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Company Mission

Our mission is to raise awareness of 
mitochondria and the link between 
optimal mitochondria function health 
and longevity
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What happens in the inner mitochondrial membrane? 

Electron transport chain
NADH dehydrogenase (ubiquinone)
Electron-transferring-flavoprotein dehydrogenase
Electron-transferring flavoprotein
Succinate dehydrogenase
Alternative oxidase
Cytochrome bc1 complex
Cytochrome c
Cytochrome c oxidase
F-ATPase
ATP–ADP translocase
ATP-binding cassette transporter
Cholesterol side-chain cleavage enzyme
Protein tyrosine phosphatase
Carnitine O-palmitoyltransferase

Carnitine O-acetyltransferase
Carnitine O-octanoyltransferase
Cytochrome P450
Translocase of the inner membrane
Glutamate aspartate transporter
Pyrimidine metabolism
Dihydroorotate dehydrogenase
Thymidylate synthase (FAD)
HtrA serine peptidase 2
Adrenodoxin reductase
Heme biosynthesis
Protoporphyrinogen oxidase
Ferrochelatase
Uncoupling protein

https://en.wikipedia.org/wiki/Electron_transport_chain
https://en.wikipedia.org/wiki/NADH_dehydrogenase_(ubiquinone)
https://en.wikipedia.org/wiki/Electron-transferring-flavoprotein_dehydrogenase
https://en.wikipedia.org/wiki/Electron-transferring_flavoprotein
https://en.wikipedia.org/wiki/Succinate_dehydrogenase
https://en.wikipedia.org/wiki/Alternative_oxidase
https://en.wikipedia.org/wiki/Cytochrome_bc1_complex
https://en.wikipedia.org/wiki/Cytochrome_c
https://en.wikipedia.org/wiki/Cytochrome_c_oxidase
https://en.wikipedia.org/wiki/F-ATPase
https://en.wikipedia.org/wiki/ATP%E2%80%93ADP_translocase
https://en.wikipedia.org/wiki/ATP-binding_cassette_transporter
https://en.wikipedia.org/wiki/Cholesterol_side-chain_cleavage_enzyme
https://en.wikipedia.org/wiki/Protein_tyrosine_phosphatase
https://en.wikipedia.org/wiki/Carnitine_O-palmitoyltransferase
https://en.wikipedia.org/wiki/Carnitine_O-acetyltransferase
https://en.wikipedia.org/wiki/Carnitine_O-octanoyltransferase
https://en.wikipedia.org/wiki/Cytochrome_P450
https://en.wikipedia.org/wiki/Translocase_of_the_inner_membrane
https://en.wikipedia.org/wiki/Glutamate_aspartate_transporter
https://en.wikipedia.org/wiki/Pyrimidine_metabolism
https://en.wikipedia.org/wiki/Dihydroorotate_dehydrogenase
https://en.wikipedia.org/wiki/Thymidylate_synthase_(FAD)
https://en.wikipedia.org/wiki/HtrA_serine_peptidase_2
https://en.wikipedia.org/wiki/Adrenodoxin_reductase
https://en.wikipedia.org/wiki/Heme
https://en.wikipedia.org/wiki/Protoporphyrinogen_oxidase
https://en.wikipedia.org/wiki/Ferrochelatase
https://en.wikipedia.org/wiki/Uncoupling_protein
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Mitochondrial
dysfunction

Diabetes
Cancer

CVD
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Obesity

Parkinson’s

Alzheimer’sHepatitis

CKD

Aging
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Research
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Mitochondrial Research
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Mitochondrial research is only starting 

Mitochondria 
do

Oxphos

ROS 
signalling

Calcium 
homeostatis

Cell survivalCell death
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C l i n i c a l  I m p l i c a t i o n s  o f  B a s i c  R e s e a r c h

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 375;19 nejm.org November 10, 20161894

Elizabeth G. Phimister, Ph.D., Editor

Mitochondrial Matchmaking

Patrick F. Chinnery, M.B., B.S., Ph.D., and Massimo Zeviani, M.D., Ph.D.

Although conveniently described as the “batter-
ies of the cell” (and, consistent with this analogy, 
amenable to exchange), mitochondria are com-
plex cellular organelles assembled from proteins 
encoded by two distinct genomes: nuclear chro-
mosomal DNA and the mitochondrial genome 
(mitochondrial DNA [mtDNA]). Despite its small 
size (16.5 kb in humans), mtDNA encodes 13 es-
sential subunits of the oxidative phosphorylation 
system, which physically interact with more than 
70 nuclear DNA–encoded subunits: their con-
certed action is needed to produce ATP, which is 
required for all active cellular processes.

For more than a quarter century, we have 
known that variants in mtDNA that severely af-
fect protein function cause human diseases that 
often include phenotypes resembling common 
disorders, such as diabetes mellitus, heart failure, 
and neurodegenerative diseases. This raises the 
possibility that more subtle polymorphic variants 
of mtDNA in populations might influence the 
risk of common age-related multifactorial human 
diseases. Genetic-association studies support this 
notion, but direct experimental evidence has 
lagged far behind.

The exchange of mtDNA between human cells 
with the same nuclear genetic background is 
possible in vitro through the creation of trans-
mitochondrial cytoplasmic hybrids (or “cybrids”). 
These are cells in which the nuclear genome and 
the mitochondrial genome are derived from two 
different cells. In cybrids using the same cell 
nucleus, the exchange of common polymorphic 
mtDNAs has been found to affect mtDNA levels, 
mitochondrial protein synthesis, cytochrome oxi-
dase abundance and activity, oxygen consump-
tion, mitochondrial inner membrane potential, 
and growth capacity.1 Similar findings are seen 
in mice, in which the effects are mediated 
through differences in the production of reactive 

oxygen species.2 These observations provided a 
partial explanation for earlier studies in conplas-
tic mice (i.e., mice in which the nuclear genome 
from one inbred strain is backcrossed into the 
cytoplasm of another inbred strain, with the 
cytoplasmic source always being the female par-
ent), in which changes were found in learning, 
exploration, sensory development, and the anato-
my of the brain, and all these changes increased 
with age.3

Greater clarity has come through a study that 
was recently reported by Latorre-Pellicer and 
colleagues, who generated a conplastic mouse 
through the exchange of mtDNA between two 
commonly used healthy laboratory strains: 
C57BL/6 and NZB/OlaHsd (Fig. 1).4 The mtDNA 
from the two strains differs by 34 variants, with 
approximately a third of them in protein-coding 
DNA, another third in DNA-encoding transfer 
and ribosomal RNAs, and the remaining third 
in noncoding DNA.

Unexpectedly, swapping in the NZB/OlaHsd 
mtDNA onto a C57BL/6 nuclear background 
(called BL/6NZB) extended the median life span of 
the mice, although their maximum life span was 
not greater than that of the controls — that is, 
BL/6NZB mice tended to live longer than did the 
control mice, but their maximum life span was 
not greater. Shortly after birth in the BL/6NZB 
mice, the combination of genomes appeared to 
be disadvantageous; the mice had lower rates of 
mitochondrial respiration and elevated levels of 
reactive oxygen species. However, as the mice 
aged, the biochemical parameters reversed, and 
they were slower to acquire several age-related 
phenotypes and endophenotypes, including ovary 
degeneration, cellular senescence, telomere short-
ening, and age-related tumors. The BL/6NZB mice 
also had a greater capacity to regulate insulin 
levels and respond to a glucose challenge, resist 

The New England Journal of Medicine 
Downloaded from nejm.org at UNIVERSITY OF SOUTH AUSTRALIA on November 9, 2016. For personal use only. No other uses without permission. 
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Clinical Implications of Basic Research

n engl j med 375;19 nejm.org November 10, 2016 1895

weight gain on a high-fat diet, and maintain 
normal cholesterol levels than did the C57BL/6 
controls.

These new findings show that swapping only 
approximately 0.2% of mtDNA variants with 
other wild-type polymorphisms can have pro-
found effects on the function of cells, organs, 
and even the whole organism, and these effects 
manifest late in life. Although it would be un-
wise to draw too close a parallel to the situation 
in humans, this finding adds further support to 
the notion that mtDNA variants influence sus-
ceptibility to common human diseases. How-
ever, we should remember that the sensitivity of 
conplastic mice to mtDNA exchange could re-
flect the fact that laboratory mouse strains are 
inbred: their nuclear genomes have not had the 

opportunity to adapt to the diverse mtDNAs that 
are present in an outbred population.

What do these findings mean for mitochon-
drial transfer, which is currently being devel-
oped for the prevention of severe inherited mito-
chondrial diseases in humans?5 First, the effects 
of exchanging mtDNA are unpredictable: rather 
surprisingly, the BL/6NZB mice had better long-
term outcomes than did the C57BL/6 mice with 
their original mtDNA. Second, they provide an 
explanation for the unexpected shifts back to 
the “original” allele that were seen in approxi-
mately 10% of cell lines derived from blastocysts 
after mtDNA exchange, in which progressive 
changes — from less than 2% to greater than 
50% heteroplasmy — have been observed re-
peatedly. Selection favoring the original genotype 

Figure 1. A Mouse with Genomes from Two Different Strains.

Latorre-Pellicer et al.4 generated a mouse with the nuclear genome of a C57BL/6 mouse and the mitochondrial ge-
nome of a NZB/OlaHsd mouse. The resultant “conplastic” mice (termed BL/6NZB mice) had, at birth, lower rates 
of respiration and ATP synthesis and higher levels of reactive oxygen species than did the C57BL/6 wild-type mice. 
However, the BL/6NZB mice lived longer (although they did not, as a group, have a longer maximum life span) and 
did not have the increase in production of reactive oxygen species and decrease in oxidative phosphorylation — 
both of which are mitochondrial pathways — that are typical of aged C57BL/6 mice. The aged BL/6NZB conplastic 
mice, when fed a high-fat diet, had resistance to weight gain, a greater capacity to regulate insulin levels and respond 
to a glucose challenge, and maintenance of normal cholesterol levels.

Mouse Strain Mouse at Birth

Oxidative phosphorylation:
   Lower rate of respiration
   Lower rate of ATP synthesis

Reactive oxygen species:
    Higher production

Oxidative phosphorylation:
   Higher rate of respiration
   Higher rate of ATP synthesis

Reactive oxygen species:
    Lower production 

Oxidative phosphorylation:
   Decreased rate of respiration
   Decreased rate of ATP synthesis

Reactive oxygen species:
    Increased production 

Weight gain from high-fat diet

Shorter median life span (741 days)

Oxidative phosphorylation:
   Maintained rate of respiration
   Maintained rate of ATP synthesis

Reactive oxygen species:
    No increased production 

Less weight gain from high-fat diet

Higher median life span (887 days)

Aged Mouse

C57BL/6

C57BL/6 
nuclear DNA

NZB/OlaHsd

NZB/OlaHsd
mitochondrial

DNA

Conplastic BL/6NZB
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Human Research
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Mendus Trial

• Fibromyalgia and Chronic Fatigue Syndrome
• 12 week 3 arm blinded crossover trial

Key results: 
• FM Arm; 24-33% reduction in pain, 10-13% improvement in cognitive function
• CFS Blinded Arm; no significant benefit
• CFS Open Arm; including increases in energy (26% and 32%), sleep quality (17% and 35%), 

mental clarity (18% and 51%), activity (54% and 86%) and verbal reasoning (19% and 30%); as 
well as a modest reduction in pain at 6-weeks (13%) 
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Spanish trial

The mitochondria-targeted antioxidant MitoQ modulates oxidative stress, inflammation and leukocyte-endothelium 
interactions in leukocytes isolated from type 2 diabetic patients – Escribano-Lopez et al 2016
• 169 subjects; 98 with type-2 diabetes (T2D) and 71 control subjects
• Study aim was to examine whether MitoQ could reduce oxidative stress and affect metabolic parameters and 

leukocyte-endothelium interactions
• Leukocytes from T2D patients showed increased ROS (free radical) production but MitoQ treatment brought 

these values down to those of controls. MitoQ also increased levels of glutathione peroxidase (an ROS-
neutralizing enzyme) in both patients and controls.

• MitoQ treatment significantly reduced the adhesion of leukocytes to endothelial cells in the T2D group
• MitoQ treatment also significantly reduced levels of NFκB-p65 and TNFα in the T2D group but did not change 

these levels in the control group.
• “Overall, our findings provide a better understanding of the pathophysiological mechanisms occurring in 

leukocytes/endothelium of T2D patients. They suggest that increased inflammation and oxidative stress, together 
with NFκB activation and increased proinflammatory cytokine TNFα, contribute to the enhanced interaction 
between these cells, which augments the risk of CVD. Importantly, treatment with MitoQ modulates these 
actions, thus preventing oxidative stress and chronic inflammation, which suggests that this compound has 
potential beneficial effects for preventing cardiovascular diseases in T2D”
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Colorado U trial 
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Delaware U trial 
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Planned Human Research

Multiple SclerosisDiabetes Asthma



Mouse Model
Research
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The mitochondria-targeted antioxidant MitoQ attenuates liver 
fibrosis in mice.
Authors: Rehman H et al
Abstract: Oxidative stress plays an essential role in liver fibrosis. This study investigated whether MitoQ, an orally active 
mitochondrial antioxidant, decreases liver fibrosis. Mice were injected with corn oil or carbon tetrachloride (CCl4, 1:3 dilution 
in corn oil; 1 µl/g, ip) once every 3 days for up to 6 weeks. 4-Hydroxynonenal adducts increased markedly after CCl4 
treatment, indicating oxidative stress. MitoQ attenuated oxidative stress after CCl4. Collagen 1α1 mRNA and hydroxyproline
increased markedly after CCl4 treatment, indicating increased collagen formation and deposition. CCl4 caused overt 
pericentral fibrosis as revealed by both the sirius red staining and second harmonic generation microscopy. MitoQ blunted 
fibrosis after CCl4. Profibrotic transforming growth factor-β1 (TGF-β1) mRNA and expression of smooth muscle α-actin, an 
indicator of hepatic stellate cell (HSC) activation, increased markedly after CCl4 treatment. Smad 2/3, the major mediator of 
TGF-β fibrogenic effects, was also activated after CCl4 treatment. MitoQ blunted HSC activation, TGF-β expression, and 
Smad2/3 activation after CCl4 treatment. MitoQ also decreased necrosis, apoptosis and inflammation after CCl4 treatment. 
In cultured HSCs, MitoQ decreased oxidative stress, inhibited HSC activation, TGF-β1 expression, Smad2/3 activation, and 
extracellular signal-regulated protein kinase activation. Taken together, these data indicate that mitochondrial reactive 
oxygen species play an important role in liver fibrosis and that mitochondria-targeted antioxidants are promising potential 
therapies for prevention and treatment of liver fibrosis.

Ref: Int J Physiol Pathophysiol Pharmacol. 2016 Apr 25;8(1):14-27
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A mitochondrial-targeted ubiquinone modulates muscle lipid profile and 
improves mitochondrial respiration in obesogenic diet-fed rats.

Authors: Coudray C et al
Abstract: The prevalence of the metabolic syndrome components including abdominal obesity, dyslipidaemia and insulin 
resistance is increasing in both developed and developing countries. It is generally accepted that the development of these 
features is preceded by, or accompanied with, impaired mitochondrial function. The present study was designed to analyse 
the effects of a mitochondrial-targeted lipophilic ubiquinone (MitoQ) on muscle lipid profile modulation and mitochondrial 
function in obesogenic diet-fed rats. For this purpose, twenty-four young male Sprague-Dawley rats were divided into three 
groups and fed one of the following diets: (1) control, (2) high fat (HF) and (3) HF+MitoQ. After 8 weeks, mitochondrial 
function markers and lipid metabolism/profile modifications in skeletal muscle were measured. The HF diet was effective at 
inducing the major features of the metabolic syndrome--namely, obesity, hepatic enlargement and glucose 
intolerance. MitoQ intake prevented the increase in rat body weight, attenuated the increase in adipose tissue and liver 
weights and partially reversed glucose intolerance. At the muscle level, the HF diet induced moderate TAG accumulation 
associated with important modifications in the muscle phospholipid classes and in the fatty acid composition of total muscle 
lipid. These lipid modifications were accompanied with decrease in mitochondrial respiration. MitoQ intake corrected the 
lipid alterations and restored mitochondrial respiration. These results indicate that MitoQ protected obesogenic diet-fed rats 
from some features of the metabolic syndrome through its effects on muscle lipid metabolism and mitochondrial activity. 
These findings suggest that MitoQ is a promising candidate for future human trials in the metabolic syndrome prevention.

Ref: Br J Nutr. 2016 Apr 14;115(7):1155-66.
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Selective Mitochondrial Targeting Exerts Anxiolytic Effects In Vivo.

Authors: Nussbaumer M et al
Abstract: Current treatment strategies for anxiety disorders are predominantly symptom-based. However, a third of anxiety 
patients remain unresponsive to anxiolytics highlighting the need for more effective, mechanism-based therapeutic 
approaches. We have previously compared high vs low anxiety mice and identified changes in mitochondrial pathways, 
including oxidative phosphorylation and oxidative stress. In this work, we show that selective pharmacological targeting of 
these mitochondrial pathways exerts anxiolytic effects in vivo. We treated high anxiety-related behavior (HAB) mice 
with MitoQ, an antioxidant that selectively targets mitochondria. MitoQ administration resulted in decreased anxiety-related 
behavior in HAB mice. This anxiolytic effect was specific for high anxiety as MitoQ treatment did not affect the anxiety 
phenotype of C57BL/6N and DBA/2J mouse strains. We furthermore investigated the molecular underpinnings of the MitoQ-
driven anxiolytic effect and found that MitoQ treatment alters the brain metabolome and that the response 
to MitoQ treatment is characterized by distinct molecular signatures. These results indicate that a mechanism-driven 
approach based on selective mitochondrial targeting has the potential to attenuate the high anxiety phenotype in vivo, thus 
paving the way for translational implementation as long-term MitoQ administration is well-tolerated with no reported side 
effects in mice and humans.

Ref: Neuropsychopharmacology. 2016 Jun;41(7):1751-8.
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MitoQ supplementation improves motor function and muscle 
mitochondrial health in old male mice
• JN-Justice Et al Colorado U
• Evaluated the role of excessive mtROS in age associated motor dysfunction 

Results;
• MitoQ improved mass normalised grp-strength (+23.1%) 
• Completely restored endurance rota-rod run time (+95.2%) 
• Distance (+69.1%)
• In old animals supplemented with MitoQ but not old control or young male mice.  
• Also saw an increased expression of SIRT-3, MnSOD and VDAC in the skeletal muscle. 



Mitochondria and MitoQ – A Research Update



Anti-aging
Research update
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40% reduction in telomere shortening.  
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MitoQ counteracts telomere shortening, G. Saretzki 

 

et al.

 

MitoQ counteracts telomere shortening and elongates 
lifespan of fibroblasts under mild oxidative stress

 

Gabriele Saretzki,
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2
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Gerontology, Institute of Aging and Health, Newcastle University, 
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MRC-Dunn Human Nutrition Unit, Wellcome Trust /MRC Building, 
Hills Road, Cambridge CB2 2XY, UK 

 

Key words: antioxidant; fibroblast, hyperoxia, mitoQ,
oxidative stress, senescence, telomere 

 

Oxidative damage is thought to be a major causal factor for
replicative senescence and human aging (Harman, 1994). Leak-
age of superoxide from the mitochondrial respiratory chain is
an important source of oxidative stress (Raha & Robinson, 2000).
Targeting antioxidants to mitochondria is an efficient way to
attenuate oxidative damage in mitochondria due to the pro-
duction of reactive oxygen species (ROS) in isolated mitochon-
dria (Kelso 

 

et al

 

., 2001; Echtay 

 

et al

 

., 2002) and in mitochondria
within cells (Kelso 

 

et al

 

., 2001; Hwang 

 

et al

 

., 2001). Therefore,
by determining the effect of these antioxidants it should be
possible to establish whether oxidative damage has a role in
telomere shortening.

It has been shown that selective targeting of a potent
antioxidant to mitochondria is achieved by attaching the redox
active moiety of ubiquinol to the decyltriphenylphosphonium
(DPPT) cation, resulting in the mitochondria-specific antioxidant
mitoQ [10-(6

 

′

 

-ubiquinonyl) decyltriphenylphosphonium bro-
mide] (Kelso 

 

et al

 

., 2001). Ubiquinol acts as an antioxidant by
donating a hydrogen atom from one of its hydroxyl groups to
a lipid peroxyl radical, which decreases lipid peroxidation within
the mitochondrial inner membrane (Ingold 

 

et al

 

., 1993). MitoQ
reduces oxidative damage and decreases ROS-induced apopto-
sis in short-term experiments (Kelso 

 

et al

 

., 2001; Echtay 

 

et al

 

.,
2002). As mitoQ is predominantly located within mitochondria
in cells due to its accumulation by the mitochondrial membrane
potential, its effects in cells are thought to be largely due to
the prevention of mitochondrial oxidative damage (Kelso 

 

et al

 

.,
2001) and there is also evidence that mitoQ decreases the
release of ROS from mitochondria (Hwang 

 

et al

 

., 2001). The

possibility of such effects being due to non-specific interactions
with mitochondria within cells can be discounted by the use of
control compounds such as DPPT, which are also accumulated
within mitochondria driven by the membrane potential but
which do not act as antioxidants. Therefore, the blocking of
a process by mitoQ but not by DPPT indicates a role for ROS
production in the process and is consistent with the increased
ROS production being primarily mitochondrial.

Telomeres act as ‘mitotic clocks’ in human fibroblasts because
they shorten with each round of replication due to both the
inability of DNA polymerases to replicate the very ends of chro-
mosomes (Olovnikow, 1973) and the specific accumulation of
stress-induced DNA damage (von Zglinicki, 2002). Eventually,
telomere dysfunction triggers replicative senescence (Bodnar

 

et al

 

., 1998). Although intense stress can cause a senescence-
like arrest without involvement of telomeres (Chen 

 

et al

 

., 2001;
Gorbunova 

 

et al

 

., 2002), one possibility is that ROS production
accelerates replicative senescence via its contribution to telomere
shortening under conditions of mild stress. Therefore, we wanted
to find out whether mitoQ could prolong the replicative lifespan
of human fibroblasts under mild stress conditions, and whether
this would correlate with a reduction in the rate of telomere
shortening.

MitoQ in micromolar concentrations selectively blocks mito-
chondrial oxidative damage and prevents apoptosis induced
by acute treatments with hydrogen peroxide (Kelso 

 

et al

 

., 2001).
When mitoQ was incubated with MRC-5 fibroblasts, concen-
trations above 50–100 n

 

M

 

 were cytostatic in long-term culture,
and even for concentrations of 10–20 n

 

M

 

 an adaptation period
of at least one week under normoxic conditions was necessary
before beneficial effects on growth could be seen (data not
shown). Such an adaptation period seems to be a characteristic
effect of powerful antioxidants and may reflect the involvement
of ROS in a multitude of cellular signal transduction chains
(Forman 

 

et al

 

., 2002).
Neither DPPT nor mitoQ had a significant effect on the intra-

cellular peroxide content under normoxic culture conditions as
measured by 2

 

′

 

,7

 

′

 

-dichlorofluorescein fluorescence. However,
mitoQ, but not DPPT, abolished nearly half of the rise in peroxides
induced by hyperoxic culture in untreated cultures (Fig. 1a).
Chronically increased oxidative stress exerted by culture under
mild hyperoxia (40% oxygen partial pressure) shortens the
replicative lifespan of MRC-5 fibroblasts down to few popula-
tion doublings (von Zglinicki 

 

et al

 

., 1995; von Zglinicki, 2002).
This premature aging phenotype is indistinguishable from
replicative senescence under standard culture conditions (von
Zglinicki 

 

et al

 

., 1995; Saretzki 

 

et al

 

., 1998; Toussaint 

 

et al

 

., 2000).
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Meta-analysis
A review of over 200 papers resulting in the 
measurement of 220 significant endpoints
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Results

Increased

• Cell Survival
• Mitochondrial Membrane Potential
• Mitochondrial Respiration Rate
• ECT activity
• ATP
• GSH
• Cardiolipin
• AMPK
• Anti-inflammatory IL
• PGC-1a

Decreased

• Caspase-3 activity
• Protein-carbonyl formation
• Lipid peroxidation
• ALT 
• Heart rate
• Apidosity
• AST
• TNF-a
• NFkB
• Inflammatory IL
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