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Mitochondrial Correction: A New Therapeutic

Paradigm for Cancer and Degenerative Diseases

Introduction

Cancer and other degenerative diseases are increasing 

to epidemic proportions in all industrialized countries.  Many 

of these degenerative diseases show some familial associa-

tion, thus a genetic basis has been assumed. Yet, the nature 

and frequency of genetic variants in the human population 

though the incidence of these diseases has climbed contin-

and increasing incidence of cancer cannot be attributed to 

population-wide genetic change during this short timeframe, 

the cause must be external to the genome, in the “environ-

ment”, which with relation to diet and chemical exposures, 

has altered radically in the past few decades. Cancer has 

been widely considered a genetic disease involving nuclear 

mutations in oncogenes and tumor suppressor genes; this 

view persists despite the numerous inconsistencies asso-

ciated with the somatic mutation theory. In contrast to the 

somatic mutation theory, emerging evidence suggests that 

cancer is a mitochondrial metabolic disease, according to 

-

Warburg’s theory. We are proposing cancer as a mitochon-
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drial disease where diseased or damaged mitochondria be-

come more dependent on glucose and glutamine for fuel. 

A shift from oxidative phosphorylation to fermentation can 

cause cellular de-differentiation, an important characteristic 

of malignancy. 

-

cer cells often show a shift in energy production from mito-

-

-

lysis, in which glucose is converted to pyruvate and lactate 

in spite of the presence of oxygen, is a major characteristic 

of most tumor cells. Importantly, this increase in glycolytic 

activity was similar to that observed in early embryonic cells. 

-

-

cepts by providing information about the nature, etiology and 

function of mitochondria in normal and cancer cells.
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the readily available substrate glucose, but the rapid glyco-

-

strates and metabolic intermediates for lipid, amino acid and 

-

sential amino acids can be provided by aerobic glycolysis.  

-

gen for the synthesis of nucleotides and non-essential amino 

acids, and to facilitate import of essential amino acids and 

associated metabolic re-programming not only support rapid 

growth, although at the expense of other cells, but they also 

while generating an acidic micro-environment that enhances 

malignancy.  It has been long appreciated that under hypox-

ic conditions glycolytic rates are enhanced, with a resulting 

increase in lactate production.

-

-

-

transporters on their cell surface membranes, so that more 

metabolism through glycolysis allows the generation of gly-

colytic intermediates that funnel into biosynthetic pathways 

nucleotides.

-

icate interior structures inside mitochondria are intact and 

functional. Mitochondria have evolved with a process called 

designed for temporary emergency use, not long-term use, 

and yet cancer cells appear to stay in this mode.  Where-

respiration can cause genomic instability, and eventually 

supports an important role for metabolic aberrancies and 

mitochondrial dysfunction in cancer.  In general, suggesting 

that cancer is primarily a mitochondrial metabolic disease 

Mitochondria and Cancer

-

sizing systems. Each human cell contains hundreds of mito-

chondria. Margulis theorized that mitochondria are probably 

descended from free-living bacteria that survived endocyto-

largely unappreciated and unrecognized force in evolution.

 Mitochondria play a greater physiological role than have 

-

-

-

 Mitochondria synthesize the universal energy molecule 

-

junction with the oxidation of metabolites by the Kreb’s cycle 

the basic energy demands of the cell. We inherit our mito-

chondrial DNA from our mothers. Although mitochondria are 

present in sperm, they are not transferred to the ova during 

the process of fertilization since most of them are in the tail 

which is lost in the process.

arrival on the evolutionary scene is thought to be responsi-

ble for the increase in complexity of living things. Building 

and supporting elaborate new creatures with specialized 

organs and capabilities requires a superabundance of ener-

gy (for organization, compartmentalization, order, and com-

produced to maintain form, function, order and organization; 

then complex organisms will gradually succumb to entropy 

their DNA becomes unstable; they can lose their cellular 

shape, they become more disorganized, inter-cell communi-

cation is impaired, and they start reproducing uncontrollably 

 

 Mitochondria are active, mobile intracellular organelles 

-

functions extend beyond the cell membranes to include -

ence on the organism’s entire physiology by affecting com-

munication between cells, tissues and organs. Unsurprisingly 

therefore, any small defect in any of these functions could 

elicit mitochondrial dysfunction and promote a combination of 

diseases including cancer, metabolic disorders, and neurode-

 Mitochondria are continually confronted with factors that 

-
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clude: chronic stress, sleep disturbances, hyperglycemia, 

xenobiotics such as drugs, antibiotics, organic pollutants 

-

chondrial dysfunction, which can be characterized by any of 

-

-

chondrial membranes. Mitochondrial dysfunction results in 

-

-

of normal roles, which include regulation of gene expression 

-

-

molecular recognition occurs at both the atomic and at the 

macromolecular level which expands the potential number 

-

detrimental to mitochondrial function and viability.

 At the molecular level, a reduction in mitochondrial function 

-

tenance of the electrical and chemical transmembrane poten-

function of the electron transport chain, including those due to 

-

tial for mitochondrial function such as magnesium, thiamine, 

critical metabolites into mitochondria. In turn, these changes 

-

ids and phospholipids essential for mitochondrial function are 

require routine replacement, and this need may be facilitated 

 Proof of the importance of metabolic and mitochondrial 

dysfunction in the cellular etiology of cancer is evidenced 

by the observations that damaged mitochondria can turn 

healthy cells into transformed cells, and that healthy mito-

chondria can reverse cancerous behavior in tumor cells. 

bservations provide an insight that cancer is not 

simply or exclusively a genetic disease, but more so a mito-

 -

-

es include: neurodegenerative diseases, such as Alzheim-

-

ovascular diseases, such as atherosclerosis and other heart 

and vascular conditions; diabetes and metabolic syndrome; 

autoimmune diseases, such as multiple sclerosis, systemic 

lupus erythematosus, and type 1 diabetes; neurobehavioral 

and psychiatric diseases, such as autism spectrum disor-

ders, schizophrenia, and bipolar and mood disorders; gas-

trointestinal disorders; fatiguing illnesses, such as chronic 

-

 
-

drial membranes facilitates accumulation of lipophilic com-

pounds and also of organic chemicals, particularly amphi-

philic xenobiotics such as pharmacologic agents, including 

anti-bacterials, anti-psychotics, anti-depressants, anti-ar-

rhythmics, anorexic agents, cholesterol-lowering agents, 

and others. Cationic metal ions, such as lead, cadmium, 

mercury, and manganese, have also been shown to accu-

mulate in mitochondria. Another factor contributing to mito-

in mitochondria, which can activate chemicals that are rel-

atively non-reactive prior to metabolism. At the same time, 

mitochondria can also be protected in several ways, includ-

ing greater redundancy of their contents, ability to replace 

defective components; via mitophagy, biogenesis, comple-

mentation and apoptosis.

 An important property in mitochondria is their controlled 

-

nated electron transport that causes energy to be wasted as 

uncoupling has been shown in faster-growing tumors that 

are actually warmer because of this effect. Increased proton 

-

of being trapped as useful energy.

 Metabolic normalization of cancer cells and concomitant in-

hibition of carcinogenesis may potentially also be attained by 

induction of mitochondrial biogenesis and mitochondrial correc-

tion. Moreover, studying the role of mitochondria in cancer cell 

-

sight into the pathophysiology of transformation, and could lead 

to the development of new cancer therapies. Increases in mi-

tochondrial respiration, restoration of mitochondrial membrane 

potential, increases the population doubling times, and reduc-

tion of cell proliferation may be important steps in overcoming 

the cancer state. By restoring failing mitochondrial energetics 

cancer morphogenesis may be reversed. 

 An example of the process of cancer re-differentiation via 

mitochondrial correction is the repair of aconitase dysfunc-
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to isocitrate via cis-aconitate in the tricarboxylic acid cycle 

-

-

to activates mitochondrial energy conversion and oxidative 

-

tive phosphorylation, leading to an increased mitochondrial 

 Additional evidence exist showing that normalizing mito-

chondrial function is capable of suppressing tumorigenesis. 

-

al disease has been demonstrated by nuclear-cytoplasm 

transfer studies. Many of these studies, even those done in 

cell cybrids, have shown that a nucleus from a malignant cell 

when placed in a cell with normal cytoplasm will not produce 

malignant daughter cells; (i.e., mutations in nuclear DNA are 

-

was also shown that normal cell nuclei could not suppress 

tumorigenecity when placed in tumor cell cytoplasm, (i.e., 

in the context of dysfunctional metabolism and mitochon-

that it was the cytoplasm and not the nucleus that dictated 

the malignant state of the cell (McKinnell, Deggins & La-

-

If this is the case, and tumor cells are defective as War-

burg suggested, then malignant suppression should result 

from the introduction of normal mitochondria from normal 

cells to a malignant cell. Indeed these nuclear-cytoplasmic 

-

rity of mitochondrial respiration prevents carcinogenesis. In 

summary, the origin of tumorigenesis requires damaged or 

ineffective mitochondria in the cytoplasm. Normal isolated 

into the cancer cells, where they can then reverse aerobic 

 -

Mitochondrial Correction

physical activity improves mitochondrial function, so encour-

aging regular moderate exercise is essential (Anand et al., 

-

bining exercise with a diet rich in organic vegetables and 

moderated in organic, grass-fed meats, free range poultry 

may be essential. In addition, implementing reduced stress 

practices, such as meditation or yoga, as well as ensuring 

the body by removing fat-stored xenobiotics that inhibit mi-

tochondrial function while replacing essential components 

should substantially help improve mitochondrial function. 

 When the mitochondria become unable to adequately 

perform their functions, cells will either die, become dormant, 

to cause such cells to revert to normal aerobic cells, capable 

of normal function via metabolic and mitochondrial correc-

such cells with toxic therapies  chemotherapy and radiation 

-

therefore, considering other paradigms that yield alternative 

approaches may prove to be useful and less damaging. 

Diet 

 Nutrition is an important part of cancer treatment because 

the components of the diet are determinants of cell function-

help them feel better, stay stronger and most importantly, 

survive the disease. All tumors depend heavily on glucose 

of all cancers may be due to dietary factors (Anand et al., 

-

pects of metabolism may be important tools to reverse gly-

colytic to oxidative metabolism and enhance sensitivity to 

several factors, acting in concert. Glycolytic metabolism and 

the associated metabolic reprogramming not only support 

cells less dependent of oxygen availability and generate a 

may have therapeutic implications in cancer treatment as a 



5© 2018 International Society for Orthomolecular Medicine   ISSN 0317-0209

Mitochondrial Correction: A New Therapeutic Paradigm for Cancer and Degenerative Diseases VOLUME 33.4

 One class of bioactive food components that affect energy 

metabolism and may have anti-cancer effects are polyphe-

nols. Quercetin, a polyphenol present in apples, onions, tea 

and wine, affects energy metabolism. Another polyphenol 

-

tive food molecules, that affect energy metabolism, may 

also function as anti-cancer agents using mechanisms dis-

tinct from their effect on energy metabolism. Despite be-

ing categorized as antioxidants, most dietary anti-oxidant 

cellular mechanisms, rather than though general, direct an-

ti-oxidants effects. Mechanisms such as cancer cell growth 

limitation, anti-angiogenesis and normalization of the glyco-

lytic metabolism are possible.

 Carbohydrates provide rapidly usable cellular energy but, 

that can be powerful mitogens. A carbohydrate-restricted 

diet will slow cancer growth in patients by decreasing the 

-

-

-

-

products, have been shown to improve glycemic control 

therefore are expected to help against cancer. A low carbo-

along with supplements or foods rich in citric acid, can impair 

-

, and higher amounts of 

-

fuel. Ketones (e.g., acetoacetate, ß-hydroxybutyric acid and 

instead of glucose. Low-carbohydrate diets reduce the ex-

-

cemia and rebound hypoglycemia, providing more sustained 

forcing the body to utilize fat as its primary source of energy. 

-

-

-

tion phase, carbohydrate withdrawal symptoms may occur, 

which typically include lightheadedness, nausea, and head-

-

bohydrates to less than 12 grams per day and limit protein 

-

ommended therapeutic zone values. Ketogenic diets may 

also facilitate easier surgical reduction in tumor burden, as 

tumor size; thereby facilitating surgical removal of the tumor 

-

mediary product of the Krebs cycle metabolism, has also 

-

vised to eat 8–12 servings daily of a variety of whole, colorful 

vegetables and fruits; among different plants, color variation 

indicates phytochemical variety, thereby allowing the diet 

to provide a wide range of anticancer and metabolism-en-

hancing phytochemicals. Vegetables should be the primary 

focus, especially the bitter foods in the cruciferous family 

healthy saturated fat that contains medium-chain triglycer-

-

 Calorie and carbohydrate restriction, along with eating 

fats and oils, and more plant foods may help to prevent or 

slow down all degenerative diseases. All grains are mini-

mized or avoided on a Mitochondria restoration diet in order 

-

-

-

optimal mitochondrial health. A heavily processed, high-gly-

cemic load diet of too many grains and added sugars can 
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and accelerated mitochondrial dysfunction. Minimizing grains, 

especially highly processed ones, and using low-glycemic 

vegetables and fruits as the main source of carbohydrates 

helps to stabilize blood sugar and protect mitochondria.

salmon as farmed salmon may contain hormones and tox-

ic chemicals. We encourage the consumption of minimally 

whenever possible. When possible, we advise phytonutri-

Coconut oil, add to dress salads and vegetables. Medium 

-

of raw leafy greens. Patients get four servings of vegetables in 

vegetables, and the many green vegetables in the cruciferous 

family have been found to support the mitochondria via effects 

enhancement of xenobiotic clearance.

 Patients are instructed to eat a rainbow of colors: red 

peppers, tomatoes, and radishes; orange carrots, peppers, 

-

onions. Patients are also counsel to purchase organic veg-

-

ganic” grown without chemical pesticides; given that many 

pesticides are neurotoxins, mitochondrial toxins, carcino-

gens and endocrine disruptors.

consumed when patients are feeling the need for something 

sweet. All berries along with pomegranate seeds and grapes 

sources of sugar and can increase blood sugar levels, there-

by promoting oxidative stress, immunosuppression and hy-

perinsulinemia.

-

-

sider adding at least 2 cups of green tea daily with the gen-

eral recommendation being Include herbal teas, especial-

schizandra, ginseng, astragalus, and licorice can be used 

 and 

toxin-free food from local, free-range, grass-fed, and organic 

sources cannot be stressed enough. 

Dietary Supplementation:

-

-

ation, provide additional substrate for oxidative phosphoryl-

-

tron transport system. In addition, mitochondrial biogenesis, 

or the generation of new mitochondria, can also be encour-

CoQ10 (Ubiquinone)

-

ical for the transport of electrons from complexes I and II to 

-

more, CoQ is essential for the stability of complex III in the 

mitochondrial respiratory chain, functions as an antioxidant 

in cell membranes, and is involved in multiple aspects of 

improves muscle strength, and decreases muscle fatigabili-

-

-

some of the negative effects of statins and is an important 

supplement to counteract the adverse effects of cancer ther-

widely used cofactor for treating mitochondrial-related dis-

form, and it can affect the expression of certain genes in-

-

of electrons along the multiple complexes of the mitochon-

drial electron transport chain. In combination with lipoic acid, 

resulting in decreased utilization of alternative energy sourc-

es and a decrease in resting plasma lactate concentrations 

L-Carnitine 

L-carnitine is a naturally occurring fatty acid transporter. It 

is directly involved in the transport of fatty acids into the 

mitochondrial matrix for subsequent 

functions in removal of excess acyl groups from the body 
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homeostasis. L-carnitine helps fatty acids cross the in-

ner mitochondrial membrane to be used as energy. It also 

scavenges reactive oxygen and binds iron. L-carnitine 

also has been shown to prevent the damaging effects of 

statins on the mitochondria. L-carnitine protects against 

mitochondrial dysfunction associated with oxidative 

stress caused by a series of conditions such as aging, 

-

increase the rate of mitochondrial oxidative phosphoryla-

environmental pollutants, meaning it can protect the mito-

chondria on a number of levels.

Acetyl-L-Carnitine

-

ed  amino acid L- carnitine, and it is better absorbed and 

as compared 

to L-carnitine. Dietary supplementation with Acetyl-L-Carni-

tine might reverse age-related mitochondrial changes. AL-

Car helps to restore mitochondrial membrane potential and 

Cardiolipin levels. Cardiolipin is an important component of 

the inner mitochondrial membrane, and it constitutes about 

transport into mitochondria, and it increases overall cellu-

lar respiration.  ALCar enhances cognitive performance, in-

creased production of neurotransmitters, and helps restores 

levels of certain hormone receptors to more youthful levels. 

ALCar reverses many aspects of age-related cellular dys-

function, principally through maintenance of mitochondrial 

Idebenone (2,3-dimethoxy-5-methyl-6-(10-hydroxyde-

cyl)-1,4-benzoquinone)

-

-

drial free radical quencher that reduces the ever-increasing 

damage to mitochondrial membrane and DNA that occurs 

with age. Idebenone has also been shown to be more effec-

When cellular oxygen levels are low, idebenone is actually 

N-Acetyl Cysteine

both the amino acid L-cysteine and reduced glutathione 

oxidative phosphorylation occurs. NAC has a positive ef-

the activities of mitochondrial Complexes I, IV and V. NAC 

also helps maintain levels of glutathione, an important anti-

oxidant capable of preventing damage to important cellular 

components caused by reactive oxygen species. NAC pro-

tects cells by promoting oxidative phosphorylation, improv-

ing mitochondrial membrane integrity, and enhancing mito-

(R) Alpha Lipoic Acid (1,2-dithiolane-3-pentanoic acid)

-

tion metal ion chelator, redox transcription regulator, and 

important in mitochondrial oxidative-decarboxylation reac-

tions. ALA is an amphipathic molecule with both hydrophilic 

-

ecule to establish communication between the cytoplasm 

and mitochondria.  ALA acid may also have mitochondrial 

mitochondrial oxygen consumption was completely re-

ALA supplementation also increased mitochondrial glu-

tathione and vitamin C concentrations, indicating ALA may 

have the ability to reverse the age-associated decline in 

low molecular weight antioxidants, therefore reducing the 

-

plementation improves mitochondrial function, alleviates 

some of the age-related loss of metabolic activity, increas-

-

a safe and effective means to improve general metabolic 

Omega 3 Fatty Acids (Eicosapentaenoic acid (EPA) and 

Docosahexaenoic acid (DHA))

d the increase in mitochondrial calcium con-

tent, increase d levels of phosphatidylcholine, and prevent s 

important in mitochondrial membrane restoration.  An ome-
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cardiolipin concentrations, increases the ratio of mitochon-

-

-

-

-

Vitamin C (Ascorbic Acid)

 Vitamin C may improve mitochondrial function by pro-

Vitamin C’s electron moving ability it may be considered 

preserve mitochondrial membrane potential (Gonzalez et 

blood glucose elevations as they typically occur after a 

Western diet meal competitively impair the transport of 

 Ely 

intravenous administration

B-Complex Vitamins

cofactors for enzymes essential in cell function and ener-

Thiamine (Vitamin B1)

-

-

-

groups they are essential for the activity of flavoenzymes 

-

-

-

capacity in a patient with a mitochondrial myopathy due 

-

Niacin (Vitamin B3) 

 Niacin is a precursor to reducing groups nicotinamide 

NADP are involved in reactions pertaining to mitochon-

drial respiration, glycolysis or even lipid Beta-oxidation. 

Niacin ameliorated age-related changes in bioenergy 

Pantothenic Acid (Vitamin B5)

 Pantothenic acid is the precursor of coenzyme A 

reactions. In the interest of this review it is important to 

note the role of CoA in heme synthesis, lipid metabolism 

Magnesium

 Magnesium ion plays an important role in a wide vari-

ety of biochemical processes including optimizing mito-

blood sugar, and the activation of muscles and nerves. 

Magnesium ions are critical for the optimization of the 

mitochondria, which have enormous potential to influ-

ence cancer. In fact, optimizing mitochondrial metabo-

lism may be at the core of effective cancer treatment 
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as needed per osmotic laxative effect.

Phospholipids

 Phospholipids are an important class of lipids found in 

all cellular membranes. Glycerolphospholipids, the type of 

phospholipid found in cellular and intracellular membranes, 

are made up of two fatty acids (long chains of hydrogen and 

glycerolphospholipids help cellular membranes and act not 

only as diffusion barriers but also as dynamic cell organelles, 

contributing to the synthesis of intracellular mediators, such 

as arachidonic acid and inositol phosphates. Glycerolphos-

to modulate various cellular activities. As membrane phos-

by exogenous dietary phospholipids remains a useful ap-

proach for maintaining and restoring cellular membrane 

function. 

 Cell membranes control a variety of cellular processes, 

as well as the maintenance of a structural and ionic barri-

recognition, adhesion and other important cell functions. 

Membrane lipids provide at least four major requirements 

-

-

branes, enabling separation of enzymatic and chemical 

molecules in certain signal transduction and molecular rec-

that undergo interactions with other cellular constituents, 

is an absolute requirement for the formation, structure and 

-

pholipids contribute to the physicochemical properties of the 

of membrane-bound proteins, such as receptors, ion chan-

cell function by serving as precursors for prostaglandins and 

expression through the activation of transcription.

 One of the fundamental biochemical differences between 

tumor cells and normal cells is the composition of the mem-

brane lipid matrix, including glycophospholipids and other 

lipids and their oxidation state. Membrane peroxidation can 

-

.  In addition, the in-

peroxidation events.  In the mitochondria the activities of the 

-

enced by the composition and oxidation state of the phos-

pholipids of the inner mitochondrial membrane.  Oxidation of 

inner mitochondrial membrane phospholipids can result in 

-

pairment 

progressive functional loss of mitochondrial function, such 

-

drial membrane phospholipids, can cause changes in health 

that could progress to disease.

organelle and has a protein-to-phospholipid ratio similar to 

-

drial membrane contains transport proteins called porins 

rich in the phospholipid cardiolipin, which is characteristic of 

the bacterial plasma membrane and is important in electron 

transport function and provides yet more evidence suggest-

ing the mitochondrion’s bacterial origin.

 Maintenance of the appropriate phospholipid composition 

in the mitochondrial membranes is essential for mitochon-

drial structure and function. on 

phospholipid metabolism, the transport of phospholipids into 

mitochondria, and supply of appropriate lipids from the diet. 

phospholipids is essential to maintain phospholipid home-

ostasis in the mitochondria. An important element of phos-

pholipid homeostasis is that the phospholipids in the mito-

and fatty acids. 

-

al oral supplements containing cell membrane glycerolphos-

pholipids and antioxidants, can safely replace damaged 

membrane phospholipids. Most if not all clinical conditions 

are characterized by membrane phospholipid oxidative 

damage, resulting in loss of membrane and cellular func-

as intact molecules without degradation, or they can be ab-

sorbed as small phospholipid droplets and micelles (Nicol-

Eventually they are delivered to tissues and cells where they 

are transferred by membrane contact and carrier or trans-

port proteins to various cellular and organelle membranes.
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-

mitochondrial damage and loss of function (Nicolson & Ash, 

containing cell membrane glycerolphospholipids and antioxi-

dants, has been used to replace damaged, usually oxidized, 

membrane glycerophospholipids that accumulate during aging 

and in various clinical conditions. Once delivered to membrane 

sites, they naturally replace and stimulate removal of damaged 

membrane lipids. Various chronic clinical conditions are char-

acterized by membrane damage, mainly oxidative but also 

apparent in mitochondrial inner membranes where oxidative 

results in loss of transmembrane potential, electron transport 

function and generation of high-energy molecules.

for anti-aging  

chronic illnesses.

Ginkgo iloba (Salisburia diantifolia)

also one of the best-selling herbal supplements in the United 

-

against oxidative damage and oxidation of mitochondrial 

Succinate (Succinic acid)

have been widely used for their alleged ability to enhance 

effective when a balance of several salts is used, especially 

combinations of magnesium and potassium.

Pyrroloquinoline uinone (PQQ) 

cells, it can modify cell signaling and  support mitochondrial 

function. PQQ is reported to participate in a range of bio-

logical functions. PQQ protects mitochondria from oxidative 

stress. It also promotes the spontaneous generation of new 

-

-

ment in mitochondrial function.

Sodium Bicarbonate

malignant tumors contributes to high levels of extracellular 

-

-

it has been shown that buffering of extracellular acidity 

through systemic administration of oral bicarbonate may 

inhibit the spread of metastases.

Nicotinamide denine inucleotide (NADH)

cellular redox reactions and as substrate for certain en-

-

sis to the electron transport chain, but in its reduced form, it 

can also act as a strong antioxidant. Pyruvate is converted 

be converted to NAD+, and this lactate is then excreted 

from the cell

-

ministered 

D-Ribose

in the body from glucose. In addition to serving as the car-

-

-

output organs such as the heart, liver, adrenals, GI tract, 

brain, muscles and endocrine glands utilize two methods 
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synthesized is the de novo pathway, in which nucleotides 

-

or faster pathway is the salvage path-

is formed in the body from glucose, through the pentose 

phosphate pathway. Aside from this relatively time-consum-

ing pathway, there are no foods that are able to provide 

enough ribose to rapidly restore ribose levels, should the 

need arise, as when exercising 

 D-ribose is another excellent addition to the mitochon-

oxidative stress that can form after high-intensity exercise 

has shown to have 

in heart disease patients (MacCarter et 

levels, improving cardiac dysfunction following ischemia. 

-

-

 Oral or intravenous ribose has been found to rapidly 

-

plementation can dramatically improve recovery of failing 

-

the salvage pathway, causing nucleotides to be revitalized 

-

Citrate

organic tricarboxylic acid. It occurs naturally in citrus fruits. 

It is an intermediate in the citric acid cycle, which occurs 

in the metabolism of all aerobic organisms. Citrate inhibits 

start; citrate also inhibits the pyruvate dehydrogenase en-

zyme complex. Citrate also inhibits the succinate dehydro-

genase enzyme. hese citrate or citric acid properties have 

the capacity to inhibit glycolysis and a step in Krebs cycle; 

the citrate inhibits three base enzymes in the mitochondrial 

-

No suggested dose

Creatine

 Creatine is an essential, natural substance that is synthe-

sized in the body from three amino acids: glycine, arginine, 

and methionine. Creatine plays a very powerful role in en-

ergy metabolism as a muscle fuel in its role in regenerating 

to form phosphocreatine. It serves as a source of high-en-

ergy phosphate, released during anaerobic metabolism. It 

shuttle for the movement of high-energy phosphates from 

mitochondrial sites of production to cytoplasmic sites of uti-

 Kreider et al., 1998; Vandenberghe et 

as a reservoir of high-energy phosphate bonds in muscle 

ues. As phosphocreatine is de-

pleted during exercise, energy availability declines due to a 

 In 19 -

enhances both strength and endurance in athletes (Keys, 

 

-

-

tion (Cooper, Naclerio, Allgrove & Ji -

ble blind study that examined the effects of creatine in a 
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weight training program in men over 7  It was shown that 

creatine had 

of increased lean body mass, reduction in body fat, and in-

with congestive heart failure. After four days, they noted a 

reduction in heart size, reduced vascular resistance, and 

increased ejection fraction, all indicators of improved heart 

-

etal muscle total and phosphocreatine concentrations, in-

creased fat-free mass, and enhanced high-intensity exercise 

appeared to have potential to attenuate age-related muscle at-

rophy and strength loss, as well as to protect against neurode-

generative disorders.  granted orphan drug 

status to creatine as a treatment for patients with amyotrophic 

demonstrated ability to enhance cellular energy production. In 

addition, a European patent has also recently been issued for 

the use of creatine compounds to prevent aging effects and to 

Shilajit

s. It is an 

-

form. Components of shilajit can serve as electron reservoirs, 

Mushrooms 

Basidiomycetes class from which the extracts Polysaccha-

have demonstrated to inhibit various carcinomas in animals 

activating a cascade of pathways involving the activation 

pro-apoptotic protein Bax (Kobayashi, Matsunaga & Oguchi, 

-

No suggested dose

Herbs

-

ticosis (Eschbach, Webster, Boyd, McArthur & Evetovich, 

to contain rosavins and salidrosides in a 

Melatonin

-

yindole, which is synthesized in the pineal gland of verte-

brates through a multistep process starting from hydroxyl-

ation of tryptophan and culminating with transformation of 

serotonin to N-acetyl serotonin followed by methylation to 

-

ecule with a variety of functions including potent reductive 

properties. Due to its lipophilic character, it easily crosses 

cellular and intracellular membranes and reaches all sub-

cellular organelles. Melatonin has been shown to protect 

the bio-energetic function of mitochondria (Acuña-Castro-

Arginine

-

ditionally essential amino acid.  One of the main functions of 

arginine is its participation in protein synthesis. Arginine is 

utilized by a number of metabolic pathways that produce a 

variety of biologically active compounds such as nitric oxide, 

creatine, agmatine, glutamate, polyamines, ornithine, and 

citrulline. Also, arginine is involved in a number of roles in 

-

ing the nitrogen catabolism of amino acids via the formation 
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of urea; its potential to be converted to glucose (hence its 

ability to generate nitric oxide, aided by an enzyme called 

molecule that induces smooth muscle cells to relax, expand-

tissues, which are then better nourished with oxygen. 

Resveratrol

plant-derived polyphenol that exerts diverse physiological 

increase cellular mitochondrial content and induce apopto-

Quercetin

broad spectrum of bioactive effects. Among these, quercetin 

can impact mitochondrial biogenesis by modulating enzymes 

and transcription factors. Quercetin is now recognized as a 

phytochemical that can modulate pathways associated with 

mitochondrial biogenesis, mitochondrial membrane poten-

-

chondrial redox status, and subsequently, mitochondria-in-

Glutathione

-

pound, is an ubiquitous tripeptide produced by most mam-

malian cells and it is the main mechanism of antioxidant 

-

peroxide, lipid hydroperoxides, or xenobiotics, mainly as 

a cofactor of enzymes such as glutathione peroxidase or 

-

-

philes. Moreover, as mitochondria play a central strategic 

role in the activation and mode of cell death, mitochondrial 

-

sitization to secondary hits that induce mitochondrial mem-

the intermembrane space necessary to induce cell death 

-

crease intracellular glutathione levels, it can be absorbed 

of nitric oxide, glutathione supplementation may be useful to 

augment nitric oxide boosters such as L-Citrulline or L-Ar-

which is used for the intention of allowing more glutathione 

glutathione buffering, NAC provides antioxidative effects 

than glutathione. Liposome-encapsulated glutathione (Ly-

this nutrient.

Dichloroacetate (DCA)

 DCA is a potent lactate-lowering drug. It activates the 

pyruvate dehydrogenase complex by inhibiting the activity of 

-

the pyruvate dehydrogenase complex in an active state re-

switch a cell from aerobic glycolysis to oxidative respira-

mitochondrial potassium-ion channels (Khan, Marier, Mars-

-

-

-

-

-

 An oral DCA regimen that included the natural neuropro-

production from glycolysis to oxidative phosphorylation by 
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-

-

 It is important to mention that DCA in high doses can 

damage mitochondria and produce peripheral neuropathy. 

Peripheral neuropathy is not uncommon with prolonged 

DCA treatment.

No suggested dose

3- romopyruvate

-

-

No suggested dose

2- eoxyglucose

-

tumor cells via glucose transporters and is then phosphorylat-

-

-

No suggested dose

EPI-743

 EPI-

it can help improve the function of cells with mitochondrial 

 No suggested dose

Lifestyle and mitochondria

Exercise

 Dietary interventions are just one part of the overall picture 

of optimizing mitochondrial function.  Other lifestyle consid-

a role in mitochondrial health. Exercise and movement has 

-

formed on a regular basis. Exercise also has an important 

role in mitochondrial disease therapy, as it has been shown 

to reduce the burden of unhealthy mitochondria; increase 

the percentage of healthy, non-mutated mitochondrial DNA 

-

anaerobic exercises ( such as weight training to increase 

Hyperbaric (high pressure, 100%) Oxygen Therapy 

(HBOT)

glucose after it enters cells and traps it inside so it can be 

-

are proliferating and DNA is unwound, unprotected and being 

-

cess is aborted and the cell can be driven into apoptosis.

Intravenous Laser Therapy (IVLT)

-

ical response through energy transfer, in that the photonic 

energy delivered into the tissue by the laser modulate the 

biological processes within the tissue. Light energy transmit-

-

-

 Intravenous or intravascular laser blood irradiation in-

volves the in-vivo illumination of the blood by feeding low 

level laser light. It is a minimally invasive laser procedure in 

which a small needle is placed into the vein in the forearm, 

under the assumption that any therapeutic effect will be cir-

culated through the circulatory system.

and power of light at certain intensities for an appropriate pe-

alterations could lead to permeability changes and second 
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-

creases the patient’s energy but only by mobilizing reserve 

-

ditional energy into the system.

cytochrome c oxidase can absorb red light converting the 

c oxidase is commonly accepted as a photo acceptor that 

catalyzes cellular level activity when exposed to red to 

near-infrared red light.

respiratory chain:

-

violet light.

yellow light.

light.

 Mitochondria changed to “giant mitochondria” after la-

ser-irradiation with activation of various metabolic pathways 

used as a signaling molecule in communications between 

nerve cells and other tissues.

-

potential. Irradiation in the red range is effective to increase the 

absorption spectrum of cytochrome-C-oxidase in the respirato-

-

of the protons into the matrix and by doing so increases the 

events due to increased Energy.

his therapy be accompanied by mitochon

supplements.

Conclusions

the principal causes of bioenergetic decline. Although there 

is no single silver bullet or an exact combination of substanc-

es or supplements that will unfailingly resuscitate all aspects 

of failing mitochondria, it has been reported that a number 

of nutrients, supplements and prescription substances may 

alleviate or restore many aspects of mitochondrial failure. 

Combinations of these, acting on multiple targets, may nor-

-

lular and systemic energy production, alleviate mitochondri-

al-related disease, and delay age-related decline in many 

organs and systems of the body.

-

cer not only parallels the rise in the development and use of 

toxic chemicals and materials in the environment, but also 

toxins in our food and water supplies and pharmaceuticals. 

-

rectly caused by such toxic ingestion and the body’s increas-

ing inability to cope with the toxic overload of xenobiotics that 

profoundly affects the mitochondria. It is conceivable that 

-

tors, acting on various portions of the mitochondrial energy 

and decrease the cancer incidence and death rates.

and supplements containing a mixture of nutrients men-

to help restore oxidative respiration to a level of favoring ma-

lignant cell re-differentiation or to at least restore apoptotic 

mechanisms since the intrinsic apoptotic pathway in cells is 

regulated largely by functional mitochondria. When restoring 

mitochondrial function, we may reverse aerobic glycolysis, 

inhibit cancer cell growth and possibly, reverse malignancy.

-

-

-

matic reactions, reduce putative sequelae of excess free 

radicals, and scavenge toxic metabolic molecules, which 

-

plements also may act as alternative energy fuels or may 

believe this concept can have an important repercussion in 

the treatment of degenerative diseases.
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