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Foreword

The short-lived, free radical molecule nitric oxide (NO) has emerged as one of the most versatile cell
signaling transmitters produced by mammalian biological systems. NO, identified as “endothelium-
derived relaxing factor” and proclaimed “Molecule of the Year” in 1992, functions critically in physi-
ology, neuroscience, and immunology. The vascular effects of NO alone include vasodilatation,
inhibition of platelet aggregation and leukocyte adhesion to the endothelium, scavenging of superox-
ide anions, and inhibition of smooth muscle cell hyperplasia. Early studies on NO stemmed from
work with nitroglycerin in an attempt to elucidate the mechanism through which it relieved pain due
to angina pectoris. It was discovered that the formation of NO from nitroglycerin accounts for its
therapeutic efficacy for angina by dilating constricted and diseased blood vessels in the heart. Not
surprisingly, some of the most prevalent diseases result, at least in part, from decreased NO availabil-
ity, for example, hypertension, atherosclerosis, diabetes mellitus, and hypercholesterolemia.

The discovery of the formation of NO from the semi-essential amino acid L-arginine through one
of three isoforms of nitric oxide synthase provided a key therapeutic target, which is still the focus of
much research today. Dietary supplementation of L-arginine has been shown to enhance NO produc-
tion in healthy individuals (despite already saturated extracellular concentrations), and this may both
provide cardiovascular protective effects and enhance athletic performance. Indeed, endothelial dys-
function, an early sign of cardiovascular disease, has been reversed through enhanced NO production.
This observation leads us to believe that intervention through the NO pathway is a viable route for
treatment and prevention of vascular dysfunction.

Recently, the oxidative “waste” products of nitric oxide, nitrite and nitrate, have been evaluated in
a new context, due to their ability to form NO independent of nitric oxide synthase enzymes, through
reductive electron exchanges. Since nitrate (as well as nitrite) is primarily ingested in the form of
fruits and vegetables, which have been known for some time to protect against diseases from athero-
sclerosis to cancer, a new paradigm has emerged regarding the role of these once feared nitrogen
oxides. Both public and scientific perception of nitrite and nitrate still revolve around fears of nitrosa-
mine formation and carcinogenesis. What has not been considered, however, is the fact that consump-
tion of antioxidants with nitrite and nitrite (both significant components of fruits and vegetables)
inhibits the formation of nitrosamines in the gastric milieu. Furthermore, a human nitrogen cycle
consisting of commensal bacteria in the oral cavity, which serve a reductive role in the conversion of
approximately 20% of ingested nitrate to nitrite, now appears to provide a significant NOS-
independent source of NO generation.

This body of work may have revolutionary implications in terms of developing strategies to com-
bat heart disease and many other contemporary diseases associated with a NO deficiency. Furthermore
we may finally have an explanation for the many known and undisputed benefits of the Mediterranean
diet. Perhaps now we should consider nitrite and nitrate as the bioactive food components that account
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for the protective benefits of certain foods and diets. Numerous clinical trials of supplementation with
various antioxidants borrowed from heart-healthy diets, such as those typical of Mediterranean coun-
tries, have consistently failed to replicate the protective effects of the foods themselves. Consistently
absent, but the primary human source, is dietary nitrate and nitrite. Recent work has shown various
cardioprotective effects from modest supplementation of nitrite and nitrate. Nitrite, in particular, has
been shown to prevent hypercholesterolemic microvascular inflammation and protect against injury
from ischemic events.

The broader context of research regarding nitrate, nitrite, and nitric oxide suggests these simple
nitrogen oxides serve as a critical dietary component for protection against various chronic diseases.
Currently, heart disease and cancer lead the nation in cause of deaths. Concurrently, the dietary pat-
terns of the West have transitioned towards heavily processed foods and lack significant quantities of
fruits and vegetables. The explanations have been varied but overlook simple molecules known to
play critical roles in multiple organ systems through the chemical messenger NO. The dietary contri-
butions to normal NO homeostasis would not only help explain significantly lower rates of cardiovas-
cular disease in those who regularly consume fruits and vegetables but also arm scientists and
physicians with a relatively simple and inexpensive therapeutic intervention.

This text effectively overviews the important role nitrite and nitrate play in biological systems and
NO homeostasis. A risk benefit analysis has shown nitrite and nitrate present no danger when con-
sumed in modest quantities and preferably with antioxidants. In fact, research appears to suggest nitrite
acts as a redundant NO reservoir when NOS activity is insufficient or stress requires a secondary
source. The future use of nitrite/nitrate in dietary considerations will likely have a significant impact on
current public health policy. This book brings the NO-story full circle and presents novel thought on
the future treatment for many of the country’s most pressing health issues. This is a relatively new area
of nitric oxide research but a very exciting one. The L-arginine pathway for NO synthesis may turn out
to be only part of the story. The symbiosis between humans and the bacteria that reside in and on our
body may be just as important in terms of utilizing nitrate and nitrite to make NO under conditions
when the oxidation of L-arginine is dysfunctional. Drs. Nathan S. Bryan and Joseph Loscalzo have
assembled the world’s experts to present a first of its kind, comprehensive work on nitrite and nitrate in
human health and disease, carefully examining the context for a risk benefit assessment.

Louis J. Ignarro
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