
PDH + FAD + TPP + LPA + Mg2+

IDH + Mg2+
TCA CYCLE FLUX →

α-KGDH + TPP + FAD + LPA

MDH

Pyruvate Acetyl-CoA

α-Ketoglutarate

Succinyl-CoAα-Ketoglutarate

Malate Oxaloacetate
NADH

(Elevated)

TCA CYCLE FLUX →

TCA CYCLE FLUX →

[Acetaldehyde, eATP, IFN-α/β (neural), 
IFN-γ] → ↑NOS, ↑NOX → ↑ROS/RNS

COMPLEX I
ELECTRON TRANSPORT CHAIN

QQH2

GLYCOLYSIS →

NADPT

NADPNADPH

IMMUNE + SYNTHESIS ELEVATION

- vs -

GDH

Glutamate

EXCITOTOXICITY RISK w/ LOW P5P, 
ELEVATED GHB w/ NORMAL P5P

Chronic
Acetaldehyde

ALDH1A1/1A2/2
(Impaired)

DOPAL → THP →
Morphine Promoted,

Low cAMP-PKA

NMNAT
(Impaired)

Kynurenine
Pathway

NAD+
Biosynthesis

Pathway

Fermentation
Syndrome

MALADAPTIVE
LOOP

SPONTANEOUS

MB+MBH2

(EXOGENOUS REDOX SUPPORT)

Connector Key:

Path
Promoted
Inhibited

Figure 14. Pathway Diagram: A simplified overview of mitochondrial NAD+:NADH deficiency.
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NADP - Nicotinamide Adenine Dinucleotide Phosphate (oxidised)
NADPH - Nicotinamide Adenine Dinucleotide Phosphate (reduced)
NADPT - NAD(P) Transhydrogenase
NMNAT - Nicotinamide Mononucleotide Adenylyltransferase
NOS - Nitric Oxide Synthase
NOX - NADPH Oxidase
OxPPP - Oxidative Pentose Phosphate Pathway
Pb - Lead
P5P - Pyridoxal 5-Phosphate
PDH - Pyruvate Dehydrogenase
Pi - Inorganic Phosphate
PRPP - 5-Phosphoribosyl-1-Pyrophosphate
Q - Ubiquinone
QH₂ - Ubiquinol
ROS - Reactive Oxygen Species
RNS - Reactive Nitrogen Species
Se - Selenium
TCA - Tricitric Acid
THP - Tetrahydropapaveroline
TPP - Thiamine Pyrophosphate
Zn²⁺ - Zinc Ionv0.52
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FERMENTATION SYNDROME

Description

Acetaldehyde, glycolysis, TCA cycle flux and other mitochondrial
matrix NADH generators (not shown - see Figure 17) decrease
the mitochondrial NAD+ pool and increase NADH pool sizes.

Complex I (NADH Dehydrogenase) normally balances this
NAD+:NADH redox, however is inhibited by reactive oxygen and
nitrogen species, primarily generated by uncoupled NOS and
NOX activity - promoted by interferon signalling cascades and
acetaldehyde directly.

Where Complex I is inhibited, GDH and NADPT activity is
increased by the NADH pool elevation, further increasing
glutamate and the NADPH pool, promoting regulatory glutathione
peroxidase and other synthesis activities. 

Methylene blue concentrates in the mitochondrial matrix,
providing a narrow therapeutic window for creating a parallel
electron pathway to Cytochrome c and NAD+ redox support.
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