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Supplementary biomarkers:

Mitochondrial mass: Ratio of mtDNA to nDNA
(mtDNA:nDNA)
PGC-1α, mitobiogenesis regulator
What to do to increase/decrease mitochondrial mass?
Mitochondrial stress test
Nrf-2, antioxidant regulator
How to quell excess oxidative stress?
Mitochondrial fuel utilisation

In Part 2 we will cover some supplementary markers and 
potential therapeutic support
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Source: MMD GmbH & Co KG Author Prof. Dr. Brigitte König; Hoffmann A, Spengler D. The Mitochondrion as Potential Interface in 
Early-Life Stress Brain Programming. Front Behav Neurosci. 2018 Dec 6;12:306; https://en.wikipedia.org/wiki/Mitochondrial_DNA: 
Images free to use under Commons License 26.09.2025 5

Complex I genes

Complex III genes

Complex IV genes

Complex V genes

16s RNA

12s RNA

Mitochondria have their own DNA

mtDNA:nDNA

https://en.wikipedia.org/wiki/Mitochondrial_DNA


It is possible to compare nuclear DNA to sets of mitochondrial
DNA per cell: one to many

Source: https://en.wikipedia.org/wiki/DNA; https://en.wikipedia.org/wiki/Mitochondrial_DNA: Images free 
to use under Commons License; http://book.bionumbers.org/how-big-are-mitochondria/ 26.09.2025 6

mtDNA:nDNA

The cell nucleus has only 

one copy of DNA
There are many mitochondria 

in each cell, 

each with their 

own DNA

https://en.wikipedia.org/wiki/DNA
https://en.wikipedia.org/wiki/Mitochondrial_DNA
http://book.bionumbers.org/how-big-are-mitochondria/
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Ratio of mitochondrial DNA to nuclear DNA shows 
the mitochondrial mass in the cell
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The ratio of mitochondrial DNA to nuclear DNA is normal, though towards the 
lower end of the reference range. 
Nuclear DNA remains stable at a unit of 1, but mitochondrial DNA will increase 
proportionally to the number of mitochondria in the cell. 
It is important to note though that this does not mean that the mitochondria 
being detected are healthy/intact. 

mtDNA:nDNA



mtDNA:nDNA – numbers pathologically high/low
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Too low (top example):

The cell is unable to counteract the lack of energy by increasing the number

Too high (bottom example):

The cell is trying to counteract the lack of energy by increasing the number 

of mitochondria. 

mtDNA:nDNA
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Fernandez-Marcos PJ, Auwerx J. Regulation of PGC-1α, a nodal regulator of mitochondrial biogenesis. Am J Clin Nutr. 2011 Apr;93(4):884S-90.

If low, useful to first check the key regulator of mitobiogenesis: 
PGC1-alpha



Source: 1. Chen L, Qin Y, Liu B, Gao M, Li A, Li X, Gong G. PGC-1α-Mediated Mitochondrial Quality Control: Molecular Mechanisms and 
Implications for Heart Failure. Front Cell Dev Biol. 2022 May 27;10:871357; 2. Halling JF, Pilegaard H. PGC-1α-mediated regulation of 
mitochondrial function and physiological implications. Appl Physiol Nutr Metab. 2020 Sep;45(9):927-936. 26.09.2025 11

PGC-1-alpha

PGC-1-alpha is central for the induction of new mitochondria

1

• PGC-1α regulates mitochondrial biogenesis but also has effects on mitochondrial
functions beyond biogenesis.

• Mitochondrial quality control mechanisms, including fission, fusion, and
mitophagy, are regulated by PGC-1α.

• PGC-1α-mediated regulation of mitochondrial quality may affect age-related
mitochondrial dysfunction and insulin sensitivity.

2



The test for PGC-1-alpha measures its relative expression

26.09.2025 12

PGC-1-alpha

PGC-1-alpha expression is undetectable. This indicates absent new 
mitochondrial formation at the present time. 

If this is the case, and mtDNA:nDNA is low as well, then it is often very 
helpful to take initiatives to increase PGC-1-alpha
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Please do first consider what may be keeping the mitochondrial 
numbers down – it‘s not just “add“, but also “remove“

26.09.2025 14

Source: 1. Naviaux RK. Metabolic features of the Cell Danger Response. Mitochondrion. 2014 May;16:7-17; 2. https://www.nature.com/ articles/s12276-021-
00602-1; 3. https://pubmed.ncbi.nlm.nih.gov/22710875/; 4. https://pubmed.ncbi.nlm.nih.gov/5441684/; 
5. https://www.sciencedirect.com/science/article/ pii/S1471492222000320; 6. https://link.springer.com/article/10.1007/s007750000144; 7. 
https://link.springer.com/chapter/10.1007/978-3-319-03777-6_1; 8. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3813354/; 
9. https://rounduprisks.com/2016/04/09/glyphosate-and-mitochondrial-dysfunction/; 10. https://europepmc.org/article/MED/6205709

• Viral/bacterial infections: These increase non-mitochondrial respiration because the cell uses 

oxygen to try to kill the pathogens rather than for energy1; pathogens deplete the host’s mitochondrial 
anti-viral defences to keep themselves alive2; Borrelia steal ATP from their host3

• Biotoxins/mycotoxins: Ochratoxin A uncouples the mitochondria

and inhibits Complex 24

• Some parasites: E.g. Toxoplasma can tether and disable mitochondria5

• Heavy metals: Aluminium induces permeability (MPT)6, 

Hg induces mito dysfunction7, Arsenic increases mitochondrial ROS formation, 
lipid peroxidation and mitochondrial membrane potential collapse8

• Pesticides, herbicides: e.g. glyphosate: blocks Shikimate pathway (bacterial energy generation),9

it also chelates minerals, including copper …

• Chemical contaminants: e.g. Lindane10 •Medications: Block various ETC complexes

• Household chemicals                        • Microbiome

• EMFs                                                     • Spike protein

https://www.ncbi.nlm.nih.gov/pubmed/23981537
https://www.nature.com/articles/s12276-021-00602-1
https://www.nature.com/articles/s12276-021-00602-1
https://www.nature.com/articles/s12276-021-00602-1
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https://www.nature.com/articles/s12276-021-00602-1
https://pubmed.ncbi.nlm.nih.gov/22710875/
https://pubmed.ncbi.nlm.nih.gov/5441684/
https://www.sciencedirect.com/science/article/pii/S1471492222000320
https://www.sciencedirect.com/science/article/pii/S1471492222000320
https://www.sciencedirect.com/science/article/pii/S1471492222000320
https://link.springer.com/article/10.1007/s007750000144
https://link.springer.com/chapter/10.1007/978-3-319-03777-6_1
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https://link.springer.com/chapter/10.1007/978-3-319-03777-6_1
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Mitochondrial biogenesis: the growth of new mitochondria 
and division of pre-existing mitochondria

15

Source: Ouyang M, Wang M, Yu B. Aberrant Mitochondrial Dynamics: An Emerging Pathogenic Driver of Abdominal Aortic Aneurysm. 
Cardiovasc Ther. 2021 Jun 16;2021:6615400; Jornayvaz FR, Shulman GI. Regulation of mitochondrial biogenesis. Essays Biochem. 2010;47:69-
84.



Source: Nisoli E, Clementi E, Carruba MO, Moncada S. Defective mitochondrial biogenesis: a hallmark of the high cardiovascular 

risk in the metabolic syndrome? Circ Res. 2007 Mar 30;100(6):795-806.

Weight regulation and mitobiogenesis



Source: Craig DM, Ashcroft SP, Belew MY, Stocks B, Currell K, Baar K, Philp A. Utilizing small nutrient compounds as enhancers of exercise-
induced mitochondrial biogenesis. Front Physiol. 2015 Oct 27;6:296.

Exercise effectively mediates mitochondrial biogenesis



Resveratrol is known to stimulate mitochondrial biogenesis by 
activating Sirtuin 1 (SIRT1) and PGC-1a

18

Source: Most J, Timmers S, Warnke I, Jocken JW, van Boekschoten M, de Groot P, Bendik I, Schrauwen P, Goossens GH, Blaak EE. Combined 
epigallocatechin-3-gallate and resveratrol supplementation for 12 wk increases mitochondrial capacity and fat oxidation, but not insulin 
sensitivity, in obese humans: a randomized controlled trial. Am J Clin Nutr. 2016 Jul;104(1):215-27; https://www.nutrition-
evidence.com/article/27194304?term=27194304

Randomised 
controlled trial

Cohort: 38 overweight and obese 
subjects

“Twelve weeks of EGCG+RES 
supplementation increased 
mitochondrial capacity and stimulated 
fat oxidation compared with placebo”

https://www.nutrition-evidence.com/article/27194304?term=27194304
https://www.nutrition-evidence.com/article/27194304?term=27194304
https://www.nutrition-evidence.com/article/27194304?term=27194304


Peer-reviewed scientific journal evidence of Resveratrol as a
PGC-1a activator 

19

Resveratrol (Japanese Knotweed)

Csiszar A, Labinskyy N, Pinto JT, Ballabh P, Zhang H, Losonczy G, Pearson K, de 

Cabo R, Pacher P, Zhang C, Ungvari Z. Resveratrol induces mitochondrial 

biogenesis in endothelial cells. Am J Physiol Heart Circ Physiol. 2009 

Jul;297(1):H13-20; https://pubmed.ncbi.nlm.nih.gov/19429820/

Uriho, A., Tang, X., Le, G. et al. Effects of resveratrol on mitochondrial 

biogenesis and physiological diseases. ADV TRADIT MED (ADTM) 21, 1–14 

(2021); https://link.springer.com/article/10.1007/s13596-020-00492-0#citeas

Ungvari Z, Sonntag WE, de Cabo R, Baur JA, Csiszar A. Mitochondrial protection 

by resveratrol. Exerc Sport Sci Rev. 2011 Jul;39(3):128-32; 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3123408/

Zhou J, Yang Z, Shen R, Zhong W, Zheng H, Chen Z, Tang J, Zhu J. Resveratrol 

Improves Mitochondrial Biogenesis Function and Activates PGC-1α Pathway in 

a Preclinical Model of Early Brain Injury Following Subarachnoid Hemorrhage. 

Front Mol Biosci. 2021 Apr 22;8:620683; 

https://www.frontiersin.org/articles/10.3389/fmolb.2021.620683/full

https://pubmed.ncbi.nlm.nih.gov/19429820/
https://link.springer.com/article/10.1007/s13596-020-00492-0#citeas
https://link.springer.com/article/10.1007/s13596-020-00492-0#citeas
https://link.springer.com/article/10.1007/s13596-020-00492-0#citeas
https://link.springer.com/article/10.1007/s13596-020-00492-0#citeas
https://link.springer.com/article/10.1007/s13596-020-00492-0#citeas
https://link.springer.com/article/10.1007/s13596-020-00492-0#citeas
https://link.springer.com/article/10.1007/s13596-020-00492-0#citeas
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3123408/
https://www.frontiersin.org/articles/10.3389/fmolb.2021.620683/full


Pyrroloquinoline Quinone (PQQ) is able to stimulate 
mitobiogenesis

20

Source: Chowanadisai W, Bauerly KA, Tchaparian E, Wong A, Cortopassi GA, Rucker RB. Pyrroloquinoline quinone stimulates mitochondrial 

biogenesis through cAMP response element-binding protein phosphorylation and increased PGC-1alpha expression. J Biol Chem. 2010 Jan 

1;285(1):142-52.

“We show that PQQ 
influences PGC-1 activity, 
which is a major 
mechanism for the
regulation of 
mitochondrial biogenesis.”



Nicotinamide riboside, niacin and quercetin also stimulate 
PGC-1a ...

21

Nicotinamide riboside 

Gong B, Pan Y, Vempati P, Zhao W, Knable L, Ho L, Wang J, Sastre M, Ono K, Sauve AA, Pasinetti GM. 

Nicotinamide riboside restores cognition through an upregulation of proliferator-activated receptor-γ 

coactivator 1α regulated β-secretase 1 degradation and mitochondrial gene expression in Alzheimer's 

mouse models. Neurobiol Aging. 2013 Jun;34(6):1581-8; https://pubmed.ncbi.nlm.nih.gov/23312803/

Niacin

Koh JH, Kim JY. Role of PGC-1α in the Mitochondrial NAD+ Pool in Metabolic Diseases. Int J Mol Sci. 2021 

Apr 27;22(9):4558; https://pubmed.ncbi.nlm.nih.gov/33925372/

Quercetin

Li X, Wang H, Gao Y, Li L, Tang C, Wen G, Yang Y, Zhuang Z, Zhou M, Mao L, Fan Y. Quercetin induces 

mitochondrial biogenesis in experimental traumatic brain injury via the PGC-1α signaling pathway. Am J 

Transl Res. 2016 Aug 15;8(8):3558-66; https://pubmed.ncbi.nlm.nih.gov/27648146/

Rayamajhi N, Kim SK, Go H, Joe Y, Callaway Z, Kang JG, Ryter SW, Chung HT. Quercetin induces 

mitochondrial biogenesis through activation of HO-1 in HepG2 cells. Oxid Med Cell Longev. 

2013;2013:154279; https://pubmed.ncbi.nlm.nih.gov/24288584/

Li X, Wang H, Wen G, Li L, Gao Y, Zhuang Z, Zhou M, Mao L, Fan Y. Neuroprotection by quercetin via 

mitochondrial function adaptation in traumatic brain injury: PGC-1α pathway as a potential mechanism. J 

Cell Mol Med. 2018 Feb;22(2):883-891; https://pubmed.ncbi.nlm.nih.gov/29205806/

Xue H, Li P, Luo Y, Wu C, Liu Y, Qin X, Huang X, Sun C. Salidroside stimulates the Sirt1/PGC-1α axis and 
ameliorates diabetic nephropathy in mice. Phytomedicine. 2019 Feb 15;54:240-247; 
https://pubmed.ncbi.nlm.nih.gov/30668374/

https://pubmed.ncbi.nlm.nih.gov/23312803/
https://pubmed.ncbi.nlm.nih.gov/33925372/
https://pubmed.ncbi.nlm.nih.gov/27648146/
https://pubmed.ncbi.nlm.nih.gov/24288584/
https://pubmed.ncbi.nlm.nih.gov/29205806/
https://pubmed.ncbi.nlm.nih.gov/30668374/


... as can alpha-lipoic acid

22

Source: Mohammadshahi M, Zakizadeh E, Ahmadi-Angali K, Ravanbakhsh M, Helli B. The synergic effects of alpha-lipoic acid supplementation 
and electrical isotonic contraction on anthropometric measurements and the serum levels of VEGF, NO, sirtuin-1, and PGC1-α in obese people 
undergoing a weight loss diet. Arch Physiol Biochem. 2022 Oct;128(5):1195-1201.

Well-powered study with 4 
groups of 25 subjects

Randomised 
controlled trial

A significant weight 
reduction was observed in 
all four groups compared to 
baseline (p<.01). The 
placebo group had 
significantly higher weight, 
BMI, weight circumstance 
(WC), and body fat (BF) 
compared with the other 
groups. The α-LA + Faradic 
group had significantly 
lower weight, BMI, BF, WC 
than control, faradic, and 
α-LA groups and higher, 
Sirtuin and PGC than the 
control group (all p < .05).
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Epigallotocatechin-3-Gallate (Green tea extract)

Lee MS, Lee S, Doo M, Kim Y. Green Tea (-)-Epigallotocatechin-3-Gallate Induces PGC-1α 

Gene Expression in HepG2 Cells and 3T3-L1 Adipocytes. Prev Nutr Food Sci. 2016 

Mar;21(1):62-7; https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4827637/

L-Carnitine

Pesce V, Fracasso F, Cassano P, Lezza AM, Cantatore P, Gadaleta MN. Acetyl-L-carnitine 

supplementation to old rats partially reverts the age-related mitochondrial decay of 

soleus muscle by activating peroxisome proliferator-activated receptor gamma 

coactivator-1alpha-dependent mitochondrial biogenesis. Rejuvenation Res. 2010 Apr-

Jun;13(2-3):148-51; https://pubmed.ncbi.nlm.nih.gov/20370498/

Calvani, Menotti & Peluso, Gianfranco & Benatti, Paola & Nicolai, Raffaella & Reda, Elham. 

(2003). The role of carnitine system in maintaining muscle homeostasis. Basic Appl Myol. 

13. 105-120; http://www.bio.unipd.it/bam/PDF/13-3/03541Calvani.pdf

MCCARTY, Mark; DINICOLANTONIO, James J.; O'KEEFE, James H.. The Ability of Carnitine 

to Act as a Type 1Histone Deacetylase Inhibitor May Explain the Favorable Impact of 

Carnitine Supplementation on Mitochondrial Biogenesis in the Elderly. Medical Research 

Archives, [S.l.], v. 8, n. 2, feb. 2020. ISSN 2375-1924; 

https://esmed.org/MRA/mra/article/view/2055

Peer-reviewed scientific journal evidence of EGCG and 
L-Carnitine as PGC-1a activators 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4827637/
https://pubmed.ncbi.nlm.nih.gov/20370498/
http://www.bio.unipd.it/bam/PDF/13-3/03541Calvani.pdf
http://www.bio.unipd.it/bam/PDF/13-3/03541Calvani.pdf
http://www.bio.unipd.it/bam/PDF/13-3/03541Calvani.pdf
https://esmed.org/MRA/mra/article/view/2055


Source: Ruiz LM, Libedinsky A, Elorza AA. Role of Copper on Mitochondrial Function and Metabolism. Front Mol Biosci. 2021 Aug 

24;8:711227.

Copper also has an important role in mitochondrial 
biogenesis



“The di-copper center
CuA is an essential 
metal cofactor in 
cytochrome oxidase 
(Cox) of mitochondria 
and many prokaryotes, 
mediating one-electron 
transfer from 
cytochrome c to the 
site for oxygen 
reduction.”2

Source: 1. http://hyperphysics.phy-astr.gsu.edu/hbase/Biology/Complex4.html; 2. Canonica F, Hennecke H, Glockshuber R. 
Biochemical pathway for the biosynthesis of the CuA center in bacterial cytochrome c oxidase. FEBS Lett. 2019 Nov;593(21):2977-2989.; 
3. Garza NM, Swaminathan AB, Maremanda KP, Zulkifli M, Gohil VM. Mitochondrial copper in human genetic disorders. Trends 
Endocrinol Metab. 2023 Jan;34(1):21-33.

Mitochondria can’t work without bioavailable copper – so their
numbers are likely to be low if it is lacking

“Mitochondria are critical 
copper-utilizing organelles that 
harbor an essential 
cuproenzyme 
cytochrome c oxidase, which 
powers energy production.”3

1

http://hyperphysics.phy-astr.gsu.edu/hbase/Biology/Complex4.html
http://hyperphysics.phy-astr.gsu.edu/hbase/Biology/Complex4.html
http://hyperphysics.phy-astr.gsu.edu/hbase/Biology/Complex4.html


Source: Nguyen LM, Malamo AG, Larkin-Kaiser KA, Borsa PA, Adhihetty PJ. Effect of near-infrared light exposure on mitochondrial signaling in 
C2C12 muscle cells. Mitochondrion. 2014 Jan;14(1):42-8.

Photobiomodulation may also have its role ... especially 
near infrared (NIR) light 

“Our data indicates that 
NIR light alters 
mitochondrial biogenesis 
signalling and may 
represent a mechanistic 
link to the clinical 
benefits”



If too many, selective autophagy: Mitophagy

27Source: Parzych KR, Klionsky DJ. An overview of autophagy: morphology, mechanism, and regulation. Antioxid Redox Signal. 2014 Jan 
20;20(3):460-73.

Mitophagy is a subcategory of autophagy – the clearing of mitochondrial debris; if the 
mitochondria are compromised it is best to activate mitophagy first, as radical 
autophagy risks clearing indwelling mitochondria that may still be functional.



Healthy mitochondrial fragments are reused

28Source: Kubli DA, Gustafsson ÅB. Mitochondria and mitophagy: the yin and yang of cell death control. Circ Res. 2012 Oct 12;111(9):1208-21.



Calorie restriction drives autophagy, can prolong life and 
health span



Exercise: mitochondrial fission and mitophagy are higher in 
skeletal muscle of physically active humans

30

Source: Balan E, Schwalm C, Naslain D, Nielens H, Francaux M, Deldicque L. Regular Endurance Exercise Promotes Fission, Mitophagy, 
and Oxidative Phosphorylation in Human Skeletal Muscle Independently of Age. Front Physiol. 2019 Aug 22;10:1088; Guan Y, Drake JC, Yan Z. 
Exercise-Induced Mitophagy in Skeletal Muscle and Heart. Exerc Sport Sci Rev. 2019 Jul;47(3):151-156; 

“In conclusion, the present 
study, based on 
mitochondrial extracts, 
demonstrates that 
expression of mitochondrial 
quality control and function 
markers does not depend 
on chronological age, but is 
improved by regular physical 
activity. These findings bring 
new pieces of evidence that 
mitochondrial fission and 
mitophagy are higher in 
skeletal muscle of 
physically active humans.”

Study, biopsies and other 
markers from 33 participants



Source: : https://www.hindawi.com/journals/omcl/2020/6969402/; 

Mechanisms and molecular targets of mitophagy-triggering 
phytochemicals explained

https://www.hindawi.com/journals/omcl/2020/6969402/


Mitophagy agents: known effects on the nervous system, 
including human studies

32
Source: Makarov M, Korkotian E. Differential Role of Active Compounds in Mitophagy and Related Neurodegenerative Diseases. Toxins (Basel). 2023 Mar 6;15(3):202.

Table 1
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Source: Singh A, D'Amico D, Andreux PA, Fouassier AM, Blanco-Bose W, Evans M, Aebischer P, Auwerx J, Rinsch C. Urolithin A improves muscle 
strength, exercise performance, and biomarkers of mitochondrial health in a randomized trial in middle-aged adults. Cell Rep Med. 2022 May 
17;3(5):100633; https://www.nutrition-evidence.com/search?term=Urolithin+A+improves+muscle+strength&search=search

• Urolithin A (UA) is a microbiome metabolite of elligitannins and 

polyphenolic compounds especially from pomegranates, berries and 

walnuts

• It was tested in a blinded random-controlled trial in a cohort of 88 

middle-aged subjects (40-64 yrs) who were carefully screened to meet 

specific inclusion and exclusion criteria

• The trial lasted 4 months, and was divided into 3 groups: placebo, 500 

mg daily UA intake, and 1,000 mg daily intake

• Subjects underwent extensive testing at baseline, after 2 months, and at 

the end of the study

• Subjects taking UA showed statistically significant improvement in 

physical performance parameters, e.g. peak VO2 and estimated 

VO2max. Total cycling distance increased, time to fatigue during 

exercise, with statistically significant increase in walking distance and 

gait speed in the 6-min walking test, especially in the higher intake 

group. 

• Also UA induced improvements in various mitochondrial biomarkers, e.g. 

increased protein levels related to improved mitophagy, and expression 

of genes belonging to mitochondria.

• Intake also improved exercise performance: subjects showed statistically 

significant increase in quadriceps muscle strength and knee flexion

Urolithin A proven to activate mitophagy in several well-
powered studies (1/2)

Randomised 
controlled trial

https://www.nutrition-evidence.com/search?term=Urolithin+A+improves+muscle+strength&search=search
https://www.nutrition-evidence.com/search?term=Urolithin+A+improves+muscle+strength&search=search
https://www.nutrition-evidence.com/search?term=Urolithin+A+improves+muscle+strength&search=search


Can be detrimental to stimulate mitophagy if too few 
mitochondria/they are too weak; in anorexia, amenorrhoea ...

34

Source: MMD testing laboratory, private correspondence with Professor Brigitte Koenig; 2. Hangas A, Aasumets K, Kekäläinen NJ, Paloheinä M, 
Pohjoismäki JL, Gerhold JM, Goffart S. Ciprofloxacin impairs mitochondrial DNA replication initiation through inhibition of Topoisomerase 2. 
Nucleic Acids Res. 2018 Oct 12;46(18):9625-9636.

“A study investigated the effect of ciprofloxacin 
on mitochondria, the important cell organelles 
in our body that produce the energy for cellular 
function. Ciprofloxacin stopped normal 
maintenance and transcription of 
mitochondrial DNA by changing mtDNA
topology, causing impaired mitochondrial 
energy production and blocking cellular growth 
and differentiation.” …. “While 
fluoroquinolones are designed to inhibit the 
bacterial topoisomerase gyrase, which leads to 
the death of the bacterium, they also inhibit 
the topoisomerase 2 of our own cells.”2



Source: Liu L, Li Y, Chen G, Chen Q. Crosstalk between mitochondrial biogenesis and mitophagy to maintain mitochondrial 

homeostasis. J Biomed Sci. 2023 Oct 12;30(1):86.

Balance between the two very important
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Supplementary biomarkers:

Mitochondrial mass: Ratio of mtDNA to nDNA
(mtDNA:nDNA)
PGC-1α, mitobiogenesis regulator
What to do to increase/decrease mitochondrial mass?
Mitochondrial stress test
Nrf-2, antioxidant regulator
Mitochondrial fuel markers



Mitochondria are the key source of oxidative stress in most cells

37

Source: 1. : Trist BG et al. Oxidative stress in the aging substantia nigra and the etiology of Parkinson's disease. Aging Cell. 2019 
Dec;18(6):e13031.; 2. Wong KY et al. Relationships between Mitochondrial Dysfunction and Neurotransmission Failure in Alzheimer's Disease. 
Aging Dis. 2020 Oct 1;11(5):1291-1316; 3. Bhatti JS et al. Mitochondrial dysfunction and oxidative stress in metabolic disorders –
A step towards mitochondria based therapeutic strategies. Biochim Biophys Acta Mol Basis Dis. 2017 May;1863(5):1066-1077.

“Oxidative stress2023 occurs when reactive oxygen species (ROS) accumulates in mitochondria 
and cytosol. Superoxide anion (O2• – ), hydrogen peroxide (H2O2), and hydroxyl radical (HO•) 
normally produced by ETC complex I and III are scavenged by endogenous antioxidants [70], 
such as superoxide dismutase (SOD), catalase, reduced glutathione (GSH), and glutathione 
peroxidase (GPx).”2

1

“Mitochondria are the most important source of ROS in most mammalian cells”3

37



Numerous diseases are associated with enhanced ROS 
generation in mitochondria and reduced antioxidant defence

38
Source: Kowalczyk P, Sulejczak D, Kleczkowska P, Bukowska-Ośko I, Kucia M, Popiel M, Wietrak E, Kramkowski K, Wrzosek K, Kaczyńska K. 
Mitochondrial Oxidative Stress-A Causative Factor and Therapeutic Target in Many Diseases. Int J Mol Sci. 2021 Dec 13;22(24):13384.



Source: MMD GmbH & Co KG Author Prof. Dr. Brigitte König 26.09.2025 39

The “common deletion” mDNA4977 is caused by oxidative stress 

Oxidative stress
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This can be measured, and shows the degree of oxidative stress 
the mitochondria are suffering …

Source: MMD GmbH & Co KG Author Prof. Dr. Brigitte König

Before deletion
Wildtype mtDNA = 16569 base pairs 

After deletion
mtDNA = 11562 base pairs 

Oxidative stress



… as well as any damage to mitochondrial DNA
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The mitochondrial deletion mutant mt4977bp is noticeably enhanced. This 
indicates oxidative stress and damage to mitochondrial DNA. 

Among mtDNA deletions, one of the most vital that causes huge destruction of almost one 
third in length of the mitochondrial genome is the 4977-bp mtDNA deletion (mDNA4977). This 
is one of the best-described large-scale mtDNA deletions, and has been found to accumulate 
in numerous disorders (literature available upon request). It is often known as a “common 
deletion” due to the frequency with which it has been reported. The deleted region encodes 
seven polypeptides essential for the OXPHOS pathway: four for Complex I, one for Complex 
IV, and two for Complex V. This can cause complete failure of ATP production in the 
mitochondria affected.

Oxidative stress



Mitochondrial DNA – common deletion

Significantly increased                                                         Undetectable

This is not an inherited polymorphism: it arises due to endogenous and 
exogenous factors, especially oxidative stress. This is why checking for it can 
be very useful, as measures can be taken to reduce the levels, and repeat 
tests document a decline in levels if the initiatives are successful.

Oxidative stress

Action can be taken: it can be reversed …

Source: MMD GmbH & Co KG Author Prof. Dr. Brigitte König



EMFs are a major cause of oxidative stress – they increase 
mitochondrial membrane depolarisation

43

Source: Pall ML. Electromagnetic fields act via activation of voltage-gated calcium channels to produce beneficial or adverse effects. J Cell Mol 
Med. 2013 Aug;17(8):958-65; https://skyvisionsolutions.files.wordpress.com/2013/11/dart-presentation.pdf;2. https://ec.europa.eu/health/
scientific_committees/emerging/docs/scenihr_o_041.pdf; https://www.bsem.org.uk/articles/56-read-the-2020-nir-consensus-statement

“Kahya et al. (2014) exposed a breast cancer cell 
line derived from metastatic site (MDAMB-231) to 
900 MHz modulated at 217 Hz for 1 h at an 
average calculated SAR of 0.36±0.02 W/kg. They 
found induction of apoptosis, including increased 
caspases 3 and 9 activities, and increased 
mitochondrial membrane depolarization in 
compared to control cells. Moreover, oxidative 
stress was also induced (increased ROS 
formation). These levels decreased towards 

controls when treatment of 1h with sodium 

selenite (200 nM), a well-known antioxidant 
agent, was carried out before RF exposure.”2

https://skyvisionsolutions.files.wordpress.com/2013/11/dart-presentation.pdf;2
https://skyvisionsolutions.files.wordpress.com/2013/11/dart-presentation.pdf;2
https://skyvisionsolutions.files.wordpress.com/2013/11/dart-presentation.pdf;2
https://ec.europa.eu/health/
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Heavy metals can induce ROS production within the 
mitochondria

44

“Arsenic inhibits complex I in the 
mitochondrial electron transport chain, which 
leads to excessive generation of ROS, giving rise 
to lipid peroxidation and protein damage and 
the subsequent formation of mitochondrial 
permeability transition (MPT)” 

“Our findings proved that repeated exposure with 
mercury accelerates progression of MS through 
mitochondrial damage related to oxidative stress”

“Metals can cause neurodegeneration by disrupting 
mitochondrial function, and thereby deplete ATP, 
induce ROS production, and ultimately lead to cell 
death through apoptotic and/or necrotic mechanisms”



SARS-CoV-2 creates havoc in the mitochondria via 
ROS production, too

45
Source: Shang C, Liu Z, Zhu Y, Lu J, Ge C, Zhang C, Li N, Jin N, Li Y, Tian M, Li X. SARS-CoV-2 Causes Mitochondrial Dysfunction 
and Mitophagy Impairment. Front Microbiol. 2022 Jan 6;12:780768.

“We demonstrate that SARS-CoV-2 induces mitochondrial damage of mitochondrial membrane 
depolarization, mitochondrial permeability transition pore opening and increased ROS release.”

* Double-
membrane 
vesicles

ROS

NB This is part 
of what is 
happening in 
some cases of 
Long Covid 



Hyperglycaemia also a big driver of mitochondrial as 
well as overall cellular oxidative stress

46

Source: Teodoro JS, Nunes S, Rolo AP, Reis F, Palmeira CM. Therapeutic Options Targeting Oxidative Stress, Mitochondrial Dysfunction and Inflammation 
to Hinder the Progression of Vascular Complications of Diabetes. Front Physiol. 2019 Jan 17;9:1857; Sapian S, Taib IS, Latip J, Katas H, Chin KY, Mohd Nor 
NA, Jubaidi FF, Budin SB. Therapeutic Approach of Flavonoid in Ameliorating Diabetic Cardiomyopathy by Targeting Mitochondrial-Induced Oxidative 
Stress. Int J Mol Sci. 2021 Oct 27;22(21):11616. 

“Hyperglycemia induces oxidative 
stress, namely via mitochondrial 
dysfunction and enhanced 
reactive oxygen species (ROS) 
generation”



Mitochondrial iron overload/dysregulation promotes 
ROS production

47

Source: Yan F, Li K, Xing W, Dong M, Yi M, Zhang H. Role of Iron-Related Oxidative Stress and Mitochondrial Dysfunction in 
Cardiovascular Diseases. Oxid Med Cell Longev. 2022 Sep 7;2022:5124553; www.rootcauseprotocol.com

“Mitochondrial Dysfunction Is Related to Iron-
Induced Oxidative Stress. 
As mitochondria have fundamental roles in 
creating ROS via oxygen metabolism to 
produce energy and iron utilization for iron-
sulfur cluster assembly and heme synthesis, 
they tend to be vulnerable to damage from 
oxidative stress induced by iron.”

“”mitochondrial iron overload promotes 

ROS production during mitochondrial 

electron transport, thus promoting 

potential disease development”

http://www.rootcauseprotocol.com/


KPU also worth considering: this glitch in the production of 
heme is associated with oxidative stress, too

Source: Lambert B, Semmler A, Beer C, Voisey J. Pyrroles as a Potential Biomarker for Oxidative Stress Disorders. Int J Mol Sci. 2023 Feb 
1;24(3):2712.

https://aonm.org/kryptopyrroluria-the-elephant-in-the-room/
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Fluoroquinolones can cause huge mitochondrial 
damage/oxidative stress: Ciprofloxacin and others

49
Source: https://www.ema.europa.eu/en/documents/referral/quinolone-fluoroquinolone-article-31-referral-disabling-potentially-permanent-
side-effects-lead_en.pdf

“This study confirmed that both 
ciprofloxacin and moxifloxacin 
caused oxidative stress and damage 
to the mitochondrial membrane 
contributing to the development of 
tendonitis and tendon rupture in 
some patients.”

https://www.ema.europa.eu/en/documents/referral/quinolone-fluoroquinolone-article-31-referral-disabling-potentially-permanent-side-effects-lead_en.pdf
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Supplementary biomarkers:

Mitochondrial mass: Ratio of mtDNA to nDNA
(mtDNA:nDNA)
PGC-1α, mitobiogenesis regulator
What to do to increase/decrease mitochondrial mass?
Mitochondrial stress test
Nrf-2, antioxidant regulator
How to quell excess oxidative stress?
Mitochondrial fuel utilisation



Source: Zang H, Mathew RO, Cui T. The Dark Side of Nrf2 in the Heart. Front Physiol. 2020 Jul 9;11:722.
26.09.2025 51

“Nuclear factor-erythroid factor 2-related factor 2 (Nrf2) is a critical transcription factor that 
regulates the expression of over 1000 genes in the cell under normal and stressed 
conditions. Nrf2 has been historically considered as a crucial regulator of antioxidant defense
to protect against various insult-induced organ damage”

One initiative is to check Nrf-2: our cells’ master 
antioxidant regulator

Nrf-2
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Problem if it is undetectable and you have evident 
oxidative stress

Nrf-2



Important to compare with the MHI – is there oxidative stress 
both in the cell and in the mitochondria?
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Nrf-2 vs. oxidative stress

If the Nrf-2 level is low or 
undetectable and the 
4977 deletion mutant is 
elevated, it is vital to initiate 
action to support:

Endogenous antioxidants 
(Nrf-2 activation) and

Exogenous antioxidants

[Gilian will give an overview 
of those a bit later]
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Supplementary biomarkers:

Mitochondrial mass: Ratio of mtDNA to nDNA
(mtDNA:nDNA)
PGC-1α, mitobiogenesis regulator
What to do to increase/decrease mitochondrial mass?
Mitochondrial stress test
Nrf-2, antioxidant regulator
How to quell excess oxidative stress?
Mitochondrial fuel utilisation



Many inducers of Nrf2

55

Source: Vomund S, Schäfer A, Parnham MJ, Brüne B, von Knethen A. Nrf2, the Master Regulator of Anti-Oxidative Responses. Int J Mol Sci. 
2017 Dec 20;18(12):2772; 2. Staurengo-Ferrari L, Badaro-Garcia S, Hohmann MSN, Manchope MF, Zaninelli TH, Casagrande R, Verri WA Jr. 
Contribution of Nrf2 Modulation to the Mechanism of Action of Analgesic and Anti-inflammatory Drugs in Pre-clinical and Clinical Stages. Front 
Pharmacol. 2019 Jan 11;9:1536.; Houghton CA, Fassett RG, Coombes JS. Sulforaphane and Other Nutrigenomic Nrf2 Activators: Can the 
Clinician's Expectation Be Matched by the Reality? Oxid Med Cell Longev. 2016;2016:7857186.

Nrf2 inducers:

Oleanic acid (from olive oil)
Sulphurophane, brassica-derived 
glucosinolates
Alpha lipoic acid
Carnosol (found in rosemary and sage –
Salvia carnosa)
Quercetin
Capsaicin
Curcumin
Reishi mushroom
Sodium butyrate
Auranofin (organogold compound/a gold 
salt)
EPA & especially DHA
Bifidobacterium, Lactobacillus,
and Bacteroides

Nrf2 can in turn induce 
glutathione 2



Sulphurophane and oleanolic acid particularly valuable as 
Nrf2 inducers

56

Source: Houghton CA, Fassett RG, Coombes JS. Sulforaphane and Other Nutrigenomic Nrf2 Activators: Can the Clinician's Expectation Be Matched by the 
Reality? Oxid Med Cell Longev. 2016;2016:7857186; Reisman SA, Aleksunes LM, Klaassen CD. Oleanolic acid activates Nrf2 and protects from acetaminophen 
hepatotoxicity via Nrf2-dependent and Nrf2-independent processes. Biochem Pharmacol. 2009 Apr 1;77(7):1273-82.

“Both its high 
bioavailability and 
significant Nrf2 inducer 
capacity contribute to the 
therapeutic potential 
of sulforaphane-yielding 
supplements.”

“Collectively, increased nuclear 
accumulation of Nrf2, increased mRNA 
expression of Nrf2- target genes, and 
upregulation of Nqo1 protein and activity 
provide strong evidence that oleanolic 
acid activates the Nrf2-Keap1 pathway. …
Oleanolic acid also activates Nrf2-
independent cytoprotective mechanisms. 
Thus, this study establishes oleanolic acid 
as an Nrf2 activator”



Many natural Nrf2 activators in juices and other beverages too: 
broccoli, pomegranate, beetroot, blueberry, noni ...

57Source: Xu, J.; Yang, Y.; Liu, Y.; Cao, S. Natural Nrf2 Activators from Juices, Wines, Coffee, and Cocoa. Beverages 2020, 6, 68.



Exogenous mitochondrial antioxidants for which there is 
good evidence

Sources available upon request; image; Granata S, Dalla Gassa A, Tomei P, Lupo A, Zaza G. Mitochondria: a 
new therapeutic target in chronic kidney disease. Nutr ;etab (Lond). 2015 Nov 25;12:49.

Alpha lipoic acid
Acetyl-L-carnitine
Ginseng (especially Korean)
CoQ10
Resveratrol
Vitamin C
Melatonin
Apolactoferrin

Foods containing 
glutathione
Hydrogen-rich water



Glutathione our key intracellular antioxidant – crucial 
for the mitochondria

59

Source: 1. Minich DM, Brown BI. A Review of Dietary (Phyto)Nutrients for Glutathione Support. Nutrients. 2019 Sep 3;11(9):2073; Enns 
GM, Cowan TM. Glutathione as a Redox Biomarker in Mitochondrial Disease-Implications for Therapy. J Clin Med. 2017 May 3;6(5):50.

By evaluating levels of GSH and GSSG, as well as the GSH/GSSG 
ratio in blood, one can get a glimpse into the degree
of mitochondrial dysfunction at a tissue level. An increased 

GSSG:GSH ratio is an indication of oxidative stress. 

“… recent research suggests 
that when glutathione is 
administered in liposomal or 
sublingual forms it may be 
made more bioavailable and 
favorably impact systemic 
glutathione levels.1”



Source: https://mypuras.com/blogs/articles/dragons-blood-super-antioxidant-properties?srsltid=AfmBOoogOajNIFUz4z3tvN87ALbqNT2Ob 
PaRLtpOXvWZU-agxGhiDpMB; * oxygen radical absorption capacity, dev. by USDA & Tufts University

Dragons Blood (Sangre de Grado) a little known remedy with 
a very high ORAC* value

https://mypuras.com/blogs/articles/dragons-blood-super-antioxidant-properties?srsltid=AfmBOoogOajNIFUz4z3tvN87ALbqNT2ObPaRLtpOXvWZU-agxGhiDpMB
https://mypuras.com/blogs/articles/dragons-blood-super-antioxidant-properties?srsltid=AfmBOoogOajNIFUz4z3tvN87ALbqNT2ObPaRLtpOXvWZU-agxGhiDpMB
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https://mypuras.com/blogs/articles/dragons-blood-super-antioxidant-properties?srsltid=AfmBOoogOajNIFUz4z3tvN87ALbqNT2ObPaRLtpOXvWZU-agxGhiDpMB
https://mypuras.com/blogs/articles/dragons-blood-super-antioxidant-properties?srsltid=AfmBOoogOajNIFUz4z3tvN87ALbqNT2ObPaRLtpOXvWZU-agxGhiDpMB
https://mypuras.com/blogs/articles/dragons-blood-super-antioxidant-properties?srsltid=AfmBOoogOajNIFUz4z3tvN87ALbqNT2ObPaRLtpOXvWZU-agxGhiDpMB
https://mypuras.com/blogs/articles/dragons-blood-super-antioxidant-properties?srsltid=AfmBOoogOajNIFUz4z3tvN87ALbqNT2ObPaRLtpOXvWZU-agxGhiDpMB
https://mypuras.com/blogs/articles/dragons-blood-super-antioxidant-properties?srsltid=AfmBOoogOajNIFUz4z3tvN87ALbqNT2ObPaRLtpOXvWZU-agxGhiDpMB
https://mypuras.com/blogs/articles/dragons-blood-super-antioxidant-properties?srsltid=AfmBOoogOajNIFUz4z3tvN87ALbqNT2ObPaRLtpOXvWZU-agxGhiDpMB


“Astaxanthin is a potent antioxidant to 
terminate the induction of 
inflammation in biological systems.”

Source: https://nutritionfacts.org/video/clinical-studies-on-acai-berries/, https://en.wikipedia.org/wiki/Haematococcus_lacustris

Acai berries and Astaxanthin also very potent antioxidants
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This test of mitochondrial oxidation levels can also be done 
as a fingerprick test

Simple, can be done as a follow-up, or to check on your 
physical workup regime: are you over-training? 



Pyruvate is the product of glycolysis, and can either be 
transformed into lactate or transported into the mitochondria

Source: Tang, B. (2014) The Mitochondrial Pyruvate Carrier and Metabolic Regulation. CellBio, 3, 111-117. 26.09.2025 63

Figure 1. Schematic diagram of a mitochondrion illustrating the cellular components associated 
with pyruvate transport and metabolism.

Glucose in cells is converted 
to pyruvate. It can then be 
converted to lactate in the 
cytoplasm or transported 
into the mitochondria via the 
mitochondrial pyruvate 
carrier (MPC). Ideally most of 
it gets into the mitochondria. 
Here, you can see that the 
MPC is blocked, so lactate 
will build up in the cytosol.

Lactate/Pyruvate 
Plus
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Supplementary biomarkers:

Mitochondrial mass: Ratio of mtDNA to nDNA
(mtDNA:nDNA)
PGC-1α, mitobiogenesis regulator
What to do to increase/decrease mitochondrial mass?
Mitochondrial stress test
Nrf-2, antioxidant regulator
How to quell excess oxidative stress?
Mitochondrial fuel utilisation



Lactate/pyruvate Plus gives insight into what nutrients are 
being used as fuel for the mitochondria

26.09.2025 65

Lactate/Pyruvate Plus

This result:
Under pressure, the fuel is 
largely not going into the 
mitochondria, it is being 
recycled into lactate. The 
buildup can be very painful 
(fibromyalgia-type symptoms). 

Lactate/Pyruvate Index PLUS



Source: https://www.agilent.com/cs/library/usermanuals/public/103344-400.pdf; Prof. Dr. rer. nat. Brigitte König, 
MMD Labor; mitochondrial research by Martin D. Brand and others 26.09.2025 66

The higher the value of lactate compared to pyruvate, the more glycolysis is 
occurring. A higher level of pyruvate compared to lactate is a prerequisite for 
successful transfer of substrates in the mitochondria for oxidative 
phosphorylation.

Lactate/pyruvate Plus: shows what level of lactate is being 
produced by the mitochondria both at rest and under pressure

Lactate/Pyruvate 
Plus

https://www.agilent.com/cs/library/usermanuals/public/103344-400.pdf
https://www.agilent.com/cs/library/usermanuals/public/103344-400.pdf
https://www.agilent.com/cs/library/usermanuals/public/103344-400.pdf


Mitochondrial Fuel Utilisation shows up unusual 
results sometimes – here, no use of fatty acids at all
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Mitochondrial Fuel Utilisation here with very little 
glutamine (a), and no glucose at all (b)

a)
b)



https://aonm.org/mitochondria-webinars/

Please see Part 1 if you haven‘t yet

https://aonm.org/mitochondria-webinars/
https://aonm.org/mitochondria-webinars/
https://aonm.org/mitochondria-webinars/
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Thank you – Q&A

www.aonm.org

http://www.aonm.org/
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