
90% of the body’s 
cellular energy 
is produced by 
mitochondria
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Damaged mitochondria 
accumulate in muscle, 
contributing to loss of strength.

Mitochondrial dysfunction can 
lead to increased inflammaging, 
CRP and IL-6 levels.

These energy-demanding cells 
contribute to wrinkle depth and 
loss of skin firmness.
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Immune Aging and the Role of Mitochondria

Overview

The Science

Key Takeaways

Mitochondria become less efficient with age, and 
mitophagy, the process that clears out damaged 
mitochondria, slows down.

Mitochondrial dysfunction contributes to immune 
cell issues. Damaged mitochondria themselves may 
play a role in chronic low-grade inflammation (also 
known as inflammaging).

Stimulating mitophagy helps maintain mitochondrial 
quality and healthy immune cell activity.

Immune, muscle and brain function are key drivers 
of aging and healthspan. One key factor that impacts 
these systems is mitochondrial health.

The immune system is highly metabolically 
demanding — a significant amount of energy is 
needed to create healthy immune cells.

The immune system depends on mitochondrial 
integrity to deliver the energy needed to fuel its 
energy-demanding tasks.

3 Hallmarks of Immune Aging

Immune Fitness Depends on Healthy Mitochondria

Mitophagy targets a root cause of immune aging: 
the accumulation of dysfunctional mitochondria. 

Stimulating mitophagy is foundational; it activates 
the cleanup process that repairs and clears 
damaged mitochondria. This allows energy 
production and biogenesis to work effectively, 
making room for healthy mitochondrial production.

Urolithin A is clinically proven to stimulate 
mitophagy, making Mitopure® a foundational 
mitochondrial supplement.*

Stimulating Mitophagy Helps Address Immune Aging

Inflammaging 
Occurs when the immune system 
stays activated for a prolonged 
period of time.

Even subtle changes to the 
immune system impacts aging, 
influencing cellular energy and 
overall balance across the body.

Immune Cells Shift 
Lymphocytes, leukocytes and 
naive CD8+ T cells naturally 
decline with age, and the thymus 
gland reduces the body's ability to 
make new naive T cells.

The immune system becomes 
less adaptable with age. Immune 
cells lose energy and repair slows 
with mitochondrial dysfunction.

Mitochondrial Dysfunction 
Occurs when mitochondria do not 
work optimally — immune cells 
may have less activity to carry out 
their normal functions.

Supporting mitochondrial health 
with Mitopure can promote 
immune fitness by rejuvenating 
immune cells.†*

 1
Mitochondrial function 
declines with age

 2
Mitophagy slows & damaged 
mitochondria accumulate

 3
Immune cells lose their ability 
to respond effectively

 4
Cellular energy production 
slows & inflammaging occurs
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MITOPHAGY2

BIOGENESIS3

Mitophagy & Biogenesis Why Clearing Damage 
Matters As Much as Building New Mitochondria

Overview
Mitochondrial health depends on an efficient life 
cycle: fission, mitophagy and biogenesis.2

The body contains quadrillions of mitochondria, and 
their quality determines cellular energy and how the 
body’s systems and processes function, including 
the brain, muscle, metabolism and heart.1

The mitochondria life cycle

Necessary for mitochondrial renewal

Creates new mitochondria

 
Isolates Damage 
Mitochondria split to isolate 
damaged segments, 
targeting them for removal

Fission

Tag
PINK1 accumulates on 
the outer membrane 
of damaged 
mitochondria 

Sense
AMPK and SIRT1 
sense an energy 
imbalance, signaling 
a need for new 
mitochondria

Mark
Parkin tags damaged 
membrane proteins, 
marking them as 
ready for recycling

Activate
PGC-1a, the 
key regulator of 
mitochondrial 
biogenesis, 
switches on

Engulf
An autophagosome 
wraps around 
the damaged 
mitochondrion

Signal
PGC-1a activates 
nuclear respiratory 
factors (NRF) 1/2, 
which induce TFAM

Recycle
A lysosome fuses 
and enables the 
full breakdown and 
recycling process

Build
TFAM binds 
mtDNA, driving the 
transcription and 
replication that build 
new mitochondria 

Biogenesis 
Creates New Mitochondria 
New mitochondria form to 
replace those removed and 
meet the cell's energy needs

Mitophagy 
Removes Damage 
The cell's quality-control 
system identifies, removes 
and prevents damage 
accumulation
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Mitophagy & Biogenesis Why Clearing Damage 
Matters As Much as Building New Mitochondria

The Problem

The Solution

The Result4

Urolithin A is the only compound clinically shown 
to act at two stages of the life cycle: mitophagy and 
biogenesis. As the bioavailable form of Urolithin A 
backed by 18+ years of research, Mitopure delivers 
a clinical dose shown to be effective in 7+ human 
clinical trials across diverse patient populations.a,b,5, 6

Damaged mitochondria accumulate faster with age, at the same time when mitophagy, the system designed to 
clear that damage, slows down.4

Urolithin A is a compound clinically proven to 
stimulate mitophagy in human cells. Through this 
process, damaged mitochondria are cleared first so 
new healthy mitochondria form.
Urolithin A promotes the PINK1-Parkin pathway to 
tag, mark and clear damaged mitochondria. Then, 
it signals mitochondrial biogenesis via PGC-1a.5, 6 

Most mitochondrial supplements target biogenesis while overlooking mitophagy. New mitochondria form from 
existing ones, so if damage isn't cleared first, it replicates too — accumulating more damage.

Inflammatory response
Uncleared mitochondria release components that 
may influence inflammatory response markers, 
including C-reactive protein (CRP) levels.

Heart health
The heart is densely packed with mitochondria, about 
30% of cardiomyocyte volume, making efficient 
mitophagy important for cardiac health.

Metabolism
Mitochondria control how the body stores 
and uses fat, so reduced mitophagy can affect 
metabolic efficiency.

Muscle strength
Damaged mitochondria accumulate in muscle, 
contributing to the age-related decline in muscle 
strength and quality.

Cognition
The brain accounts for only 2% of body mass but 
uses about 25% of the body's metabolic energy, so 
inefficient mitophagy can affect brain health.

Skin health
Skin cells require substantial energy to combat aging, 
and mitochondria support barrier repair, collagen 
production and cell turnover.

Mitophagy declines with age

Urolithin A stimulates mitophagy and promotes biogenesis

Targeting biogenesis alone isn't sufficient
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Induces mitophagy and 
promotes biogenesis

Restores NAD+ for sirtuin activity 
and energy metabolism

Activates PGC-1a to support 
biogenesis

Supports the electron transport 
chain and ATP production

SIRT1/PGC-1a activation

May induce autophagy

Transports fatty acids into 
mitochondria for energy

Antioxidant and enzyme cofactor 
supporting redox balance

Acts as an alternative 
electron carrier in the 
electron transport chain

Strong; Multiple human clinical 
trials on muscle, energy and 
cellular healtha

Growing; Largely preclinical or 
small human clinical trials

Growing; Small human trials with 
biogenesis data largely preclinical

Moderate; Supports daily function 
of healthy mitochondria

Limited; Constrained by low 
bioavailability

Growing; Small human trials with 
mitophagy data largely preclinical

Moderate; Supports fatty-acid 
metabolism and energy production

Moderate; Antioxidant studied in 
metabolic health

Limited; Largely preclinical with 
small human studies

Clinical gene 
expression data

Indirect 
preclinical data

Preclinical data

—

Indirect 
preclinical data

—

—

—

—

Direct 
clinincal data

Indirect 
preclinical data

—

—

Indirect 
preclinical data

Preclinical data

—

—

—

Mitopure® 
(Urolithin A)5, 6

NAD+ and 
NAD Precursors9

PQQ11

CoQ10 
(Ubiquinol)7

Resveratrol10

Spermidine8

Alpha-Lipoic Acid13

Carnitine 
(Acetyl-L-Carnitine)12

Methylene Blue14

Supplement Primary Role Mitophagy Biogenesis Key Evidence

Disclaimer: The information contained herein is for educational purposes 
only and does not establish a doctor-patient relationship.When using 
this educational material, you understand that it is educational. Consult 
your provider before making changes to your health habits. 
a. Clinical studies consistently find improvements in muscle strength 
and endurance in a varied subset of the population ranging from 
resistance-trained athletes in their 20s to middle-aged adults with an 
average BMI of 2%.52.
b. 500mg Mitopure® have been shown to deliver at least ' times higher 
Urolithin A plasma levels over 2( hours (area under the curve) than ) 
ounces (2(0ml) of pomegranate juice in a randomized human clinical trial.
1. Atlante A. et al, Curr Issues Mol Biol. 202+. 
2. Shelbayeh OA. et al, Antioxidants (Basel). 202+. 
+. Narendra DP. et al, Nat Cell Biol. 202(. 

(. Picca A. et al, Nat Metab. 202+.
5. Andreux PA. et al, Nat Metab. 201%.
'. Singh A. et al, Cell Rep Med. 2022.
,. Hidalgo-Gutiérrez A. et al, Antioxidants (Basel). 2021. 
). Borsky P. et al, Nutr Res Rev. 2025.
%. Picca A. et al, Nat Metab. 2025.
10. Rogina B. et al, Frontiers in Genetics. 202(.
11. Yan T. et al, Curr Res Food Sci. 202(.
12. Alhasaniah AH. et al, Saudi J Biol Sci. 2022.
1+. Superti F. et al, Antioxidants (Basel). 202(.
1(. Ostrovsky A. et al, StatPearls. 202'.

Mitophagy & Biogenesis Why Clearing Damage 
Matters As Much as Building New Mitochondria

How Supplements 
Compare

A healthy mitochondrial life cycle depends on both mitophagy and biogenesis. 
Most mitochondrial-targeted supplements support biogenesis or energy production, 
but few act on mitophagy, the step that declines most with age.
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WRINKLE DEPTH VS . BASELINE
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PROTECTS AGAINST PHOTOAGING
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71 WOMEN

NO SKIN IRRITATION OR SENSITIZATION

38 MEN
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