
Enhancing Energy Levels Through Mitochondrial Support 

By Nieske Zabriskie, ND Surveys have shown that almost one-third of adults report 
having fatigue,1 and 24 percent of patients report that their fatigue is a major health 
problem.2 Many scientists believe that one cause of fatigue is mitochondrial 
dysfunction.3 Mitochondria are structures within cells primarily responsible for energy 
production. The mitochondria are often referred to as the powerhouse of the cell, and 
are responsible for cellular respiration and the resulting generation of adenosine tri-
phosphate (ATP). ATP is the chemical energy currency in the cell. The body produces 
an amazing 50 to 75 kg of ATP per day.4 There are three main pathways used to generate 
energy: cellular respiration including glycolysis and the citric acid cycle, oxidative 
phosphorylation, and beta-oxidation. Mitochondrial dysfunction results in decreased 
ATP production and thus, may lead to fatigue. 

Aging, Fatigue, and Mitochondrial Function 

Normal mitochondrial function is imperative for optimal energy production. Aging cells 
have a diminished ability to produce ATP due to changes in mitochondrial structure and 
function. Aging has been shown to decrease the efficiency of mitochondrial oxidative 
phosphorylation, which provides the majority of ATP production. Aging also increases 
the production of damaging free radicals such as reactive oxygen species (ROS) in the 
mitochondria.5 Cells have several antioxidant enzymes to remove excess ROS from 
causing damage; however, these enzymes, as well as the enzymes required for oxidative 
phosphorylation, decrease with age.6 Mitochondria have their own DNA, and research 
indicates that mitochondrial DNA mutations begin accumulating in cells in individuals 
after the mid-thirties,7 which contributes to the decreased ATP production and 
increased levels of ROS seen with increasing age.8 Also, researchers have shown that the 
loss of muscle mass and function seen with aging is associated with mitochondrial 
damage in muscle cells.9 

Numerous diseases are associated with mitochondrial dysfunction such as Parkinson’s 
disease, Alzheimer’s disease, coronary artery disease, chronic fatigue syndrome (CFS), 
fibromyalgia, and diabetes, among others.10 Fatigue, in particular, is associated with 
mitochondrial dysfunction. One study found that muscle biopsies indicate that post-
viral fatigue syndrome may be due to mitochondrial dysfunction precipitated by a virus 
infection.11 Evidence also indicates that fatigue seen in other conditions such as 
metabolic syndrome is due to excess cellular oxidative stress caused by free radicals 
leading to oxidative damage to mitochondria, and resulting in reduced efficiency of 
mitochondrial energy production.12 Studies have also shown that patients suffering with 
chronic fatigue have improved with supplementation of mitochondrial nutrients and 
antioxidants, showing a reduction in damage to mitochondrial membranes, restoring 
mitochondrial energy production, protecting cellular structures and enzymes from 
oxidative damage, and decreasing fatigue.13  
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Nutrients to Support 
Mitochondrial Function  

While there are a number of 
nutrients shown to improve 
various aspects of 
mitochondrial function, there 
are seven nutrients that can be 
especially effective and act 
synergistically to improve 
mitochondrial function. These 
seven nutrients are L-
carnitine, lipoic acid, N-
acetyl cysteine, succinic acid, 
EDTA, plus D-ribose, and 
Coenzyme Q10. 

Carnitine plays an important 
role in fatty acid metabolism 
and is essential for 
mitochondrial energy 
production. Acetyl-L-carnitine 
is a derivative of carnitine and 
is a precursor to the molecule 
acetyl coenzyme A, important 
in the citric acid cycle. N-acetyl-
carnitine also assists in the 
transportation of long-chain 
fatty acids into the 
mitochondria for beta-
oxidation. Beta-oxidation is the 
process in which fatty acids are 
broken down in mitochondria 
to generate Acetyl-CoA, the 
entry molecule for the citric 
acid cycle. The carnitines also 
have significant antioxidant 
activity, providing a protective 
effect against lipid peroxidation 
and oxidative stress. 

Researchers have shown that 
patients with chronic fatigue 
syndrome have significantly lower levels of serum acylcarnitine, total carnitine, and free 
carnitine. Additionally, the study showed that serum levels of total and free carnitine 
correlated with the clinical presentation, as higher carnitine levels correlated with better 
functional capacity.14 Similar studies also showed that the concentration of serum 

TABLE 1. Fatigue-Fighting Nutrients 

L-Carnitine 

Patients with chronic fatigue 
syndrome have significantly 
lower levels of serum acetyl l 
carnitine, total carnitine, 
and free carnitine. 

Lipoic Acid 

Protects and repairs age-
induced mitochondrial DNA 
damage, thereby up-
regulating mitochondrial 
function and improving 
energy production. 

N-Acetyl Cysteine 
(NAC)  

Directly improves 
mitochondrial energy 
production efficiency. 

D-Ribose 

In patients with 
fibromyalgia and/or chronic 
fatigue syndrome, 
supplementation with this 
five-carbon sugar has 
resulted in increased energy 
and overall well-being.  

Coenzyme Q10 (CoQ10)  

Decreases with age, which 
may contribute to age-
related mitochondrial 
dysfunctions; Shown to 
decrease fatigue after 
physical activity and 
improve energy levels of 
chronic fatigue patients.  

Succinate (succinic 
acid)  

Helps support the health of 
patients with mitochondrial 
defects.  

EDTA 

Works with the above 
nutrients to stabilize 
mitochondrial membranes. 
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acylcarnitine in patients with chronic fatigue syndrome (CFS) tended to increase to 
normal levels with the recovery of general fatigue.15 These studies suggest that 
mitochondrial dysfunction may contribute to or cause the symptoms of general fatigue, 
myalgia, muscle weakness, and post-exertional malaise in patients with CFS. In 
addition, numerous cardiovascular diseases exhibit similar energy metabolism 
dysfunction in that ATP synthesis is decreased due to inadequate fatty-acid fuels 
delivery to the mitochondria, and L-carnitine levels are decreased in these diseases.16 

Lipoic acid is a potent antioxidant and has the ability to protect and repair age-induced 
mitochondrial DNA damage, thereby up-regulating mitochondrial function and 
improving energy production.17 Animal studies have shown that supplementation with 
lipoic acid has dramatic effects on improving age-related declines in mitochondrial 
function. Lipoic acid reverses the decline in oxygen consumption, increases 
mitochondrial membrane potential, decreases levels of ROS and markers of lipid 
peroxidation, increases ambulatory activity and improves the age-associated decline of 
memory, increases the levels of antioxidants, and restores the activity of key enzymes.18 
Interestingly, numerous studies have shown that acetyl-L-carnitine in combination with 
lipoic acid increases cellular metabolism and lowers oxidative stress better than either 
compound alone.19  

N-acetyl cysteine (NAC) is a precursor for glutathione, a potent antioxidant, and 
stimulates the enzymes involved in glutathione regeneration. NAC also exhibits 
antioxidant properties of its own, counteracting the effects of reactive ROS and 
protecting mitochondrial proteins from damage. NAC has been shown to prevent 
programmed cell death (apoptosis) in cultured nerve cells and increases activity of 
mitochondrial complex proteins.20-21 Additional studies have demonstrated that NAC 
supplementation decreased age-related memory loss, with decreased levels of oxidants 
in mice.22 Research also indicates that NAC supplementation directly improves 
mitochondrial energy production efficiency.23  

Ribose is a five-carbon sugar used by all living cells and is an essential component for 
energy production. Ribose provides the necessary substrate for synthesis of nucleotides, 
which form major cellular components such as ATP. The availability of ribose 
determines the rate at which these nucleotides can be made by the cells. In one study, D-
ribose was supplemented to patients with fibromyalgia and/or chronic fatigue syndrome 
at a dose of 5 grams three times daily. Compared to baseline, patients reported 
significant improvement in all five categories measured including energy, pain intensity, 
sleep, mental clarity, and well-being with D-ribose supplementation. In fact, 66 percent 
of patients reported significant improvement, with an average increase in energy of 45 
percent, and an average improvement in overall well-being of 30 percent.24 Research 
also indicates that in muscle, ribose can accelerate ATP synthesis by up to 4.3-fold and 
increase energy salvage by up to 8-fold, which is important for muscle function and 
athletic performance.25 In addition, pre- and post-exercise supplementation with D-
ribose decreases free radical formation.26  

Coenzyme Q10 (CoQ10) is a compound made by the body and primarily functions as an 
antioxidant, membrane stabilizer, and a cofactor in cellular respiration. CoQ10 is 



important in oxidative phosphorylation, and found in highest levels in the cells with the 
greatest energy demand, the heart and liver. CoQ10 decreases with age, which may 
contribute to age-related mitochondrial dysfunctions. In one study, researchers showed 
that in patients with chronic fatigue of unknown etiology for at least 6 months, 69 
percent reported improvement with CoQ10 supplementation.27 CoQ10 has also been 
shown to alleviate fatigue, improve physical performance, and decrease the recovery 
period with fatigue-inducing physical activity.28  

Another substance important for mitochondrial health is succinate (succinic acid), a 
citric acid cycle intermediate, in which succinate is converted to fumarate. 
Supplementation with succinate has shown benefit in patients with mitochondrial 
defects.29 Finally, EDTA can be used with all of the nutrients mentioned above to 
stabilize mitochondrial membranes. 

Conclusion  

Fatigue is a common complaint and presents with numerous medical conditions. 
However, optimizing mitochondrial function improves energy production, and may help 
alleviate fatigue. Nutrients such as L-carnitine, lipoic acid, N-acetyl-cysteine, succinate, 
and EDTA, combined with D-ribose and CoQ10 have all been shown to improve 
mitochondrial energy production.  
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Energizing sick mitochondria with vitamin B3: Effective treatment for 
mitochondrial disease 

The researchers of the University of Helsinki, Finland, and École Polytechnique 
Fédérale de Lausanne, Switzerland, have shown that vitamin B3 form nicotinamide 
riboside can slow down the progression of mitochondrial disease, 
suggesting its potential as a novel therapy approach to adult-onset 
mitochondrial muscle diseases[F1].--Vitamins B have recently been turned out to 
be potent modifiers of energy metabolism, especially the function of mitochondria. 
Vitamin B3, (niacin) has been found to delay the signs of aging in animal 
models.--An international collaboration between the University of Helsinki and École 
Polytechnique Fédérale de Lausanne reported today in the journal Embo Molecular 
Medicine that vitamin B3 form, nicotinamide riboside[F2], can slow down the 
progression of mitochondrial disease, suggesting its potential as a novel 
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therapy approach to adult-onset mitochondrial muscle diseases.--
Mitochondria power up all cells in our bodies, by generating fuel, ATP, for 
all cellular functions. Dysfunction of these cellular engines can cause mitochondrial 
disorders, which are the most common cause of inherited metabolic diseases in adults 
and children. Mitochondrial myopathy is the most frequent form of adult 
mitochondrial disorder. The typical symptoms in the patients are muscle 
weakness, pain and cramps. Despite the progressive nature of these 
diseases, no curative treatment is available. 

In their current publication, Dr Nahid Khan in Prof Anu Suomalainen Wartiovaara's 
group showed that feeding mice with food supplemented with B3 form, 
nicotinamide riboside, delayed their mitochondrial myopathy. The 
treatment increased mitochondrial mass and function, and cured the 
structural abnormalities. These results clearly showed the potential of this 
vitamin B form, a natural constituent of milk, to activate dysfunctional 
mitochondrial metabolism." These results are a breakthrough for understanding 
the mechanisms of human mitochondrial muscle diseases and for exploring the efficient 
treatment options for these progressive disorders of adults. They also highlight the 
potent role of niacin in guiding mitochondrial energy metabolism," Professor 
Anu Suomalainen Wartiovaara states. 

Story Source-The above post is reprinted from materials provided by Helsingin 
yliopisto (University of Helsinki).  

Journal Reference-Nahid A Khan, Mari Auranen, Ilse Paetau, Eija Pirinen, Liliya 
Euro, Saara Forsström, Lotta Pasila, Vidya Velagapudi, Christopher J Carroll, Johan 
Auwerx and Anu Suomalainen. Effective treatment of mitochondrial myopathy 
by nicotinamide riboside, a vitamin B3. EMBO Molecular Medicine, April 2014 
DOI: 10.1002/emmm.201403943  

Helsingin yliopisto (University of Helsinki). "Energizing sick mitochondria with vitamin 
B3: Effective treatment for mitochondrial disease." ScienceDaily. ScienceDaily, 7 April 
2014. <www.sciencedaily.com/releases/2014/04/140407090403.htm>. 

 

http://www.alphagalileo.org/ViewItem.aspx?ItemId=140729&CultureCode=en
http://www.helsinki.fi/eng/
http://www.helsinki.fi/eng/
http://dx.doi.org/10.1002/emmm.201403943

