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What is the dirtiest 4-letter word 
in the English language?





Systemic Health

Internal trauma — “Fear of failure”



Mental Health

External trauma — “Fear of others”



Societal Health

Gun violence — ”Fear of ‘the other’”



Planetary Health

Tragedy of the Commons — ”Fear of use it or lose it”
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Systemic Health

Hypertension
Fatty liver
Diabetes
Heart disease
Sleep disturbance
Cancer

Mental Health

Addiction
Depression/Suicide
PTSD
Anxiety
Inattention/ADHD
Dementia

Societal Health

Nationalism/Authoritarianism
Cellphone Psychosis
Inequality/Poverty
School/Political Violence
Terrorism
Xenophobia/War

Planetary Health

Climate Change
Toxins
Pollutants
Soil Erosion/Degradation
Nitrogen Cycle Disruption
Species Extinction



What’s the causality?
Systemic Health

Mental Health

Societal Health

Planetary Health



What’s the causality?
Systemic Health

Mental Health
The Limbic System

The Amygdala

Societal Health

Planetary Health



Fear Reinforcement – 

Basal Lateral Amygdala

The evolution of fear



Fear Reinforcement – 

Basal Lateral Amygdala

Chronic Toxic Stress – 

Central Amygdala

The evolution of fear







Deaths of Despair
from drugs, alcohol, and suicide

Lindgren-Dwyer et al. JAMA  319:1013, 2018

60% increase in deaths
of despair in the U.K.

150% increase in deaths
of despair in the U.S.



Liu et al. Lancet 387:874, 2016



Liu et al. Lancet 387:874, 2016



The How — The Amygdala



What is the amygdala?
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What is the amygdala?



What is the amygdala?

1. Sort mundane from novel

2. For novel: sort negative stimulus (pain) from positive (reward)

3. Site of new synapse formation for reinforcement learning (by dopamine)





Dopamine

Lustig, The Hacking of the American Mind, Avery Press, 2017



Serotonin

Lustig, The Hacking of the American Mind, Avery Press, 2017



Cortisol

Lustig, The Hacking of the American Mind, Avery Press, 2017



The dopamine-cortisol-serotonin interaction

Lustig, The Hacking of the American Mind, Avery Press, 2017

PFC

Amygdala

Cortisol

Cortisol



Mattera et al. Front. Syst. Neurosci. 14:65, 2020

Input (CS, US) is conveyed from LA to CeL through three main circuits:
  a persistent circuit (LA-BA-CeM and LA-CeL-CeM), 
 a fear circuit (LA-BA-PL-BA-CeM), 
 an extinction circuit (BA-IL-BA-ITC-BA-CeM), 

Fear Conditioning in the Amygdala

Doesn’t explain what’s changed in last 60 years



Prof. Philippe Gaussier
ETIS (Equipe Traitement de l'Information et Systèmes)

CY Cergy Université, Paris, France



gut

VTA

BLA

LA
CeA

DRN

PVN & Cortisol

BNST

LC

Computational model of the amygdala
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Four Brakes on the Amygdala

• 1. Prefrontal Cortex (reasoning)



Ontogeny recapitulates phylogeny:

The PFC is the last area to develop, 

and the last to myelinate

Gogtay et al, Proc Natl Acad Sci 101:8174, 2004



Cortical thickness
and BMI

Cortical thickness
and executive 
function

From the top From the bottom From the left side From the right side

From the front From the back From the L inside From the R inside

Ronan et al. 

Cerebral Cortex, 30:2519, 2020



Reduced PFC function
in adolescents with metabolic syndrome

Yau et al. Pediatrics 130:e856, 2012



Four Brakes on the Amygdala

• 1. Prefrontal Cortex (reasoning)

• 2. Hippocampus (memory)



Hippocampus and Stress

Dronse et al. Front Aging Neurosci. 15:1154112, 2023 Sheline et al. Proc Natl Acad Sci. 93(9):3908, 1996



Four Brakes on the Amygdala

• 1. Prefrontal Cortex (reasoning)

• 2. Hippocampus (memory)

• 3. Afferent Vagus (interoception)



The amygdala is one of the mediators of the effects 
of the microbiome on behavior

Cowan et al. Bioessays 40(1), doi: 10.1002/bies.201700172, 2017



Four Brakes on the Amygdala

• 1. Prefrontal Cortex (reasoning)

• 2. Hippocampus (memory)

• 3. Afferent Vagus (interoception)

• 4. Oxytocin (safety)



Ziegler et al., Neuropsychopharmacology 40:1528, 2015

Oxytocin Receptor Gene Methylation: 
Converging Multilevel Evidence for a Role in Social Anxiety



Philippe and Rob’s Computational Model 

of the Limbic System



The Cerebral Control Brakes (PFC, HPC)
The Amygdala
The Visceral Control Brakes (Afferent Vagus)
      *Polyvagal Theory, Stephen Porges

Setting the Amplitude
     *Oxytocin Imprinting, Sue Carter

CORTISOL

Philippe and Rob’s Computational Model 

of the Limbic System



Philippe and Rob’s Computational Model of the Amygdala



All Four Brakes on the Basolateral Amygdala are Now Defective

• 1. Prefrontal Cortex (reasoning) — dopamine, cortisol, toxins

• 2. Hippocampus (memory) — cortisol, toxins

• 3. Afferent Vagus (interoception) — tryptophan/serotonin def., microbiome 

• 4. Oxytocin (safety) — cortisol (methylation of OXTR)

• PLUS: Cortisol increases CRF, hypersensitizes the Central Nucleus of the Amygdala (CeA) 

- causes hyperkatifeia (emotional pain, mediated through the                          

Spino-Parabracheo-Amygdaloid (SPA) Pathway) 



The Why — Bioenergetics

 Reactive Oxygen Species (ROS)

Mitochondrial Dysfunction / Energy Diversion

Adenosine Triphosphate (ATP) Depletion



Why neurons are such “gas-guzzlers”

• Malate-aspartate shuttle

–  gets NAD+ inside the mitochondria

• Glutamate/glutamine cycle

– converts glutamate (excitatory) into GABA (inhibitory)

• Axonal transport

– powers microtubules and molecular motors (myosins, kinesins, and dyneins)

• Synaptic plasticity

– synthesis, remodelling, and recycling of phospholipids 

• Synaptic transmission

– restoring ionic equilibrium after action potential

Walker, Int. J. Mol. Sci. 2025, 26, 7328



Stress is a Primary Driver of Chronic Disease
10/13/23, 8:20 PM 1-s2.0-S0149763423003287-ga1_lrg.jpg (1304×1085)

https://ars.els-cdn.com/content/image/1-s2.0-S0149763423003287-ga1_lrg.jpg 1/1

Lyons et al. Neurosci Biobehav Rev 153:105359, 2023



Stress is a Primary Driver of Chronic Disease
ROS’s are a primary intermediate10/13/23, 8:20 PM 1-s2.0-S0149763423003287-ga1_lrg.jpg (1304×1085)

https://ars.els-cdn.com/content/image/1-s2.0-S0149763423003287-ga1_lrg.jpg 1/1

Lyons et al. Neurosci Biobehav Rev 153:105359, 2023

ROS’s alone cause
• Telomere shortening
• DNA damage
• Inflammation
• Most importantly, mitochondrial
   dysfunction



Reactive Oxygen Species (ROS):

Superoxide Anion (O2• —)
Hydrogen Peroxide (H2O2)

Hydroxyl Radical (OH•)

High Dose — Toxic ions

Low Dose — Signaling ions



ROS is a signaling molecule, 
as well as a pathologic molecule

• ROS and PI3K-Akt Signaling Pathway (metabolism)

• ROS and NF-𝜅B Signaling Pathway (inflammation)

• ROS and Keap1-Nrf2-ARE Signaling Pathway (growth, cancer)

• Cross Talk between ROS and Ca2+ (neurotransmission)

• ROS inhibits mitochondrial ATP production, while mitochondria make ROS

• ROS without quenching (peroxisome) – oxidative damage

Zhang et al. Oxid Med Cell Longev 2016:4350965.



11 separate mitochondrial enzymes give off ROS’s

Brand M, Free Radical Biol Med 100:14, 2016



Mitochondria make ROS’s from “within”, 
while environmental toxins make ROS’s from “without”

Zhang et al. Oxid Med Cell Longev 2016:4350965.



Lab animals in captivity are getting obese too

Klimentidis et al. Proc Royal Soc 278:1626, 2011Protsiv et al. eLife 9:e49555, 2020

Empiric Evidence for Mitochondrial Dysfunction

Declining human body temperature
in the last 150 years



Mitochondrial dysfunction vs. a coal burning factory/mill







Fructose reduces liver mitochondrial function,

(resulting in energy diversion), 

while glucose stimulates it

Softic et al. Cell Metab 30:735, Oct 1, 2019

"The most important 
takeaway of this study is that 
high fructose in the diet is 
bad," says Dr. Kahn. "It's not 
bad because it's more 
calories, but because it has 
effects on liver metabolism 
to make it worse at burning 
fat. As a result, adding 
fructose to the diet makes 
the liver store more fat, and 
this is bad for the liver and 
bad for whole body 
metabolism."

Dr. C. Ronald Kahn,

CEO, Joslin Diabetes Center 



Bar et al. Nature Metabolism 7:1375–1391,2025

Glycogen in Alzheimer’s Neurons?
How? Why?

Another example of 
Energy Diversion

https://www.nature.com/natmetab
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77

1.4M Swedes

Stress to Alzheimer’s OR 2.45

Depression to Alzheimer’s OR 2.32

Both to Alzeheimer’s OR 4.00

Additive effect of both
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80Gouloubinoff et al. Nature Chem Biol 14:388. 2018

ATP required for chaperone proteins to direct proper folding 



81

Skovronsky et al. J Biol Chem 275: 2568, 2000        Walker, Int J Mol Sci 2025, 26:7328, 2025           

Postina, J Neurochem 120 (Suppl. 1): 46, 2012

Regulated by PKC-cAMP Not regulated

Cleavage of Amyloid Precursor Protein is dependent on ATP
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Insulin Resistance

Cell Senescence
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Poor Nutrition:

     Fructose

     Low Omega-3’s

     Low B vitamins

APP         Amyloid-𝞫

No ATP



84

Phosphorylation of Tau is dependent on activation of Glycogen Synthase Kinase-3𝞫
P-Tau-217 is the “cage” that holds the glycogen

P-Tau-217 dissociates from microtubules leading to tangles and neuronal dysfunction

Koenig et al. Brain Comm 2026: fcag074 Bar et al. Nature Metabolism 7:1375–1391,2025Bar et al. Nature Metabolism
7:1375–1391,2025

https://www.nature.com/natmetab
https://www.nature.com/natmetab
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Ishihara and Itoh, J Clin Biochem Nutr 72:23, 2023

ROS’s drive NF-𝜿B, which promotes inflammation 



88

NADPH Oxidase

(       )

ROS

Damage-associated

molecular patterns

ROS’s drive neuroinflammation and neuronal damage 

M1 M2
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A ROS-reducing diet and Alzheimer’s Disease
(Low ROS generation, high antioxidant content)



Your brain on …



Neuropsychiatric disease is the result of dysfunction of neurons…

Dementia is the result of death of neurons…

      which is due to either reduced energy (ATP) production…

      or increased energy (ATP) utilization… or both.

Risk for dementia is a function of the combination of these factors driving 

ATP depletion.

ROS’s appear to be a common intermediate pathway. 

What about the amygdala? 

Really, what about the brakes on the Basolateral Amygdala — 

 (PFC, HPC, Aff Vagus, OXTR)?



The Who — The “Saboteurs”



The Saboteurs

Dopamine

● Money

● Power

● Pleasure

Cocaine

Heroin

Nicotine

Ethanol

Caffeine

Fructose/UPF

Shopping

Gambling

Internet Gaming

Social Media

Pornography

Cortisol

● Inequality

● Poverty

● Multitasking

● Acculturation

● Adverse Childhood  

Experiences

● Chronic Health 

Issues

● Major Life Changes

● Environment

● Work

● Computers

○ Internet

○ Chatbots

○ AI

Dopamine AND Cortisol

● Demagogues

● Othering/Xenophobia

● Cellphones



Which rainbow?…



● Principles:



The substitution of secondary wants…

 Power

 Money

 Pleasure

 DOPAMINE

 (excitatory, neurotoxiciity)

for primary needs…

 Connection

 Purpose

 Safety

 SEROTONIN

 (inhibitory, neuroplasticity)

With a dose of fear for good measure

 CORTISOL

 (neurotoxiciity)

The Hostage Brain



The Solution — Freeing the Hostage Brain 

•  First — Increase the ATP

 Down the ROS (environmental toxins, diet (sugar), antioxidants)

 Down the insulin (diet, exercise) 

         Down the dopamine (hedonic limitation)

 Down the cortisol (cellphone detox, meditation, sleep)
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•  Second — Use that ATP to increase the neuroplasticity
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 Down the cortisol (Turn off the TV! Delete your newsfeed!)

 Amygdala Insula Retraining



The Solution — Freeing the Hostage Brain 

•  First — Increase the ATP

 Down the ROS (environmental toxins, diet (sugar), antioxidants)

 Down the insulin (diet, exercise) 

         Down the dopamine (hedonic limitation)

 Down the cortisol (cellphone detox, meditation, sleep)

•  Second — Use that ATP to increase the neuroplasticity

 Up the serotonin (connection, purpose, grief-joy, psychedelics)

 Up the BDNF (exercise)  

 Down the cortisol (Turn off the TV! Delete your newsfeed!)

 Amygdala Insula Retraining

• The easy answer — f**k the saboteurs



Summary
➔ Dysfunction of the amygdala is at the source of health and societal devolution

➔ Fear used to be a reinforcement for learning by the amygdala, now it is a toxic stimulus 

➔ The hippocampus and prefrontal cortex are the cerebral brakes on the amygdala, but both are 
damaged due to chronic overstimulation by dopamine and cortisol

➔ Serotonin from the afferent vagus nerve is the visceral brake on the amygdala, but it is  scarce due to 
ultraprocessed food and changes in the microbiome

➔Oxytocin sets the amplitude for the amygdala response, but methylation of its receptor reduces its 
action

➔ Cortisol decreases neuroplasticity; Serotonin increases neuroplasticity

➔ ROS’s are normal products of mitochondrial metabolism, but feedback to divert energy and  reduce 
ATP generation; must be quenched by anti-oxidants.

➔ Hypothesis: a. Exposures          brain ROS’s           reduced mitochondrial ATP generation.

➔ b. Stress and cortisol            increased ATP utilization.  

➔ c. ATP depletion           misfolding and plaques; Energy diversion           glycogen and tangles.

➔ d. ROS’s promote inflammation          microglial activation           neuron loss and dementia.

➔ Reduce ROS’s (exposures, diet, anti-oxidants) to increase ATP,  stress reduction to increase 
neuroplasticity and serotonin,  CHANGE YOUR ENVIRONMENT TO CHANGE YOUR BRAIN 
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