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Context Loss
Cortisol + IL-6 shrink

dendrites → weak
contextual recall → over-

generalised threat

Extinction Failure
vmPFC hypo-activity →

cannot apply “safe”
prediction to old memory

Inflammatory Priming
NF-κB sensitisation →
lowers threshold for all

maladaptive loops

Chronic Endogenous Opioid Loop
(See figures 13,14)

Dorsal‑Vagal Freeze
Over-drive unmyelinated
vagus → hypo-motility,

dissociation

Catecholamine Overdrive
• Hypothalamus → CRH → ACTH →

adrenal medulla → chronic epinephrine drip
• Epinephrine spikes hepatic glucose output but

glycogen is empty; spike repeats → loop.
• Histamine elevation from acetaldehyde further

elevates hepatic gluconeogenesis.
• High epinephrine drives lactate, further depletes

Mg²⁺, Zn²⁺, Pi and thiamine → loop tightens.

Acetaldehyde / Histamine
Cascade

(See figure 9)

EMDR
Forces left–right PFC

coupling → reopens memory
reconsolidation window

Somatic Therapy
Stretch receptors fire →

nucleus tractus solitarius →
↑ vagal tone → shifts

arousal axis down

Psilocybin Session
↑ BDNF, down-regulates

DMN, permits new
network “priors”

Thiamine + LDN
 ↓ Acetaldehyde +

attenuates excess morphine
signalling, restoring cAMP-

PKA set-point

Coenzyme + Mineral
Repletion

Restores ATP-Mg complex,
PDH flux, Complex I

throughput, [..]

β‑Blocker Micro‑dose /
Low-dose Bacopa

Dampens LC firing during
reconsolidation window /

cAMP

Glycogen Restoration
Reprimes hepatic glycogen,

blunts nocturnal
cortisol spike

Microdose Methylene Blue
Complex I, NAD+, ALDH

support

Vagal Nerve Stimulation
Direct parasympathetic drive

Reflex / microcircuit
• Withdrawal

• Blink  • CPG walking

Exteroceptive
• Vision • Audition
• Touch • Olfaction

Proprioceptive
• Muscle spindle

• Joint stretch  • Fascia
tension

Interoceptive
• pH / CO2 • Glucose
• Inflammation • Gut

distension

Neuroendocrine‑immune
• HPA axis hormones
• Cytokine modulation

Peripheral tissues
• Sensitised nociceptors

• Neuro‑immune fibroblasts

CNS synapses
• LTP / LTD

• Dendritic growth
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Figure 17. Pathway Diagram: Simplified overview of proposed nervous system alterations in ME/CFS.
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ME/CFS: Correcting Chronic Mitochondrial Dysfunction

RED = Self-reinforcing stress chemistry

PURPLE = Aldehyde → histamine
metabolic choke

GREEN = Multi-loop therapeutic

YELLOW = Extended Information
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Metabolic trigger
Mineral depletion (Mg²⁺, P-i, thiamine, iron) + low hepatic glycogen → low ATP-
sensing in hypothalamus and medulla.
Mitochondrial backlog and ROS from acetaldehyde blocks Complex I, raises
NADH and further ROS, causing AMP-K and HIF-2α to mis-read energy status
and fire the “starvation danger” programme.

Trigger chain
Repeated pain, stress, energy crisis → cortisol and IL-6 prime tryptophan
oxygenase and induce CYP2D6 in limbic tissue. Dopamine + DOPAL (via ALDH
inhibition) elevate the S-reticuline branch, via CYP2D6, COMT and P-
glycoprotein-assisted export. Chronic “endogenous morphine” and related
alkaloids agonise μ-opioid receptors in the amygdala, NAc and PAG.

Maladaptive feedback
Tonic μ-agonism blunts glutamatergic drive onto the ventromedial prefrontal
cortex, further weakening extinction circuitry. cAMP-PKA tone drops inside those
neurons, locking NMDA receptors in a low-phosphorylation state and flattening
synaptic plasticity, so new safe memories do not encode. Meanwhile, κ-receptor
up-regulation in the dorsal raphe pushes mood deeper into the negative valence
quadrant. This creates a secondary, self-reinforcing circuit - independent of, but
synergistic with hyper-arousal.

ACTH - Adrenocorticotropic Hormone
ALDH - Aldehyde Dehydrogenase
AMP-K - AMP-Activated Protein Kinase
ATP - Adenosine Triphosphate
BDNF - Brain-Derived Neurotrophic Factor
CFS - Chronic Fatigue Syndrome
CNS - Central Nervous System
CO₂ - Carbon Dioxide
COMT - Catechol-O-Methyltransferase
CPG - Central Pattern Generator
CRH - Corticotropin-Releasing Hormone
CYP2D6 - Cytochrome P450 2D6
DMN - Default Mode Network
DOPAL - 3,4-Dihydroxyphenyl-Acetaldehyde
EMDR - Eye-Movement Desensitisation & Reprocessing
ENS - Enteric Nervous System
HIF-2α - Hypoxia-Inducible Factor-2 alpha
HPA - Hypothalamic-Pituitary-Adrenal (axis)
IL-6 - Interleukin-6
LC - Locus Coeruleus
LDN - Low-Dose Naltrexone
LTD - Long-Term Synaptic Depression
LTP - Long-Term Synaptic Potentiation
ME - Myalgic Encephalomyelitis
NAD⁺ - Nicotinamide Adenine Dinucleotide (oxidised)
NADH - Reduced Nicotinamide Adenine Dinucleotide
NE - Norepinephrine
NF-κB - Nuclear Factor Kappa-Light-Chain-Enhancer of Activated B Cells
NMDA - N-Methyl-D-Aspartate (receptor)
PAG - Periaqueductal Grey
PDH - Pyruvate Dehydrogenase (complex)
PFC - Prefrontal Cortex
PKA - Protein Kinase A
PTSD - Post-Traumatic Stress Disorder
ROS - Reactive Oxygen Species
TPP - Thiamine Pyrophosphate

Endogenous Opioid Dependence
Baseline anhedonia, low

drive. Tolerance → hyperalgesia, gut
stasis. Withdrawal surges: restless,

sweat, anxiety, ↑HR. Nocturnal
cortisol + vivid nightmares

Masking Symptoms
Paradoxical analgesia

lapses, micro-pupil
oscillation, blunted stress-
induced β-endorphin spike

Hyper‑arousal Loop
Threat cue → NE burst →
↑ vigilance → stronger cue

encoding → loop

ENS networks
• Peristalsis

• Serotonin loops

Superstate
• Sleep / wake

• Psychedelic / integrative

Spinal circuits
• Reflex arcs

• Central pattern generators

State
• Fear / defensive

• Social / play  • Sexual
arousal

Autonomic motor
• Sympathetic /

parasympathetic  • Enteric

Somatic motor
• Skeletal muscle control


