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Activated androgen receptor inhibits cYclin D1 expression in breast cancer cells
Capparelli C. 1, Lanzino M., Sisci D., Morelli C., Andò S.

Dottorato di Ricerca in Biochimica Cellulare ed Attività dei Farmaci in Oncologia1, Dept. Pharmacobiology, Faculty of Pharmacy, University of Calabria 87036 Arcavacata di Rende (Cosenza) Italy

Androgens play a protective role in the pathogenesis of breast cancer since they counterbalance positive serum- and estrogen-induced growth stimuli, which are intimately linked to breast tumorigenesis. The androgen receptor is expressed in both primary and metastatic breast tumors and shows significant association with important clinical and prognostic factors since its expression and functional activity positively correlate with a low tumor grade, smaller tumor size, improved response to hormone therapy. In vitro, the non-aromatisable androgen 5-α-dihydrotestosterone (DHT) inhibits breast cancer cell proliferation, through a mechanism involving an increase in AR protein cell content concomitantly with the down-regulation of the G1/S transition of the cell cycle. In the present study we investigated whether DHT-dependent inhibition of breast cancer cell proliferation might be due to the modulation of cyclin D1, whose induction represents a key rate-limiting event in mitogenic signalling leading to S-phase entry. We identify a novel androgen-mediated mechanism negatively regulating cyclin D1 transcript and protein expression levels, in MCF-7 breast cancer cells. Mutagenesis, DAPA, EMSA and ChIP analysis indicated that this inhibitory effect is mediated by direct binding of AR to a putative AR response sequence, whose identification allows to define cyclin D1 as an androgen target gene in breast. Transcriptional repression of cyclin D1 gene by AR appears to be consequent to the recruitment of a multiprotein repressor complex involving the participation of the AR corepressor DAX1 and containing histone deacetylase activity. The biological significance of this AR-induced inhibition of cyclin D1 expression is highlighted by clinical studies showing a higher response  to tamoxifen therapy and better survival rate in cancers with cyclin D1 low/moderate expression, suggesting the possibility that targeting the AR signalling pathway could be helpful in improving new molecular and pharmacological approaches for the treatment of breast cancer.
Capparelli Claudia is a PhD student from the University of Calabria.
Inhibitory role of Farnesoid X Receptor ligand on aromatase expression in Leydig tumor cells
Malivindi R.1, Panza S.1, Gu G.2, Giordano C.1,4 Catalano S.2,4 Andò S.3,4
Dottorato di Ricerca in Biochimica Cellulare ed Attività dei Farmaci in Oncologia1, Departments of 2Pharmacobiology and 3Cell Biology, and 4Centro Sanitario, University of Calabria 87030 Arcavacata di Rende (CS), Italy
The Farnesoid X Receptor (FXR) is a member of the nuclear receptor superfamily of ligand-dependent transcription factors, that heterodimerizes with the Retinoid X Receptor (RXR). FXR, normally present in the liver and in the gastrointestinal tract, has been characterized as a bile acid receptor, but it is also expressed in nonenterohepatic tissues, including kidneys, adrenal gland, heart, vascular tissue, thymus, ovary, spleen, breast and testis. Recently, it has been demonstrated that FXR activation represses aromatase expression in breast cancer cells. In this study, we investigated how induction of FXR by a specific ligand,  chenodeoxycholic acid (CDCA), may modulate aromatase expression in R2C Leydig tumor cells. Upon prolonged exposure to CDCA we observed a strong  decrease of aromatase expression, in terms of protein content,  as revealed by immunocitochemistry and western-blotting analysis, mRNA and aromatase enzymatic activity. Transient transfection experiment, using vector containing rat aromatase promoter PII, evidenced that CDCA reduced basal aromatase promoter activity. We demonstrated, by mutagenesis studies, EMSA and ChIP assay, that FXR directly binds to SF-1 responsive element present in the aromatase promoter region. In conclusion our findings demonstrate that FXR ligands as aromatase inhibitors may represent potential pharmacological tools to be implemented in the novel strategies for testicular tumor treatment.

Panza Salvatore is a PhD student from the University of Calabria.
AKT2/FOXO3A signalling regulates ER expression and transcriptional activity in MCF-7 breast cancer cells
Avena P.1, Morelli C.2, Lanzino M.2, Casaburi I.2, Catalano S.2, Bruno R.2, Andò S.3 and Sisci D2.

Dottorato di Ricerca in Biochimica Cellulare ed Attività dei Farmaci in Oncologia1, Departments of 2Pharmacobiology and 3Cell Biology, University of Calabria 87030 Arcavacata di Rende (CS), Italy
Estrogen receptor alpha (ER) and the insulin-like growth factor I receptor (IGF-IR) pathways are engaged in a functional cross-talk in breast cancer, promoting tumor progression and increased resistance to anticancer treatments and radiotherapy. Here we introduce new mechanisms through which IGF-I signaling influences ER pathway in absence of growth factors. Our results indicate that in ER-positive MCF-7 breast cancer cells, Akt2 modulates ER transcriptional activity at multiple levels, including 1) the regulation of ER expression and nuclear translocation and 2) the activation of one of its downstream targets, the forkhead transcription factor FoxO3a. FoxO3a co-localizes and co-precipitates with ER in the nucleus, where it binds to forkhead responsive sequences on ER target promoter pS2/TFF-1; in addition, FoxO3a silencing leads to an increase of ER transcriptional activity, suggesting a repressive role of the forkhead transcription factor on ER function. Moreover, 17-estradiol upregulates FoxO3a levels, which could represent the basis for an ER mediated homeostatic mechanism. These findings provide further evidence of the importance of growth factors signaling molecules in ER regulation, introducing Akt2/FoxO3a axis as a pursuable target in ER-positive breast cancer therapy.
Avena Paola is a PhD student from the University of Calabria.
PPARγ and RXR ligands at nanomolar concentration induce intrinsic apoptosis in human breast cancer cells
Vizza D.1, Bonofiglio D.1, Cione E.1, Genchi G.1, Andò S.2,3
1Dept. Pharmacobiology, 2Dept. Cell-Biology, 3Faculty of Pharmacy Nutritional and Health Sciences, University of Calabria 87036 Arcavacata di Rende (Cosenza) Italy
Ligand activation of PPARγ and RXR induces antitumoral effects in cancer. We evaluated the ability of combined treatment with nanomolar levels of PPARγ ligand Rosiglitazone (BRL) and RXR ligand 9-cis-retinoic acid (9RA) to promote antiproliferative effects in breast cancer cells. BRL and 9RA in combination exert a strong inhibition of cell viability in MCF-7, MCF-7TR1, SKBR-3 and T-47D breast cancer cells, while MCF-10 normal breast epithelial cells are unaffected. In MCF-7 cells, combined treatment with BRL and 9RA up-regulates mRNA and protein levels of tumor suppressor gene p53 and its effector p21WAF1/Cip1. Functional experiments indicate that NFkB site in p53 promoter is required for the transcriptional response to BRL plus 9RA. We observe that the intrinsic apoptotic pathway in MCF-7 cells displays an ordinated sequence of events, including: disruption of mitochondrial membrane potential, release of cytochrome c, strong caspase 9 activation and, finally, DNA fragmentation. An expression vector for p53 antisense abrogates the biological effect of both ligands implicating involvement of p53 in PPAR/RXR-dependent activity in all of the human breast malignant cell lines tested. Taken together, our results suggest that multidrug regimens including a combination with PPAR and RXR ligands may provide a therapeutic advantage in breast cancer treatment.
Vizza Donatella is a PhD student from the University of Calabria.
Antiproliferative and cytotoxic effects elicited by the essential oil of bergamot in human neuroblastoma cell cultures

Ciociaro A.1, Maida S.1, Russo R.2, Berliocchi L.1, Ragusa S.1, Rotiroti D.1, Bagetta G.2 and M.T. Corasaniti1
1Department of Pharmacobiological Sciences, University “Magna Graecia” of Catanzaro, Catanzaro, Italy; 2Department of Pharmacobiology, University of Calabria, Cosenza, Italy
The essential oil of bergamot (Citrus bergamia, Risso; BEO), a citrus growing almost exclusively in the south of Italy, minimizes neuronal damage caused by exposure of human SH-SY5Y neuroblastoma cells to the excitotoxin NMDA and this is associated with prevention of ROS accumulation, inhibition of activation of calpain I and prevention of injury-induced decrease of phospho-Akt and phospho-GSK-3beta. Monoterpene hydrocarbons account for cytoprotection induced by BEO (Corasaniti et al., 2007). Here we report that, at concentrations higher than those required to afford neuroprotection (0.05-0.01%), BEO is endowed with antiproliferative and cytotoxic effects.

SH-SY5Y cells viability was evaluated by trypan blue exclusion and MTT assay; cell cycle distribution and sub-G1 hypodiploid events were detected by PI staining and cytofluorimetric analysis. A significant reduction of cell viability was obtained by incubating neuroblastoma cells with BEO for 24 h at concentrations > 0.02%, whereas no reduction of cell viability was induced by lower concentrations (0.005-0.01%) of BEO. To discriminate between antiproliferative and net cytotoxic effects, baseline cell count (by either MTT assay and trypan blue staining followed by microscopic cell count) was estimated prior to exposure to BEO; then, cells were incubated with the phytocomplex for 24-72h and optical density (OD) or cell count was estimated. Values of OD or of total cell number below baseline values were obtained in cultures exposed to BEO 0.03% whereas at lower concentration (0.02%) BEO induced a reduction of the proliferation rate. Analysis of cell cycle distribution revealed a significant increase of the percentage of cells in the S phase associated with a significant reduction of cells in the G2/M phase and this as early as after 1 h exposure to BEO. For longer

periods of exposure (i.e. 24 h), these effects were accompanied by a significant reduction of the cells in the G0/G1 phase of the cell cycle. The fast alterations of the cell cycle distribution were associated with a significant increase of hypodiploid events as early as 1 h after treatment. Preliminary experiments aimed at dissecting the molecular mechanisms underlying the observed concentration-related antiproliferative or cytotoxic effects rule out a role for ROS accumulation.
References

Corasaniti M.T. et al. (2007) Br. J. Pharmacol. 151: 518-52.

Ciociaro Antonella is a PhD student from the University of Calabria.
Retinoic acid induces apoptosis in Leydig cells via activation of the mitochondrial death pathway and antioxidant enzymes regulation
Pingitore A., Cione E., Perri M., Vilardi E. and Genchi G.
Dept. Pharmacobiology, University of Calabria, 87036 Arcavacata di Rende (Cosenza) Italy
In addition to playing a fundamental role in diverse processes such as vision, growth and differentiation, vitamin A and its main biologically active derivate, retinoic acid (RA), are clearly involved in the regulation of testicular functions. The present study was undertaken to examine the direct effect of RA in Leydig (TM-3) cells. Cells were cultured and treated with RA for 24 h. High doses of RA (1-20 μM) induced a decrease in cell vitality and an increase in lipid peroxidation. RA induced also a significant degree of apoptosis in the same cells in a dose-dependent manner. Apoptosis is demonstrated by the involvement of the mitochondrial pathway, that is the release of cytochrome c, the caspase-3 enzymatic activation and DNA fragmentation. Conversely, at physiological doses (0.1-500 nM) RA did not increase lipid peroxidation, nor cell death, and this was accompanied by an activation of antioxidant enzymes activity.
Pingitore Attilio is a PhD student from the University of Calabria.
High concentration of ferulic acid and its synthesized esters induce release of cytochrome c from tumoral MLTC-1 cell line
Vilardi E., Perri M., Pingitore A., Cione E. and Genchi G.
Dept. Pharmacobiology, University of Calabria, 87036 Arcavacata di Rende (Cosenza) Italy
Ferulic acid plays a chemopreventive role in cancer by inducing tumor cells apoptosis. As mitochondria play a key role in the induction of apoptosis in many cells types, we investigated in TM-3 and MLTC-1 cells the mitochondrial permeability transition (MPT) and the release of cytochrome c induced by ferulic acid and its esters in rat testes mitochondria. While in rat testes mitochondria ferulic acid, but not its esters, induced MPT and cytochrome c release, in TM-3 cells we found that both ferulic acid and its esters induced cytochrome c release from mitochondria in a dose-dependent manner, suggesting a potential target of these compounds in the induction of cell apoptosis. The apoptosis induced by ferulic acid is therefore associated with the mitochondrial pathway involving cytochrome c release and caspase-3 activation.
CHRONIC EXPOSURE TO LOW CONCENTRATIONS OF NITRIC OXIDE ATTENUATES CELL MIGRATION OF HELA AND ENDOTHELIAL CELLS

Ierardi M.V.a, Bulotta S.a,  Maiuolo J.a, Cattaneo M.G.b, Cerullo A.a, Vicentini L.M.b, Borgese N.c a 
Department of Pharmaco-Biological Science, University of Catanzaro “Magna Graecia”, 88021 Catanzaro, Italy b Department of Medical Pharmacology, University of Milano, via Vanvitelli 32, 20129 Milano, Italy c Consiglio Nazionale delle Ricerche Institute of Neuroscience and Department of Medical Pharmacology, University of Milan via Vanvitelli 32 – 20129 Milano, Italy; and Department of Pharmaco-Biological Science, University of Catanzaro “Magna Graecia”, 88021 Catanzaro, Italy
Background and purpose. Nitric oxide (NO) generated by endothelial NO synthase (eNOS) is a key regulator of endothelial cell migration and vascular homeostasis. Whereas the effects on migration of acute NO generation have been extensively investigated and generally found to be stimulatory, the role of long-term basal NO release has not been explored so far.
Experimental approach. We addressed the role of long-term basal NO release on chemotactic migration both in HeLa and in human endothelial cells. Migration in modified Boyden chambers was evaluated after: (i) induction of eNOS expression in a stably transfected HeLa cell line; ii) chronic treatment of non-transfected HeLa cells with an NO donor (DETA-NO); iii) chronic inhibition of endogenous eNOS in endothelial cells with L-NAME. 

Key results. In Hela cells, eNOS expression per se strongly inhibited chemotactic migration, an effect partially blocked by treatment with eNOS- and soluble guanylyl cyclase (sGC) inhibitors. Likewise, endothelial cell migration was stimulated by L-NAME administered for 48 h before-, but removed during migration. Pre-treatment of non-transfected HeLa cells with low, but not high, concentrations of DETA-NO strongly inhibited subsequent migration in the absence of the donor, an effect mimicked by a cGMP analogue and blocked by sGC inhibition. 
Conclusions and Implications.  In addition to its well-known role in potentiating  the migratory response of cells to motogenic  factors, 
eNOS also attenuates migration through basal long-term NO release. These results have implications for studies aimed at modulating cellular migration by enhancing or inhibiting NO-mediated signalling pathways.

Ierardi Maria Vincenza is a PhD student from the University of Calabria.
p53 polymorphism at codon 72: apoptosis and DNA repair in melanoma
Senatore V.1, 2, Genchi G.1 and Bergamaschi D.2
1Department of Pharmacobiology, Laboratory of Biochemistry, University of Calabria, 87036 Rende (CS), Italy 2Centre for Cutaneous Research, Barts and The London School of Medicine and Dentistry, 4 Newark Street, London E1 2AT, United Kingdom

A common p53 polymorphism at codon 72 results at protein level in either an arginine residue (p53Arg72) or a proline residue (p53Pro72). The two polymorphic variants of wild-type p53 have been shown to have different apoptotic potential such as differential transcriptional abilities and to affect cancer outcome and its therapeutic response. Recent reports suggest involvement of p53 codon 72 polymorphism in the skin tanning response and therefore in the risk of developing melanoma. Malignant melanoma is the most serious form of skin cancer with a rapidly rising incidence worldwide. Abnormalities in apoptosis occur commonly in cancer but the role of apoptosis in melanocyte function and melanoma formation is poorly characterized. Ultraviolet (UV)-signature p53 mutations occur infrequently in melanoma suggesting that the compromised function of wild type p53 in melanoma could be a result of either upstream or downstream defects in its pathway. There is emerging evidence for a p53 role in regulating the DNA damage repair processes. Genotoxic insults such as UV irradiation have been shown to activate p53-related DNA-repair target genes such as gadd45 and p48, which regulate the Nucleotide Excision Repair (NER), and genes involved in Mismatch Repair (MMR) such as hMSH2 and hMLH1. Recently a different role of the two polymorphic variants of p53 has been suggested in transactivating NER-related genes and in mediating general DNA repair. Moreover, defects in DNA repair have been demonstrated to lead to genomic instability, resulting in cancer. In our study we investigated molecular mechanisms that affect the polymorphic response of p53 to DNA damage (in particular after UVB exposure) and how the codon 72 p53 polymorphism influences DNA repair activity (MMR and NER). Preliminary data generated on culture of freshly isolated human melanocytes with different polymorphic p53 background (p53Arg72 vs p53Pro72) showed a greater efficiency of the p53Pro72 variant in activating DNA repair. This could suggest that the observed differences may affect the apoptotic response which is somewhere altered in melanoma.
Senatore Valentina is a PhD student from the University of Calabria.
Nerve Growth Factor (NGF) and NGF-receptor expression in human podocyte cell line
(1)Carito V., (1)Russo A., (2)Mancuso D., (2)Bonofiglio R., (1)Caroleo M.C.

(1) Dip. Farmaco-Biologico UNICAL, Arcavacata-Rende, Cosenza 

(2) UOC Nefrologia Dialisi-Trapianto, AO Annunziata, Cosenza

Introduction Glomerular podocytes are highly specialized cells with a complex cytoarchitecture. Their most prominent features are interdigitated foot processes with filtration slits in between. These are bridged by the slit diaphragm, which plays a major role in establishing the selective permeability of the glomerular filtration barrier. Injury to podocytes leads to proteinuria, a hallmark of most glomerular disease. Glomerular function alterations were also supported by change of the expression and peripheral action of factors that, generally, maintained the glomerular steady state by autocrine and paracrine actions. These factors include: cytokines, vasoactive agents, adhesion molecules and several growth factors. Among these, Nerve Growth Factor (NGF) could be play an important role. NGF is a secretory protein, belonging to the neurothrophin family, that plays a critical role in development, survival and function of cells localized within the nervous system. In addition to its well characterized action within the nervous system, several experimental and clinical findings have demonstrated that NGF is produced and released by a number of different non-neural cells. NGF induces its biological effects through the activation of two distinct receptor types located on the surface of the neurothrophin-responsive cells: the high affinity tyrosine kinase A (TrkA) receptor and the low-affinity NGF-receptor, p75. Recent data demonstrated that NGF and NGF-R are expressed in the kidney of healthy subjects and that they are affected by various renal disorders. However, scant information are available on the exact role played by NGF in the control of functional activity in the different renal cells population. The aim of the present study was to characterize NGF/NGF-R system on the immature podocytes, to this end we have used a conditionally immortalized human podocyte cell lines maintained in a proliferative state at 33°C.
Materials and Methods The human podocyte cell line, obtained from renal biopsy and transfected with the tsSV40 gene construct, was cultured in RPMI-1640 medium supplemented with 10% Fetal Bovine Serum (v/v), 1% Penicillin/Streptomycin (v/v) and 1% ITS (Insulin-Transferrin-Selenium; v/v) at 33°C and in 5%  CO2. Cells 

were grown to 80% of confluence and then trypsinized and reseeded at concentrations of 1x106 in 6-well plates in complete medium. After twenty four hours expression of NGF and NGF receptors on the human podocytes were evaluated with RT-PCR, Western Blotting assay and immunofluorescence technique.

Results The results have shown that human immature podocytes expressed NGF, trkA and p75 mRNA as evidenced by RT-PCR. Analysis of proteins levels by Western blot revealed a band at 140 kDa which corresponds to the high affinity NGF receptor, TrkA, whereas no detectable band at 75 kDa corresponding to the low affinity NGF receptor was observed. Similar results were obtained with immunofluorescence technique. In order to better characterized the lack of p75 protein expression we studied the presence of alternative splicing in p75 gene to evaluate the existence of truncated isoforms of the low affinity NGF receptors. Gene mapping revealed that in immature podocytes p75 gene is alternatively spliced at the level of exon-1 suggesting the presence of truncated form of the receptor.

Conclusion The present findings indicate that human podocyte cell lines, maintained in a proliferative state constitutively express mRNA for NGF and NGF receptors. The protein analysis through western blotting and immunofluorescence techniques revealed the existence of trkA receptor, and the absence of the mature form of p75NTR. Experiments are in progress to better clarify the role of NGF and its receptors in the functional activity of both proliferative and differentiated podocytes.
Carito Valentina is a PhD student from the University of Calabria.
Nerve growth factor and its monocyte receptors are affected in kidney disease
(1)Antonucci M.T., (2)Bonofiglio R., (2)Mancuso D., (1)Caroleo M.C.
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Nerve growth factor (NGF) plays a critical role in both physiological and pathological conditions. Their biological effects are mediated by two receptors (NGF-R): TrkA and p75. We previously reported NGF and NGF-R overexpression in various renal disorders. The aim of the study was to determinate NGF levels and NGF-R expression in peripheral blood mononuclear cells from subjects affected by glomerulonephritis (GN) and by end-stage renal disease before and after hemodialysis (HD). We enrolled 48 patients with biopsy-proven diagnosis of GN and 16 patients undergoing chronic HD. 25 subjects were enrolled as controls (C). Quantification of NGF in the serum samples was performed using NGF immunoassay. We demonstrated, for the first time, an increased NGF concentration in GN and HD patients compared to C. HD is able to restore serum NGF concentration. In GN, TrkA is overexpressed, whereas p75 did not show any difference versus C. By contrast in HD, TrkA expression is associated with increased p75 levels. In conclusion, NGF can act as protective factor against cytotoxic injuries. p75 plays a role in both survival and death of cells, depending on absence of ligand, cytoplasmic/ligand interaction and interaction with TrkA. The present findings suggest that cell survival during cellular damage is dependent on co-expression of TrkA and p75 and independent of NGF concentration. Further studies are required to confirm these observations.
Antonucci Maria Teresa is a PhD student from the University of Calabria.
MODULATION OF D2-ACTIVATED POTASSIUM CURRENTS BY TRACE AMINES IN MIDBRAIN DOPAMINERGIC NEURONS

Ledonne A.a,b, Federici M.b, Giustizieri M.b and Mercuri NB.b,c.
a University of Calabria, Department of Pharmacobiology, Cosenza, Italy; b IRCCS S. Lucia Foundation, Department of Experimental Neurology, Rome, Italy; c University of Rome ‘‘Tor Vergata’’, Neurological clinic, Rome, Italy
Trace amines (TAs) are a class of endogenous compounds closely related to the classical monoamines neurotransmitters for structure, metabolism and tissue distribution but expressed in mammalian brain at much lower concentration than catecholamines (Berry,  2008; Grandy, 2007). The TAs include tyramine, b-phenylethylamine (β-PEA), tryptamine and octopamine and their dysregulation has been linked to different neuropsychiatric disorders including schizophrenia, attention-deficit/hyperactivity  disorders, depression and Parkinson’s disease (Branchet & Blackburn, 2003).

Although the role of trace amines as neurotransmitters in invertebrates is well characterized, their physiological role in mammalian CNS is not completely elucidated yet. Trace amines have been historically considered false neurotransmitters for their ability to induce the release of catecholamines (amphetamine-like effects) and then they have been suggested to act as neuromodulators, having no effect on their own but regulating the sensitivity of neurons to other neurotransmitters. However the recent discovery of a family of G-protein-coupled receptors (GPCRs), the trace amine associated receptors (TAARs), strongly suggests that trace amines may modulate directly neuronal activity. Among TAARs, the trace amine 1 receptors (TA1) is the best characterized and is known to be coupled to Gs proteins so inducing cAMP accumulation but its physiological action on synaptic transmission is only poorly understood. It has been already shown that trace amines modulate neuronal activity of  dopaminergic neurons of substantia nigra and tegmental ventral area and produce an inhibition of GABAB synaptic transmission,  reducing G-βγ-gated inwardly rectifying potassium channels (GIRK) activity (Federici et al., 2005). Here we have performed intracellular electrophysiological 

recordings using mice midbrain slices to study the effects of trace amines (β-PEA and tyramine) and a structurally related compound like d-amphetamine on dopaminergic responses mediated by the activation of dopamine D2 receptor, a GPCR involved, like GABAB  receptors, in GIRK modulation. In particular β-PEA (30-300 μM) and tyramine (100-300 μM) produced an inhibition of  the outward current induced by the sustained bath application of quinpirole (100-300 nM) on dopaminergic neurons in a reversible and dose-dipendent manner. Also the DA releaser d-Amphetamine (30-100 μM) produced a depressant effect on quinpirole-induced activation of GIRK but not dopamine transporter inhibitors like cocaine (10 μM) and GBR12909 (10 μM). 

The same experiments were then performed in mice knockout for TA1 to confirm the potential involvement of this receptor on the trace amines observed effects. In TA1 KO mice both β-PEA (100-300 μM) and tyramine (100 μM) still reduced D2-mediated GIRK activation with the same extent recorded in wild type mice.

In conclusion trace amines induced a depression of dopaminergic transmission due to D2 activation in SN dopaminergic neurons which seems to be independent on the activation of TA1 receptors. Further studies are in progress to better define the mechanisms underlying the reported effects of TAs.
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HPLC determination of oxidative stress’s markers to describe the protective effect of olive oil on morphine tolerance

Ventrice D.2 , Muscoli C.1, Sacco I.2, Visalli V.2, Vizza E.2, Iannone M.2, Scalzo A.2, Janda E.1, Mollace V.1,2
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It is well known that the so-called “Mediterranean diet” is able to reduce the incidence of pathologies such as coronary heart disease and cancer. A central hallmark of this diet is the high consumption of virgin olive oil that contains antioxidant molecules, including phenolic compounds, in the not-saponifiable fraction. A great body of evidences suggest the key role of N-methyl-D-aspartate (NMDA)-receptor activation in opioid tolerance. A consequence of tolerance is the need to greatly increase the dose of morphine and related opioid drugs to sustain the analgesic effect. NMDA-receptor activation has also been associated with overt production of superoxide, proposed as an important mediator of morphine tolerance. Chronic injection of morphine in mice is able to induce the development of tolerance and this was associated with increased oxidation and production of malondialdehyde (MDA), an important biomarker of oxidative stress.
We previously demonstrated, in a rodent model of opiate tolerance, that phenolic compounds of olive oil - such as hydroxytyrosol and oleuropein - re-instates the analgesic action of morphine. In the present work we describe a new chromatographic (HPLC) method to determine MDA levels in morphine-tolerant mice treated with hydroxytyrosol and oleuropein. Briefly, after treatment, mice were sacrificed, the spinal cord was dissected, omogenated and MDA was extracted (solid phase extraction; SPE), derivatized using dinitrophenylhidrazine (DNPH) and determinated by HPLC (column: Nucleosil RP-18; mobile phase: acidified water pH 2.2 and ACN 45:55). In conclusion, our experimental data demonstrate that the phenolic fraction of virgin olive oil exerts antioxidant activities in vivo and that free radicals generation occurring during chronic morphine administration play a crucial role in the development of opioid tolerance. We propose, in addition, a novel analytical approach to isolate and determine MDA in biological matrices.
(-)-Linalool attenuates mechanical sensitivity in a mouse model of neuropathic pain
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(-)-Linalool is a natural compound with anti-inflammatory and anti-nociceptive properties. The anti-nociceptive action of linalool has been reported in several models of inflammatory pain. However, its effects in neuropathic pain have not been investigated. We used the spinal nerve ligation (SNL) model of neuropathic pain and studied the effects of acute and chronic administration of a standard anti-nociceptive dose of linalool on mechanical and thermal sensitivity induced by the nerve injury in mice. Linalool did not affect pain behaviour triggered by mechanical or thermal stimuli when administered as a single dose before SNL. However, mechanical allodynia was reduced transiently in neuropathic animals when linalool was administered for 7 consecutive days. No changes were seen in the sensitivity to noxious radiant heat. We investigated the possible involvement of the PI3K/Akt pathway in linalool anti-nociceptive effect by western blot analysis. Linalool did not induce significant changes in Akt expression and phopshorylation though a trend towards an increased ratio of phosphorylated versus total Akt was observed in SNL animals treated with linalool, in comparison to SNL alone or sham. We then wondered whether linalool could modulate inflammatory processes and investigated spinal glia activation and IL-1 contents following linalool treatment in SNL animals. The data suggest that mechanisms other than an action on inflammatory processes may mediate linalool ability to reduce mechanical sensitivity in this model of neuropathic pain.
Financial support from the Ministry of Health (RF 2005 to MNB and CMT) is gratefully acknowledged.
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Transient middle cerebral artery occlusion (MCAo) enhances interleukin (IL)-1beta via a mechanism implicating activation of MMPs in the brain of rat
Petrelli F.1, Amantea D.1, Bagetta G.1 and Corasaniti M.T.2
1Department of Pharmacobiology, University of Calabria, Rende (CS), Italy; 2Department of Phamacobiological Sciences, University “Magna Graecia” of Catanzaro, Italy
The proinflammatory cytokine IL-1beta has been implicated in neurodegeneration induced by experimental cerebral ischemia in rodents (Rothwell, 2003). MMPs cleave protein components of the extracellular matrix, but also process a number of cell surface and soluble proteins including receptors, cytokines and chemokine (Sternlicht and Werb, 2001). Here we investigate the putative involvement of IL-1beta processing in the detrimental effects exerted by the early upregulation of MMPs in the brain of male Wistar rats subjected to transient (2 h) MCAo. By in situ zymography we have observed that gelatinases (MMP-2 and MMP-9) become activated 15 min and 2 h after the beginning of reperfusion in the ischemic core and penumbra, respectively. In situ zymography signal broadly co-localised with NeuN-positive cells and was mainly detected in cell nuclei, appearing in the cytosol only at later stages following the insult (i.e., after 6-22 h of reperfusion). Increased gelatinase activity in the ischemic cortex was coincident with elevation (50% vs contralateral) of mature IL-1beta detected after 2 h of reperfusion in tissue homogenates by ELISA. At this early stage of injury, IL-1beta immunoreactivity, detected by confocal microscopy on paraformaldehyde-fixed brain tissue slices, increased mainly in astrocytes and in activated microglial cells in the ischemic hemisphere. Canonical caspase-1-dependent processing of pro(31 KDa)-IL-1beta did not appear to be required to yield mature (17 KDa) IL-1beta. However, systemic administration of the broad spectrum MMPs inhibitor GM6001 (0.5 g/rat, i.a., 15min before MCAo), but not of its negative control (GMneg), reduced the early activation of gelatinases, abolished the increase of IL-1beta in the ischemic cortex and resulted in a significant (49% vs GMneg) reduction of ischemic brain volume detected after 22 h of reperfusion by 2,3,5-triphenyltetrazolium chloride staining of coronal brain slices. In conclusion, our data demonstrate that fast activation of MMPs triggers 
IL-1beta processing and this is implicated in neuroinflammation and damage caused to the brain by transient focal ischemia.
Rothwell (2003) Brain Behav Immunity 17:152-157.
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Role of PARP-1 in a mouse model of ischemic preconditioning

Blasi F., Faraco G., Pittelli M., Cavone L., Moroni F., Chiarugi A.
Department of Preclinical and Clinical Pharmacology, University of Florence, Viale G. Pieraccini 6, 50139 Florence, Italy

Background and Purpose – Ischemic preconditioning (IPC) is a natural and adaptative phenomenon in which a brief, sublethal, ischemic insult increases the tissue tolerance to a subsequent, potentially lethal, massive ischemia (Dirnagl et al., 2009). Poly(ADP-ribose) polymerase-1 (PARP-1), a nuclear enzyme normally involved in DNA repair process and actively implicated in ischemic brain injury, appears involved in ischemic tolerance. In particular, Garnier et al. showed that IPC in mixed mouse cortical cultures prompts PARP-1 cleavage which, in turn, reduces the detrimental PARP-1 activity during the subsequent lethal ischemic injury. Here, we sought to clarify the role of PARP-1 protein and activity in an in vivo mouse model of IPC.
Methods and Results – C57BL/6 WT and C57BL/6 PARP-1 KO mice undergo IPC by 5’ of bilateral common carotid artery occlusion (BCCAo) 24 h before a middle cerebral artery occlusion (MCAo) of 20’ duration. A group of animals receives the PARP-1 inhibitor PJ34 (20 mg/kg, i.p.) during IPC period to evaluate the effect of PARP-1 inhibition on the development of ischemic tolerance. Infarct size evaluation, assessed 72 h after the onset of ischemia, shows that IPC protects mice from ischemic brain injury. Importantly, IPC is not affected by treatment with PARP inhibitor during the preconditioning period, or genetic deletion of PARP-1. Immunostaining analyses using antibodies directed against poly(ADP-ribose) (PAR) and cleaved PARP fragment  (89 kDa) reveal that both activity and integrity of enzyme are preserved during the IPC period. Finally, we analyze the bioenergetic changes that occur during IPC, and we show that cerebral levels of ATP, but not of NAD, are reduced immediately after IPC in the preconditioned tissue.
Conclusions – These findings demonstrate, for the first time in vivo, that PARP-1 isn’t cleaved in the brain during development of ischemic preconditioning and that pharmacological or genetic suppression of PARP-1 activity doesn’t abrogate the neuroprotection conferred by IPC.
Key Words: ischemic preconditioning ( cerebral ischemia ( PARP-1( in vivo ( neuroprotection.
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Evidence that reversal of glutamate uptake is involved in retinal excitotoxicity
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Several studies suggest that excitotoxicity occurs during retinal ischemia with subsequent loss of retinal ganglion cells (RGCs) and that this process plays a role in the pathogenesis of ischemic retinopathy (see Osborne et al., 2004, Prog Ret Eye Res; 23:91-147). Glutamate levels may become dangerously elevated in disease states by overloading the normal glutamate reuptake mechanisms.

Purpose: to study by ocular microdialysis the extracellular changes of glutamate in ischemia/reperfusion-induced retinal injury in vivo, in the presence of DL-threo-beta-benzyloxyaspartate (DL-TBOA), a non-transportable blocker of all subtypes of excitatory amino acid transporters in a model of RGC death induced by high intraocular pressure (IOP) in rat.

Methods: retinal ischemia was induced in the right eye of adult, male, Wistar rat by acutely increasing the IOP (see Osborne et al., 2004, Prog Ret Eye Res; 23:91-147). Extracellular glutamate was monitored in the retina of anaesthetised rats before, during and after pressure-induced ischemia using a microdialysis technique (see Nucci et al., 2005, Neurotoxicology, 26: 935-941). DL-TBOA was administered intravitreally via the microdialysis probe.

Results: the extracellular level of glutamate from the retina increases after the first 10 min of ischemia with larger and statistically significant increases observed at 10 min and 150 min after the reperfusion had started. Administration of DL-TBOA (500 microM), 60 min before ischemia, minimizes the increases of glutamate observed during ischemia and reperfusion in control experiments.

Conclusion: our results show that administration of DL-TBOA before ischemia prevents the increase of glutamate during ischemia and reperfusion likely by blockade of the glutamate reversal transporters.
Cavaliere Federica is a PhD student from the University of Calabria.
Retinal ischemia/reperfusion induced by high intraocular pressure (IOP) modulates PI-3K/Akt pro-survival pathway in rat
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High intraocular pressure is considered the main risk factor for developing glaucoma, a neurodegenerative disease characterized by the progressive loss of retinal ganglion cells (RGCs). Several intracellular mechanisms are involved in RGCs death occurring in glaucoma: pro-apoptotic and pro-survival pathways are both activated and compete leading to the survival or death of RGCs.
Purpose: to investigate the role of self-defense mechanisms mediated by Akt, a serine/threonin kinase with pro-survival and anti-apoptotic activities (Franke et al., 2003, Oncogene, 22:8983-98), in a model of RGC death induced in vivo by high intraocular pressure (IOP).

Methods: retinal ischemia was induced in the right eye of adult, male, Wistar rat by acutely increasing the IOP(see Osborne et al., 2004, Prog Ret Eye Res; 23:91-147). Expression and activity of Akt and its downstream targets were studied by western blotting and immunofluorescence. NMDA antagonists and Phosphoinositide-3-kinase (PI-3K) inhibitors were administered intravitreally.

Results: retinal ischemia induced Akt deactivation that correlated with the activation of the pro-apoptotic protein GSK-3beta. Akt activity increased within 1 hour of reperfusion, was sustained after 6 hours and gradually returned to basal levels after 24 hours. Activation of Akt during reperfusion relayed on PI-3K function, since pharmacological inhibition of this enzyme prevented the increase of Akt phosphorylation observed at 1 hour of reperfusion. Intravitreal injection of the NMDA antagonist, MK801, did not prevent Akt deactivation induced by ischemia, however significantly potentiated Akt phosphorylation during reperfusion.

Conclusions: the PI-3K/Akt pathway is modulated under retina ischemia/reperfusion showing that endogenous survival factors are strongly activated in response to injury. Potentiation of  this pro-survival pathway is one of the mechanisms that mediates the neuroprotective effects of the NMDA receptor antagonist MK801.

Varano Giuseppe Pasquale is a PhD student from the University of Calabria.
Axonal Architecture of Optic Nerve and Optic Radiations in Glaucomatous Patients. An in vivo Analysis with 3 Tesla MR Diffusion Tensor Imaging
Cerulli A., Bolacchi F., Melis M., Spanò A., Floris R., Simonetti G., Garaci F.G., Nucci C.
Dep. of Biopathology, University of Rome Tor Vergata Rome Italy

Purpose: Diffusion tensor imaging (DTI) is a magnetic resonance (MR) technique for studying white matter structures. Quantitative information on water diffusion within these structures, including its preferential direction within a voxel (fractional anisotropy, FA) and its magnitude independent of directionality (mean diffusivity, MD), can be derived from MR-DTI to characterize axonal architecture. The aim of the present study was to evaluate optic nerves and optic radiations of glaucomatous patients in vivo by using MR-DTI. Methods: 16 patients with primary open-angle glaucoma were included (9 males and 7 females, mean age 63 ±13 years, range 53-71 years).  The glaucomatous eyes were stratified by the severity of the visual field defects into 6 stages according to the Hoddapp-Anderson-Parish system. Ten healthy subjects, matched for age and sex, served as controls. MR-DTI was performed with a 3 Tesla MR scanner. Diffusion-weighted SENSE-sshEPI sequences with a maximum b value of 800 s/mm2 were carried out along 15 directions. DTI trace images were created by averaging 15 diffusion-weighted images. Mean diffusivity and fractional anisotropy maps were automatically created. Three regions of interest (ROIs) were manually drawn over the reference SE-EPI images of both the optic nerves and the optic radiations. The ROIs were electronically superimposed over the MD and FA maps and the mean MD and mean FA values were calculated. Results: The mean MD values of the optic nerve and the glaucoma stages varied together consistently (r=0.8087, 95% CI: 0.6686-0.8934, p<0.0001). A significant difference in mean MD values was achieved between glaucoma stage 1 vs. 2 and between stage 3 vs. 4. A negative correlation was found between the mean FA values and the glaucoma stages (r=-0.7464, 95% confidence interval -0.8440 to -0.601, p<0.0001). A significant difference in FA values was achieved between stage 0 vs.

stage 1, stage 1 vs. 2 and between patients with glaucoma stage 4 vs. 5. A significant elevation of MD and reduction of FA were observed in the optic radiations of patients with glaucoma with respect to control subjects. Conclusions: We found that the MD and FA of glaucomatous optic nerves correlates with disease severity. In addition, the optic radiations of glaucoma patients presented diffusion abnormalities that distinguished them from healthy controls. MR-DTI seems to have a potential role as a complementary tool for evaluating the severity of glaucoma and its response to treatment.
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The effect of tianeptine on gp120-induced apoptosis in astroglial cells: role in repression of NFB signaling and nitric oxide synthase(s) modulation
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Tianeptine is a tricyclic antidepressant reported to enhance the monoamine uptake in contrast to all other drugs of this class. In spite of its proven clinical efficacy, molecular effects of tianeptine are little understood. Beside its effects on glutamatergic transmission, tianeptine was reported to modulate cytokine expression in the central nervous system and protect the hyppocampus from neurodegenerative effects of chronic stress. Similarly to other neurodegenerative disorders, HIV infection is associated with inflammation and neuronal loss, causing HIV-associated dementia (HAD). The human immunodeficiency virus type-1 (HIV-1) coat glycoprotein gp120 has been proposed as a likely etiologic agent of HAD. In this report we adressed  if tianeptine could protect the astroglial cells from  deleterious effects of gp120 in vitro. Tianeptine showed an anti-apoptotic effect on astrogilal cells and prevented caspase-3 activation by gp120. The mechanism of tianeptine action in our model involves cNOS stabilization and iNOS repression at the protein level. Moreover, tianeptine blocked  the degradation of IB in response to gp120, which is necessary for  the classical NFB pathway activation. Interestingly, tianeptine was able to increase NFB inhibitor in the absence and presence of gp120. This correlated with the repression of basal and gp120-induced NFB transcriptional activation as revealed by luciferase reporter assays. These data explain the neuroprotective  role of tianeptine in our HAD model as well as suggest a mechanism for its anti-inflammatory function in chronic stress.
PARTIAL DOPAMINE DENERVATION AS A MODEL OF EARLY PARKINSONISM: EFFECTS ON striatal synaptic plasticity, NMDA receptor subunit composition AND motor behaviour
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Parkinson’s disease (PD) is a neurodegenerative disorder characterized by a massive degeneration of the dopaminergic neurons of the Substantia Nigra pars compacta (SNc). In experimental parkinsonism the complete depletion of striatal DA (> 90-95%), mimicking advanced stages PD induces a lack of synaptic plasticity at corticostriatal pathway, alterations of dendritic spines, and changes in glutamatergic signaling. All these processes have been identified as critical mechanisms underlying the expression of motor symptoms following DA denervation.
Early clinical symptoms of PD are only detected when more than 70% of DA neurons are lost. A reliable model of early PD characterized by a DA lowering close to this threshold, is of key importance in the understanding the molecular and synaptic changes underlying this early stage and to find new therapeutic strategies to treat early phases of the disease.
Here we present a model of early PD in which partial denervation, causing mild motor deficits, selectively affects NMDA-dependent Long Term Potentiation (LTP) but not Long Term Depression (LTD) induced in vitro and dramatically alters NMDA receptor composition in the postsynaptic density (PSD) consisting in an increased level of synaptic NR2A subunits.
We suggest that an uncorrected composition of NMDA receptors is a key element in both anomalous motor behavior and pathologic synaptic plasticity in the early stages of PD.
In fact, rebalancing the composition of NMDA receptor at the synaptic site, by the systemic administration of a cell permeable peptide, i.e. TAT-2A, rescues PD symptoms to control levels, physiological NMDA receptor composition and synaptic plasticity, thus providing a promising approach for innovative and early treatment of the disease.
PLGA NANOSPHERES FOR THE CNS DELIVERY OF ANTIEPILETIC DRUGS

Molinaro R.1, Citraro R.1,3, Iannone M.2, Cosco D.1, Vono M.1, Russo E.3, Celia C.1, Paolino D.3, Fresta M.1

1Department of Pharmacobiological Sciences and 3Department of Experimental and Clinic Medicine, University “Magna Græcia” of Catanzaro, Campus “S. Venuta”, 88100 Germaneto (CZ), Italy; 2ARPA Calabria - Environmental Epidemiology Centre and Institute of Neurological Science – Section of Pharmacology, CNR, Complesso "Ninì Barbieri", I-88021 Roccelletta di Borgia (CZ), Italy
A particular attention has been recently drawn to the development of polymeric supramolecular colloidal systems for the site-specific release of drugs to the CNS, in the attempt to overcome the limits coming from the presence of the blood-brain barrier.

Carbamazepine (CBZ) is considered the drug of choice for the therapeutic treatment of partial, generalized tonic-clonic and mixed epilepsy. Unfortunately, CBZ has unfavorable biopharmaceutical parameters, i.e. a reduced and irregular adsorption, a short blood half-life and a dose-dependent toxicity. CBZ elicit serious side-effects, i.e. ataxia, diplopic effect, vertigo, agranulocytosis and aplastic anemia. Therefore, the encapsulation of CBZ within polymeric supramolecular colloidal systems may improve the pharmacological activity and the biopharmaceutical properties of this antiepileptic drug. 

In this investigation polylactic-co-glycolic acid-based (PLGA) nanospheres were prepared using the method of the interfacial nano-precipitation, which is based on the formation of an oil/water emulsion. The physicochemical characterization of unloaded and CBZ-loaded PLGA nanospheres was carried out using the photocorrelation spectroscopy. The results showed a mean size of PLGA nanospheres of ~200 nm. The encapsulation of CBZ did not determined any significant variation of both mean size and size distribution, which was characterized by a polydispersity index of ~0.1, thus showing a homogenous size distribution of the colloidal dispersion. The storage stability analysis, carried out with the Turbiscan Lab® Expert, showed constant profiles of transmittance 

and backscattering of PLGA nanospheres both before and after the addition of the antiepileptic drug. Data regarding to the drug encapsulation efficiency and release profiles were also encouraging. In fact, the amount of CBZ encapsulated within the carrier system is about 47% with respect to the amount added during the formulation preparation and, after 48 h, more than 90% of the entrapped drug is released.

In vivo experiments on DBA/2 mice, which were made epileptic following the i.p. administration of pilocarpine hydrochloride (270 mg/Kg), were carried out to evaluate the therapeutic efficacy of CBZ-loaded PLGA nanospheres with respect to a solid dispersion of the antiepileptic drug with hydroxyl-β-cyclodextrin. The animal groups treated with CBZ-loaded nanospheres provided the best therapeutic response with respect to the control groups in terms of both the reduction of the number of epileptic discharges and their duration. This finding is probably due to a greater cerebral uptake of PLGA nanospheres, which may be favored by the presence of adsorbed TWEEN 80® on the surface of the colloidal system. The biodistribution experiments were carried out on DBA/2 mice following the i.p. administration of [3H]-radiolabeled nanospheres. These results showed an accumulation of the PLGA nanospheres at the level of the CNS as well as in RES organs, accompanied by a progressive elimination from the blood circulation. Furthermore, pharmacokinetic experiments showed that PLGA nanospheres ensured a significant longer blood circulation of CBZ (T1/2=15 h) than the free drug (T1/2=5 h).

PREPARATION, CHARATERIZATION AND BIOLOGICAL EVALUATION OF SQUALENE-CYTARABINE CONJUGATES SELF-ASSEMBLED IN NANOAGGREGATES

Vono M.1, Cosco D.1, Molinaro R.1, Rocco F.2, Celia C.1, Costa N.1, Paolino D.3, Ceruti M.2, Fresta M.1

1Department of Pharmacobiological Sciences and 3Department of Experimental and Clinic Medicine, University “Magna Græcia” of Catanzaro, Campus “S. Venuta”, 88100 Germaneto (CZ), Italy; 2Department of Science and Technology of Drug, University of Turin, Via P. Giuria 9, 10125, Turin, Italy
The cytarabine, analogue of 2’-deoxycytidine, is considered the treatment of choice for the acute myeloid leukemia and it is secondary used for the treatment of other proliferative forms of blood cells. Unfortunately, cytarabine has a number of drawbacks, which limit its therapeutic use, i.e. the short blood circulating half-life, the low oral bioavailability, emetic, gastrointestinal and neuro-toxicity, as well as the appearance drug resistance. An approach, which allows to overcome these drawbacks and to improve the pharmacologic activity of cytarabine, may be the conjugation of the drug with a molecule of squalenic acid. This conjugation allowed the transformation of a hydrophilic molecule, i.e. cytarabine, in an amphiphilic one, which was able to self-assemble into spherical nanoaggregates in an aqueous environment. 

The photocorrelation spectroscopy analysis showed that these nanoaggregates were characterized by a mean size of ~150 nm with a polydispersity index of ~0.1. Squalene-cytarabine nanoaggregates showed a suitable colloidal stability as a function of storage. In fact, the values of transmittance and backscattering (monitored using Turbiscan Lab® Expert) of nanoaggregates obtained just after their preparation and following six months of storage showed no variation higher that 5%.

The cytotoxic activity of squalene-cytarabine nanoaggregates with respect to the un-conjugated drug was assayed in vitro on three tumoral cell lines: K562 (chronic myeloid leukemia), OPM-2 (multiple myeloma) e MCF-7 (follicular breast carcinoma). The cytotoxic activity was evaluated using the MTT-test, which showed a greater anticancer effect of squalene-cytarabine nanoaggregates 

with respect to the un-conjugated drug in the case of responsive cell lines, i.e. K562 and OPM-2 (with a reduction of the EC50 values of four and three folds, respectively). In the case of the cytarabine-not-responsive cell line, i.e. MCF-7, squalene-cytarabine nanoaggregates elicited a significant improvement of the cytotoxic effect.

The improved anticancer activity of squalene-cytarabine nanoaggregates was due to a greater uptake by cancer cells. In particular, investigations were carried out using both nanoaggregates radio-labeled with [3H]exadecyl-cholesterol and fluorescence-labeled ones. In both cases, findings showed that the interaction between the squalene-cytarabine nanoaggragtes and cancer cells reaches the maximum just after 1 h of incubation and maintained stable up to 4 h. The biodistribution studies on Wistar rats, following the e.v. administration of squalene-cytarabine radio-labeled nanoaggragtes, showed a preferable accumulation at the level of RES organs and in particular at the level of liver, with a renal elimination and a rapid decrease of the plasmatic levels. The evaluation of the plasmatic concentration profiles as a function of time (carried out on Wistar rats) showed that the conjugation with squalenic acid elicited a significant increase of the circulation half-life, which was longer (T½= 7h) in the case of nanoaggregates than that of the free cytarabine (T½= 3 h).

Ultrastructural localization of the cannabinoid1 receptor (CB1-R) and a negative role of the anandamide on human sperm survival.”
Guido C.1, 2, Aquila S.1, 2, Perrotta I.3, Laezza C.5, Santoro A.5, Andò S.2, 4, and Bifulco M.5
1Dept. Pharmaco-Biology, 2Centro Sanitario, 3Dept. Ecology, 4Faculty of Pharmacy, - University of Calabria 87036 Arcavacata di Rende (Cosenza) Italy. 5Dipartimento di Scienze Farmaceutiche, Universitá di Salerno, Fisciano (Salerno). Italy

Cannabinoids have been always reported as harmful drugs because of their negative effects on reproduction. Recently, the endocannabinoid system and the presence of CB1-R were also identified in human sperm, however the Anandamide (N-arachidonoylethanolamine; AEA) action in this context needs to be further elucidated. In the present finding we have investigated for the first time the ultrastructural compartmentalization of CB1-R and analyzed the effects of its stimulation by using a stable analogue of anandamide, 2-methylarachidonyl-2’-fluoro-ethylamide, (MET-F-AEA) on human sperm survival.
The study of human sperm anatomy by transmission electron microscopy with immunogold analysis revealed the location of the CB1-R prevalently in the sperm membranes of the head and on the mitochondria. Mammalian spermatozoa are highly differentiated cells that display extreme polarization of cellular architecture and function. Briefly, the mature sperm cell has three highly specialized regions: the sperm head, involved in sperm oocyte interaction; the midpiece with mitochondria, involved in energy production; the flagellum, involved in motility. In regard to the cell polarization of functions, it was hypothesized that sperm possess compartmentalized metabolic and signalling pathways in the regions where they are needed. Altogether these observations and the evidence of the AEA synthesis in sperm, our finding intriguingly suggests that through an autocrine short loop AEA and its own receptor may modulate sperm functional maturation and metabolism. Notably, it is at our knowledge the first time that the CB1-R was evidenced at the mitochondria level, and this may be in agreement with the reported CB1-R modulation of mitochondrial functionality both in sperm and in other cellular type.
The AEA functional action was tested on sperm survival. Different MET-F-AEA doses were used in our experiments and we have chosen the dose of 10 nM to mimic the concentrations observed in human seminal plasma (12.3 nM) and in mid-cycle oviductal fluid (10.5 nM), while 100 nM and 1 μM are supraphysiological levels. A significantly decrease was observed at 100 nM and 1 µM MET-F-AEA. The proapoptotic activity of AEA in different cellular models has been shown to occur through the activation of different receptors, which in turn trigger different signal transduction pathways. It appears that AEA exerts a proapoptotic activity by binding to vanilloid receptors and an antiapoptotic action by binding to cannabinoid receptors, discriminating the opposite effects of AEA on cell death. Transductional pathways regulated by ECs have not been studied until now in the male gamete and then the negative AEA effect on human sperm viability led us to evaluate the underlying molecular mechanism by considering its action on some classic proteins involved in cell survival.
The activation of the PI3K/Akt pathway induces different cellular activities such motility, metabolism and survival. BCL2, downstream Akt is particularly studied as its phosphorylation is indicative of cell survival. On the other hand, it is well known that activated phosphatase PTEN plays a role in the negative regulation of the PI3K/Akt pathway. At the higher MET-F-AEA concentrations we observed a reduction in the Akt and BCL2 phosphorylation that was concomitantly with an increase of the PTEN phosphorylation, confirming an AEA action on PI3K/Akt pathway in the human male gamete. Importantly, MET-F-AEA effects were influenced by using CB1-R antagonist SR141716A (rimonabant, Rim) supporting a role for the CB1-R receptor on human sperm survival.

The presence of CB1 receptor in human sperm together with the finding that agonism at CB1 receptor, by an endogenous cannabinoid has negative effects on human reproduction suggest that CB1 receptor could have an important role in male fertility. Targeting of the CB1 receptor might represent a therapeutic tool in reproductive pathological situations involving an imbalance of endocannabinoids tone. Concluding, our data evidenced for the first time the precise human sperm anatomic regions target of the CB1-R and revealed, at least in part, the molecular mechanisms involved in the AEA modulation of human sperm survival.

Guido Carmela is a PhD student from the University of Calabria.
A role for anandamide on human sperm metabolism

Guido C.1, 2, Aquila S.1, 2, Perrotta I.3, Laezza C.5, Santoro A.5, Andò S.2, 4, and Bifulco M.5
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Recently, the endocannabinoid system and the presence of CB1-R, target of the Anandamide (N-arachidonoylethanolamine; AEA) were identified in human sperm, however the AEA action in this context is at the beginning of the knowledge. Interestingly, we focused on lipid and glucose sperm metabolism since it was never investigated, in order to shed light on the possible pathophysiological role of the EC system in male fertility and to correlate the energy metabolism profile of human sperm with EC-induced events. In fact, in the present study we have analyzed the effects of increasing AEA concentrations by using a stable analogue of anandamide, Met-F-anandamide (2-methylarachidonyl-2’-fluoro-ethylamide, AEA) on human sperm capacitation as well as on lipid and glucose metabolism.

Successful sperm maturation depends on sequential steps in both the male and female reproductive tracts. After ejaculation, the male gamete must undergo capacitation in order to be capable of fertilising an egg; this is a prerequisite for fertilisation by mammalian spermatozoa. Although the molecular mechanisms that govern the capacitation process are still under investigation, it appears to involve modifications of intracellular Ca2+, lipid remodeling in sperm plasma membrane as well as changes in protein phosphorylation. Therefore, we first aimed to evaluate the MET-F-AEA action in some events that characterize the capacitation process, such as intracellular Ca2+ levels and tyrosine phosphorylation of sperm proteins.

Ca2+ signaling in sperm is critical for fertilization and recently it was demonstrated that internal Ca2+ stores provide sufficient Ca2+ for the induction of motility hyperactivation, whereas Ca2+ influx is required to maintain intracellular Ca2+ levels to sustain 

hyperactivation. From our results it emerges that AEA is able to slightly increase free intracellular Ca2+ levels and the blockage of CB1-R by the specific antagonist SR141716 (rimonabant, SR) significantly enhanced this effect addressing its role in the regulation of intracellular free Ca2+ and then in the induction of hyperactivated motility. A spontaneous increase of cAMP during capacitation has been demonstrated and it appears to play a key role in the increase of proteins tyrosine phosphorylation, tightly associated to the initial stage of this process. In somatic cells a major CB1-R-dependent signaling pathway involves the down-regulation of adenylate cyclase activity. In our study, MET-F-AEA decreases sperm proteins tyrosine phosphorylation, while an increase was obtained by the combination of AEA with CB1-R antagonist SR141716 (SR), leading to the suggestion that this receptor is involved in the modulation of this important early event of the capacitation process.
The mechanisms controlling the interaction between energy balance and reproduction are the subject of intensive investigations. Capacitated sperm display an increased metabolic rate and overall energy expenditure, presumably to affect the changes in sperm signaling and function during capacitation process. Although ECs influence numerous systemic behaviours new data demonstrated that the EC system should now be recognized as a new crucial player in energy balance control. In general the net effect at diverse sites in the brain and throughout the body is anabolic, facilitating increased energy intake, decreased energy expenditure and increased accumulation of body fat. However, the molecular basis for the control of energy balance by the AEA are still unclear. In white adipocytes, CB1-R activation stimulates lipogenesis, while in contrast, CB1-R antagonists in vitro and in vivo reduce the expression of enzymes involved in lipogenesis. Similarly, AEA seems to exert a lipogenetic effect on human sperm lipid metabolism, since an augment in the triglycerides content was found to be associated with unchanged lipase and acyl-CoA dehydrogenase activities. Our data clearly evidenced that the blockage of CB1-R induces an increase in the energy expenditure, corroborating the idea that the receptor activation in sperm is related to the uncapacitated status. Our previous results lead us to hypothesize that the hormone modulates sperm energetic substrates 

availability on the basis of sperm energy needs. Glucose is required for spermatozoa during zona pellucida penetration and sperm-oocyte fusion and to ensure that tyrosine phosphorylation occurs during capacitation. Glucose is provided to sperm by the female reproductive tract fluid in vivo or by the culture medium in vitro; besides, several studies have indicated that stores of glycogen are endogenous sources of glucose in sperm allowing sperm to accommodate glucose-free conditions. On the basis of our results, we observed that under increasing MET-F-AEA, GSK3 phosphorylation increases indicating that the endocannabinoid in uncapacitated sperm is involved in the accumulation of energy substrates, which would be spent during capacitation. Accordingly, MET-F-AEA was unable to increase G6PDH activity. Increasing evidence points toward the pathophysiological significance of ECs in both female and male fertility. For example, elevated levels of AEA in the uterus inhibit blastocyst implantation and trophoblast differentiation in mice and cause miscarriage in women. AEA present in higher concentration in seminal plasma prevents premature capacitation activating CB1-R, instead in the female genital tract spermatozoa are exposed to a progressively reduced concentration of AEA and sperm capacitation might occur as a consequence of reduced action of AEA on CB1-R. These observations, together with current findings, raise the possibility that defective AEA-signaling may likewise impair sperm acquisition of fertilizing ability and thus male fertility.

Apart from classical hormones like leptin and insulin, the AEA has also the ability to modulate both lipid and glucose metabolism highlighting a pivotal involvement of this EC in the control of sperm energy homeostasis. Concluding, in the present finding we discovered a new site of action for ECs in the control of energy metabolism.

Guido Carmela is a PhD student from the University of Calabria.
STUDIES ON BIOCHEMICAL AND CELLULAR PROPERTIES OF PROTEASE NEXIN-1 IN GLIOBLASTOMA AND NEUROBLASTOMA CELLS

Adornetto A.1, Parafati M.1, Pietropaolo C.2 and Arcone R.1
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Protease nexin-1 (PN1) is a physiological thrombin inhibitor, which plays a role in the modulation of neuronal survival and plasticity in brain. The aim of our study was to investigate biochemical properties and role of PN1 in nerve cell proliferation and morphological differentiation by using an in vitro system model.
Experimental Recombinant PN1 (rPN1) was produced in a T7 based prokaryotic expression system, refolded in vitro and purified by Heparin-Sepharose affinity chromatography. Cells were maintained at 37 °C in DMEM with 10% fetal bovine serum; Nerve Growth Factor (NGF, 50 ng/ml) treatments were performed in serum-free medium. Protein analysis was performed by SDS-PAGE and western blotting using anti-sera against PN1 followed by an HRP-anti-rabbit IgG and enhanced chemioluminescence.

Results We produced a biologically active rPN1 able to induce neurite outgrowth in neuroblastoma cells (NB2A) by thrombin inhibition. We also produced a polyclonal PN1 anti-serum that specifically recognized PN1 expressed in oligodendrocytes [1] and immunoprecipitated the PN1/Thr stable complex. To study a possible modulation of NGF activity by PN1, we performed protein analysis on serum-free medium conditioned by nerve cells in absence and in presence of NGF. We observed secreted PN1 (45 kD Mr) in the medium from control and NGF treated glioblastoma (C6, Lipari, A172), astrocytoma (U373) and neuroblastoma (SH-SY5Y, NB2A) cells. In addition, an anti-PN1 immunoreactive protein (about 58 kD Mr) was detected only in NGF treated cells. It is possible that the PN1-like protein lacks an exposed heparin-binding site since it was eluted in the flow-through of Heparin-Sepharose column.

Conclusions These preliminary data raise the possibility that a PN1-like protein is involved in NGF induced differentiation perhaps as neurotrophin modulator or as inhibitor of NGF induced protease(s).

The biochemical purification and characterization of the PN1-like protein(s) are in progress.

Reference [1] Arcone R, et al., 2009, Biochim. Biophys. Acta. 1794: 602-14.
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