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Beth developed an expertise as a pharmacist and certified clinical 
nutritionist during a 40+ year career.  Her specialties include stress-
induced hormonal imbalance, intestinal dysfunction, autoimmune 
and chronic inflammatory issues, detoxification, nutrigenomics and 
super-normal oxidative stress.  

Over the last twelve years, Beth has spent time working with some of 
the leading thought leaders in the world of nitric oxide research and 
through this has developed an in-depth knowledge on the topic 
and its potential applications in patient care.  She currently is the 
Executive Director of the Berkeley Life Scientific Advisory Board.



Why is NO Essential?
• Regulates all cardiovascular 

function/homeostasis – circulation and 
microcirculation

• Red blood cells require adequate NO to 
deliver oxygen to cells

• Supports neurotransmitter function

• Regulates gastro-intestinal function including 
gastroparesis, mucus and microbiome

• Helps activate GLUT-4 receptor

• Controls efficiency of mitochondria in 
generation of energy and generation of 
hormones

• Essential for sexual function – men and women

• Stem cell mobilization and differentiation

• Regulates immune system function

• Regulates inflammatory response and 
scavenges free radicals

• Modifies platelet activation/aggregation

• Supports telemorase activity



Why is NO Essential?
The L-Arginine Pathway The Nitrate Pathway



Nitric Oxide Decline
with Age

Progression of 
Endothelial Dysfunction

Nitric Oxide Decline



Current Factors Affecting NO Formation



• NO – essential in immune response as 
defense against virus, bacteria, fungi and 
other pathogens

• Regulates macrophages, T lymphocytes, 
antigen presenting cells, mast cells, 
neutrophils and NK cells
Immunoregulator

• Vulnerable populations in current pandemic 
– lower levels of endogenous NO
– Aging – Obesity
– Diabetes – Metabolic syndrome
– COPD – Autoimmune disorders
– Hemoglobinopathies

• iNOS (NOS2) – part of immune response
• eNOS (NOS3) – governs circulation and 

microcirculation

NO and Immune Competence

“Well vascularized tissues are more 
resistant to infections and capable of 
localizing/containing offending agents. 
By contrast, poorly vascularized tissues 
are relatively inefficient in responding to 
inflammatory stimuli.” 

– Dr. Nathan Bryan



Promotion of Immunity and Vascular Integrity
Vasculature depleted of NO
• Persistent inflammation
• Increased platelet aggregation
• Blunted delivery of O2
• Decreased removal of toxic byproducts through stagnant blood flow

C19 – damages endothelial lining of blood vessels – endotheliitis
• Vascular damage
• Direct viral infection in endothelial cells
• Enhanced clotting and sluggish blood flow resulting in systemic hypoxia
• NOS requires oxygen and becomes dysfunctional

Lung receives most blood flow of any organ
• Increased damage due to vascular insult



Iron Dysregulation and NO
Iron dysregulation – negatively affects outcome
Ferritin levels corelated with disease severity

SARS-CoV-2 attacks hemoglobin 
• Oxidizes Fe2+ to Fe3+
• Oxidized Fe3+ becomes ‘cell free heme’
• Cell free heme is unable to carry oxygen
• Hypoxia pathways stimulated activating more virus and stimulating pro-inflammatory cytokines
• Cell free heme damages endothelial cells, including in the lungs
• NO scavenges cell free heme
• NO becomes non bio-available 

Rapid loss of NO leads to hypertension, coagulation and systemic inflammation
Loss of endogenous NO reduces ability to suppress viral replication
Failure of immune response



Stress Response and 
Impaired Immune Response

Adrenals require adequate NO to function effectively
Glucocorticoid production increases in absence of NO
Cortisol – hormone that naturally increases with age
• Inhibits both iNOS and eNOS
• Increases ROS increasing oxidative stress
• Decreases synthesis of BH4 which increases NOS uncoupling
• Decreases membrane transport of l-arginine

All of these decrease the production of and/or make NO non-bio-available



Major beneficial actions of NO in the mechanism of 
gastrointestinal mucosal defense



Mucus 
• First line of defense against pathogens
• Critical protective layer to balance good and 

harmful bacteria
• Exposed to many damaging substances -

ethanol, nicotine, drugs (eg. NSAIDs), H. pylori, 
hyperosmolar solutions, bile salts, ischemia/
reperfusion of gastric tissues and Stress

NO 
• Essential signal for mucus secretion
• Mediator responsible for cholinergic-

stimulated mucus release
• Increases mucosal blood flow

• Dilutes toxic substances and neutralizes them 
for removal before accumulation to 
damaging concentrations 

Supporting the nitrate to nitrite to NO pathway
• Increases mucosal blood flow and 

vasodilation
• Increases mucus production and thickness
• Modulates mucosal immune response
• Prevents acute peptic ulceration
• Repairs NSAID damage to intestinal tract

NO Protects Gastric Mucosa



Tight Junction Proteins —
• Important in epithelial transport
• Responsible for barrier integrity  

Loss of tight junction proteins - breakdown of 
barrier and leaky gut 
Dybiosis - decreased expression of tight 
junction proteins occludin and claudin 5 
Nitrate consumption supports rebound levels of 
occludin and claudin 5
BDNF 
• Homeostatic regulation of intestinal barrier 

integrity

• Affects expression of tight junction proteins
• Decreased BDNF increases IBS
• Also has role in depression, anxiety, learning 

and memory

NO is an essential mediator of BDNF
Other tissues with tight junctions 
• Blood brain barrier
• Eyes
• Kidney
• Bile duct
• Skin

Nitrate, NO and Intestinal Barrier Integrity



Broad spectrum antibiotics decrease microbial 
richness and diversity
Linked to intestinal disorders, leaky gut, mental health 
issues (anxiety, depression, brain fog, fatigue) 

Nitrates taken during antibiotic therapy
• Down-regulate gastric mucosal inflammatory 

pathways
• Prevent overt inflammation and resulting increased 

intestinal epithelial permeability
• Increase microbial biomass
• Act as a substrate for existing microbial 

communities
• Prevents dysbiosis

The oral microbiome modulates gut microbiome
• Constantly seeding intestinal tract every time we 

swallow or eat/drink

• 45%  of bacteria in oral cavity and large intestine 
overlap 

Nitrates prevent or reduce bacterial dysbiosis and 
stimulates eubiosis
• Increase nitrate-reducing bacteria on tongue
• Decrease levels of bacteria that are associated 

with poor oral and systemic health
• Restores local immune and inflammatory responses
• Protects gut microbiome under inflammatory 

conditions

– Nitrite as an alternative to standard antibiotic 
therapies – disrupts bacteria’s protective biofilm

Antibiotics and NO



• Inhibit inflammatory process 
• Down-regulate oxidative stress
• Scavenge free radicals
• Decrease inflammation
• Downregulate iNOS common in 

inflammatory bowel issues
• Powerful modulator of 

microbiome

• Prevent dysbiosis
• Prevent leaky gut
• Promote a healthy gut-brain axis
• Modulate immune and 

oncological pathways
• Maintain homeostasis

Nitrates play an important role in protecting GI health 
Supporting health of the gut supports health of immune response 



Nitrates rebalance ratio of TH cells in peripheral 
blood:
• Decrease proinflammatory TH1 and TH17 –

closely associated with IBD
• Decrease IL 17 in colon decreasing inflammation
• IBD – major risk factor for colorectal cancer 
• Nitrate may prevent colitis and colorectal 

cancer
• Increase T reg cells to maintain homeostasis and 

self tolerance

Nitrates decrease myeloperoxidase activity in 
gastric mucosa decreasing ROS

Mast cells become activated in absence of NO

Increased superoxide production activates 
mast cells

Nitrites and NO regulate activity of mast cell
• Inhibit mast cell dependent inflammatory events
• Suppress antigen-induced degranulation 
• Suppress mediator release including histamine 

and cytokines
• Inhibit leukocyte endothelial cell attachment
• Inhibit generation of ROS by mast cells

Nitrate, Nitrite, NO Inflammation and Immune Cells

Mast Cells are important effectors of 
gut-brain axis by translating stress 
signals into release of neurotransmitters 
and pro-inflammatory cytokines



Stress
• Alters GI motility
• Changes GI secretion
• Increases intestinal permeability
• Decrease regenerative capacity of GI 

mucosa and mucosal blood flow
• Negative effects on intestinal microbiome
• Inhibits production of NO through the 

arginine/NOS enzyme

Nitrates address these multiple adverse 
effect of stress. 
Supporting nitrate to nitrite to NO pathway 
can enhance mental health through
• Improved sleep
• Less anxiety
• Decreased depression 
• Improves gut-brain axis

Reducing the Effects of Stress on the GI Tract

Chronic stress causes inflammation and damage to all cells, including the GI tract.



• Blood flow to the brain carrying oxygen, 
nutrients and glucose and removal of 
wastes can affect brain performance, 
cognition, fatigue and sense of well-being

• NO is released during enhanced neuronal 
activity to mediate cerebral blood flow

• NO decreases neuronal inflammation and 
oxidative stress

• Inflammation & oxidative stress are primary 
drivers of most chronic diseases including 
mental health issues.

Progression of 
Endothelial Dysfunction

Brain Health



NO is involved in regulation of anxiety. Anxiety and 
depression are associated with low levels of BDNF

NO:
• Mediates the neuroprotective actions of BDNF in 

promoting neuronal survival and stimulating the process 
of neurogenesis which enhances learning and memory

• Plays a role in synaptic plasticity which positively 
influences mood

• Increases GABA in the brain

Nitrates increase production of BH4 increasing the production 
of neurotransmitters.
Supporting the nitrate to nitrite to NO pathway will decrease 
oxidative stress and inflammation.
Oxidative stress and inflammation play a huge role in 
biological dysfunction everywhere and anywhere. 

BH4’s role in Cardiovascular 
and Cognitive Health

Anxiety and Depression



Optimizing NO during inflammatory states
• Blocks cytokine storm
• Down-regulates inflammatory cytokines – such 

as NLRP3, IL 1B, !L6, !L 18
• Decreases mast cell degranulation and 

histamine release 
• Down-regulate ACE
• Restores functional capillary oxygen delivery 

and removal of wastes
• Stops hypoxia/reperfusion injury
• Protective of organs that are oxygen sensitive 

such as kidneys, lungs and brain
• Limits lipid peroxidation and concomitant cell 

damage 

Supporting the nitrate to nitrite to NO pathway 
with oral nitrates
• Increases NO directly and helps recouple NOS 

enzyme decreasing oxidative stress
• Protective and reestablishes endothelial function
• May protect against endotheliitis
• Inhibits thrombosis
• Ameliorates pulmonary and arterial hypertension
• Decrease viral activity and replication
• Encourages antimicrobial activity

Optimizing NO



Ascorbic acid works synergistically 
with NO
• Reverse or inhibit cell free heme 

damage in lung
• Only molecule that can reduce BH3 

back to BH4
• Without adequate ascorbic acid, BH3 

oxidizes to BH2
• BH2 uncouples NOS
• Supports production of NO through the 

nitrate/nitrite/NO pathway

Melatonin – antioxidant essential for 
protection of erythrocytes from oxidative 
hemolysis
• Normalizes eNOS
• Protects against hypercoagulability and 

thrombosis
• Decreases hypertension
• Prevents and attenuates refractory 

hypoxemia and myocardial injury during 
C19

Optimizing NO



NO production naturally declines with age, 
reducing to 50% by the time we are 40 and 
as little as 15% by the time we are 60. 

Supporting the nitrate to nitrite to NO 
pathway not only increases NO directly, but 
it helps recouple NOS to increase NO 
through that NOS pathway and decrease 
oxidative stress.

Testing patient's NO levels on a regular basis 
is a convenient way to increase awareness 
of its importance and discuss options on how 
NO levels can be easily improved.

Summary



The Central Role of Nitric Oxide



Questions and Answers?

Contact Berkeley Life for more information:
Email: donna@berkeleylife.com

Call: +1 424 269 1369

mailto:donna@berkeleylife.com


*Mechanisms of the protective effects of nitrate and nitrite in cardiovascular and metabolic diseases. 
Nitric Oxide. doi:10.1016/j.niox.2020.01.006  
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The Effect of Nitrates and Oxidative Stress


