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Abstract

Nitric oxide (NO) is a molecule with pleiotropic effects in different tissues. NO is synthesized by NO synthases (NOS), a family with four

major types: endothelial, neuronal, inducible and mitochondrial. They can be found in almost all the tissues and they can even co-exist in the

same tissue. NO is a well-known vasorelaxant agent, but it works as a neurotransmitter when produced by neurons and is also involved in

defense functions when it is produced by immune and glial cells. NO is thermodynamically unstable and tends to react with other molecules,

resulting in the oxidation, nitrosylation or nitration of proteins, with the concomitant effects on many cellular mechanisms. NO intracellular

signaling involves the activation of guanylate cyclase but it also interacts with MAPKs, apoptosis-related proteins, and mitochondrial

respiratory chain or anti-proliferative molecules. It also plays a role in post-translational modification of proteins and protein degradation by

the proteasome. However, under pathophysiological conditions NO has damaging effects. In disorders involving oxidative stress, such as

Alzheimer’s disease, stroke and Parkinson’s disease, NO increases cell damage through the formation of highly reactive peroxynitrite. The

paradox of beneficial and damaging effects of NO will be discussed in this review.

# 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Nitric oxide (NO) is a gas synthesized by a family of

enzymes present in most of the cells of the body.

The ubiquitous localization of NO demonstrates its

implication in a wide range of physiological process,

but it can turn harmful due to its reactivity, mainly with

proteins, when involved in pathophysiological processes.

The relevance of NO in brain is determined by both the

neuronal, glial and vascular physiological effects and its

involvement in neurodegenerative diseases, opening the

possibility of pharmacological treatments directed to

NO metabolic pathways. Since this review is directed

toward giving an overview of the roles of NO in brain, we

have examined the present knowledge of the synthesis

of NO, the biological chemistry of NO and its re-

activity with macromolecules, the main cellular effects of

NO, the role that NO plays in brain physiology and the

pathological involvement of NO in neurodegenerative

processes.

2. The nitric oxide synthases

NO is produced by a group of enzymes denominated

nitric oxide synthases (NOS). There are four members of the

NOS family: neuronal NOS (nNOS), endothelial NOS

(eNOS), inducible NOS (iNOS) and mitochondrial NOS

(mtNOS). The last one is an isoform of nNOS present in the

inner mitochondrial membrane (Elfering et al., 2002). All

the NOSs share between 50 and 60% sequence homology

(Lamas et al., 1992).

nNOS and eNOS are Ca2+-calmodulin-dependent

enzymes constitutively expressed in mammalian cells

(Mungrue et al., 2003) that generate increments of NO

lasting a few minutes. In contrast, iNOS is Ca2+-calmodulin-

independent and its regulation depends on de novo synthesis

(Ebadi and Sharma, 2003). iNOS is expressed following

immunological or inflammatory stimulation in macro-

phages, astrocytes, microglia and other cells producing

high amounts of NO lasting hours or days (Iadecola et al.,

1995) (Fig. 1).
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