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DISCLOSURES

I am an independent contractor 
for Apex Energetics and Dr. Datis 
Kharrazian and receive seminar 
speaking fees.
I have no specialized training in 
psychology or psychiatry.

The smarter I get the 
dumber I feel.  !
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CONTACT

EMAIL: drn@drnoseworthy.com

All social platforms.

2 PODCASTS
§Inflammation Nation (public)
§Func Med Nation (practitioners)
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A Mood 
Disorder is…

A pervasive and sustained feeling 
that is endured internally, which
§ Impacts nearly all aspects of a 

person’s behavior in the external 
world (social, occupational etc.)

§ Is described by marked 
disruptions in emotions

Anxiety – Depression – Bipolar – Schizophrenia   

4

©  D r. Steven N osew orthy – A ll rights reserved

~300 million adults 
suffer from some 
combination of 

anxiety and 
depression
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Less that 50% of all patients treated with the currently available antidepressants show 
full remission…despite the clear need for better therapies…efforts to develop novel 
antidepressants have been relatively unsuccessful. [There] is the still-incomplete 
knowledge of the pathogenetic mechanisms of depression

Racagni G, Popoli M. Cellular and molecular mechanisms in the long-term action of 
antidepressants. Dialogues Clin Neurosci. 2008;10(4):385-400. 

doi:10.31887/DCNS.2008.10.4/gracagni
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…there is no reliable evidence that long-term antidepressant 
treatment is beneficial…it may be largely ineffective or even harmful in 
a substantial portion of users…we have almost no data on long-term 
effects on social functioning (e.g. employment and disability rates) and 
patient-oriented outcomes such as quality of life. 

Therapeutic Advances in Psychopharmacology

The real-world effect of using antidepressant medications does not 
continue to improve patients’ HRQoL over time. Future studies should 
…investigate the long-term impact of pharmacological and non-
pharmacological interventions on these patients’ HRQoL.

PLOS ONE
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Conventional Medical Approach

Pharmaceutical

Benzodiazepines
• Hyperpolarize neurons to reduce 

activation

NT reuptake inhibitors
• Increase NT levels in synaptic 

cleft by inhibiting reuptake by 
the presynaptic neuron

• SSRI – SNRI - SDRI

Cognitive Behavioral Therapy

• Challenging and changing
cognitive distortions in thoughts, 
beliefs, and attitudes, and their 
associated behaviors

• Improve emotional regulation 
and develop personal coping 
strategies

• Problem-focused and action-
oriented as opposed to 
psychoanalytic (looking for 
hidden meanings)
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Placebo-induced	endogenous	opioid	release…was	associated	with	better	
antidepressant	treatment	response,	predicting	43%	of	the	variance	in	
symptom	improvement	at	the	end	of	the	antidepressant	trial.

Peciña M, Bohnert AS, Sikora M, et al. Association Between Placebo-Activated Neural Systems and 
Antidepressant Responses: Neurochemistry of Placebo Effects in Major Depression. JAMA 

Psychiatry. 2015;72(11):1087-1094. doi:10.1001/jamapsychiatry.2015.1335
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Increased opioid activity in
• Anterior Cingulate
• Amygdala
Increase dopaminergic activity in
• Basal Ganglia

THE POWER OF PLACEBO
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CAM 
Approaches to 

Mood 
Disorders

Nutritional 
Deficiency
•Magnesium
• Lithium
• B vitamins

Herbal Support
•St. John’s Wort
• Passionflower
• Kava
• Valerian
• Adaptogens

Methylation 
Support
• Biosynthetic, and 

clearance pathways 
for many NTs

• Methyl-B9/B12
• Trimethyl-glycine
• Betaine

Urinary NTs 
Testing
• Clinical boon or 

marketing hype?
• Serotonin
• Gaba
• Dopamine
• Catecholamines

*Lists not exhaustive

13
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CLINCAL 
PEARL

§Very few NTs cross the Blood Brain 
Barrier

§The brain makes its ALL of its own 
GABA, Serotonin, Dopamine, 
Acetylcholine
§And MOST of its Catecholamines 

and Glutamate

You CAN’T correlate urinary NT 
results to the brain. PERIOD.

Urinary NTs are primarily a 
reflection of GI production
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MAJOR CATEGORIES OF MOOD DISORDERS

DEPRESSION
Major Depressive Disorder (MDD)
Minor Depressive Disorder
Recurrent Brief Depression (<2 weeks)
Dysthymia/Persistent Depressive Disorder (>2 

years)

Depression With Known Triggers
• Premenstrual Dysphoric Disorder (PMDD)
• Seasonal Affective Disorder (SAD)

Nonspecific Depressive Disorder

ANXIETY & PHOBIAS
Primarily ANXIETY

• Generalized Anxiety Disorder (GAD)
• Anxiety 2o to other condition/substances

Primarily PHOBIA
• Panic Disorder (rapid onset, short duration 

with ANS concomitants)
• Post-traumatic Stress Disorder (PTSD)
• Phobias (avoidance behavior)

• Social Anxiety Disorder
• Separation Anxiety Disorder

OTHER
• Obsessive Compulsive Disorder (OCD)

Adapted from  :N eurobiology of Brain  D isorders Second Edition 2022 
Biological Basis of N eurological and Psychiatric D isorders
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Major 
Depressive 

Disorder

1. Depressed most of the day, nearly every day
2. Markedly diminished interest or pleasure in most activities 
3. Unintentional weight loss/gain (≥5% BW in one month); or 

decrease/increase in appetite 
4. Insomnia or hypersomnia
5. Psychomotor agitation or retardation (observable by others)
6. Fatigue
7. Feelings of worthlessness or excessive/inappropriate guilt
8. Diminished ability to think, concentrate, or indecisiveness
9. Recurrent thoughts of death or recurrent suicidal ideation 

(without a specific plan, or a suicide attempt or a specific plan 
for committing suicide)

*Symptoms not attributable to the direct physiological effects of a substance or to another medical 
condition.

Five (or more) of the following present nearly every day during the same 2-week period 
• At least one of the symptoms is either depressed mood or loss of interest or pleasure.

Minor Depressive Disorder 
requires only 1-3 items.
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Generalized 
Anxiety 
Disorder

Associated with three or more of the following

1. Restlessness or feeling keyed up or on edge

2. Being easily fatigued

3.Difficulty concentrating or mind going blank

4. Irritability

5. Muscle tension

6. Sleep disturbance (difficulty falling or staying asleep, 
or restless unsatisfying sleep)

Poorly controlled excessive worry (apprehensive expectation) occurring more days than 
not for at least 6 months

Where these symptoms not attributable to the direct physiological 
effects of a substance or to another medical condition such as:
• Hyperthyroidism (Thyroiditis/Overmedication/Grave’s Ds)
• Pheochromocytoma (Adrenal tumor)
• Cardiopulmonary disease
• Seizure Disorders
• Vestibular disorder

Disproportionate and enduring 
fear where emotional response 

is larger than the 
actual/perceived threat
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HOSPITAL ANXIETY AND 
DEPRESSION SCALE

THE GENERALIZED ANXIETY 
DISORDER 7-ITEM (GAD-7) SCALE

Arch Intern M ed. 2006;166(10):1092-1097. doi:10.1001/archinte.166.10.1092

Zigm ond & Snaith (1983)
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Psychological 
Causes of 

Mood 
Disorders

MOOD 
DISORDERS

Lack of 
Community

Lack of 
Purpose

Guilt/Shame

Unhappy 
with choices

Relationship 
Stress

High 
demand life 
and lifestyle

Finances

Psychological and Physiological 
mechanisms are intertwined 
(Psycho-Neuro-Immunology)
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Physiological 
Causes of 

Mood 
Disorders

MOOD
DISORDERS

Neuro-
chemical
• Neurotransmitters
• Neuro-Endocrine
• Neuro-Immune

Energy 
Deficits

Neuro-
Develop-

mental

Brain 
Injury

NDG
(Neurodegeneration)

Auto-
immunity

Psychological and Physiological 
mechanisms are intertwined 
(Psycho-Neuro-Immunology)
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Age at 
Onset?

YOUNG ONSET/LIFELONG SYMPTOMS
(WORSE PROGNOSIS)
§ Genetics (strong family history à 3x risk

§ Neuro-developmental issues à adulthood

§ Acute onset at young age?: Think
§ Head injury 
§ Infection (StrepA à PANDAS)

ADULT ONSET 
(BETTER PROGNOSIS)
§ Less likely to be genetic

§ Look at both psychological and physiological 
factors in a 6-month window before onset

§ Consider age-related NDG if also see signs of 
cognitive decline

Palm a-Gudiel H , Córdova-Palom era A , N avarro V , Fañanás L .  
Tw in study designs as a tool to  identify new  candidate genes for depression .  N eurosci B iobehav Rev. 2020 M ay;112:345-352.
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EPISODIC VS
PERSISTENT

INTERMITTENT/EPISODIC
(BETTER PROGNOSIS)
§ Worse with stress or immune activation?
§ Hormone control and stability
§ Thyroid Dysfunction
§ Lifestyle inconsistent and variable

CHRONIC/PERSISTENT
(WORSE PROGNOSIS)
§ Prior brain injury à chronic microglial activation
§ Neurodegeneration
§ Unidentified or poorly managed metabolic issues
§ Maladaptive/Negative Plasticity?

23
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More 
Responsive

Recent 
onset

Intermittent
/Episodic

Modifiable 
metabolic 

mechanism

Less 
Responsive

Young 
onset Chronic

Genetics

Progressed 
NDG

Develop-
mental

Manage underlying 
metabolic issue

Support neurochemistry
Improve resilience

Psychological vs 
Physiological Mechanisms?
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The Neuro-
Endocrine 
Immune 

Supersystem

Ashley NT, Demas GE. Neuroendocrine-immune circuits, phenotypes, and interactions.
Horm Behav. 2017;87:25-34. doi:10.1016/j.yhbeh.2016.10.004

The Limbic System integrates 
brain hormones and immune 

functions.
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STRICTLY 
SPEAKING… ANXIETY IS INCREASED ACTIVATION OF THE 

AMYGDALA
§ Neuronal energy deficits
§ Stress chemistry
§ Hyperthyroidism
§ Loss of inhibition (GAD65/Purkinje/D2 receptors)

DEPRESSION IS DECREASED ACTIVATION OF 
THE FRONTAL LOBE
(PREFRONTAL/ORBITOFRONTAL CORTICES)

§ Neuroinflammation

§ Neurotransmitter dysregulation
§ Hormonal imbalances
§ Lack of input

§ ↓ Vestibulo-Cerebellar activation

27
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A dapted from  :N eurob iology of B rain D isorders Second Edition 2022 
Biolog ical Basis of N eurolog ical and Psychiatric  D isorders

Mood disorders arise as 
a consequence of 
altered function(s) 
among the neurons, that 
make up the circuits, 
that connect multiple 
brain regions and 
structures of the Limbic 
System.

• Prefrontal Cortex
• Anterior Cingulate Gyrus
• Amygdala
• Hippocampus
• Mesencephalic Reticular 

Formation (Sympathetics)

LIMBIC 
REGIONS

• Neurons (signaling)
• Glial Cells (supporting roles)

• Oligodendrocytes (myelin)
• Astrocytes (BBB, supplies 

glucose/glycogen/lactate)
• Microglia 

(immune/inflammation)

CELLS

THE LIMBIC SYSTEM
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• Prefrontal Cortex
• Anterior Cingulate Gyrus
• Amygdala
• Hippocampus
• Mesencephalic Reticular 

Formation (Sympathetics)

LIMBIC 
REGIONS

• Neurons (signaling)
• Glial Cells (supporting roles)

• Oligodendrocytes (myelin)
• Astrocytes (BBB, supplies 

glucose/glycogen/lactate)
• Microglia 

(immune/inflammation)

CELLS
M esencephalon

29
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Price, J., Drevets, W . N eurocircu itry of M ood D isorders. N europsychopharm acol 35 , 192–216 (2010). 
https://doi.org/10.1038/npp.2009.104

Neurocircuitry 
of Mood 

Disorders
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C u tle r, A .J ., M a ttin g ly , G .W . &  M a le tic , V . 
U n d e rsta n d in g  th e  m e c h a n ism  o f a c tio n  a n d  

c lin ic a l e ffe c ts  o f n e u ro a c tiv e  s te ro id s  a n d  
G A B A e rg ic  c o m p o u n d s in  m a jo r d e p re ss iv e  

d iso rd e r. T ra n sl P sych ia try 13 , 228  (20 23 ).

• Prefrontal Cortex
• Anterior Cingulate
• Amygdala
• Hippocampus

Neuroimaging studies 
show reduced brain 

volume and 
decreased glial cell 

density in…
Hypothalamus
• HP-Adrenal axis
• HP-Thyroid Axis
• HP-Gonadal Axis

CHRONIC DEPRESSION

NEURODEGENERATION

Meso-limbic Connections
• Sympathetic centers in the 

Mesencephalon
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M y adaptation of concepts in  Sherin  JE , N em eroff CB. 
Post-traum atic stress d isorder: the neurobiological im pact 

of psychological traum a. Dialogues Clin  N eurosci. 
2011;13(3):263-278. doi:10 .31887/DCN S.2011.13 .2/jsherin

Hypothalamus
• HP-Adrenal axis
• HP-Thyroid Axis
• HP-Gonadal Axis

AMYGDALA 
BEHAVES 

DIFFERENTLY IN 
ANXIETY/FEAR

STATES

Loss of reflexive and volitional 
inhibition from the Frontal Lobe

HYPERACTIVE AMYGDALA
•↑sensitivity (stress/inflammation/fuel states)
•Easier to trigger

Meso-limbic Plasticity?
• Light and sound trigger 

anxiety states

32
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MAJOR 
INPUTS INTO 

THE FRONTAL 
LOBE

HEALTHY 
BRAIN 

INPUTS

Cognitive

Auditory

VisualSocial

Movement

33
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GENERAL CONCEPT
Movement and balance are a 
result of the coordinated outputs 
of the Motor Cortex (Frontal 
Lobe), Basal Ganglia, Cerebellum 
and Vestibular Systems

MOVEMENT
& BALANCE

MOTOR 
CORTEX
• Plans
• Initiates
• Reassesses

BASAL 
GANGLIA
• Generates gross 

"movement" 
patterns

CEREBELLUM
• Refines and 

controls gross 
patterns 
generated by BG

VESTIBULO-
OCULAR
• Semicircular 

canals
• Ocular position 

and movement
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KEY 
CONCEPT

We tend to pigeon-hole certain elements of human 
physiology and it blinds us to broader aspects of clinical 
reality

§ TSH is a brain stem neuromodulator (autonomics)

§ HDL/LDL bind toxins (like LPS)

§ Bilirubin is an antioxidant and has anti-inflammatory 
effects

§ Cerebellum and Basal Ganglia control more than 
balance and movement
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Psychiatry Clin Neurosci, Volume: 73, Issue: 6, Pages: 289-301, First published: 08 February 2019, DOI: (10.1111/pcn.12830) 
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There is a high correlation between balance deficits and anxiety. 
Assessing and improving balance function often improved mood 
disorders. Anyone with a mood disorder needs to exercise and be under 
consistent Chiropractic care.

ME
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A SIMLIFIED SCHEMATIC

RIGHT 
CEREBELLUM

RIGHT 
SIDED

MUSCLES

LEFT
CORTEX

LEFT BASAL 
GANGLIA

RIGHT 
CORTEX

RIGHT BASAL 
GANGLIA

LEFT 
CEREBELLUM

LEFT 
SIDED 

MUSCLES

Controls tone 
of ipsilateral 

muscles

Controls tone 
of ipsilateral 
muscles
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Cerebellum 
and Basal 

Ganglia 
Dysfunction

Movement
• Ataxia
• Balance/Equilibrium
• Vertigo
• Dyskinesias
• Tics/Tremors

Cognition
• Intrusive thinking
• Thought "escape"
• Rumination/Perseveration

Emotion
• Anxiety
• Depression
• OCD
• PTSD
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A SIMPLIFIED SCHEMATIC OF 
THE BASAL GANGLIA

MAJOR INPUTS
Light and Sound

Higher Cortex
Cerebellum

DIRECT PATHWAY

Movement

Cognition

Emotion

IN-DIRECT PATHWAY

GABA-based (GAD65)
Cross Reactive: StrepA/PANDAS
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A SIMLIFIED SCHEMATIC

Mesencephalon
(Sympathetic 

outflow)

Pons

Medulla

Parasympathetic outflow
(Ponto-Medullary Reticular Formation)

MAJOR INPUTS
Light and Sound

Cortex
Cerebellum

MAJOR CEREBELLAR INPUTS
Gravity-Posture-Movement

(vestibular/spinal mechanics are critical)

Output 
Nuclei

CEREBELLUM

Vagal 
Centers

Basal 
Ganglia

Purkinje  
Cell

“gating” 
system 

dampens 
Cerebellar 

outflow

METABOLIC 
VULNERABILITIES

Stress chemistry
Cytokines

Dysglycemia
Dopamine/GABA

Environmental
Autoimmune Reactivity*

(*Dopamine/D1/D2 Antibodies
StrepA Cross reactivity)

METABOLIC VULNERABILITIES
Dysglycemia
GABA/Acetylcholine
Cross Reactivity: Gluten & Egg
Autoimmune Reactivity 
• (Purkinje Cell/GAD65)

Massive output to brainstem 
(think roller coasters/spinning rides)

Reflex 
inhibition

BRAINSTEM

42
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https://bio .libretexts.org/Bookshelves/H um an_Biology/H um an_Anatom y_Lab

On average
• Each neuron is connected to ~2000 other neurons.
• There are >100 Trillion synapses in the human brain

https://w w w .oist.jp/im age/diagram -synaptic-transm ission
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Do we really use only 10% of our brain?
• Brainstem: Glia outnumber neurons 10:1
• Cerebellum: Neurons outnumber Glia 

20-30:1
• Cortex: 1:1 ratio

von Bartheld CS , Bahney J, H erculano-H ouzel S . The search for true num bers of 
neurons and glia l cells in the hum an brain: A  review  of 150 years of cell counting. J 

Com p Neurol. 2016;524(18):3865-3895. doi:10.1002/cne.24040

GLIAL CELL TYPES
• Oligodendrocytes

• Myelination
• ~75% of total 

• Astrocytes
• BBB and glucose/glycogen reserve
• ~20% of total

• Microglia
• Brain macrophages
• ~5% of total

*%s and ratios vary by region & study
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CLINCAL 
PEARL

THE RULE
§ Neuroinflammation from Microglial 

activation causes LOSS of function 
related to whatever is inflamed

§ Look for: Brain fog, Depression, 
Cognitive fatigue

THE EXCEPTION
§ The Mesencephalon is very sensitive to 

stress chemistry and inflammation

§ Negative plasticity à ↑ efficiency in 
creating stress chemistry and 
inflammation
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• Microenvironment integrity (BBB)
• Inflammation control (microglial cells)
• ATP/Energy production
• NTs and Synaptic Transmission
• Plasticity

CRITICAL BRAIN CELL FUNCTIONS

47
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• Microenvironment integrity (BBB)
• Inflammation control
• Energy production
• Synaptic Transmission (NTs)
• Plasticity

CRITICAL CELL FUNCTIONS

48

Ruiz-López E , Schuhm acher AJ. Transportation of S ingle-Dom ain Antibodies through the 
Blood–Brain Barrier. Biom olecules . 2021; 11(8):1131. https://doi.org/10.3390/biom 11081131

ASTROCYTES
• Modulate 

endothelial Tight 
Junction Proteins
• Control water and 

ion balance
• Produce both 

growth and 
apoptotic factors
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Kadry, H., Noorani, B. & Cucullo, L. A blood–brain barrier overview on structure, function, impairment, and 
biomarkers of integrity.  Fluids Barriers CNS 17, 69 (2020). https://doi.org/10.1186/s12987-020-00230-3
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GABA is critical to the functioning of the CNS, where ~60–75% of all 
synapses are GABAergic.

Front. Neurosci., 17 September 2020
Sec. Neuroenergetics and Brain Health

Volume 14 - 2020 | https://doi.org/10.3389/fnins.2020.00923

51

©  D r. Steven N osew orthy – A ll rights reserved

CLINCAL 
PEARL

If someone takes oral GABA 
and experiences relaxation 
and/or sedation 

§ Suspect some degree of 
Blood Brain Barrier 
permeability (Leaky Brain)
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LEAKY BRAIN

NEUROINVASION

NEUROINFLAMMATION

NEURODEGENERATION

NEUROAUTOIMMUNITY

53

©  D r. Steven N osew orthy – A ll rights reserved

It is not clear whether disruption of the BBB occurs first in depression or is the consequence of 
the disease, however disruption of the BBB has been observed in depressed patients and 
evidence points to the role of important culprits in depression, stress and inflammation in 
disrupting the integrity of the BBB.

Medina-Rodriguez EM, Beurel E. Blood brain barrier and inflammation in 
depression. Neurobiol Dis. 2022;175:105926. doi:10.1016/j.nbd.2022.105926
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The destruction of BBB can lead to the extravasation of low-molecular-weight magnetic 
resonance imaging contrast agents into the interstitial space outside blood vessels, 
resulting in increased signal at this site.. and the increased BBB permeability was 
mainly located in the right insula…

Front. Med., 29 March 2022
Sec. Rheumatology

Volume 9 - 2022 | https://doi.org/10.3389/fmed.2022.852835
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Things That 
Break The 

BBB

•Poor perfusion
•Insulin resistance and AGEs
•Inflammation & ROS 
•Stress chemistry
•Lipopolysaccharides
•Environmental chemicals
•Mycotoxins – by ↓ Astrocyte 
mitochondrial function
•Concussion
•Aging/Senescence

Anything that affects vascular 
and neuronal integrity
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TESTING THE 
BBB

INDICATIVE
§ GABA Challenge

§ ~1000 mg GABA at onset of anxiety or 45 
minutes before bed

DIAGNOSTIC
§ Cyrex Array 2: Anti-BBB Protein Antibodies

§ Vibrant Labs Neural Zoomer

§ Anti-Microglia

§ Anti-Glial fibrillary acidic protein 
§ Anti-s100b

§ Ant-Glucose regulated protein 78

57

©  D r. Steven N osew orthy – A ll rights reserved

NUTRIENTS 
TO SUPPORT 

BBB 
INTEGRITY

IMPROVE CEREBRAL BLOOD FLOW

§ Feverfew

§ Butcher’s Broom

§ Gingko Biloba

DECREASE NEUROINFLAMMATION

§ Green Tea 
Catechins

§ Baicalein 
(Skullcap)

§ Capsaicin

§ Vinpocetine

§ Rutin

§ Apigenin

§ LuteolinManage/remove 
triggers and mechanisms
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• Microenvironment integrity (BBB)
• Inflammation control
• Energy production
• Synaptic Transmission (NTs)
• Plasticity

CRITICAL CELL FUNCTIONS
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Changes in microglia in different brain regions, including the PFC, HIP, 
anterior cingulate cortex (ACC), and amygdala, are involved in the 
development of depression.

W ang, H ., H e, Y ., Sun, Z . et al. M icroglia in  depression : an overview  of m icroglia in  
the pathogenesis and treatm ent of depression . J N euroinflam m ation 19 , 132 

(2022). https://doi.org/10.1186/s12974-022-02492-0

60

©  D r. Steven N osew orthy – A ll rights reserved

There is now an extensive body of data showing that depression is associated with 
both a chronic low-grade inflammatory response, activation of cell-mediated 
immunity and activation of the compensatory anti-inflammatory reflex system (CIRS), 
characterized by negative immunoregulatory processes

Berketal.BM CM edicine2013,11:200 
http ://w w w .biom edcentral.com /1741-7015/11/200
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… inflammation (CRP/IL6) was associated with both depression and anxiety [with] 
stronger associations for depression. Associations …were stronger in women than men.

Role of inflam m ation in  depression and anxiety: Tests for d isorder specific ity, 
linearity and potential causality of association in  the U K Biobank

Zheng et al eClin icalM edicine Vol 38, 100992, August 2021
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Edler M K, M hatre-W inters I, R ichardson JR . M icroglia in  Aging and Alzheim er’s 

D isease: A  Com parative Species Review . Cells . 2021; 10(5):1138. 
https://doi.org/10.3390/cells10051138

MICROGLIAL CELLS
• Brain macrophages
• M1: Proinflammatory
• M2: Anti-inflammatory & 

neurotrophic

• Have receptors for
• Cytokines
• Hormones (Cortisol, E2…)
• ATP (extracellular)
• NTs (many…GABA?)
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Kang R, Gam dzyk M , Lenahan C , Tang J, Tan S , Zhang JH . The D ual Role of 

M icroglia  in B lood-Brain Barrier Dysfunction after Stroke. Curr Neuropharm acol. 
2020;18(12):1237-1249. doi:10.2174/1570159X18666200529150907

MICROGLIAL CELLS
• M1 Polarization
•  ↑Inflammatory cytokines à Tight 

junction damage
• ↑ ROS à ↓ influx/efflux capacity
• ↑MMP-9 à ↓ECM
• ↑ iNOS

• M2 Polarization
• ↓ NFkB/inflammation
• ↓ MMP-9 à ↑ECM integrity
• ↑VEGF and growth factors
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Stress exposure can result in several proinflammatory 
alterations in the brain, including overexpression of the 
inducible isoform of nitric oxide synthase (iNOS) in the 
medial prefrontal cortex (mPFC)
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Within the CNS, neurons are highly susceptible to NO-induced cell 
damage. iNOS is expressed in microglia and astrocytes and is the only 
form of NOS reported in microglia. Therefore, modulating NO (and 
broadly iNOS) in microglia is perceived to derive favorable outcomes 
[and reduces] neurotoxicity.

Liy PM , Puzi N N A, Jose S , V idyadaran S . N itric oxide m odulation in  
neuro inflam m ation and the role of m esenchym al stem  cells . Exp Biol M ed 

(M ayw ood). 2021;246(22):2399-2406. doi:10 .1177/1535370221997052
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There is only one 
type of Nitric Oxide -

but three enzyme 
pathways to make it

CONSTITUTIVE
§nNOS (NOS1) - Neuronal
§eNOS (NOS3) - Endothelial

INDUCIBLE
§ iNOS (NOS2) - Immune

IMMUNE 
ACTIVATION

↓ nNOS
↓ eNOS

↑ iNOS
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Fan M, Gao X, Li L, et al. The Association Between Concentrations of Arginine, Ornithine, Citrulline and Major Depressive 
Disorder: A Meta-Analysis. Front Psychiatry. 2021;12:686973. Published 2021 Nov 18. doi:10.3389/fpsyt.2021.686973
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§ eNOS

§ nNOS

§ iNOS

A	growing	body	of	evidence	suggest	that	nNOS	regulates	the	synthesis,	release,	
and	uptake	of	5-HT.

Zhou QG, Zhu XH, Nemes AD, Zhu DY. Neuronal nitric oxide synthase and affective disorders. IBRO 
Rep. 2018;5:116-132. Published 2018 Nov 17. doi:10.1016/j.ibror.2018.11.004
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NUTRIENTS 
TO SUPPORT 
NOS-ISOMER 

BALANCE

GENERAL GOAL: ↓INOS
• ↑eNOS ↑nNOS
ATP
Xanthinol Nicotinate
N-Acetyl L-Carnitine
Alpha-GPC
Vinpocetine
Huperzine A

Manage/remove 
immune triggers and 

mechanisms
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NUTRIENTS 
TO DAMPEN 
MICROGLIA

DECREASE NEUROINFLAMMATION

§ Green Tea Catechins

§ Baicalein (Skullcap)

§ Rutin

§ Apigenin

§ Luteolin

Manage/remove 
triggers and mechanisms
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• Microenvironment integrity (BBB)
• Inflammation control
• Energy production
• Synaptic Transmission (NTs)
• Plasticity

CRITICAL CELL FUNCTIONS
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A N A E R O B IC  G L Y C O L Y S IS  
(C Y T O P L A S M )

Systemic inflammation 
and ↑ Insulin à  ↓ Lipolysis 

and FFA supply

Lack of Metabolic 
Flexibility and low 

VO2Max à  ↓ fat oxidation

Mitochondrial Dysfunction
• Inflammation/ROS
• Environmental
• Poor conditioning

O2 availability governs 
Pyruvate à  Acetyl CoA 

conversion

O2 is the final electron 
acceptor in the ETC

RELEVANCE OF ANEMIAS

Hypocaloric states, 
Insulin Resistance and 

Reactive Hypoglycemia 
↓ Glucose availability

RELEVANCE OF DYSGLYECMIAS
Gluconeogenesis using  
amino acids are a last 

resort for ATP 
production

Dietary carbs
Glycerol

Pyruvate/Lactate
Glucogenic Amino Acids

Glucose

GLUCOSE
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Astrocyte-Neuron Lactate Shuttle

Front. N eurosci., 02 February 2017 Sec. N euroenergetics and Brain H ealth Volum e 11 - 2017 | https://doi.org/10.3389/fnins.2017.00043
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Hyperinsulinemia drives 
anxiety and depression

§ Alters brain mitochondrial 
function
§ ↓ATP
§ ↑ROS
§ ↑ lipid peroxidation

§ ↑ MAO activity à ↓Dopamine

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4371978/pdf/pnas.201500877.pdf
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REACTIVE 
HYPOGLYCEMIA

§ Activates Mesencephalic Reticular Formation

§ Leads to ↑catecholamines and ↑Cortisol

§ Dysregulates most NT biosynthetic pathways

§ Neurons can’t maintain Resting Membrane 
potential
§ Easier to fire with trivial inputs

§ Lack of Metabolic Flexibility and adaptive 
responses leads to low fuel states
§ Prefrontal Cortex can’t fire inhibitory signals
§ Amygdala activates “spontaneously”
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STRATEGIES AND 
NUTRIENTS THAT 
SUPPORT BLOOD 
SUGAR CONTROL

INSULIN RESISTANCE

§ Diet: Control calories and carbs; adequate protein

§ Nutrients that support AMPK and Insulin Sensitivity
§ Berberine HCL
§ Alpha Lipoic Acid

§ Burdock Root
§ Rose Hips
§ Chromic Picolinate

REACTIVE HYPOGLYCEMIA

§ Diet: Adequate calories and protein à Develop Metabolic 
flexibility

§ Careful of low carb and Intermittent Fasting

§ Nutrients
§ Phytosterols-BCAA-Cinnamon extract

§ Adrenal co-support?

Keto and Intermittent Fasting 
are desirable if tolerated
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• Microenvironment integrity (BBB)
• Inflammation control
• Energy production
• Synaptic Transmission (NTs)
• Plasticity

CRITICAL CELL FUNCTIONS

Fire or die.
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1. Presynaptic neuron 
synthesizes & releases NT

2. NT crosses the Synapse & 
binds to post-synaptic 
receptor

3. Signal is terminated/reset to 
fire again

Purves et a l. (2018) N euroscience. 6th Ed. Oxford University Press

Cell body is up here and signals flow ↓

Fire or Die Means 3 things
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MODULATION OF THE SYNAPSE
Homotropic 
Modulation

• NT system modulates 
itself
• Honeymoon period 

of  reuptake 
inhibitors

Heterotropic 
Modulation

• Modulation from 
outside the system
• Hormones
• Cytokines
• Neuropeptides

• e.g. CRH
• Lipid mediators

• e.g. 
Prostaglandins

• Gas mediators
• e.g. NO, CO2

Plasticity Modulators

• BDNF
• Cytokines
• Steroid Hormones
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• Amino Acid Precursors
• Pathway-specific nutrient cofactors
• Support for receptor sensitivity
• Support for NT clearance

INTELLLIGENT NT FORMULAE
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• Microenvironment integrity (BBB)
• Inflammation control
• Energy production
• Synaptic Transmission (NTs)
• Plasticity

CRITICAL CELL FUNCTIONS
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PUTTING IT AL 
TOGETHER
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More 
Responsive

Recent 
onset

Intermittent
/Episodic

Modifiable 
metabolic 

mechanism

Less 
Responsive

Young 
onset Chronic

Genetics

Progressed 
NDG

Develop-
mental

Manage underlying 
metabolic issue

Support neurochemistry
Improve resilience

Psychological vs 
Physiological Mechanisms?
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GENERAL 
CONCEPTS

§ History of mTBI? (even remote)

§ History of chronic stress or abuse?
§ Find and fix any systemic 

inflammatory/oxidative stressors

§ Find and fix barrier breaches (BBB/GALT)
§ Address diet, exercise, modifiable stressors 

and sleep
§ Check perfusion and energy mechanics

§ Hypotension-Anemias-VO2Max

§ Blood sugar control and calorie sufficiency
§ Parse out NT symptoms and mechanisms
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ANXIETY 
CORE 

CONCEPTS

PRIMARY MECHANISMS TO CONSIDER

§ Mesolimbic Plasticity? (light/sound sensitivity, 
easily startled)

§ History of StrepA?

§ Reactive Hypoglycemia and calorie sufficiency are 
VERY common
§ Often intolerant to low carb/Keto/IF

§ Consider autoimmune reactivity
§ GAD65-Purkinje cells-GABA-D2 receptors
§ Gluten cross reactivity with GAD65 and/or 

Cerebellum

§ Any mechanism that alters GABA
§ Consider Progesterone sufficiency

§ Check for balance issues

Anxiety is inappropriate activation 
of the Amygdala
Goals: 
• Stabilize neurochemistry
• Create plasticity in Frontal Lobe 

and Cerebellum
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DEPRESSION 
CORE 

CONCEPTS

PRIMARY MECHANISMS TO CONSIDER

§ Fire the Frontal Lobe
§ Exercise
§ Community
§ Purpose, Problem solving and Planning (75 

Hard?!?!)
§ Sensory rich life
§ Control modifiable stressors

§ Frontal Lobe heavily dependent on
§ Dopamine ad Catecholamines
§ Testosterone in men
§ Estrogens in women

Depression is decreased activation 
of the Prefrontal Cortex 

§ Dampen microglial inflammation

§ Stabilize general metabolic state
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