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What are mitochondria? 

• “Power plants of the cell” 

• ATP production 

• Thermogenesis 

• Calcium signaling 

• Heme and steroid synthesis 

• Apoptosis 

• Cellular homeostasis 

• Insulin Control  

• Reactive oxygen species 

(ROS) production 

 



Cellular Homeostasis 

• Adequate Substrate Input 

• Optimal Electron Transport 

• Optimum ATP Production 

• Mitophagy 

• Biogenesis 

• ROS production (superoxide and 

hydrogen peroxide) 

• Antioxidant Protection (glutathione, 

catalase, antioxidants) Energy 

Production 
Oxidative 

Stress 

REDOX BALANCE 



Mitochondrial Bioenergetics 

Mitochondrial respiration:  

Stress test sequence in seahorse 

XF-96 platform 



REDOX IMBALANCE  







Role of the nucleus and 

mitochondria in the origin of tumors 



Healthy mitochondria could 

reverse cancer 
 Recent studies show that the introduction of non-cancerous 

mitochondria into highly malignant breast cancer cells could 
reverse malignancy in nude mice and down regulate several 

oncogenic pathways, including those involved with: 

 unregulated cell growth 

 viability under hypoxia 

 anti-apoptotic properties 

 resistance to anti-cancer drug 

 invasion 

 colony formation in soft agar 

 in vivo tumor growth 
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AGING 

The Mitochondrial Free Radical Theory of Aging (MFRTA) proposes 

that mitochondrial free radicals, produced as by-products during 

normal metabolism, cause oxidative damage. According to MFRTA, 
the accumulation of this oxidative damage is the main driving force 

in the aging process. 

 

 Especially Cardiac Mitochondrial Oxidant Production 

“In a revealing study, a team of researchers showed that muscle 
tissue of a 90-year-old man contained 95% damaged mitochondria 

compared to almost no damage in that of a 5-year-old.” 
By Kirk Stokel 

 

 
Linnane AW, Kovalenko S, Gingold EB. The universality of bioenergetic disease: age-associated 

cellular bioenergetic degradation and amelioration therapy. Ann N Y Acad Sci. 1998 Nov 

20;854:202-13. 
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Defective Mitochondrial Triad 

Low Biogenesis  Low ATP Fatigue, Tissue 

Degeneration 

Low Mitophagy 

Higher ROS, 

Accumulation of 

Defects, Low ATP, 

Loss of Apoptosis 

Control 

Fatigue, Tissue 

Degeneration, Over-

growth 

Redox Imbalance 
Cellular and DNA 

damage, Loss of 

Apoptosis control, 

Immortal cells, loss of 

healthy cells 

Fatigue, Tissue 

Degeneration, Over-

growth 

EFFECTS: 
 Neurons 

 Muscles 

 Mucosa 

 Immune Cells 

 Skin 

 Tendons 
 Ligaments 

 Bone 

 Arteries 

 Veins  



THE MICROBIOME-MITOCHONDRIA AXIS 

Mitochondria arose from a mutualistic relationship between ancient bacteria and single-celled 

organisms like protozoa.  

 

Cell to cell communication started between these ancient microbes and protists which then allowed 

for multicellularity – the ability to have a multicellular organism comes down to  the induction of 

complex host/bacteria communication. This happens through metabolism and an immune system 

 

The “Host” is our body and resident mitochondria and the microbiome (original mitochondria) are 

suppliers of essential metabolites to the host.  



THE MICROBIOME-MITOCHONDRIA AXIS 

The Microbiome Produces Metabolites that Influence and are critical for Mitochondrial 

Function and Biogenesis 

The Key Metabolites are: 

 

1) Short-chain fatty acids – Especially butyrate 

2) Urolithins – Especially Urolithin A 

3) Lactate 

IT IS A SELF-PERPETUATING SYSTEM!! 

More SCFAs, Lactate and 

Urolithins 

More Microbiome 

Diversity 

Healthier 

Mitochondria 



THE MICROBIOME-MITOCHONDRIA AXIS 

BUTYRATE: 
 SCFA, especially Butyrate – Increase AMP Kinase expression which increases 

mitochondriogenesis. 

 Butyrate is the main energy source for the mitochondria in our colonocytes  

 Improves Insulin Regulation in the Mitochondria – glucose homeostasis 

 Increases Fatty Acid Beta-Oxidation in turn reduces intercellular lipid accumulation 
 Increases ATP output and Bioenergetics 

UROLITHINS: 

 Made by the commensal flora from ellagitannins that enter from the diet. These come from 

berries, fruits, nuts and other sources of polyphenols.  

 Urolithin A stimulates Mitophagy – cleaning up the cells and mitochondria. 

 It increases energy output and capacity of the mitochondria 

 In animal studies it increases the longevity of cells via increased mitochondrial longevity. 

Lactic Acid produced by beneficial bacteria in the gut help support the growth of more SCFA and 

Urolithin producing bacteria.  

Lactate is also used as a fuel source to feed mitochondria in skeletal muscles and cardiac muscles 



Vitamin K2 & Mitochondria 



Vitamin K2 Bioenergetics 



Vitamin K2 Research 







CARDIAC OUTPUT 
Stroke volume (SV) X Heart Rate (HR) 

During endurance racing or high intensity exercise, increased fractional use of VO2max and HRmax 

causes a decrease in speed and performance.  The increased fractional use of HRmax and 

subsequent decrease I speed is counter intuitive and is likely associated with metabolic limitations of 

the mitochondria. 

 

 

  

 Studies on Marathon runners have shown that over the course of the race, the athletes increase fractional 

use of HRmax  from around 80% of HRmax at the start to around 90% at the finish. This HR increase was 

associated with a continuous speed decrease. 

 

 The upward drift in HR is one component of so-called “cardiovascular drift,” which is also characterized by 

a decrease in Stroke Volume (SV), overall Cardiac Output and in arterial and pulmonary pressures. 

 Crandall and Gonzal´ez-Alonso, et al. have reported that a drop in SV (thus Cardiac Output) may be a 

major limiting factor in exhaustive exercise 

A common problem in individuals with a high-degree of aerobic training is that they tend to 
experience decreases in maximal heart rate, which is a side effect of training induced 

expansion of blood volume and possibly increased oxidative stress. Unfortunately, reduced 

maximal heart rate negatively influences the ability to maximize cardiac output and 

performance 



12% increase of Cardiac Output  

Equivalent to 60 liter more blood in 1 hour of work 

“Without MyoMax supplement, training induced changes in 

maximal cardiac output could take 6 months of continuous 

training to achieve.” 



“Studies indicated a decrease of cardiac output with aging at rest and with 

exercise.”  

 
Melvin D. Cheitlin, MD. Am J Geriatr Cardiol. 2003;12(1)   

 

ARGUABLY THE MOST IMPORTANT ANTIAGING NUTRIENT 

“A substantially reduced output was a consistent finding in older subjects.” 
 

 MARTIN BRANDFONBRENER, M.D., MILTON LAN DOW-NE, M.D. AND NATHAN W. SHOCK, PH.D. CIRCULATION . October 1, 1955  



 Low Biogenesis 
 Low Mitophagy 

 Redox Imbalance 

• Cancer 

• Heart disease 

• Autism 

• Parkinson’s 

• Alzheimer’s 

• Diabetes 

• Liver Disease 

• Immune 

Dysfunction 

Metabolites from the Microbiome: 

1) Increase Biogenesis of Mitochondria 

2) Increase Mitophagy 

3) Increase mitochondria output and 

energetics thereby creating Redox 

Balance 

4) Increases mitochondrial longevity 

5) Reduces fatty acid accumulation 

6) Also increases Microbiome Diversity 

to perpetuate the system.  

THE BOTTOM LINE 

 Increases Butyrate 

 Increases Diversity 

 Produces Antioxidants 

 Improves Absorption – critical 

for Urolithin A function. 



Conclusion on Vitamin K2 
 Mitochondrial function is crucial for optimal health 

 Mitochondrial dysfunction is associated with a number of 
diseases: 

 Cancer 

 Heart disease 

 Autism 

 Parkinson’s 

 Alzheimer’s 

 Diabetes 

 Vitamin K2 (MK-7) can resuscitate the mitochondria to 
improve mitochondrial efficiency and function and increases 
the bioenergitics of the mitochondria to create redox 
balance 

 


