Boning Up |
on Nitric Oxide:
Just the Hard Facts!

by Dr. Steve Lamberg
- .

f you're not already jazzed up by nitric oxide “NO”, buckle up

for a deep dive into this multifarious messenger molecule that

impacts vascular and metabolic functions. Learn how NO,
SRBD and dentistry are inseparable. Gain an understanding of
intrinsic and extrinsic factors influencing pathways of both NO
production and inhibition, along with issues of bioavailability
and health consequences. NO is at the crossroads of dentistry,
airway, and total health, and this is where our journey begins.

(Arginine)

There are two distinct pathways that pro-
duce NO in eukaryotic cells. One is an ox-
idative pathway which uses L-arginine as a
substrate and produces NO and citrulline
while the other is a reductive pathway to
produce NO from nitrate and nitrite as sub-
strates, all of which exhibit enhanced vaso-
active signaling in hypoxia and stress.
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The oxidative pathway, also referred to
as the endogenous pathway, uses nitric ox-
ide synthase “NOS” to convert L-arginine to
NO and citrulline. NOS has three isoforms
which have been identified as follows: neu-
ronal NOS (nNOS or NOS 1), inducible
NOS (iNOS or NOS 2), and endothelial NOS
(eNOS or NOS3). See Figure 1.

eNOS is primarily involved in the regu-
lation of vascular tone, inhibition of platelet
aggregation, and atherosclerosis prevention
and is produced by vascular endotheli-
al cells. iNOS is rapidly upregulated in in-
flammatory and infectious conditions and is
thought to be involved in septic shock and
immune defense against: bacteria, virus-
es and other microbes. iNOS also helps in
synaptic transmission including getting infor-
mation from peripheral nerves to the brain.
nNOS is most noted for production in neuro-
nal tissue where its functions include synap-
tic plasticity, blood pressure regulation and
pain perception.

The reductive pathway involves oral mi-
crobial communities which supplements en-
dogenous NO production by reducing dietary
nitrate to nitrite. This exogenous “enterosali-
vary” pathway starts in the mouth where oral
bacterial reductases convert dietary nitrate to
nitrite as a substrate.? Some nitrite is further
reduced to NO in the acid environment of
the stomach and intestines. Nitrate and ni-



trite are absorbed in the intestines and into
the blood. Excess nitrate (about 75%) is ex-
creted by the kidneys. While Nitrite “NO,”
in the blood is reduced to NO or oxidized to
nitrate “NO,”, NO is oxidized to nitrite and
nitrate. Finally, active uptake of nitrate from
the blood then occurs in the salivary glands.
See Figure 2.

Cardiovascular disease “CVD” is arguably
the most significant consequence that con-
nects NO and SRBD. NO protects against the
onset and progression of CVD.*** Not only
does hypoxia from SRBD decrease the oxy-
gen necessary to make NO, but SRBD could
also be described as the intermittent failure
to transport the full complement of nasal NO
to the lung with each breath. The nasal NO is
mainly produced in the paranasal sinuses us-
ing iNOS.>® Interruption of NO supply to the
tissues as well as lack of oxygen eventually
leads to hypertension, myocardial infarction
and stroke. Arguably the most important NO
role is in vasodilation which is initiated by
the stimulation of soluble guanylate cyclase,
leading to increased production of cyclic
guanosine monophosphate (GMP) from GTP
that is dephosphorylated, which in turn ac-
tivates GMP-dependent kinases to decrease
intracellular calcium concentrations. This
leads to relaxation of the smooth muscle cells
in the media of the endothelium. Other roles
of NO include the following: anti-thrombot-
ic, anti-smooth muscle proliferation, anti-in-
flammatory, reduces release of and scaveng-
es superoxide radicals, reduces oxidation of
LDL cholesterol, reduces monocyte stickiness
and adhesion which helps prevents plaque
formation reducing risk of heart attack and
stroke. And of course, it activates relaxation
of corporal cavernosal smooth muscle tissue
increasing blood flow in the penis resulting
in an erection. See Figure 3.
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Dr. Steve Lamberg has been practicing comprehensive restorative dentistry in Northport, NY for 40 years.
Always passionate about sleep and wellness, he became a Diplomate of the American Board of Dental Sleep
Medlicine in 2011 and has served on their board review faculty. He holds several patents, and is the inventor of
the Lamberg SleepWell Appliance, which is FDA-cleared for the treatment of OSA. Dr. Lamberg also launched

and serves as the director of the Pediatric and Adult Airway Network of New York (PAANNY), to provide a local

platform where dentists, physicians, orofacial myologists, and other related professionals learn and collaborate

on treatment patients of all ages. Additionally, Dr. Lamberg serves as a Scientific Advisor at the Kois Center

in Seattle. His recently published book for the general public, “Treat the Cause...Treat the Airway” correlates
many common medical conditions to airway and sleep and is available on Amazon.

DentalSleepPractice.com
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“NO is more relevant to the health span than

you've ever imagined.”
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Another prisoner of SRBD that relates to
NO is dementia. It can be caused when SWS
is decreased leading to decreased glymphat-
ics which results in buildup of plaque in the
glial cells. Dementia can also be caused by
blood flow problems which is called vas-
cular dementia “VaD”.” VaD is the second
most common dementia which occurs when
eNOS is inactivated and leads to cerebral
vascular endothelial dysfunction, while
nNOS is overactive and can produce exces-
sive NO resulting in neurotoxicity.

NO also plays a role in pulmonary arterial
hypertension “PAH”. PAH with subsequent
right ventricular failure can lead to death.
Administration of nitric oxide by inhalation
acutely improves hypoxemia associated with
pulmonary hypertension in humans and an-
imals. This is due to its ability to increase
levels of cyclic GMP and induce pulmonary
vasodilation. Drugs for treatment include
phosphodiesterase-5 (PD-5) inhibitors which
have been approved to control pulmonary
vascular tone.

The exogenous enterosalivary pathway
of reducing dietary nitrates, found in leafy
green vegetables, to nitrite in the mouth has

some interesting connections with dentistry.
The final reduction of nitrite to NO happens
in the acidic environment of the stomach
and intestines. This “enterosalivary” path-
way is dependent on oral bacteria to pro-
duce the requisite reductase enzymes.? The
oral microbiome consists of commensal and
pathogenic bacteria, both of which can pro-
duce reductases. Mouthwashes prescribed
to reduce pathogenic bacteria may inhibit
all bacteria which would decrease the pro-
duction of reductases and greatly reduce this
pathway for NO production. As it turns out,
the pathogenic bacteria are more sensitive
to higher pH rinses whereas the commensal
bacteria are less affected by the higher pH
mouthwashes. Due to this differential in pH
impact on the oral biome it is recommended
to use a high pH mouthwash to maintain the
enterosalivary pathway for NO production
while still being able to control the levels of
pathogenic oral bacteria. This becomes even
more important over the age of 50 when
eNOS is decreased due to aging changes in
the endothelium (Figure 4). Recent evidence
shows that tongue cleaning does not have a
negative affect on NO production.®

Can you have too much of a good thing?
Although NO has an anti-inflammatory ef-
fect under normal physiological conditions,
it is a pro-inflammatory mediator that induc-
es inflammation due to over production in
abnormal situations. As NO plays a role in
inflammation, recent studies indicate that
exhaled oral nitric oxide measurement in
OSA may be used as a marker of upper air-
way obstructive episodes due to mechanical
trauma and of hypoxemia causing local oro-
pharyngeal inflammation. As well as being a
possible risk factor of OSA, exhaled oral NO,
through its ability to amplify oxidative and

nitrosative stress may also have a pathoge-
netic role in OSA.°
NO is more relevant to the health span
(the length of your lifetime that you're
healthy) than you've ever imagined. In ad-
Stiffening wall dition to regulating vascular smooth muscle
Ealcium%mld up 1 50/0 tone, NO dgirectlygaffects mitochondrial res-
Nitric Oxide piration which can wreck havoc with carbo-
Rupture hydrate metabolism. Studies show that NO
plays important roles in the development of
metabolic syndrome components such as:
endothelial dysfunction, insulin resistance,
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“The saddest aspect of life right now is that

science gathers knowledge faster than society

gathers wisdom.” - Isaac Asimov

hypertriglyceridemia and chronic adipose
tissue inflammation. Decreased eNOS-de-
rived NO bioavailability as well as iNOS-in-
duced overproduction of NO is involved in
the development of type 2 diabetes mellitus
(T2DM). NO donors may improve insulin
signaling and glucose homeostasis in T2DM
and insulin resistance (IR), suggesting the po-
tential clinical importance of NO-based in-
terventions.'®

Inhibitors of NO include many factors
such as: aging, oxidative stress, lack of ex-
ercise, poor nutrition, diet high in saturated
fats"', diabetes, smoking, salt, non-basic pH
mouthwash, high levels of ADMA™, SRBD,
medications that reduce acid production in
the stomach such as PPls. Research shows
being on PPIs for 3 years increased the rate
of heart attack and stroke by 35%.

Upregulators of NO include the follow-
ing: nasal breathing, eating vegetables high
in nitrates (celery, garlic, cress, chervil, let-
tuce beetroot, spinach, arugula), and other

foods that support NOS bioavailability (meat
and seafood that contain CoQ10, dark choc-
olate, citrus fruits, pomegranate, nuts and
seeds, watermelon, and don’t forget the red
winel!), antioxidants (Vit C, Vit E, Polyphe-
nols, Glutathione, Melatonin), NO boosting
supplements (L-Argenine, L-Citrulline), high-
est pH mouthwash, 30 mins per day exercise
to keep endothelial cells healthy, and having
good quality sleep. If all else fails, try listen-
ing to Barry White.

The next time you hear about NO you'll
not only appreciate its role in relaxation of
blood vessels but also how it correlates with
SRBD and so many dental conditions. This
article can help you optimize your health
and the health of your patients. Hopefully
learning about the roles and misbehavior of
NOS enzymes and their connection to mito-
chondrial health will pique your curiosity to
learn more about the miracle molecule NO.
How we build on this science and incorpo-
rate it into a workflow in our day to day den-
tal practice is a topic for another article but
spending more time on reviewing and dis-
cussing the medical history is a good place
to start.

“The saddest aspect of life right now is
that science gathers knowledge faster than
society gathers wisdom.” — Isaac Asimov [S3
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