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			Introduction

			Novel therapeutic approaches for the treatment of Parkinson’s disease (PD) and Alzheimer’s disease (AD) comprise of drug candidates designed specifically to act on multiple CNS targets rather than a single “receptor’’ symptomatic site as has been done with monoamine oxidase or cholinesterase inhibitors respectively for these disorders. One major pathology of PD and AD is the accumulation of iron in substantia nigra pars compacta, nucleus of PD, nucleus basilus, dentate gyrus, amyloid plaques, and tangles of AD. The iron is thought to contribute the onset of oxidative stress and glutaminergic excitotoxicity associated with these disorders [1].

			The accumulation of transition metals, specially iron and the dysregulation of its metabolism are a hallmark in the pathogenesis of almost all sporadic and familiar neurodegenerative diseases including Parkinson’s disease (PD), Alzheimer’s disease (AD) Amyotrophic Lateral Sclerosis (ALS) Huntington disease, Fredrich ataxia, ceruloplasmin, PANK2 [1]. Indeed, for some unexplained reason iron accumulates at brain regions where neurons are degenerating and also progressively accumulates in the brain during normal aging, together with increased activity of hydrogen peroxide producing mitochondrial monoamine oxidase. In this connection, metallo neurobiology has become extremely important in establishing the role of iron in the onset and progression of neurodegenerative diseases. Neurons have developed several protective mechanisms against oxidative stress, among them, the activation of cellular signaling pathways. The final response will depend on the identity, intensity, and persistence of the oxidative insult. 

			The characterization of the mechanisms mediating the effects of iron-induced increase in neuronal dysfunction and 

death is central to understanding the pathology of a number of neurodegenerative disorders and to develop disease modifying neuroprotective-neurorestorative drug. What is most curious is that a similar phenomenon of iron accumulation occurs in the exactly the same brain regions in animal models of PD and AD. Our group was the first to show that nutrition iron deficiency or desferal and other iron chelators pretreatment were neuroprotective in the classical animal models of PD, such 6-hydroxydopamine, MPTP and ubiquitin inhibitor lactacystin [2]. However, copper the chelator, D-penicillamine was neuroprotective [3]. The poor brain permeability of desferal led us to develop novel brain permeable iron chelators-radical scavengers and we were able to develop several multi target derivatives from the iron chrealtors possessing monoamine oxidase and cholinesterase inhibitor moieties as prodrugs in animal models of PD, AD, and ALS.

			It is well recognized that the process of neurodegeneration in PD and AD is multi factorial cascade of events. These include, oxidative stress, glutaminergic excitotoxicity, mitochondria dysfunction, nitric oxide, inflammation, proteasome ubiquitin collapse, and decline of neurotrophic factors. We were the first to suggest development of multi target drugs for neurodegenerative diseases [4] and we have synthesized several multi target non-toxic, brain permeable iron chelator drugs, M-30 series, possessing propargyl Monoamine Oxidase (MAO) and cholinesterase inhibitor moieties, with neuroprotective and neurorestorative activities and iron-chelating component, from our prototype iron chelator VK-28. M-30 and its derivatives such as HLA-20, were shown to possess a wide range of pharmacological activities, including pro-survival neurorescue effects, induction of neuronal differentiation and regulation of Amyloid Precursor Protein (APP) and β-amyloid (Aβ) levels [5-8]. 

			M-30 was found to decrease apoptosis of SH-SY5Y neuroblastoma cells in a neurorescue serum deprivation model, via reduction of the pro-apoptotic proteins Bad and Bax, and inhibition of the apoptosis-associated phosphorylated H2A.X protein (Ser 139) and caspase 3 activation. In addition, M-30 and its derivatives induced the outgrowth of neurites, triggered cell cycle arrest in G0/G1 phase and enhanced the expression of growth associated protein-43, HIF (Hypoxia Inducing Factor) and the neurotrophins, BDNF, GDNF VGEF and erythropoietin [9,10] This has been shown to be associated with the inhibition of iron dependent prolyl-4-hydroxylase that regulates HIF. These compounds have the ablity of converting more than 85% of adult human stem cells in culture into neurons. Furthermore, since APP has been shown to be an iron regulated protein, similar to ferritin, by possessing 5” UTR in its mRNA element, M-30 and its derivatives markedly reduced the levels of cellular APP and β-C-terminal fragment (β-CTF) and the levels of the amyloidogenic Aβ peptide in the medium of SH-SY5Y cells and Chinese hamster ovary cells stably transfected with the APP ‘Swedish’ mutation. As a consequence, levels of the non-amyloidogenic soluble APPα and α-CTF in the medium and cell lysate respectively were coordinately increased via activation of α-secretase. This process was prevented by α-secretase and PKC inhibitors. Both M30 and HLA-20 have neurorestorative activity in in vivo models of Parkinson’s disease, 6-hydroxydoapminr, MPTP and ubiquitin inhibitor, lactacystin and restore the cognitive deficit in the APP/PS1 Tg mice, Strep Toco Zin (STZ) model of AD and rat Tg model of AD [11]. These properties, together with their iron chelating, cholinesterase and brain selective MAO inhibitory activities and propargylamine dependent neuroprotective and neurorestorative effects, suggest that these drugs might serve as an ideal drug for PD and AD, without resorting to inhibition of β-secretase, in which oxidative stress and iron dysregulation have been implicated [12-14].
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