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The step-by-step chemistry of how fluoride drives oxidative
stress in the mitochondria — and precisely where molecular
hydrogen (H,) intervenes to protect delicate neural tissue.
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oo The story in plain 1anguage

Deep in the center of the brain sits a gland the size of a grain of rice — the
pineal gland. It is the body's internal clock: it releases melatonin to govern
when we sleep, how deeply we rest, and the daily rhythm every cell follows. Of
all our tissue, it is unusually prone to accumulating fluoride and calcifying with
age. The engine of that decline is oxidative stress — a cascade of reactive
molecules that damage membranes, proteins, and DNA.

Molecular hydrogen is the smallest molecule in existence. It crosses into the
brain within seconds and acts as a selective antioxidant — quenching only the
two most destructive species while sparing the radicals the body uses for
healthy signalling. The pages that follow trace that chemistry, reaction by

reaction.

The three movements
1- Trigger — Fluoride slips into the mitochondria and stalls the cell's energy chain.

2 - Cascade — Stalled electrons leak and ignite a chain reaction of free radicals,
overwhelming the body's own defenses.

3 - Intervention — Molecular hydrogen neutralizes the most damaging end-products,

selectively and gently.
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o1 Fluoride enters & stalls the engine

How a common ion crosses into the mitochondria and blocks the final step of cellular

respiration.

STEP 1 — ENTRY AS HYDROFLUORIC ACID
Fluoride becomes lipophilic

At physiological pH, the extracellular fluoride ion is protonated. The resulting HF is
uncharged and lipophilic enough to diffuse freely across the phospholipid bilayer into the

mitochondrial matrix.

F- + H* - HF (uncharged - membrane-permeable)

STEP 2 — RESPIRATORY-CHAIN INHIBITION

Complex 1V is blocked

Fluoride is a potent inhibitor of cytochrome c oxidase (Complex V) and disrupts Complex |,
binding the metal cofactors (Fe, Cu) at the active sites. The terminal reduction of oxygen to

water is shut down.

I Inhibition HF + Complex IV[Fe®*/Cu?*] - Complex IV-F~ [inhibited]

l Normal 0, + 4e” + 4H* - 2 H,0 <« this step now blocked

STEP 3 — ELECTRON LEAK

Superoxide is born

With the chain blocked downstream, electrons back up and leak — primarily at Complexes |
and Il — reacting directly with oxygen in a single incomplete transfer. Normally rare, this

now becomes the dominant reaction.

0, +e - 0,7 superoxide radical — the primary ROS
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o2 The radical cascade
One radical multiplies into the most destructive species in biology.

STEP 4 — SUPEROXIDE CASCADE

From superoxide to the hydroxyl radical

Superoxide is only the beginning. It rapidly converts into more damaging species. The
hydroxyl radical (¢OH) is the most destructive ROS known — it attacks DNA, proteins, and
lipids indiscriminately.

Dismutation 2 0, + 2H* - H,0, + 0,
Fenton H,0, + Fe?* - -0H + OH  + Fe**

Haber-Weiss 0,"" + H,0, - 0, + OH" + +0H (regenerates <0H)

STEP 5 — NITROSATIVE STRESS

Peroxynitrite, the paraﬂel threat

Fluoride also activates nitric oxide synthase (NOS). Superoxide reacts with nitric oxide to

form peroxynitrite — a potent oxidant that attacks tyrosine residues, forming nitrotyrosine, a

measurable biomarker of nitrosative damage.

0," + NO© - ONOO- peroxynitrite
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o5 Damage & defense collapse

STEP 6 — LIPID PEROXIDATION

A self-propagating chain reaction

The hydroxyl radical initiates a self-sustaining chain reaction across membrane
phospholipids (LH). Its end-product, malondialdehyde (MDA), is the standard biomarker
measured to confirm oxidative membrane damage in fluoride toxicity studies.

Initiation LH + <OH - L° + H,0
Propagation L° + 0, » LO0O" ; LOO" + LH - LOOH + L’

Termination LOOH - MDA + other aldehydes (biomarker)

STEP 7 — ANTIOXIDANT COLLAPSE
The body's defenses are suppressed

Normally glutathione would neutralize peroxides. But fluoride inhibits glutathione
peroxidase (GPx), superoxide dismutase (SOD), and catalase (CAT) — so these defenses

are suppressed, allowing the cascade to continue unchecked.

Normally 2 GSH + H,0, —GPx-» GSSG + 2 H,0 < now suppressed

WHERE Mg LNTERVEWNES

Selective by design

Molecular hydrogen selectively quenches the two most damaging end-products — the
hydroxyl radical and peroxynitrite — while leaving superoxide and hydrogen peroxide
untouched, because the cell needs those for normal signalling. That selectivity is the core
of the hydrogen-water hypothesis, and what sets it apart from broad antioxidants like

vitamin C.

Hy + 2 “OH - 2 H,0

l H, + ONOO- - reduced peroxynitrite damage
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Disclaimer. This brochure is educational material summarizing published biochemical mechanisms. It is not medical
advice, a diagnosis, or a treatment claim, and it has not been evaluated by the FDA. Molecular hydrogen and ionized
water are not represented here as cures for any condition. Always consult a qualified healthcare professional before
making changes to your health regimen.
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