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The vital ingredient of life
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What is Energy ?




Energy is the potential for change




Universal features of Energy

1. Energy is conserved and transformed (different forms)
2. Energy always flows (entropy)

3. Energy is quantized (comes in packets)



It costs energy to shift states
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Conductive media




The conductive media in animals is

Energy Metabolism




What are the energetic principles of

human health ?




Three energetic principles of human health

1. Total energy transformation capacity is limited
2. Energy allocation follows a hierarchy of energy needs

3. The brain controls the (re)allocation of energy



Three energetic principles of human health

1. Total energy transformation capacity is limited
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The energetic cost of life across the human lifespan
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Three energetic principles of human health

1. Total energy transformation capacity is limited




Three energetic principles of human health

2. Energy allocation follows a hierarchy of energy needs




Maslow’s hierarchy of human needs
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HIERARCHY OF ENERGY NEEDS
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Three energetic principles of human health

2. Energy allocation follows a hierarchy of energy needs




Three energetic principles of human health

3. The brain controls the (re)allocation of energy



Brain-body energy conservation (BEC)
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nature aging

Perspective

https://doi.org/10.1038/s43587-024-00716-x
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There are simple energetic principles driving the flow and
transformation of energy through our biology

A major hub of energy metabolism : Mitochondria



What do mitochondria look like?
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Is there a Mind «— Mitochondria Connection ?

STUDY 1




Mitochondria influence HPA axis function
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Mitochondria cause unique stress response “signatures”
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Is there a Mind «— Mitochondria Connection ?

STUDY 2




Mitochondrial function in the brain links anxiety with
social subordination

Fiona Hollis>", Michael A. van der Kooij*'%, Olivia Zanoletti®, Laura Lozano?, Carles Canté®, and Carmen Sandi®3
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Article https://doi.org/10.1038/s41467-023-39941-0

Brain mitochondrial diversity and network
organization predict anxiety-like behavior in
male mice
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What about human brain mitochondria ?




Is there a Mind «— Mitochondria Connection ?

STUDY 3




MitoBrainMap v1.0

A multi-function mitochondrial atlas of a single
human coronal brain section at fMRI resolution




MitoBrainMap v1.0

A multi-function mitochondrial atlas of a single
human coronal brain section at fMRI resolution
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Physical voxelization
of the human brain
at fMRI resolution

3mm
~

v




Article

A human brain map of mitochondrial
respiratory capacity and diversity
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Mosharov et al. Nature 2025
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P N AS RESEARCH ARTICLE | CELL BIOLOGY

PSYCHOLOGICAL AND COGNITIVE SCIENCES

Psychosocial experiences are associated with human
brain mitochondrial biology
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Is there a Mind «—+ Mitochondria Connection ?

Component 1 (48.5%)
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Mitochondrial Stress, Brain Imaging, and Epigenetics — MiSBIE
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How does the brain know that, somewhere in the
body, energy is consumed unsustainably ?




Nociception
Interoception

Immunoception (Veuron 2022)



Metaboception

The brain’s bidirectional monitoring and
control of energy metabolism

Liu et al. (under review)



Metaboception: sensing “energetic pain”
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GDF15 TRIGGERS

Increased energy demand beyond what is
sustainable by cellular energy transformation capacity

ISR activation

GDF15 expression and signaling on the brain
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Conveying energy deficit to the brain
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GDF15 across the adult lifespan
“*Aging biomarker”
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vessels gland

Psychosocial processes influence
gene expression (Cole, Slavich)

Psychosocial stressors
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Study 1 — one visit
(blood & saliva)
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Average GDF15 stress response
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Average GDF15 stress response
MiSBIE Study 1
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What does GDF15 mean to the organism?
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What does Cortisol mean to the organism?




What does GDF15 mean to the organism?




What does GDF15 mean to the organism?

What does it feel like to have high GDF15
in your blood ?




@ i\ _}_»f; Plasma proteomics

N= 2,920 proteins
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N= 53,026 participants
Diseases N= 720 Traits N= 986

GDF15 is associated with ...

_—

 Loneliness and social isolation (Nat Hum Behav 2025)

 Psychiatric diagnoses (depression, substance abuse)
» Anxiety (Nat Metab 2025)

* All-cause mortality

* Not liking to take stairs, or don’t like walking for pleasure
- Fatigue

* Pain
* Other traits consistent with sickness behavior

https://proteome-phenome-atlas.com
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Could changing the fuel we feel brain
mitochondria change experiences ?




Could changing the tuel we feel brain
mitochondria change experiences ?

The ketogenic diet has been used for 30 years
to treat epilepsy



with Ketogenic
Therapy



https://www.youtube.com/watch?v=NLOVxz-2jeM
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