Mitochondria: The Powerhouse of Metabolism

Introduction Cellular Functions
Mitochondria are the "powerhouses”
of the cell, producing the majority of
adenosine triphosphate (ATP) used
as chemical energy.

e  Cellular Respiration (ATP)
e  Fatty Acid Beta-oxidation
e  Amino Acid Metabolism
e  Calcium Homeostasis

This energy drives and powers cell
metabolism.

There is a chain of molecules
produced by mitochondria that lead
to manufacture of NAD+ which is the
stable precursor needed to make
ATP.

Organism Impact

e High-demand organ energy
e  Glucose & lipid regulation
e  Apoptosis initiation




The Role of NAD+ in Mitochondrial Health

Vital Coenzyme Metabolic Dependence

NAD+ is essential for numerous

biological processes that maintain Enzyme Category Dependence
cellular integrity and energy
production: Sirtuins HIGH

e  DNA repair and maintenance Regulate gene silencing and DNA repair.

e  Gene expression regulation
e  Mitochondrial function

PARPs HIGH

ATP pr ion efficien
¢ production efficiency Repair damaged DNA structures.

Note: NAD+ production naturally

declines with age.
g Dehydrogenases HIGH

Generate carriers for the ETC.




The Decline of Mitochondria and NAD+ with Age

Age-Related Dysfunction

As an organism ages, mitochondria
begin to decline in both number and
function. This is a hallmark of the
aging process and contributes
significantly to age-related diseases.

Key Aspects of Decline

e Decreased Biogenesis: The
process of creating new
mitochondria slows down.

e  Structural Damage:
Mitochondrial membranes
become damaged, reducing
efficiency.

e Reduced Quality Control: The
ability to remove damaged
mitochondria (mitophagy)
decreases.




Understanding Reactive Oxygen Species (ROS)

What are ROS?

Reactive Oxygen Species (ROS) are
chemically reactive molecules
containing oxygen, such as superoxide
ions and hydrogen peroxide.

Mitochondrial Origin:

¥#% Normal: Small amounts generated
at ETC Complexes | and lIl.

A Dysfunction: Leaky electrons
dramatically increase ROS, causing
oxidative stress.

The Total ROS Burden

Exogenous factors and metabolic
byproducts accelerate cellular damage
by increasing total ROS.

Primary Sources:

® UV Radiation: Sun damage
creates free radicals in skin.

° Toxins: Pollutants, alcohol,
tobacco, and heavy metals.

° Inflammation: Chronic immune
responses produce ROS.

®  Metabolism: Natural byproduct
of aerobic respiration.



Glutathione: The Aging Antioxidant Decline
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The Role of Glutathione

Glutathione is the body's master
antioxidant, crucial for protecting cells
from ROS and oxidative stress.

Primary Roles:

o Directly neutralizing free radicals.

° Recycling other antioxidants (Vit
C&E).

° Detoxifying harmful compounds. 1. Energy Deficiency: Less ATP from fewer, less efficient mitochondria.

Vicious Cycle of Functional Decline

2. Increased Damage: Higher ROS levels from dysfunction and external factors.

3. Impaired Protection: Lower glutathione/NAD+ means unchecked damage.

Result: A cycle of damage leading to accelerated aging at the organismal level.




The Perfect Storm

MITOCHONDRIAL FUNCTION ROS LEVELS

Decreased Glutathione Levels as You Age

Age
== Glutathione Levels == Oxidative Stress Levels

L — 100 NAD+ PRODUCTION

GLUTATHIONE
. ANTIOXIDANT LEVELS




Mitochondrial Glutathione Support: Direct vs. Precursor Strategy

Direct Glutathione (GSH) Administration
(Oral or IV)

Oral/IV
Glutathione
(GSH)

N-Acetyl Cysteine (NAC) + Glycine
Supplementation (Oral)

Oral/lV
Glutathione
(GSH)

Precursors enter mitochondria and
are synthesized into GSH in situ
as needed.

Exogenous GSH is poorly absorbed
by mitochondria due to lack of
specific transporters.

Gly = Glycine

GSH = Glutathione
NAC = N-Acetyl Cysteine
GCL/GSS = Synthesis Enzymes




Strategic Mitochondrial Interventions

Hormetic Stress
O Intermittent heat exposure
*Intermittent cold exposure

Metabolic Timing
Wintermittent fasting / CR
OTime-based food intake

Nutritional Evolution
€ Evolutionary based foods
&*Fermented foods & drinks

Physical Exertion
@High intensity exercise

Circadian & Social Respiratory Stress

“#:Circadian interventions =>|ntermittent hypercapnia
:2Tribe & clan strategies Slntermittent hypoxia

Goal: Mitochondrial Biogenesis & Efficiency

These interventions trigger adaptive responses that improve ATP production, reduce ROS accumulation, and enhance overall cellular
resilience.




NAC & Glycine Supplementation:
Evidence for Improved Muscle & Exercise Capacity

MUSCLE STRENGTH _:?ﬁ EXERCISE CAPACITY
IMPROVEMENT 00y ENHANCEMENT

@ Older Adults (65+):
Studies show significant
increases in grip strength,
leg press power, and
reduced sarcopenia risk.

@ Older Adults: Improved
6-minute walk distance,
reduced fatigue levels, and
better overall endurance.

MECHANISM:
INCREASED
GLUTATHIONE

(GSH)

Reduces Oxidative Stress &
Improves Mitochondrial Function,
leading to better cellular energy
and reduced muscle
damage.

® Younger & Middle-Aged:
Enhanced recovery and
potential for greater strength
gains during resistance
training.

@ General Population /
Athletes: Increased time to
exhaustion, improved VO2
mayx, and faster recovery
between intense bouts.

*Based on clinical trials and meta-analyses. Individual results may vary.



Near-Infrared (NIR) Light Therapy & Mitochondrial Function

/Key Effects on Mitochondrial
Function:

Increased ATP Production: NIR light
enhances the mitochondrial electron
transport chain, causing a rise in
adenosine triphosphate (ATP), the primary
energy source for cells. :

Cytochrome c Oxidase Activation: The
therapy, particularly in the 800-950 nm
range, stimulates cytochrome c oxidase,
an enzyme critical for mitochondrial
respiration, which can be impaired by
stress or aging.

© Reduced Oxidative Stress: By optimizing
respiration, NIR helps balance the
production of reactive oxygen species
(ROS), reducing cellular damage.

Q% Enhanced Dynamics: NIR supports healthy
mitochondria by improving dynamics,

reducing swelling, and promoting mitophagy
\ (the removal of damaged mitochondria). /

Reduced ¢ -
ative Stress
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Sources: Nature, PubMed Central (PMC), BioMed Central, National Institutes of Health (NIH)

Near-Infrared

Cytochrome ¢
Oxidase

Key Findings on NIR
Wavelengths:

\

2~ 800-950 nm Range: This spectrum

is commonly used for deep tissue
penetration to stimulate
mitochondrial respiration.

Q 850 nm Light: Research suggests

850 nm light is particularly effective

at increasing mitochondrial
membrane potential, improving

& overall metabolic function.
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Hyperbaric Oxygen Therapy (HBOT) & Mitochondrial Function

Hyperbaric Oxygen Therapy (HBOT) is known to improve mitochondrial function, particularly by increasing
mitochondrial biogenesis—the creation of new mitochondria—and enhancing energy (ATP) production. It works by

increasing oxygen dissolved in the blood, promoting mitochondrial respiration and mass to improve cellular
metabolism and reduce mitochondrial dysfunction in various tissues.

Key Impacts on Mitochondrial Function:

(@ Enhanced Energy Production: HBOT helps

restore mitochondrial function after injury,
leading to significant increases in cellular
ATP levels.

@ Biogenesis and Repair: HBOT stimulates

&) the formation of new, healthy mitochondria
(biogenesis), improving overall respiratory
capacity.

%\ Cell Protection: It protects mitochondrial

2 integrity, reducing the release of
cytochrome ¢ and preventing apoptosis
(programmed cell death).

F/" Reduced Oxidative Stress: Although high

o\@j oxygen levels can cause oxidative stress,
long-term HBOT helps the body adapt,
enhancing antioxidant defenses and
improving mitochondrial activity.

§§ Tissue-Specific Benefits: Studies have demonstrated
improved mitochondrial function in the brain after
injuries, as well as in muscle and cardiac tissue.

Sources: American Physiological Society Journal, National Institutes of Health (.gov), PubMed Central (PMC) (.gov)



Strategic Mitochondrial Rejuvenation

Glutathione Support (GlyNAC)
4 1.5g twice daily - Proven Human Study

Light & Oxygen Therapies
“®: Near Infrared: Boosts activity & repairs
=> HBOT: Enhances cellular repair

Bio-Targeted Peptides
€ MOTS-c & SS-31: Emerging therapies

Rejuvenation Goal: Power & Resilience

Longevity Compounds
8 Rapamycin: Longevity in mammals
#~ Urolithin-A: Muscle & energy

Metabolic Precursors
# Niacin: 50-60mg/day for NAD+
¢h Carnosine: Removes damaging ROS

Gut-Mitochondria Axis
¢ L. Fermentum ME-3: Gut-based Glutathione

These interventions focus on increasing mitochondrial density, neutralizing ROS, and restoring ATP efficiency to return cellular function to
youthful levels.




