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NITRIC OXIDE (ṄO) gas is a reactive ni-
trogen species routinely formed in

combustion engines. In biological systems,
it is synthesized from L-arginine by three
isoforms of nitric oxide synthase in neu-
rons (NOS1), macrophages (NOS2), and
endothelium (NOS3). In addition to induc-
ible NOS2, neuronal NOS1 and endothelial
NOS3 are also inducible and feedback reg-
ulated. The activation of endothelial NOS3
in the cardiovascular system by acetylcho-
line leads to the release of ṄO or the
endothelium-derived relaxing factor
(EDRF) that subsequently enters vascular
smooth muscle triggering vasorelaxation
(the 1998 Nobel Prize project of R.F.
Furchgott, L.J. Ignarro, and F. Murad) via a
cyclic GMP (cGMP)-dependent mecha-
nism (1). Owing to the free radical property
of the highly reactive unpaired electron on
the nitrogen atom, ṄO is chemically reactive
and biologically multifunctional (2). Medici-
nal ṄO gas has been recently approved as a
treatment of persistent pulmonary hyperten-
sion in the United States and the European
Union. Some of the new ṄO donor agents (ie
NCX 1015)developed by the NicOx S.A. are
undergoing clinical trials.

The major chemical and biological ef-
fects of ṄO are very intriguing (2). 1) ṄO
binds to the heme moiety to activate gua-
nylyl cyclase for signaling through the
cGMP-PKG pathway to induce vasore-
laxation and neuroprotection. 2) ṄO also
binds to iron and regulates the redox
cycling of iron complexes including he-
moglobin, iron regulating protein, and
ferrous citrate. 3) ṄO is an atypical an-
tioxidant rather than a pro-oxidant since
it scavenges cytotoxic reactive oxygen
species and peroxyl lipid radicals. 4) ṄO
is a redox modulator for cysteine-
containing peptides (ie L-glutathione/�-
GSH) because it readily reacts with the
sulfhydryl group (-SH) of cysteine to
form S-nitrosocysteine and/or thiol radi-
cal (ĠS) of GSH to form S-nitrosogluta-
thione (GSNO), respectively. Pharmaco-
logically, inhalation of ṄO gas increases
airway muscle relaxation. Some of the

inhaled and/or induced ṄO in the lung
may convert to GSNO and other S-
nitrosothiols that prevent platelet aggre-
gation, facilitate the control of uptake
and delivery of oxygen, and regulate the
N-methyl-D-aspartate (NMDA) ion chan-
nel (3,4). Furthermore, GSNO is at least
3 to 5 orders of magnitude more potent
than GSH against oxidative stress caused by
peroxynitrite (ONOO�) (5). GSNO activates
a cGMP-mediated synthesis of thioredoxin
(TRX) that protects against oxidative stress-
induced apoptosis for promoting precondi-
tioning-induced compensatory hormesis or
neuroprotection (6).

In the central nervous system GSNO
can be generated during ischemia in 1)
endothelial and 2) astroglial cells where
micromolar levels of ṄO and millimolar
concentrations of GSH are found (7).
GSNO is more stable in the biological
system than its precursor ṄO; it can enter
neighboring neurons and be converted by
�-glutamyl transpeptidase (�-GT) to S-
nitrosocysteinyl glycine (CGSNO).
CGSNO is the putative signaling mole-
cule for regulating the ventilatory re-
sponses to hypoxia at the brain stem level
of the nuclear tractus solitarius (NTS) (8)
and for controlling sensory transmission
in the ventrobasal thalamus (9). Lipton et
al. (8) employed mass spectrometry to
show that GSNO obtained from deoxy-
genated, but not oxygenated, blood when
infused into NTS mimics the ventilatory
effects of hypoxia. The generation of
CGSNO in the brain regions has been
reported by the research team leaded by
Salt et al. (9). Either gene knockout or
inhibition of �-GT by acivicin prevents
the physiological effects of GSNO in the
NTS. These in vivo findings indicate that
CGSNO is a signaling molecule in the
brain stem for triggering a cGMP-
independent feedback regulation of ven-
tilation in the lung following hypoxia.
These elegant results of Lipton et al. (8)
fit well with a recent proposal of Chiueh

and Rauhala (7) that GSNO and related
S-nitrosothiols may serve as signaling
molecules between endothelial or astro-
glial cells and brain neurons. The present
article adds to the observations in a re-
cent commentary (10) and together em-
phasizes and explains the importance of
these findings. The studies of Lipton et al
and prior S-nitrosothiol studies will be
cited by physiology and pharmacology
textbooks as key observations that ad-
vance our understanding of the pivotal
signaling role of GSNO and related
CGSNO in brain function, especially the
cell to neuron communication for con-
trolling the respiratory cycle.
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