T Inflammatory Cytokines:
(IL-6, TNF-a, IL-16, IL-22, IL-10)

Hypoxia:
Immune Activity — 1 Oxidative Stress,

1 Inflammation, 1 Rouleaux
Fibrin-Amyoid, Low Heme

-
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Barrier Damage (Mineral/ROS):
T Endotoxin/LPS, 1 Bacteraemia —
T Inflammation/Hepcidin

T Oxidative Stress:
| Carnitine, NAD+ Synthesis, TCA, Pyruvate Kinase

Low Minerals: CuZnSOD, MnSOD, Catalase (heme), | === === === == =

FAD Synthesis (Zn, Co), Glutathione Reductase

N

Low BH4 — NOS Uncoupling — 1 ROS/RNS : : : :
‘e Microbiome-Derived
Acetaldehyde bR

Blockade of Dietary Metal Absorption,
Sequestration of Circulating Metals:

T Hepcidin — | DMT1 and Ferroportin
(Gut, Liver, Spleen, Kidneys, Brain)
Fe, Mn, Zn, Cu, Co, Mo, V, Se + Ni, Cd, Pb

Glycolytic Shift, Acidaemia:
LDH Promotion, PDK Promotion

Low NAD+/Zn: LDH Inhibition —
Lactate Accumuation

| Prolyl Hydroxylase Inhibition
— HIF-1a Stabilisation:
Low Fe/Si/Zn, 1 ROS, Hypoxia,

Low FAD — Inhibited SDH — 1 Succinate,
Low TCA cycle flux to alpha-Ketoglutarate —

Lowered Lactate Threshold

Exertion Immune
Activity

Mitochondrial
Dysfunction

\
i

Low Mg: | ATP, Glycolysis, Na+/K+ ATPase

Low Mn/Fe: | Urea Cycle, 1 Ammonia

Low Mg/Fe/Mn: | Glutamine Synthesis

Low Zn/Co: | Riboflavin Kinase, FAD Synthetase — | FAD
Low FAD: | SDH, a-KGDH, MCAD, LCAD, SCAD, VLCAD,
MTHFR, [..]

Low Zn/Mg: | Pyridoxal Kinase, | P5P Cofactors

Low Cu/Mn/Fe: | Bile Acid Synthesis, | Fat/Vitamin
Absorption

Low NAD+/Zn/Fe: | Autophagy/Mitophagy

Low NAD+/Zn: Circadian Disruption

Low ALDH/NAD+/Zn/Fe: | Retinoic Acid Signalling

Low Zn: | BH4 Synthesis (GTP Cyclohydrolase/Sepiapterin
Reductase)

Low Mn/Mg: | BH4 recycling (DHFR)

Low BH4: Phenylalanine Hydroxylase, Tyrosine Hydroxylase,
Tryptophan Hydroxylase — | Phenylalanine, Tyrosine

Low Zn: Impaired TGT (Queuosine, Tyrosine

Asparagine, Histidine Synthesis)

Low Tyrosine: | Thyroxine

Low Fe/Se: | Deiodinase (Thyroid), | T3

Renal Wasting: Pi, Zn, Mg, [..];

Hyperoxaluria (Elevated LDH, Low P5P)

Poor Pathogen Clearance:

Dysregulated Cortisol — IFN-y Suppression

Energy Crisis — Immune Suppression

Chronic Latent Virus Reactivation

(Herpesviridae, HepB, HIV, HPV etc):

HIF-1a Stabilisation —
Chronic Antigen Burden,
Dysregulated Immune Response

-
-
-
-
-
-
———____
- - = .

Figure 12. Pathway Diagram: The role of mitcochondrial dysfunction in mineral depletion.
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Low Serum Minerals, Functional ATP
Deficiency

Clinical Outcomes:

Anaemia of Chronic Disease, Fatigue,
Brain Fog, Dysautonomia,

Unresponsive to Supplementation,
Neurotransmitter Dysregulation, Post-

Exertional Malaise, Sympathetic
Excess / Adrenaline, | Liver Glycogen,
Pain, 1 Cortisol Dysregulation

a-KGDH - Alpha-Ketoglutarate Dehydrogenase
ALDH - Aldehyde Dehydrogenase

ATP - Adenosine Triphosphate
B6 - Vitamin B6

BH4 - Tetrahydrobiopterin

Cd - Cadmium

Co - Cobalt

Cu - Copper

DHFR - Dihydrofolate Reductase
DMT1 - Divalent Metal Transporter 1
FAD - Flavin Adenine Dinucleotide
Fe - Iron

HIF-1a - Hypoxia-Inducible Factor 1 alpha
HPV - Human Papillomavirus

IFN - Interferon

IL - Interleukin

LCAD - Long-Chain Acyl-CoA Dehydrogenase
LDH - Lactate Dehydrogenase

MCAD - Medium-Chain Acyl-CoA Dehydrogenase
Mg - Magnesium

Mn - Manganese

Mo - Molybdenum

MTHFR - Methylenetetrahydrofolate Reductase
Na+/K+ ATPase - Sodium/Potassium-transporting ATPase

NAD+ - Nicotinamide Adenine Dinucleotide (oxidised form)
Ni - Nickel
NOS - Nitric Oxide Synthase

Pb - Lead
PSP - Pyridoxal-5-Phosphate

PDK - Pyruvate Dehydrogenase Kinase
PHD - Prolyl Hydroxylase Domain enzyme
ROS/RNS - Reactive Oxygen/Nitrogen Species

SCAD - Short-Chain Acyl-CoA Dehydrogenase
SDH - Succinate Dehydrogenase

Se - Selenium

SOD - Superoxide Dismutase

T3 - Triiodothyronine (active thyroid hormone)
TCA - Tricarboxylic Acid (cycle)

TGT - tRNA-Guanine Transglycosylase

TNF - Tumour Necrosis Factor

V - Vanadium

VLCAD - Very-Long-Chain Acyl-CoA Dehydrogenase
Zn - Zinc




