
Part I

1



MMI Sept 2020 – Virtual Covid -19 
The Essentials of Neuro-immuno-endo-

psychopharmacology and Neuroimaging:
A Modern Neuroscience Approach to Understanding and treating 

the Child and Adult Brain in Clinical Practice 

Elizabeth A. Stuller, M.D. 
ABPN Board Certified in Adult and Addiction Psychiatry

FAPA, FASAM

Part I 

2



The Brain – The Final Frontier 
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Advancements in Neuroimaging
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X-Ray Black and White TV
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Brain CT Scan 
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Brain MRI
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Brain CT
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Functional MRI
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PET Imaging

11



PET Imaging 
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Tensor Diffusion Imaging
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Tensor Diffusion Imaging Becoming 
Super Brain Assessment Tool 
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Neuroimaging and the Future of Brain Cartography
Cartography is the study and practice of making maps. Combining science, aesthetics, and technique, cartography 
builds on the premise that reality can be modeled in ways that communicate spatial information effectively. Wikipedia
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MRI allows to track many different aspects of the brains structure and dynamics 
in increasingly high resolution. Foto: Forschungszentrum Jülich
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Alzheimer's & Anti-Aging Imaging
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Quantitative MRIs
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PET scans reveal key details of Alzheimer's 
protein growth in aging brains
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Global Positioning System - GPS
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Your Brain on Music 

31



Sex Addiction
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fMRI Scans Reveals How
“Magic Mushrooms” Inflict Psychedelic 

Effect On The Brain
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Decade of the Mind 
• Success will require research that reaches across disparate fields such as:

– Cognitive science
– Medicine neuroscience
– Psychology,
– Mathematics
– Engineering,
– Neurotechnology
– Computer science

Additional important insights will need to come from areas as diverse as :
– Systems biology,
– Cultural anthropology
– Social science
– Robotics
– Automation technology
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The Human Connectome Project HCP
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The Human Connectome Project HCP
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41Connectome Computation 
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How a Fly Brain Detects Motion - MIT Technology Review

A reconstruction of 379 
neurons involved in motion 
detection in the fruit fly.

By mapping the brain 
structure in such detail, the 
researchers gained new 
insight into how the brain 
detects movement. Their 
work is the latest example of 
many ongoing efforts in 
neuroscience to understand 
how the brain functions by 
building intricate diagrams of 
neuronal connections, or 
connectomes
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Computational Analaysis
(Modeling and Predicting Human Behavior ) 
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Computational Complexity and Human Decision-Making
Trends in Cognitive Neuroscience

45
Peter Bossaerts , Carsten Murawski
OPINION| VOLUME 21, ISSUE 12, P917-929, DECEMBER 01, 2017



Elon Musk – Neuralink
The entrepreneur and Tesla founder unveiled the new design of the chip, 

as well as the full-scale surgical robot and a group of pig test subjects.

The robot pictured above 
has 
neuro-surgically  inserted 
the chip 
into several pigs. 

Visual  to your left shows 
tiny EEG readings of real 
time activity in the brain.
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Neuralink received a Breakthrough Device Designation from the FDA in July. 
The startup is now preparing for its first human implantation, pending 

required approvals and further safety testing.

Elon Musk's neuroscience 
startup Neuralink has 
revealed the "dramatically 
simplified" design for an 
implant that aims to 
create brain-to-machine 
interfaces.

Neuralink is developing to 
connect human brains 
with computer interfaces 
via artificial intelligence.

Article Natashah Hitti, 2 September 2020
https://www.dezeen.com/2020/09/02/neuralink-elon-musk-brain-implant-technology/
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Elon Musk – Neuralink

• The coin-sized chip would enable humans to control technology 
with their mind

• "It's kind of like a FitBit in your skull," said 
Elon Musk.

• The surgical robot is designed to be "comforting" for patients

• The implant could allegedly solve neurological disorders

• Musk also showed a pig that previously had a chip inserted into its 
brain, but had since been removed, to show that the procedure is 
reversible without any serious side-effects.
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Mapping Neuroplasticity ?
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An astonishing new science called "neuroplasticity" is 
overthrowing the centuries-old notion that the human brain 
is immutable. - Norman Doidge, M.D., 

Psychiatrist and Psychoanalyst



Neuroplasticity 
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Neuro-immuno-endo-psychopharmacology 
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SPECT Neuroimaging
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S.P.E.C.T.
Single-Photon Emission Computer Tomography

AVERAGE SCAN TIME – 15-20 MINUTES
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Shiny Eyes
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The Developing Pre-Frontal Cortex
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Visual Motivation
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Marijuana
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The Young and Impaired Prefrontal Cortex  

“Addiction 
without 
treatment…is 
progressive…and 
can result in 
disability or 
premature 
death.”  

http://www.asam.org/advocacy/find-a-policy-statement/view-policy-statement/public-policy-statements/2011/12/15/the-definition-of-addiction
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Smoking and Drinking with “Informed Consent” 
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Traumatic Brain Injury and Behavioral Manifestations
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Prefrontal Cortex Injuries
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Why Don't Woodpeckers Get Headaches?
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The hyoid bone, 
located in 
the bird's cranium, 
secures
and diverts
vibrational forces 
away from the 
brain.

72



Lipton and colleagues studied 37 young, healthy, amateur 
soccer players who headed the ball between as few as 32 and 

as many as 5,400 times during the preceding 10-month season.
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Neuroradiology
Soccer Heading Is Associated with White Matter Microstructural and Cognitive Abnormalities
Michael L. Lipton, MD, PhD, et al September 2013  Volume 268, Issue 3



Repetitive subconcussive head trauma in the setting of heading during 
soccer may be associated with white matter microstructural and neurocognitive 

changes similar to those seen in patients with traumatic brain injury.

Neuroradiology
Soccer Heading Is Associated with White Matter Microstructural and Cognitive Abnormalities
Michael L. Lipton, MD, PhD, et al September 2013  Volume 268, Issue 3 74



Injury Location and Behavior 
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ADD / ADHD
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Pre Frontal Cortex (PFC)
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Executive Function 
Decision Making 
Impulse Control 
ADHD/ADD 

NE, Dopamine, PEA,
Caffeine, Nicotine

• Procrastination
• Picking a Fight  



Treatment Considerations
Traditional:
• Stimilants

Alternative: 
• L-Tyrosine
• PEA
• Muccana Pruriens
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www.amenclinics.com
Dr. Daniel Amen, MD

Rx Stimulant
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Treatment Order Matters
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Pay Attention to Your Patients Drug of Choice
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Thalamus (Depression)
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Thalamus  (Depression)
Traditional
• TCA
• SSRI

Alternative:
• L-Tryptophan
• T-HTP
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Basal Ganglia (ANXIETY) 
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Cannabis
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Basal Ganglia (Anxiety) Consider GABAergic , Taurine, 
and/or Anti-Glutamatergic  
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https://www.stopdruggeddriving.org/problem90



Cingulate Gyrus
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Cingulate Gyrus Problems
• Cognitive Inflexibility
• OCD
• Hoarding
• Rigidity 
• Addictions
• ODD
• PTSD
• Vigilance
• Holding a Grudge
• Gambling 
• Road Rage 
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Impulsive Gambling 
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Road Rage 

Impulsive             &          Compulsive 
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Cingulate Gyrus
Target with Serotonergic Drug 
or Supplement as the “Gear Shifter”
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Depression, Anxiety, OCD, PTSD
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Depression, Anxiety, OCD, PTSD
The Diamond Pattern
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Target with SNRI 



Temporal Lobe   
Memory Mood / Temper Psychosis
Choline GABA Dopamine
Dopamine Glutamate Dopamine      Glutamate

Mood Stabilizer Antipsychotic 
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Firestorms of the Brain
The Use of Neuroimaging in Court
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Firestorms of the Brain
The Use of Neuroimaging in Court
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Violent Behavior

TRIAD:

Decreased Prefrontal Cortex Activity
(Impulsivity)
Abnormal Left Temporal Lobe
(Agression)
Overactive Cingulate Gyrus
(Vigilience, OCD, planned executed attack) 103



ADD and Depression and Potential 
Mood Disorder (Bipolar) 
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Consider Mood Stabilizer and later SNRI 
and or stimulant cautiously 
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Recognizing Neurotransmitter Patterns



Serotonin
GABA

Glutamate

Norepinephrine Dopamine Epinephrine

The medical literature, as well as a wealth of clinical 
observation, continues to support the use of urine in testing 

for neurotransmitter levels and guiding therapies designed to 
bring balance to the nervous system.

106



107



•Inhibitory

•Serotonin
•Glycine
•Taurine
•GABA

Excitatory and Inhibitory 
Neurotransmitters
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•Excitatory

•Epinephrine
•Norepinephrine
•Dopamine
•Glutamate
•PEA
•Histamine
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Treble – Excitatory

Norepinephrine
Epinephrine
Dopamine
Glutamate
PEA
Histamine
Cortisol 
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BASE - Inhibitory  - Calming

• GABA
• Serotonin
• Glycine 
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Treble – Excitatory 
BASE - Inhibitory  - Calming



Prefrontal Cortex 

NE
Dopamine
PEA 

GABA

L-Tryptophan
5-HTP
Serotonin
Melatonin
SAMe

Serotonin

Temporal Lobe

Memory
Mood/Temper Psychosis

Anterior Cingulate 
Basal Ganglia

Thalamic - Limbic

Choline
Dopamine
Glutamate 

GABA Dopamine 112



Think of EPI/NE as stimulant

Irritability, Hostility 

Epinephrine / Norepinephrine

Brain Fog , Fatigue 
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Sleep

GABA 

Anxiety, Panic, Fear 114



Think of GABA as calming

• Alcohol metabolizes into GABA

• Progesterone metabolizes into GABA

• Divalproex sodium metabolizes into GABA
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Irritability, Insomnia, Hypomania, Road 
Rage

SEROTONIN

Depression, Anxiety, Sleep Disruption,
Anhedonia, Lack of Joy, Amotivation, 
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Serotonin

Dopamine
117



Manipulating Neurotransmitters
The Food Industry 

Dopamine
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BREAD

Serotonin

Alcohol
Caffeine and Chocolate (PEA)



Why Metabolites ?
Serotonin 

MAO – A 

5HIAA
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Agitation, Aggression, Paranoia, 
Psychosis

Dopamine

Anhedonia, Lack of Joy, Amotivation
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Why Metabolites ?

Dopamine

MAO – B 

DOPAC
121



Dopamine and Psychosis
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Biomarkers guide treatment 
interventions

123

NE = Low
Dopamine = Low
Serotonin = Low
Intervention Choices:

SNRI
Amino Acid Substrates

(5-HTP, L-Tyrosine)

Likely Drug of Choice:
Cocaine, Meth 

(NE and Dopamine)

NE = High
Dopamine = High
Serotonin = Low
Intervention Choices:

SSRI
Amino Acid Substrate 

(5-HTP)

Likely Drug of Choice:
Ecstasy

(Serotonin)
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Prefrontal Cortex 

NE
Dopamine
PEA 

DNRI

GABA

L-Tryptophan
5-HTP
Serotonin
Melatonin
SAMe

SSRI
Vitamin D-3

Serotonin  SSRI

Temporal Lobe

Memory
Mood/Temper Psychosis

Anterior Cingulate Basal Ganglia

Thalamic - Limbic

Choline
Dopamine
Glutamate 

GABA
Mood Stabilizer

Dopamine 
Antipsychotic 

A124

SNRI

Cholinergic
Glutamate Modulator



Observed clinical patterns
Low Serotonin – enjoys ecstasy
Low GABA – enjoys alcohol and benzodiazepines
Low PEA , NE, Dopamine– enjoys  or abuses stimulants
High  Dopamine – enjoys benzodiazepams
High Taurine – metabolic/detox/ CBS genetic issues
High Norepinephrine and Low Epinephrine – patient needs SAMe as cofactor
Low Serotonin and High 5-HIAA – patient will need 5HTP or SSRI repletion
Very Low Serotonin – Start with L-tryptophan first to gently upregulate 
serotonin receptors then later change to 5HTP
High Dopamine and Low Serotonin – increasing Serotonin will lower Dopamine
High Dopamine and High Serotonin – must use antipsychotic to lower dopamine
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Everything low…

… drug of choice – Stimulants
(Cocaine, Methamphetamines, Adderall)
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Everything high…

… drug of choice – Sedatives
(alcohol, benzodiazepams, opioids) 127
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Neuro-immuno-endo-psychopharmacology 
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Neuropsychiatric conditions are 
Spectrum Conditions

that can result from imbalances in 
multiple neuro-endo-immune 

messenger systems
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Recognizing Inflammation through NT testing:
Elevated Histamine and the 3 - G’s
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Inflammation
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Surface SPECT
At Rest Concentration
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SUB CORTICOL  SPECT IMAGING
at rest concentration
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Glutamate & Increased Histamine
In Excess = Neuroexcitotoxic
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Depression: 
the Inflammation-Serotonin link

Serotonin

Excitotoxicity
Memory effects
Neurodegeneration

IDO: indoleamine 2,3-dihydroxyoxygenase

Adapted from Dantzer R et al. (2008). Nat Rev Neurosci. 9(1):46-569:46-57.

Tryptophan

5-HydroxytryptophanKynurenine

3-Hydroxykynurenine

Quinolinic acid

Nicotinamide

NMDA receptor

Kynurenic acid

IFNγ, TNFa

IDO
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How can inflammation 
lead to clinical symptoms?

Adapted from Dantzer R et al. (2008). Nat Rev Neuroscience 9:46-57.

Risk factors for 
inflammatory 

disorders

Risk factors for 
mood disorders

Clinical 
depression

Sickness behavior
• Attenuation of parasympathetic tone
• Activation of HPA axis
• Reduced appetite
• Altered thermoregulation/energy metabolism
• Flattening of diurnal rhythms
• Decreased social and physical activity
• Increased SWS and reduced REM sleep
• Impaired learning and memory
• Pain
• Fatigue

Changes in 
neuronal function

decompensation
Activation of brain 
proinflammatory 
cytokine signaling

Peripheral 
cytokines

systemic 
infection
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Neuro-immuno-endo-psychopharmacology 
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HPA Stress Response

Hypothalamus

Pituitary

Adrenal Cortex
Adrenal
Medulla

Cortisol

DHEA

Epinephrine

Norepinephrine

CRF

ACTH

Cortisol 
Inhibitory
Feedback
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Cortisol Graph 

Normal

Hi 
Energy AM

Winding Down
PM

Depression   Fatigue

Anxiety, Racing Thoughts 
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Acute Inflammation
Histamine and the 3 G’s

•
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Cortisol and PTSD 
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Lowering High Cortisol Levels

•

147

Phosphatidylserine



Biomarkers for transitional 
inflammation
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The Vampires VS The Humans



Elevating Low Cortisol Levels

Rhodiola Rosea
Ashwagandha  
Licorice Root
Holy Basil 150



Biomarkers for chronic inflammation
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Two “Weak” Vacation 
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Hippocampus – learning and memory
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Untreated Depression , Addiction , Diabetes , 
PTSD, Alzheimer’s disease can Decrease

Hippocampal Volume
(↓ Memory and  Learning)
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Physician Suicide
• Suicide generally is caused by the convergence of multiple risk 

factors — the most common being untreated or inadequately 
managed mental health conditions.

• Among physicians, risk for suicide increases when mental health 
conditions go unaddressed, and self-medication occurs as a way to 
address anxiety, insomnia or other distressing symptoms. 
Although self-medicating, mainly with prescription medications, 
may reduce some symptoms, the underlying health problem is not 
effectively treated. This can lead to a tragic outcome.

• Drivers of burnout include workload, work inefficiency, lack of 
autonomy and meaning in work, and work-home conflict.
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On average, there are 129 suicides per day.
159



2017

• USA Homicide 2017 – 17, 284

• USA Suicides 2017 – 47,173
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Acute Inflammation
Histamine and the 3 G’s

•

161

Therefore Treat Early 
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Find the Root Cause of Inflammation

MTHFR

Genetics 163
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22 Y/O Male with Food Sensitivities 
and Chronic Drug Use

165
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Excitation: 
the inflammation-glutamate link

167

Gliadin Abys

Anxiety
Insomnia
Trouble focusing
Anger or aggression

Hadjivassi R et al. (2004). Trends in Immunology
11:578-582.

Glutamine

Succinate
Semialdehyde

Glutamate
Glutamine 
synthase

Glutamate 
synthase

GABA

Glutamate 
Decarboxylase

4-aminobutyrate
transaminase

Succinate 
Semialdehyde
dehydrogenase

Citric 
Acid
Cycle

Glutamate 
synthase
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The Gut - Brain Relationship
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Converging Scientific Discoveries

Enteric Neuroscience
Neuroimaging

Intestinal Microbiology
Host Microbial Interactions

Microbial Gut Brain Signaling
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Enteric Neuroscience

“The study supports the idea that there could 
be a real biology of gut feelings……. as soon as 
food contacts the wall of the gut, the brain will 
know in real time what’s going on in the gut”

-Diego Bohórquez, Assistant Professor of medicine at Duke,
Postdoctoral Researcher in the lab of Dr. Rodger Liddle, 
a professor of gastroenterology.
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An image taken from 3-D electron microscopy reveals the structure of a 

Neuropod — a cell in the gut that senses nutrient levels and sends 
signals that govern appetite, but isn’t a neuron. 

Credit Diego Bohorquez, Duke University.

“Neuroepithelial circuit formed by innervation of sensory enteroendocrine cells”
by Diego V. Bohórquez, Rafiq A. Shahid, Alan Erdmann, 

Alex M. Kreger, Yu Wang, Nicole Calakos, Fan Wang and Rodger A. Liddle
in Journal of Clinical Investigation. Published online January 2 2015 doi:10.1172/JCI78361
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• Several years ago, Liddle’s team developed methods to 
visualize a type of cell found scattered throughout the lining 
of the mouse gut that is remarkably similar to a neuron. 
Although the cells have a normal shape on the gut’s surface, 
their underside bears a long arm.

• Dubbed ‘Neuropods,’ these special arms are nurtured 
by support cells known as glia that work with neurons, 
which suggested at the time that they could be involved in a 
neuronal circuit.
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Meet the “Neuropod”
“Neuroepithelial circuit formed by innervation of 

sensory enteroendocrine cells” 

175
“Neuroepithelial circuit formed by innervation of sensory enteroendocrine cells” by Diego V. Bohórquez, Rafiq A. Shahid, Alan Erdmann, 
Alex M. Kreger, Yu Wang, Nicole Calakos, Fan Wang and Rodger A. Liddle   In Journal of Clinical Investigation. Published online January 2 2015 doi:10.1172/JCI78361



Bidirectionality
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Scratching the Surface of the Microbiome
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The main functional compartment of the small intestine. 
Most people are not aware that the intestine is the largest part 

of the body's immune system. 
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“Mental Health Disorders , depression in particular, have been 
prescribed as a global epidemic”.

“Research suggest that a variety of lifestyle may be driving at 
least some portion of the increased prevalence”. 

“One area of flourishing research involves the relationship 
between the intestinal microbiota (as well as the related 
functional integrity of the gastrointestinal tract) and mental 
health”. 
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Élie Metchnikoff
1845 – 1916

• Mechnikov's work on phagocytes won him the Nobel Prize in 
1908.

• Immunology (specialist is microbes)

• Credited by some sources with coining the term gerontology in 
1903, for the emerging study of aging and longevity.

• Mechnikov also developed a theory that aging is caused by toxic 
bacteria in the gut and that lactic acid could prolong life. Based on 
this theory, he drank sour milk every day (Lactobacillus Bulgaricus)

•
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“GABA is made by many bacteria, especially Lactobacilli, and 
this property may well serve to protect the organism from the 

acid environment encountered in the stomach, since it synthesis 
involves proton exchange for the uptake of glutamate.”

Higuchi et al.,1997
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Fermented Milk
• A UCLA study tested how fermented milk affected the brains of women. The women were split 

into three different groups: one that didn't receive probiotics, one that received non-fermented 
milk, and one that got fermented milk. Fermented milk can be a great source for probiotics, and 
some of the strains that are found in fermented milk include:

• Lactobacillus Bulgaricus
• Bifidobacterium Animalis
• Lactococcus Lactis
• Streptococcus Thermophiles

• Consumption of Fermented Milk Product With Probiotic Modulates Brain Activity

• The research showed that the group that received the fermented milk showed better brain 
function by MRI analaysis.

Kirsten Tillisch et al Gastroenterology
Volume 144, Issue 7 , Pages 1394-1401.e4, June 2013
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Invisible Ink – “Inky” 

Robert W. Copelan, DVM
Photo Credit: Anne M. Eberhardt/BloodHorse
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Thank You!

Elizabeth A. Stuller, MD
ABPN Board Certified
Adult and Addiction Psychiatry
Fellow – American Psychiatric Association
Fellow – American Society of Addiction 
Medicine

Stuller Resettings, LLC
Catonsville, Maryland 

stullerresettings@gmail.com

190


