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The field of nitric oxide continues to evolve and recent research further confirms that it is one of the most important molecules produced within our body.  Today there are over 100,000 papers published on nitric oxide.  We have learned a great deal since endothelium-derived relaxing factor was identified as nitric oxide.  Nitric oxide or NO was known for many years as a toxic air pollutant expelled from car exhaust.  You can imagine the impact of the story when it was discovered that such a gaseous molecule is produced in our body.  Even more remarkable is the fact that such a gas is produced within our body to serve as a signal for cell to cell communication or for the transduction of nerve impulses.  NO is a molecule that regulates blood pressure, causes penile erection, and controls the action of almost every cell in our body.  Our immune system uses nitric oxide in fighting viral, bacterial and parasitic infections, and tumors. NO transmits messages between nerve cells and is associated with the processes of learning, memory, sleeping, feeling pain, and depression. It is a key mediator in inflammation.  Early studies on NO stemmed from work with nitroglycerin and other nitrovasodilators as we attempted to understand how these medicines worked that had been used for hundreds of years.  As we discovered, nitroglycerin makes NO which accounts for its therapeutic efficacy for angina by dilating constricted and diseased blood vessels in the heart.  The discovery of the L-arginine:NO pathway transformed science and medicine.  NO is formed from the semiessential amino acid precursor L-arginine by the enzyme NO synthase.  From this discovery we now had a well described pathway for generating NO within our body.  We know and appreciate this is a very complex and complicated regulatory pathway that involves a multi-step five electron oxidation of the guanidine nitrogen of L-arginine to make NO and L-citrulline involving numerous co-factors, prosthetic groups and a functional enzyme.  In most studies, acute and chronic administration of L-arginine has been shown to improve endothelial function and increase NO output in numerous animal models.  However due to the “arginine paradox” it is still unclear how supplemental L-arginine can enhance NO production when the baseline plasma concentration is about 25- to 30-fold higher than the Michaelis-Menten constant Km of the isolated, purified NOS enzyme.  Since L-arginine is considered a semi-essential amino acid, it must come partly from the diet since the endogenous production from the urea cycle is not sufficient to maintain steady state levels necessary for all metabolic functions.  Therefore we have used L-arginine supplementation for years to attempt to restore NO production, particularly in individuals who are NO deficient.  These have been met with mixed results in humans.

There is still much to be learned about the production and regulation of NO within our body.  The limitations to our understanding arise from the fact that its production is very complex and once produced, the NO gas is degraded in less than one second as it diffuses to reach its cellular target or is quickly inactivated by reaction with oxygen, oxygen radicals or proteins.  We do know, however, that the loss of our ability to form NO, namely endothelial dysfunction, leads to a number of diseases including cardiovascular disease, the number one killer in the Western world.  In fact, loss of NO function is one of the earliest indicators or markers of disease.  Therefore, developing new strategies to restore and replete NO homeostasis early in the disease process will undoubtedly have a positive outcome on treatment of disease and perhaps more importantly on disease prevention.  

We have known for decades that nothing affects our health more than what we choose to eat.  The role of diet and nutrition in the prevention of diseases has been well established by vast population-based epidemiological studies.  Poor dietary habits such as consumption of high fat meals combined with limited fruit and vegetable intake is known to negatively affect NO production and bioavailability and is associated with poor health outcome.  To the contrary, diets rich in fruits and vegetables such as the Mediterranean diet are known to promote good health and have been postulated to enhance NO production availability due to their high antioxidant capacity.  However, there may be even more to the story than simple dietary antioxidants affecting NO homeostasis.  The notion that nitric oxide activity can be modulated by certain foods independent of L-arginine is profound.  Research over the past several years has revealed amazing and surprising activity of nitrogen oxides in certain foods that can then be metabolized to NO in the body when consumed.  As essential metabolic pathway in plants is nitrogen fixation facilitated by certain bacteria in the soil.  Nitrogen fixation is the process by which nitrogen is taken from its relatively inert molecular form (N2) in the atmosphere and converted into nitrogen compounds (such as ammonia, nitrate, nitrite, nitric oxide and nitrogen dioxide).  This is an essential process for life because fixed nitrogen is needed to make nucleotides which are needed to make DNA and also to make amino acids which in turn are needed to produce proteins.  As part of their metabolism, plants are enriched in nitrogen oxides as intermediates in this pathway.  Consuming plant based foods then provides the body with a rich pool of nitrogen oxides, such as nitrite and nitrate, from which we now know nitric oxide can be produced. Interestingly, the connections between NO and nitrite and nitrate have been known for many years, but were largely confined to the belief that both of the latter simply existed as inert breakdown products of NO. We now understand the reversibility of this process, specifically under conditions where NO is insufficiently produced.
This body of work may have revolutionary implications in terms of developing strategies to combat 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.  There have been enormous efforts to determine which food component(s) provide cardiovascular protection and protection from certain cancers.  However most of the secondary prevention trials testing common antioxidant dietary supplements have failed to show benefit or in some cases demonstrated negative or harmful outcomes.  Perhaps now we should consider nitrite and nitrate as the bioactive food components that account for the protective phenotype of certain foods and diets.  Regular intake of nitrate and/or nitrite containing food such as green leafy vegetables may ensure that blood and tissue levels of NO pools are maintained at a level sufficient to compensate for any disturbances in endogenous NO synthesis from L-arginine.  We are currently faced with an enormous public health crisis as our aging baby boomers succumb to disease, particularly cardiovascular disease.  Treatment and care of our greatest generation is a tremendous economic burden.  Developing strategies to prevent disease or reduce injury from a cardiovascular accident will improve patient outcome and enhance their quality of life.  Recognizing a natural and inexpensive regimen of foods rich in nitric oxide activity to restore NO homeostasis can have profound effects on public health.  There should be reconsideration on dietary guidelines for nitrite and nitrate in terms of their protective nature and considered as essential nutrients.
This is a relatively new area of nitric oxide research but very exciting.  The L-arginine pathway to make NO 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.  After all a simple one-electron reduction is energetically and kinetically much easier than a five electron oxidation.  The content of this book will expand on the nitric oxide story while providing a new twist.  Dr. Nathan S. Bryan has been one of the leading pioneers in this field and he is to be congratulated for the effort in communicating this new body of knowledge and assembling the world’s experts in their respective fields to tell a very nice and comprehensive story on this new biological pathway.  
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