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*NO - Notable Facts

• Up until 1987 *NO was known to be ONLY a toxic 

pollutant 

• Robert Furchgott, Louis Ignarro and Ferid Murad’s 

discovery created an entirely new paradigm 

regarding nature: that a molecule could be both a 

toxicant and a bioactive essential molecule.

• *NO is highly unique:  it is small, it is uncharged, it 

has an unpaired electron and it is a gas.

*N=O
7            8

Nitric Oxide



Signs and Symptoms of Low *NO

• Hypertension

• CV Disease

• Gastrointestinal distress

• Myalgia, paresthesia

• Low Stamina 

• Cyanosis

• Numbness, chest pain, swelling, 
bulging veins

• History of NSAID use 

• Erectile dysfunction

• Imbalanced hormones

• Brain fog
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A continuous supply of oxygen is essential for the survival of multi-cellular organisms. The 

understanding of how this supply is regulated in the micro-vasculature has evolved from 

viewing erythrocytes (red blood cells, RBCs) as passive carriers of oxygen to recognizing 

the complex interplay between hemoglobin and oxygen, carbon dioxide, and nitric oxide –

the three-gas respiratory cycle – that insures adequate oxygen and nutrient delivery to 

meet local metabolic demand. In this context, it is blood flow not blood oxygen content that 

is the main driver of tissue oxygenation by RBCs. 



Blood flow to tissues is actually 
more important in most 

circumstances than how much 
oxygen is carried by hemoglobin. 
The respiratory cycle is actually a 

three-gas system.

www.pnas.org/cgi/doi/10.1073/pnas.1502285112



However, endogenously, and exogenously generated NO protects RBC 

membrane flexibility from further oxidative modification by shielding redox-

sensitive cysteine residues with a glutathione cap. Recent studies have shown 

that nitrate-rich diets and moderate exercise can enhance NO production to 

increase RBC deformability by increasing the interplay between RBCs and 

vascular endothelium-mediated NO bioavailability for microcirculation. 

Nitric Oxide 129 (2022) 25–29



Nitric Oxide 129 (2022) 25–29

Proposed molecular mechanism of decrease in RBC deformability 

following impaired NO generation and its bioavailability 



The biochemistry of NO is complex and novel insights into the control of NO 

biosynthesis and mechanisms of signal transduction are continuously emerging. 

NO is a key regulator of cardiovascular function, metabolism, neurotransmission, 

immunity, and more, and aberrant NO signaling is a central feature of many major 

disorders including cardiovascular disease, diabetes, and cancer.



Lundber JO., Weitzberg E. Nitric oxide signaling in health and disease. Cell 185, August 4, 2022



Lundber JO., Weitzberg E. Nitric oxide signaling in health and disease. Cell 185, August 4, 2022



Clinical Effects of *NO

• Hypertension

• Erectile dysfunction…both male and 
female

• Vascular dementia - Alzheimers

• Diabetes

• Small vessel disease

• Wound healing including anti-biofilm

• Anticancer effects

• Pulmonary hypertension 

• Cognition

• Ischemia and reperfusion injury

• Gastric mucosa protection

• Anti-thrombotic

• Improved cognition

• Improved athletic performance

• Glucose regulation

• Anti-microbial

• Anti-inflammatory



The described cardio-metabolic effects of dietary nitrate from experimental and 

clinical studies include lowering of blood pressure, improved endothelial function, 

increased exercise performance, and reversal of metabolic syndrome, as well as 

anti-diabetic effects. The mechanisms underlying the salutary metabolic effects of 

nitrate are being revealed and include interaction with mitochondrial respiration, 

activation of key metabolic regulatory pathways, and reduction of oxidative stress.



Cell Metabolism 28, July 3, 2018

Examples of How Dietary Nitrate Affects Metabolic Functions in the Liver,

Pancreas, Skeletal Muscle, and AdiposeTissue

• Decreased lipid accumulation

• Decrease inflammation

• Increase pancreatic islet blood flow

• Increase insulin secretion

• Increase glucose uptake

• Increase Mitochondrial efficiency

• Increased “Browning” of fat

• Decrease circulating triglycerides



Evidence from epidemiological studies suggests that the presence of CVD and its 

risk factors in midlife is associated with an increased risk of later life cognitive 

impairment and dementia. It is unclear what is driving this association, but risk may 

be conveyed via an increase in neurodegeneration (e.g. amyloid deposition), 

vascular å (e.g. small vessel disease) and mechanistically due to increased levels 

of oxidative stress and inflammation as well as changes in NO bioavailability.



• Chronic inflammation

• Increased oxidative stress

• Reduce vascular supply

• Alterations of Blood Brain Barrier

• Decreased Nitric Oxide

Increased Risk Factors for Cognitive Decline and Dementia

Curr Cardiol Rep (2017) 19: 87 DOI 10.1007/s11886-017-0898-y



Curr Cardiol Rep (2017) 19: 87 DOI 10.1007/s11886-017-0898-y



Zvonimir S. Katusic. Stroke. Emerging Roles of Endothelial Nitric Oxide in Preservation of Cognitive Health, Volume: 54, Issue: 3, Pages: 686-696, DOI: (10.1161/STROKEAHA.122.041444) 

Prior studies established that loss of neuroprotective function of endothelium 

significantly contributes to vulnerability of brain to neurodegeneration and 

dementia.  More precisely, impaired eNOS (endothelial nitric oxide 

synthase)/nitric oxide (NO) signaling seems to be an essential molecular 

mechanism linking cardiovascular risk factors with altered brain function and 

development of cognitive impairment.



Zvonimir S. Katusic. Stroke. Emerging Roles of Endothelial Nitric Oxide in Preservation of Cognitive Health, Volume: 54, Issue: 3, Pages: 686-696, DOI: (10.1161/STROKEAHA.122.041444) 





Ingestion of fruit and vegetables rich in inorganic nitrate (NO3 −) has emerged as an 

effective method for acutely elevating vascular nitric oxide (NO) levels through 

formation of an NO2−intermediate. As such a number of beneficial effects of NO3 − 

and NO2 − ingestion have been demonstrated including reductions in blood pressure, 

measures of arterial stiffness and platelet activity.





Clinical potential of NO therapy for CV Health

• Reduced blood pressure

• Improved flow mediated dilatation 

(FMD)

• Reduced ox LDL

• Improved platelet reactivity…less 

cell wall adhesion

• Reduced damaging effect of cardiac 

IR injury. (Ischemia-reperfusion)

• Reduced pulmonary hypertension

Zvonimir S. Katusic. Stroke, Volume: 54, Issue: 3, Pages: 686-696, DOI: (10.1161/STROKEAHA.122.041444) 



AGE-p was inversely associated with FMD in diabetic patients with coronary artery atherosclerosis 

in our study. After treated with AGEs, HCAECs showed significant reductions of eNOS mRNA and 

protein levels including eNOS, eNOS enzyme activity, and cellular nitric oxide (NO) levels, 

whereas superoxide anion production was significantly increased. In addition, AGEs significantly 

decreased mitochondrial membrane potential, ATP content and catalase and superoxide 

dismutase (SOD) activities, whereas it increased NADPH oxidase activity.



Advanced Glycation End Products and *NO

• Increased AGEs = Decreased flow 
mediated dilation. (FMD)

•Decreased eNOS production

•Reduced eNOS enzyme activity

•Decreased cellular *NO levels

•Significantly reduced mitochondrial 
membrane potential, ATP content 
and antioxidant activity. 

• Increased oxidative damage

Rogers et al Clin Transplant. 2004;18 Suppl 12:7-11 



Diabetes Leads to Insufficient N.O. Production

Rogers et al Clin Transplant. 2004;18 Suppl 12:7-11 



, have favorable effects on nitric oxide synthase expression, and increase insulin secretion, all effects that are potentially promising for management of obesity and diabetes. Based on current data, it could be suggested that amplifying the nitrate



• Decreased fasting glucose

• Decreased fasting insulin

• Improved glucose tolerance

• Decrease HbA1C

Effect of Nitrate/Nitrite On Metabolic Markers and Glucose Tolerance

A. Ghasemi, S. Jeddi / Nitric Oxide 70 (2017) 9e24



In the state of oxidative stress, the production of ROS exceeds the available antioxidant 

defense systems. As a consequence, bioactivity of NO, a paracrine factor that controls the 

vascular tone, inhibits platelet function, prevents adhesion of leukocytes, and reduces 

proliferation of the intima (anti-atherosclerotic mechanism). A dominant mechanism 

reducing the bioavailability of vascular NO relates to its rapid oxidative inactivation by 

the ROS O2 -. In addition, there is evidence that persisting oxidative stress renders 

eNOS dysfunctional such that it does not produce NO any longer, but O2  instead.



Rev Diabet Stud (2010) 7:15-25



intestinal peristaltism, gastric emptying and antral motor activity. It also regulates acid and gastric mucus secretion, alkaline production, and is involved in the maintenance of mucosal blood flow. In physiological conditions, NO acts as an endogenous



Major beneficial actions of *NO in the mechanism 

of gastrointestinal mucosal defense

Molecules 2015, 20, 9099-9123; doi:10.3390/molecules20059099



ent such microbial loss to only 48%. This data suggests that dietary nitrate may be envisaged as a key component of functional foods with beneficial impact on gastric mucosal integrity during antibiotic therapy but further studies are mandatory to better ascertain as t



• Control of fundic musculature

• Tissue regeneration of the mucosa

• Stimulation of mucus production

• Decrease in the secretory and alkaline 

production 

• Inhibition of leucocyte infiltration 

• Maintenance of mucosal blood flow

Physiologic Actions of NO in the 

Gastrointestinal Tract

Nitric Oxide 88 (2019) 27–34



Dietary nitrate supplementation has also been shown to enhance skeletal 

muscle function and to improve exercise performance in some circumstances. 

Recently, it has been established that nitrate concentration in skeletal muscle 

is much higher than that in blood and that muscle nitrate stores are 

exquisitely sensitive to dietary nitrate supplementation and deprivation.



DOI: 10.1249/MSS.0000000000002470



Therefore, these findings indicate that short-term dietary NO3   supplementation can 

improve performance during short-duration maximal sprint running and high-

intensity intermittent running, and support the notion that NO3 supplementation 

might enhance team sport performance.



C. Thompson et al. / Nitric Oxide 61 (2016) 55e61

Fig. 1. BR elevated plasma [NO2

] by 248% compared to baseline and 226% 

compared to

PL (panel A). BR elevated plasma [NO3

] by 710% compared to baseline and 666%

compared to PL (panel B). *P < 0.001 compared to 

PL; #P < 0.001 compared to baseline.



Adv. Sci. 2021, 8, 2003895: 10.1002/advs.202003895

A promising therapeutic compound currently undergoing clinical trials for COVID-19 is 

nitric oxide (NO), which is a free radical that has been previously reported to inhibit the 

replication of several DNA and RNA viruses, including coronaviruses. Although NO has 

potent antiviral activity, it has a complex role in the immunological host responses to viral 

infections, i.e., it can be essential for pathogen control or detrimental for the host, 

depending on its concentration and the type of virus.







The decreased NO production by endothelial nitric oxide synthase (eNOS) was revealed in 
the aged cardiovascular system. In the CNS, the decline of the neuronal (n)NOS 

production of NO was related to the impairment of memory, sleep, and cognition. NO 
played an important role in the aging of oocytes and aged-induced erectile dysfunction. 

Aging down-regulated NO signaling pathways in endothelial cells resulting in skin, kidney, 
thyroid, and muscle disorders.





flow, and smooth muscle relaxation during sexual arousal. In view of the key role of endothelial NO in smooth muscle relaxation and vasodilation, it is conceivable that deranged eNOS post



ticipates in multiple interactions between neuroendocrine and neuroimmune systems in physiological and pathological processes. Neuronal NO synthase (nNOS) modulates learning and memory and is involved in development of neuropsychiatric diseases, includi



Erectile dysfunction (ED) is associated with smoking, excessive alcohol intake,

physical inactivity, abdominal obesity, diabetes, hypertension, and decreased antioxidant

defenses, all of which reduce NO production. Better lifestyle choices; physical exercise;

improved nutrition and weight control; adequate intake of or supplementation with omega-3

fatty acids, antioxidants, calcium, and folic acid; and replacement of any testosterone

deficiency will all improve vascular and erectile function…



• Exercise

• High nitrate diet

• L-arginine

• Omega 3 EFA

• Antioxidants, Vitamin C & E

• Weight reduction

• Folic acid

• Moderate alcohol

Factors influencing *NO production and erectile function

Meldrum, DR, et el, The Link Between Erectile and Cardiovascular Health: The Canary in the Coal Mine. The American Journal of Cardiology doi:10.1016/j.amjcard.2011.03.093



Cognitive performance was improved on the serial 3s subtraction task. These results show that single doses of dietary nitrate can modulate the CBF response to task performance and potentially improve cognitive performance and suggest one possible mechan



As already discussed, nitrite has been shown to not only increase blood flow to certain 

areas of the body, but also acts preferentially in hypoxic conditions, allowing nitrite to 

increase blood flow precisely in the areas where it is needed. 

Based on this notion, our data suggest that a diet high in nitrate might allow increased 

perfusion to those areas of the brain known to be at risk in the elderly and important for 

cognitive function —the deep white matter in the frontal lobe.



Nitric Oxide. 2011 January 1; 24(1): 34–42. doi:10.1016/j.niox.2010.10.002.



• Reduce hypertension

• Improve exercise performance

• Improved cerebral blood flow, 

esp frontal lobes

• Improved cognitive function.

Dietary Nitrate

Journal of Clinical and Diagnostic Research. 2016 Jul, Vol-10(7): CC01-CC05.



Reference: Bond Jr. V, et el, Effects of Dietary Nitrates on Systemic andCerebrovascular Hemodynamics Research and Practice 

Volume 2013, Article ID 435629, 9 pages http://dx.doi.org/10.1155/2013/435629

The findings of this study suggest that the physiological mechanisms underlying dietary 

nitrate-induced improvements in systemic and cerebral vascular hemodynamics may be 

some what workload dependent. The hemodynamic improvements associated with the 

beetroot juice treatment appear to be consistent with counteracting some of the 

pathophysiologic cerebral vascular features of hypertension, Alzheimer’s, and other 

diseases associated with brain hypo-perfusion and cognitive deficits.



Cardiovascular Resistance Index Effects of nitrate supplement treatment at rest



• Age????

• Physical inactivity

• Stress…(but can increase iNOS)

• SAD diet: decreased nitrates

• Achlorhydria

• Oral dysbiosis

Causes of Low Nitric Oxide 

• Medications and Toxicants

• Antibiotics & antifungal

• Antidepressants

• Oral contraceptives

• NSAIDs/Cox2 inhibitors

• Antiseptic mouthwash & Fluoride

• PPIs

• Pollutants esp. glyphosate 



Nitric oxide supplementation improves cardiac health, enhances performance during exercise, reduces high blood pressure during pregnancy, reduces erectile dysfunction and improves

healing processes and respiratory response.  Although NO supplementation may have mild to moderate side-effects, using smaller or divided doses could avoid some of these side





Regional Differences In Conventional Vegetable Nitrate Values



Here we show that several features of metabolic syndrome that develop in 

eNOS-deficient mice can be reversed by dietary supplementation with sodium 

nitrate, in amounts similar to those derived from eNOS under normal conditions. 

In humans, this dose corresponds to a rich intake of vegetables, the dominant 

dietary nitrate source.



Dietary Nitrate Improves Glucose Tolerance and Reduces Fasting 
Blood Glucose in eNOS-deficient Mice. 

Carlstrom et al, Proc Natl Acad Sci U S A. 2010 

October 12; 107(41): 17716–17720. 



Effects of Dietary Nitrate on Blood Pressure

water (control) or water 
supplemented with 
sodium nitrate 
(0.1 mmol·kg−1·d−1) for 8 wk

Carlstrom et al, Proc Natl Acad Sci U S A. 2010 

October 12; 107(41): 17716–17720. 



Carol and Grant BP Record



Ways to Increase *NO

• Support digestive enzymes esp 

HCL.

• Nitrate/Nitrite rich supplements

• Sauna, high temperature

• Avoid antiseptic mouthwash

• Eat nitrate rich foods => vegetables

• Exercise

• Reduce stress and oxidative burden

• Increase antioxidants

• Breathe…through the nose



*NO Supplementation 

• Potassium Nitrate Beet 

Root Concentrate

• L- Arginine

• Citrulline

• Inhaled *NO gas

J PREV MED HYG 2022; 63(SUPPL. 3): E239-E245



Summary

• Nitric Oxide is an essential physiological “player” in every system of our 

body.

• Nitric oxide has a direct benefit on cognitive function, cardiovascular 

system, gastrointestinal system, exercise performance, metabolic 

syndrome and erectile function. 

• Nitric oxide can be positively influenced by life-style factors.

• Dietary nitrates have a direct benefit on increasing systemic *NO and 

improving cognition. 
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