experimental manipulations, revealed: a) a cause-effect and redox-sensitive relationship between hypoxia and S-B3 over-expression which is b) blocked by siRNA rised against HIF2α (but not against HIF1α) and c) operates through phosphorylation/inactivation of GSK3( and SNAI1 nuclear translocation, events known to sustain EMT; d) S-B3 can be released in the medium and  can trigger both EMT and increased invasiveness by a mechanism which is independent on its antiprotease activity, as revealed by using wild type and active loop-deleted S-B3 isoforms.    Immunohistochemistry “in vivo” confirmed this scenario by showing that:  a) in liver specimens from cirrhotic patients with HCC a  co-localization of HIF-2α, S-B3 and SNAI1 positive stain in either neoplastic cells and hepatocytes of surrounding liver was detected; b) S-B3 is overexpressed in the liver of S-B3 transgenic mice in perivenular hepatocytes, which are known to be physiologically under conditions of partial hypoxia. 

Conclusions.  Hypoxia is the first ever identified stimulus able to up-regulate transcription and synthesis of S-B3 in a HIF2α- and redox-dependent way. Moreover, S-B3 can be released by hypoxic cells and induce EMT in surrounding cells then exerting a putative role in carcinogenesis. 
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Urinary malondialdehyde as a biomarker of oxidative stress: pilot intervention study

K. Podgrajšek1, T. Puš1, M. Simčič1
1University of Ljubljana, Biotechnical faculty, Department of Food Science and Technology

Fruit and vegetable consumption is associated with decreased risks of developing chronic diseases such as cancer and cardiovascular diseases, due to various compounds, playing an important role in preventing oxidative stress. The aim of our pilot study was verification of regular blueberry consumption effect on oxidative stress status of young and healthy male and female subjects. Volunteers were randomized into two groups, experimental recived daily doses of fresh blueberries (Vaccinium corymbosum) and placebo. First morning urine samples were taken before the intervention trial (baseline) and after 11 days (experimental). Samples were stored at -80°C until analysis. Urinary malondialdehyde (MDA) as biomarker of lipid oxidation and antioxidant capacity (AOC) of urine was measured. MDA measurement based on reaction with TBA was analysed on HPLC, whereas AOC was determined spectrophotometric with Photochem. Results showed no significant difference in urinary MDA baseline levels between the groups as well as after intervention. On top of that AOC was also not statisticaly different between  the groups at the baseline nor after. Furhermore after 11 days of trial the level of urinary MDA was unchanged, while AOC of urine changed and was significantly higher than at the basal level (p=0,01). In addition there was a significant correlation between urinary MDA and AOC at the baseline, but not after trial. All things considered 11 days blueberry consumption had no major effect on urinary biomarkers of oxidative stress.
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Carnosine, an antioxidant or more? Effect of carnosine on rat adjuvant arthritis, an auto-immune disease

S. Ponist1, K. Bauerova1, D. Mihalova1, F. Drafi1, O. Trunova2, T. Fedorova2, A. Boldyrev2
1Institute of Experimental Pharmacology and Toxicology, Slovak Academy of Sciences, Bratislava, Slovakia; 2Research Center of Neurology, RAMS, Moscow, Russia

Carnosine (CARS) was found to have neuroprotective, hepatoprotective and anti-aging abilities. Its anti-inflammatory potential in auto-immune systemic inflammatory diseases has been but scarcely investigated as yet. The aim of this study was to evaluate the therapeutic potential CARS in adjuvant arthritis (AA) on rats.  The experiments included healthy animals, control arthritic animals and arthritic animals with administration of CARS in the oral daily dose of 150 mg/kg b.w. during 28 experimental days. CARS beneficially affected clinical parameters (hind paw volume and changes in body weight) measured in time profile (days 14, 21 and 28), significantly on day 14. Biochemical and immunological parameters were determined on day 28 after rats were sacrificed. Activity of GGT in joint and spleen homogenates was significantly reduced by CARS administration. Markers of redox imbalance in plasma (TBARS, protein carbonyls and lag time of Fe2+ induced lipid peroxidation) were significantly corrected by CARS. The reduction of immunological markers (IL-1alpha and MCP-1) in plasma by CARS is a prominent result. Moreover, CARS reduced hind paw swelling in the rat model of carrageenan induced edema close to the effect of indomethacine. Our results from two animal models show that CARS may have also systemic anti-inflammatory effects (VEGA 2/0090/2008, COST B35, APVV-51-017905).
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Production of human monoclonal antibodies against oxidised LDL 
E. Pursch1, F. Tatzber1, A. Weihs1, W. Strohmaier1, W. Wonisch2, N. Zarkovic3, D. Rünzler1
1University of applied sciences Technikum-Wien;2Medical University of Graz; 3Rudjer Boskovic Institute, Zagreb
Oxidised Low Density Lipoproteins (oLDL) play an important role in atherosclerosis. They are cytotoxic and immunogenic. Clinical studies have shown that IgG and IgM antibodies to oLDL are ubiquitously present in human sera.  No attempts have been made so far to isolate human antibodies binding to oLDL directly from human B-cells or to fuse them with mouse myeloma cells to obtain human monoclonal antibodies. The target of this line of experiments

was to isolate and work out fusions of human B-cells with mouse myeloma cells to obtain stable cell lines producing human antibodies against oLDL. B-Lymphocytes were isolated from healthy human donors, who gave their consent. After isolation, the cells were fused with SP-2/0 cells after established methods with modifications in details. This set of experiments resulted in n=19 stable clones of fused human B-Lymphocytes with mouse myeloma SP-2 cells producing human IgG or IgM antibodies binding to oLDL.  Monoclonal antibodies (MCA) yielded from our experiments are of human origin and should therefore be advantageous over mouse MCA, if applied in vivo. So far it has not been possible to standardize ELISAs for detection of antibodies against oLDL according to SI-units. It remains to be investigated if unexpected properties of these human MCA like cross reactivities to antigens other than oLDL or labelling restrictions will limit their use in vivo.
The authors thank Technikum Wien, the City of Vienna and the Austrian Research Promotion Agency for funding the FHplus project “NewTissue” (818412).
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Effects of cycloheximide on mRNA levels of peroxisome proliferator-activated receptor- (PPAR-) machinery: an involvement of MAPKs in differential superinduction of PPAR-γ1 and -γ2 mRNAs 
M. Rypka, J. Veselý
Department of Pathological Physiology, Medical Faculty, Palacky University, Olomouc, Czech Republic

The peroxisome proliferators-activated receptors (PPARs) are members of the nuclear receptor superfamily that play a central role in the regulation of oxidation and energy metabolism. PPARγ represents the most extensively studied PPAR subtype, to date. Its cumulative effects involve suppression of gluconeogenesis in liver, increased utilization of glucose in muscle, and amplification of a flux of fatty acids away from muscle into adipose tissue. 

In this study, relative mRNA levels of the transcriptional factors PPAR-γ1 and -γ2 in HepG2 cells were measured using quantitative real-time RT-PCR following the treatment of the cells by protein synthesis inhibitor cycloheximide. The major achievement of the study is the priority data demonstrating a significant upregulation (superinduction) of the PPAR-γ gene in the presence of the translational inhibitors. Mechanism of superinduction was partly elucidated by means of application of inhibitors of MAPK signaling cascade. The study demonstrates an involvement of the MAPK signaling machinery in the differential overexpression of PPARγ2 mRNA variant. The results may contribute to the understanding of regulation of differential expression of different PPARγ isoforms.
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A silybin-phospholipids-vitamin E complex (siliphos) reduces oxidative stress in patients affected by non-alcoholic hepatic steatosis

G. Serviddio, F. Bellanti, A.D. Romano, R. Tamborra, T. Rollo, M. Blonda, G. Vendemiale, E. Altomare

Centre for the Study of Liver Diseases, Department of Medical and Occupational Sciences, University of Foggia, Italy

Hepatic steatosis is the most frequent chronic liver disease, characterised by accumulation of lipids in hepatocytes. It is often diagnosed in patients with altered serum hepatic enzyme levels and bright liver at ultrasonography (US). The complex silybin-phospholipids-vitamin E (siliphos) has shown protective effects against oxidative stress and mitochondrial impairment in animal and human non-alcoholic fatty liver disease. Siliphos was administered for six months to 85 patients with persistently elevated serum aminotransferase levels and US hepatic steatosis of non-alcoholic origin. Circulating oxidative stress parameters such as blood glutathione levels and trolox equivalent antioxidant capacity (TEAC), and type IV collagen 7S domain (a marker of liver fibrosis) were measured at baseline and at the end of treatment. We observed a decrease of reduced glutathione (GSSG) which determined a reduction of GSSG/GSH ratio; moreover, TEAC was increased at the end of treatment. Finally, a decrease of serum hepatic enzyme levels and type IV collagen 7S domain was found, which was associated with GSSG/GSH ratio. The present data indicate that the siliphos complex improves redox balance and plasma markers of liver damage and fibrosis, suggesting that the action of this compound is mediated via its antioxidant activity. This complex may play a role in patients affected by hepatic steatosis of non-alcoholic origin, encouraging its use in clinical practice.
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N-acetylcysteine prevents amiodarone-induced inhibition of Complex I, OXPHOS uncoupling and cardiolipin peroxidation in rat liver mitochondria

G. Serviddio, F. Bellanti, A.D. Romano, R. Tamborra, T. Rollo, M. Blonda, G. Vendemiale, E. Altomare

Centre for the Study of Liver Diseases, Department of Medical and Occupational Sciences, University of Foggia, Italy

Amiodarone is the most prescribed antiarrhytmic drug. It has shown several toxic effects on liver mitochondria only in vitro or after short term high dose. We aimed to study the mechanisms of mitochondrial hepatotoxicity induced by amiodarone mimicking a human therapy protocol on an animal model. To this, amiodarone was administered to Wistar rats by intragastric gavage using equivalent human dose. Liver mitochondria bioenergetics (oxygen uptake, proton leak, ATP homeostasis) and oxidative stress (H2O2 production rate, hydroxynonenal (HNE)-protein adducts, peroxidised cardiolipin) were measured. We also determined the effectiveness of N-acetylcysteine (NAC) in protecting against mitochondrial modifications.

We found that amiodarone inhibits Complex I activity and uncouples OXPHOS from ATP synthesis, reducing hepatic ATP content. Increased H2O2 production rate, HNE-protein adducts and cardiolipin peroxidation were observed in liver mitochondria of treated rats. NAC prevented Complex I impairment and free radicals over-production, improving mitochondrial bioenergetics.

In conclusion, amiodarone impairs Complex I activity and dissipates proton motive force in liver mitochondria, which in turn alter hepatic ATP homeostasis. Impairment of Complex I leads to oxidative stress, with resulting cardiolipin peroxidation. These results indicate that amiodarone-induced mitochondrial dysfunction is an early event that precedes the onset of hepatotoxicity.
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Lipid peroxidation products as potential bioindicators of Lyme arthritis

E. Skrzydlewska1, W. Łuczaj1, A. Moniuszko2, M. Rusak1, J. Zajkowska2, S. Pancewicz2
1Dept. of Analytical Chemistry, Medical University of Białystok; 2Dept. of Infectious Diseases and Neuroinfections, Medical University of Białystok, Poland

Lyme disease caused by infection with the spirochete B. burgdorfferi is the most common vector-borne disease in Europe and the USA. This infection can result in various pathologies, most commonly an inflammatory arthritis characterized by cellular infiltration into the joints. This is accompanied by enhanced reactive oxygen species generation what is prone to the increase in lipid peroxidation. Because the clinical symptoms caused by B. burgdorferi, especially in the early stage of infection may be not characteristic and results of serological examination do not correlate with the severity of the disease, determination of the lipid peroxidation products in the plasma and urine may be a useful diagnostic tool for the diagnosis. Malondialdehyde, 4-hydroxynonenal and 8-isoPGF2were determined in the plasma and urine of patients with Lyme arthritis and of healthy peoples. Malondialdehyde was assayed as malondialdehyde-thiobarbituric acid adducts and 4-hydroxynonenal was assayed as a derivative with 1,3-cyclohexandione by HPLC with spectrofluorometric detection, while 8-isoPGF2was assayed by LC-MS\MS. It was shown that malondialdehyde, and 4-hydroxynonenal levels were increased about 2-4 fold in the plasma, while  in the urine this increase was about 2-fold. 8-isoPGF2total plasma level, was enhanced over 4-fold, while the urine 8-isoPGF2level was increased over 8-fold. The 8-isoPGF2 total plasma level consists of free and esterified form. During infection the ratio of free to esterified form is significantly level (about 3%) compared to the level in healthy people (about 30%). This founding indicates that the ratio of free to esterified form of 8-isoPGF2may be a useful indicator of Lyme arthritis.
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Cyp4a14 overexpression induced by hyperoxia in female CBA mice as a possible contributor of increased resistance to oxidative stress

S. Sobočanec1,  T. Balog1, A. Šarić1, V. Šverko1, N. Žarković1, A. Čipak Gašparović1, K. Žarković2, G. Waeg3, Ž. Mačak-Šafranko1, B. Kušić1, T. Marotti1
1Division of Molecular Medicine, Ruđer Bošković Institute, Zagreb, Croatia; 2School of Medicine, University of Zagreb, Department of Neuropathology Clinical Medical Center, Zagreb, Croatia; 3Karl Franz University, Graz, Austria

The beneficial effects of hyperoxia have been noted in treatment of several diseases and pathological states. However, the excessive production of ROS under hyperoxic conditions can directly damage cellular macromolecules if the imbalance in antioxidant status exists. Cytochrome P450 (Cyp) 4a14 has the important role in the metabolism of lipids and as a source of ROS in oxidative stress. We investigated the oxidant/antioxidant status as a response to hyperoxia treatment in liver of young CBA/Hr mice of both sexes and whether the observed response is mediated by Cyp4a14 via PPAR isoforms in sex-dependent manner. The overexpression of Cyp4a14, lack of both LPO and of 4-hydroxynonenal(HNE)-protein adducts revealed by immunohistochemical analysis in hyperoxia-treated females indicates their greater resistance to hyperoxia compared to males, which is paralleled to changes in PPARβ/δ and PPARγ expression. Our results suggest the presence of sex-dependent changes in all investigated parameters, which points out sex-related susceptibility towards oxidative stress and hyperoxia treatment of various pathological conditions and diseases.
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Cigarette smoke affect SRB1 levels in human keratynocites via H2O2 production

C. Sticozzi1, A. Pecorelli2, G. Belmonte1, C. Gardi2, B. Arezzini2, E. Maioli3, G. Valacchi1-4 
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The pathological effects of cigarette smoke (CS) have been extensively documented and many diseases such as emphysema and lung cancer are directly linked to the consequences of chronic smoke exposure. The combustion of CS produces over 4,000 different compounds in gaseous and particulate states that are able to induce oxidative stress to the cells exposed to the tobacco smoke. In addition, side stream smoke has been shown to be nearly as toxic as direct stream, therefore CS present two-fold heath problem to both passive and active smokers.

Skin acts as a first line of defense against environmental trauma. The upper layer of the skin, the stratum corneum (SC), is composed by lipid barrier that contains unsaturated lipids that are susceptible to oxidation. The alteration of the skin lipids composition by the exposure to environmental stressors such as CS can affect the capacity of the SC to protect us from dehydration and external dangers.

Scavenger Receptor B1 (SR-B1), one of the large family of scavenger receptors, has been shown to be involved in the uptake of cholesterol from HDL to peripheral tissues via apo A-1 mediated processes and also to be important in the delivery of tocopherol to the cells, therefore its role in skin homeostasis is crucial.

In the present studies the effects of CS and of products related to CS such as acrolein, 4HNE and H2O2 on SR-B1 expression in human keratinocytes were assessed. CS exposure induced a significant decrease of SR-B1 expression and the formation of acrolein and 4NHE protein adducts.

On the other hand, cells treated with several doses of acrolein or 4HNE or H2O2 did not affect SR-B1 levels. The treatment with glucose oxidase induces the same effect of CS as to concern SR-B1 levels and this was reversed when cells were treated with catalase.

In addition, CS induced the activation of NADPH oxidase measured as p67 translocation from the cytoplasm to the membrane.

The data from this study show that CS decreases the levels of SR-B1 in human keratinocytes and this effect is mainly driven by the production of H2O2 (exogenous and endogenous). The decrease of SR-B1 could lead to the disturbance of the skin lipid barrier affecting skin physiology and be a possible cause to skin disorders such as skin aging and wound healing linked to CS exposure.
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Oxidative stress in Rett syndrome
G. Valacchi1-2, C. Signorini3, S. Leoncini3, A. Giardini3, A. Pecorelli3, M. Comporti3, M. Rossi4, J. Hayek5, C. De Felice6, L. Ciccoli3
1Department of Biomedical Sciences, University of Siena, Siena, Italy; 2Department of Food and Nutrition, Kyung Hee University, Seoul, Korea; 3Department of Pathophysiology, Experimental Medicine & Public Health, University of Siena, Siena, Italy; 4Respiratory Pathophysiology and Rehabilitation Unit, University Hospital AOUS of Siena, I-53100 Siena, Italy; 5Child Neuropsychiatry Unit, University Hospital AOUS, Siena, Italy; 6Neonatal Intensive Care Unit University Hospital AOUS, Siena, Italy

A wide genetical and clinical heterogeneity is present in Rett syndrome (RTT), a pervasive severe neurodevelopmental disorder caused by mutations in the methyl-CpG-binding protein 2 (MeCP2) gene and more rarely in the cyclin-dependent kinase-like 5 (CDKL5) and  Forkhead Box Protein G1 (FOXG1) genes. RTT is a leading cause of mental retardation with autistic features in females and currently there is no known therapy. 

Recently, we observed an increased oxidative stress in patients with classical RTT and MeCP2 gene mutation. The aim of the present study was to evaluate whether oxidative stress is present also in RTT patients with CDKL5- and FOXG1 mutation. Oxidative stress markers examined were intraerythrocyte non-protein-bound iron (NPBI, i.e., free iron), plasma NPBI, free F2-isoprostanes (F2-IsoPs), 4-hydroxynonenal (4-HNE) plasma protein adducts.

Plasma free F2-IsoPs and NPBI levels were increased in all RTT patients respect to the controls (P<0.0001) and the higher values were detected in MeCP2 and CDKL5. MeCP2 and CDKL5 patients showed a significant increase in intraerythrocyte NPBI (P<0.0001) as compared to FOXG1 and controls, which had similar values. Likewise, MeCP2 and CDKL5 had a significant increased levels of 4-HNE protein-adducts (P<0.0001), respect  to FOXG1 and control.

The results here obtained demonstrate that oxidative stress is a shared condition in all RTT forms although the lower levels of intraerythrocyte NPBI and of 4-HNE plasma protein-adducts in FOXG1 suggest the possibility that a different mechanism is involved in FOXG1 pathogenesis. 
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Botanicals as a source of natural antioxidants

P. R. Venskutonis, A. Pukalskas, G. Miliauskas, D. Venskutonienė

Department of Food Technology, Kaunas Univesity of Technology, Lithuania

Botanicals are an important source of bioactive compounds, including antioxidants, which may be applied for various applications. Numerous studies are reported every year on the assessment of antioxidant properties of various plant species, however, in most cases they are limited to the measurement of radical scavenging capacity of plant extracts in various model reaction systems, sometimes in lipids. This approach gives only preliminary information on possible antioxidative action of such natural preparations in human body.

This presentation gives some examples on the assessment of antioxidative properties of some aromatic and medicinal plants, which were studied by our research team. Strong radical scavengers were found in sweet grass (Hierochloe odorata), big-root cranesbill (Geranium macrorrhizum), common horehound (Marrubium vulgare), bush cinquefoil (Potentilla fruticosa), costmary (Tanacetum balsamita) and maral root (Rhaponticum carthamoides). Flavonoid, coumarin and some other chemical classes of phytochemicals were identified in the studied plants. The extracts of these plants and their fractions were tested by using various assays, including their activity against lipid peroxidation. Considering our findings and the fact that these plants have been used in herbal medicine for various applications it would be reasonable to test their possible actions in biological systems.     
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In vitro toxicological response of primary rat pneumocytes to β-carotene cleavage products

C.Vogl1, E. Bojaxhi1, F. Ferk2, G. Martano3, N. Bresgen1, S. Knasmüller2, H. Stutz3,  P.M. Eckl1
1Department of Cell Biology, University of Salzburg, Austria; 2Institute of Cancer Research, Medical University of Vienna, Austria; 3Division of Chemistry and Bioanalytics, Department of Molecular Biology, University of Salzburg, Austria

β-carotene cleavage products (CP) have been postulated to be responsible for the increased incidence of lung cancer in clinical trials (CARET, ATBC), and have been shown to be genotoxic in primary rat hepatocytes. Due to the high biotransformation capacity, however, the effects observed in hepatocytes may not reflect the situation in the lung. Therefore, a CP mixture was prepared by hypochlorite bleaching of β-carotene and applied at concentrations ranging from 0.1 to 10 µM to primary rat pneumocyte cultures. DNA damage was determined by the COMET assay and the analysis of micronucleus formation. The frequencies of apoptotic and necrotic cells served as measure of cytotoxicity. While a genotoxic effect could not be demonstrated, apoptosis was significantly induced at a CP concentration of 10 µM. Also, there was a trend towards lower mitotic indices with increasing CP concentrations. Since micronucleus formation requires cell division, lower mitotic indices at stable rates of micronucleated cells will point to enhanced rates of micronucleus induction. This is confirmed by the results of the COMET assay, displaying a significant and dose-dependent increase of DNA damage up to a concentration of 10 µM in primary rat pneumocytes. These results give further proof for a causative role of β-carotene cleavage products for the increased lung cancer risk of smokers in the major β-carotene chemoprevention trials (Supported by the Austrian Science Foundation, grant No. P20096 and COST action B35).
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Palmitate protects hepatocytes from oxidative stress and triacylglyceride accumulation by stimulation of nitric oxide synthesis 

I. Wiswedel1, C. Müller1, A. Gardemann1, G. Keilhoff2, D. Peter1, S. Kropf3, L. Schild1
1Institute of Clinical Chemistry, Department of Pathobiochemistry; 2Institute of Biochemistry and Cell Biology; 3Institute of Biometry and Medical Informatics, University of Magdeburg, Germany

Excessive flux of free fatty acids (FFA) into the liver contributes to liver impairment in non-alcoholic fatty liver disease (NAFLD). It remains unclear how elevated FFA concentrations contribute to impairment of hepatocytes. In vivo investigations applying high fat diet are difficult to interpret because of the complexity of the initiated processes. Therefore, we treated hepatocytes of a primary culture with linoleic acid and palmitate to investigate the early event triggering FFA-mediated impairment. We determined cell viability, content of nitrite/nitrate and triacylglycerides (TG), inducible nitric oxide synthase (iNOS) protein, oxidation of cardiolipin (CL) as well as formation of F2-isoprostanes in the presence of insulin and glucose. This treatment did not cause significant decrease in cell viability. We show that palmitate caused induction of iNOS resulting in increased nitrite/nitrate concentration and slight increase in TG content. Linoleic acid led to decrease in nitrite/nitrate concentration paralleled by massive TG accumulation in combination with increased oxidation of CL and increased F2-isoprostane levels. We conclude that nitric oxide (NO) concentration regulates FFA-dependent TG accumulation and oxidative stress in rat hepatocytes.
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Malvidin 3-glucoside protects endothelial cells from peroxynitrite-induced apoptosis by hampering bax nuclear translocation
J. Paixão1, T. Dinis1-2, A.N. Salvayre3, L. Almeida1-2
1Center for Neuroscience and Cell Biology and 2Faculty of Pharmacy, University of Coimbra, Portugal; 3INSERM-U858, Institut Louis Bugnard CHU Rangueil, Toulouse, France

Malvidin 3-glucoside (Mv3glc) is one of the main natural anthocyanins, a group of compounds widely distributed in berries, grapes and vegetables, recognized as potent dietary antioxidants and believed to have cardioprotective properties. Recent attention has been focused on such compounds as vascular protectants, in particular, as modulators of vascular signalling pathways. The endothelium has a central role in atherogenesis, which is now viewed rather as a chronic inflammatory process associated with an overproduction of oxidant species, and apoptosis is emerging as a crucial event in disease progression. Thus, the aim of this work was to ascertain the protection afforded by Mv3glc on peroxynitrite-triggered bovine aortic endothelial cells (BAEC) apoptosis and to clarify the underlying action mechanisms. Previously, we have shown that peroxynitrite triggers apoptosis in BAEC through activation of caspases-3 and 9, implying the mitochondrial apoptotic pathway. Moreover, it increases Bax intracellular levels without affecting Bcl2. Pre-incubation of BAEC with Mv3glc strongly represses the activities of caspases-3 and 9, as well as Bax levels, not altering those of Bcl2. Besides, Mv3glc also leads to mitochondrial membrane potential recovery, as observed by JC-1, a fluorescent probe with a potential-dependent mitochondrial accumulation in viable cells. The results suggest an additional mechanism whereby Mv3glc may exert its cardioprotective effects by disrupting the mitochondrial apoptotic cell pathway in endothelial cells (Supported by FCT (Portugal) and COST B35 Action).

