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Understanding the health benefits of Nitric Oxide, and the biological processes by which it can be created, or destroyed is a key part of understanding the links
between oral and systemic health.

Nitric oxide (NO) has been at the forefront of scientific research since 1998 when 3 US scientists, Robert F. Furchgott, Louis J. Ignarro,
and Ferid Murad, won the Nobel Prize in Physiology or Medicine for discovering that NO is a powerful signaling molecule in the
cardiovascular system.” NO is not only a potent vasodilator, it also plays a part in the immune system and in neural transmission. Since

this discovery, the media has occasionally promoted the purported benefits of NO supplements for improving virility and overall health.

Still, NO is now known to be a major component for optimal
health, and a lack of or deficiency of NO is the cause of many
chronic disease processes.? One unique way NO is produced is
through symbiotic bacteria in the mouth. Dentists should be
aware of this process and be able to discuss NO with their

patients.

Additionally, it has been suggested that nasal breathing improves

NO bioavailability and dentists should know the scientific basis
for this. The goal of this paper is to explore the evidence of the
benefits of NO, the consequences of decreased NO, and how to

enhance NO production in dental patients. A secondary goal is to

Image Credit: © Metreco / stock.adobe.com

use this knowledge to aid the dental practitioner in educating

patients about this important biological process.
Dentistry and NO

In 2017, the American Dental Association set out guidelines for dentists to screen for sleep related breathing disorders.3 Since then,
dental sleep medicine has gained wide interest and many dentists seek to learn more about the consequences of obstructive sleep
apnea (OSA). OSA is characterized by episodic reductions of airflow for 10 or more seconds caused by a collapse or total obstruction
of the upper airway. Untreated OSA can lead to many adverse conditions such as hypertension, heart attack, stroke, gastroesophageal
reflux disease (GERD), depression, obesity, diabetes mellitus, and hypercholesterolemia.? It is important to note that NO bioavailability
is compromised in all of these conditions.®

NO Physiology and Function

As a powerful signaling molecule in the cardiovascular system, NO dilates blood vessels and brings oxygen rich blood to the body, and

in turn lowers blood pressure. Due to the nature of this vasodilation, NO improves athletic performance and brain tissue is further 6
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perfused with oxygen rich blood. Conversely, a deficiency of NO leads to decreased blood flow to the brain, organs, and extremities.

NO also plays a part in the immune system along with stem cells, macrophages, T-cells, and other pathogen fighting entities.®
Furthermore, NO acts as a neurotransmitter in the brain. Here it regulates synaptic plasticity, behavior, and cognitive function as well as

blood flow. A lack of NO could lead to high blood pressure, increased risk of Alzheimer's, and erectile dysfunction.2

NO is made in several ways. One is endogenously through endothelial cells which line every blood vessel in the body. Amino acids in
the body L-arginine (Arg) and L-citrulline (Cit) are needed for this process. Arg is a semi-essential amino acid which is a NO substrate
and Cit acts as an L-arginine precursor which is also converted to NO. In this pathway, NO synthase of the endothelial cells is utilized

(eNOS) and intracellular calcium (Ca) concentration is decreased which relaxes smooth muscles producing a vasodilation effect.®

Arg is made in the body or found in various foods. This amino acid is used in many metabolic processes in the body and only a fraction
of Arg is used in the NO synthase pathway.” Cit is a non-essential amino acid, and interestingly, the only food found to contain Cit is
watermelon. Arg and Cit are added to NO supplements in hopes to improve athletic performance and possibly lower blood pressure.
Early studies have shown that Arg and Cit do have a measurable effect on lowering blood pressure. Some studies show that adding Arg
may boost athletic performance in young healthy individuals but in the presence of endothelial dysfunction, it could actually have
harmful effects.®8 Interestingly, other studies show that NO supplements benefit individuals who are mildly or moderately trained but

don’t benefit those who are well-trained athletes.8

Another way NO is produced is from our diet by eating nitrates. In this pathway, nitrate is converted to nitrite and NO is then made in
the stomach. Nitrates are eaten and facultative anaerobic bacteria in the crypts of the posterior dorsal tongue reduce the nitrate to
nitrite. This nitrite is swallowed with saliva and converted to NO in the stomach. NO here has gastrointestinal benefits and the nitrite is

recycled back into the bloodstream.

The enterosalivary nitrate-nitrite-NO pathway is dependent on pH, enzymes, and oxygen tension.® Benjamin et al conducted an
experiment on exposing various pathogens to nitrite. He used saliva with measurable amounts of nitrite and acidified this saliva to
reproduce the environment of the stomach. The experiment showed that nitrite killed candida albicans, e. coli, salmonella, and shigella
in the presence of acid and likely kills other harmful gut bacteria such as Helicobacter pylori which causes gastric ulcers.'®

The oral microbiome must have homeostatic balance, humans can not reduce nitrates otherwise. Particular to note, mouthwash can kill
the symbiotic nitrate reducing bacteria and essentially interrupt the NO conversion pathway."" A study was done on subjects who used

Chlorohexidine for 7 days and saw a 25% decrease in plasma nitrite with an increase in blood pressure.?

An acidic environment in the stomach is crucial for the nitrate-nitrite-NO pathway. Proton pump inhibitors (PPIs), collectively known as
antacids, can disrupt this cycle. PPIs work by inhibiting stomach acid production thereby increasing stomach pH. PPIs were never
meant to be taken on a long-term basis. A study on the chronic use of PPIs on 87 participants revealed impaired NO production and
that PPIs taken for 3-5 years will increase the risk for heart attack and stroke by 30%.213 Because of the greater risk for adverse

cardiovascular events, pharmacovigilance must be employed for these drugs.'#
Benefits Of Nitrates and Nitrites

Nitrates are found in vegetables, some processed foods, and drinking water. The amount of nitrate in vegetables varies depending on
nitrate in the soil, fertilizers, time of year grown, cooking temperatures, or light in which the plant was grown. Ironically, plants grown in
low light have higher nitrate content.? Historically, nitrates and nitrites were thought to be environmental pollutants and carcinogenic.
We now see their important role in cardiovascular health.® Nitrites are made in the body, in fact, breast milk has high concentrations of

nitrite because infants lack nitrate reducing bacteria,

Some of the benefits of nitrates and nitrites are found in the literature. Even dietary nitrite without the dependance of an enzyme can
repair heart tissue.® Duranski et al performed an experiment on 2 groups of mice, one group having a 7-day pretreatment of nitrite and
the other control group having no nitrite. Both groups of mice were given a myocardial injury, and the mice who were given nitrite had a
cardiac infarct size 67% less than that of the control group and an improved recovery.'® Another study showed that drinking beetroot

juice rich with nitrates lowers blood pressure within 6 hours.28
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NO and Sexual Dysfunction

Due to the fact that NO is a gas with a half-life of about 1 second, it is difficult to measure. A deficiency of NO is initially discovered
from symptoms, and one of the first signs of NO deficiency is sexual dysfunction. Many times, erectile dysfunction in both men and
women is dismissed by the individual because of the stigma attached to this condition. One study showed that subjects with a

decrease in the NO synthase substrates Arg and Cit may be a major factor in male erectile dysfunction.’”

Vasodilation occurs when NO stimulates guanylate cyclase which produces cyclic guanosine monophosphate which in turn decreases
intracellular Ca leading to relaxed smooth muscle.?'8 This is the pathway that regulates female sexual organ blood flow. Estrogen
regulates endothelial NO production and is known to improve female sexual arousal disorders.’™ A mouse model study of impaired
sexual behavior in female mice improved with pharmacological NO.20

The Role of NO in OSA

Stress and disease states compromise the production of NO.”'® Patients with OSA suffer from oxidative stress because of the
repeated hypoxic episodes of apnea they endure all night. Oxidative stress reduces endothelial NO synthase (eNOS) thereby inhibiting
NO production. In one experiment, OSA patients were treated with a CPAP (continuous positive airway pressure) machine, and NO
and L-arginine levels were restored overnight, conversely, NO and L-arginine levels dropped when the CPAP was not used in OSA
patients.?’

Functions of Nasal Breathing Neuronal
Cells of the
Brain &

Nasal breathing produces a considerable amount of NO through T

the paranasal sinuses. The paranasal sinuses have beating cilia System

and this is where NO is produced. This NO kills bacteria, viruses,

Immunity

and fungi as a first line defense in the immune system. NO Activated

furthermore increases the ciliary beating thereby promoting Cells
22,23

mucus clearance.

Endothelial
The paranasal sinuses, both epithelial nitric oxide synthase cells of the , eNOS
(eNOS) and inducible nitric oxide synthase (iNOS) occur.22 The v:yi;:mr
isoform of iNOS is not dependent on Ca to perform and is
associated with the pathogen fighting ability of the immune Heart &
system whereas eNOS is expressed as vasodilation. A third form ot:lgl:’enrs ,

Nitrites
of NO synthase occurs as nNOS which acts as a
neurotransmitter in the neuronal cells and also has pathogen
eNOS &
iNOS in the

paranasal
sinuses

fighting abilities (Figure 1).23 Lungs &
Other

Organs

The isotope iINOS is expressed in white blood cells, epithelial

cells, and other proinflammatory cells and generates a volume of ) o ) ) o
Figure 1: Although Nitric oxide production can be present in all cells and with different

NO greater than that of blood vessels and nerves. Nonetheless, substrates, here are some primary pathways and targets of nitric oxide production.?”.28:29

iNOS is found in healthy tissue and is present even in infants thus

there is no need for a pathogen for the expression of iINOS to

occur.24

Nitric oxide is found to be 7-fold higher in the sinuses than in the nose and the act of humming increases nitric oxide 15-fold as
compared with quiet exhalation. Humming causes oscillation of the air and stimulation of the ciliary in the sinuses. The amount of NO
produced in the sinuses is dependent on the size of the ostium.25 Low levels of NO may lead to more susceptibility to sinus
infections.24

Conclusion
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If nasal breathing is a predictable source of NO, then it should seem that taping during sleep could be one way to improve perfusion of
NO in the body. One study showed an improvement in snoring and sleep apnea scores with mouth taping during sleep.?® More
scientific studies need to be devoted to this topic given the fact that mouth-breathing and snoring are precursors to OSA. OSA has
detrimental effects on patients in terms of high risk for heart attack, stroke, inflammatory conditions, as well as motor vehicle
accidents, daytime drowsiness, and quality of life issues, not to mention the economic toll on society. Restoring NO production by
eating a diet rich in nitrates, optimizing vascular health with exercise, and incorporating the practice of nasal breathing are good
lifestyle choices. Caution should be exercised with antiseptic mouthwash and drugs that may disrupt the formation of nitric oxide.

Although the literature describes NO being produced by various pathways and under various conditions, optimal levels of NO and the

benefits are far-reaching (Figure 1).27.28,29
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