Relevance of the biosynthesis of coenzyme Q10 and of the four bases of DNA as a rationale for the molecular causes of cancer and a therapy.
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In the human, coenzyme Q10 (vitamin Q10) is biosynthesized from tyrosine through a cascade of eight aromatic precursors. These precursors indispensably require eight vitamins, which are tetrahydrobiopterin, vitamins B6, C, B2, B12, folic acid, niacin, and pantothenic acid as their coenzymes. Three of these eight vitamins (the coenzyme B6, and the coenzymes niacin and folic acid) are indispensable in the biosynthesis of the four bases (thymidine, guanine, adenine, and cytosine) of DNA. One or more of the three vitamins required for DNA are known to cause abnormal pairing of the four bases, which can then result in mutations and the diversity of cancer. The coenzyme B6, required for the conversion of tyrosine to p-hydroxybenzoic acid, is the first coenzyme required in the cascade of precursors. A deficiency of the coenzyme B6 can cause dysfunctions, prior to the formation of vitamin Q10, to DNA. Former data on blood levels of Q10 and new data herein on blood levels of B6, measured as EDTA, in cancer patients established deficiencies of Q10 and B6 in cancer. This complete biochemistry relating to biosyntheses of Q10 and the DNA bases is a rationale for the therapy of cancer with Q10 and other entities in this biochemistry.

Current CoQ10 supplements are manufactured by the fermentation of beets and sugarcane
COENZYME Q10 DEFICIENCY

Normal blood and tissue levels of CoQ10 have been well established by numerous investigators around the world. Significantly decreased levels of CoQ10 have been noted in a wide variety of diseases in both animal and human studies. CoQ10 deficiency may be caused by insufficient dietary CoQ10 impairment in CoQ10 biosynthesis, excessive utilization of CoQ10 by the body, or any combination of the three. Decreased dietary intake is presumed in chronic malnutrition and cachexia (12). The relative contribution of CoQ10 biosynthesis versus dietary CoQ10 is under investigation. Karl Folkers takes the position that the dominant source of CoQ10 in man is biosynthesis. This complex, 17 step process, requiring at least seven vitamins (vitamin B2 - riboflavin, vitamin B3 niacinamide, vitamin B6, folic acid, vitamin B12, vitamin C, and pantothenic acid) and several trace elements, is, by its nature highly vulnerable. Karl Folkers argues that suboptimal nutrient intake in man is almost universal and that there is subsequent secondary impairment in CoQ10 biosynthesis. This would mean that average or "normal" levels of CoQ10 are really suboptimal and the very low levels observed in advanced disease states represent only the tip of a deficiency "ice berg".

the amino acid phenylalanine is turned into tyrosine, phenylalanine is called a precursor of tyrosine.

Plasma coenzyme Q10 concentrations in breast cancer: prognosis and therapeutic consequences.
Int J Clin Pharmacol Ther 1998 Sep;36(9):506-9 

BACKGROUND: Coenzyme Q10 or ubiquinone is a redox component of the respiratory chain, which may be involved in the pathogenesis of cancer. METHODS: In order to better understand the role of this vitamin in the pathogenesis of breast cancer, a clinical trial including 200 women hospitalized for the biopsy and/or the ablation of a breast tumor was conducted. Ubiquinone plasma concentrations were determined simultaneously with vitamin E plasma concentrations (as antioxidant reference) by HPLC. RESULTS: A coenzyme Q10 deficiency was noted both in carcinomas (80 patients) and non-malignant lesions (120 patients), while vitamin E concentrations were within the normal range. A correlation was shown between the intensity of the deficiency and the bad prognosis of the breast disease based on high TNM and SBR values or the lack of estrogen receptors. However, neither cathepsin D level nor adenopathy invasion was related to ubiquinone levels. CONCLUSIONS: Since prooxidants may promote tumorigenesis, ubiquinone supplementation in breast cancer could be relevant.

Relevance of the biosynthesis of coenzyme Q10 and of the four bases of DNA as a rationale for the molecular causes of cancer and a therapy.
Biochem Biophys Res Commun 1996 Jul 16;224(2):358-61 

In the human, coenzyme Q10 (vitamin Q10) is biosynthesized from tyrosine through a cascade of eight aromatic precursors. These precursors indispensably require eight vitamins, which are tetrahydrobiopterin, vitamins B6, C, B2, B12, folic acid, niacin, and pantothenic acid as their coenzymes. Three of these eight vitamins (the coenzyme B6, and the coenzymes niacin and folic acid) are indispensable in the biosynthesis of the four bases (thymidine, guanine, adenine, and cytosine) of DNA. One or more of the three vitamins required for DNA are known to cause abnormal pairing of the four bases, which can then result in mutations and the diversity of cancer. The coenzyme B6, required for the conversion of tyrosine to p-hydroxybenzoic acid, is the first coenzyme required in the cascade of precursors. A deficiency of the coenzyme B6 can cause dysfunctions, prior to the formation of vitamin Q10, to DNA. Former data on blood levels of Q10 and new data herein on blood levels of B6, measured as EDTA, in cancer patients established deficiencies of Q10 and B6 in cancer. This complete biochemistry relating to biosyntheses of Q10 and the DNA bases is a rationale for the therapy of cancer with Q10 and other entities in this biochemistry. PMID: 8702395 [PubMed - indexed for MEDLINE] 

Progress on therapy of breast cancer with vitamin Q10 and the regression of metastases.
Biochem Biophys Res Commun 1995 Jul 6;212(1):172-7

Over 35 years, data and knowledge have internationally evolved from biochemical, biomedical and clinical research on vitamin Q10 (coenzyme Q10; CoQ10) and cancer, which led in 1993 to overt complete regression of the tumors in two cases of breast cancer. Continuing this research, three additional breast cancer patients also underwent a conventional protocol of therapy which included a daily oral dosage of 390 mg of vitamin Q10 (Bio-Quinone of Pharma Nord) during the complete trials over 3-5 years. The numerous metastases in the liver of a 44-year-old patient "disappeared," and no signs of metastases were found elsewhere. A 49-year-old patient, on a dosage of 390 mg of vitamin Q10, revealed no signs of tumor in the pleural cavity after six months, and her condition was excellent. A 75-year-old patient with carcinoma in one breast, after lumpectomy and 390 mg of CoQ10, showed no cancer in the tumor bed or metastases. Control blood levels of CoQ10 of 0.83-0.97 and of 0.62 micrograms/ml increased to 3.34-3.64 and to 3.77 micrograms/ml, respectively, on therapy with CoQ10 for patients A-MRH and EEL. PMID: 7612003 [PubMed - indexed for MEDLINE] 

 5: Apparent partial remission of breast cancer in 'high risk' patients supplemented with nutritional antioxidants, essential fatty acids and coenzyme Q10.
Mol Aspects Med 1994;15 Suppl:s231-40

Thirty-two typical patients with breast cancer, aged 32-81 years and classified 'high risk' because of tumor spread to the lymph nodes in the axilla, were studied for 18 months following an Adjuvant Nutritional Intervention in Cancer protocol (ANICA protocol). The nutritional protocol was added to the surgical and therapeutic treatment of breast cancer, as required by regulations in Denmark. The added treatment was a combination of nutritional antioxidants (Vitamin C: 2850 mg, Vitamin E: 2500 iu, beta-carotene 32.5 iu, selenium 387 micrograms plus secondary vitamins and minerals), essential fatty acids (1.2 g gamma linolenic acid and 3.5 g n-3 fatty acids) and Coenzyme Q10 (90 mg per day). The ANICA protocol is based on the concept of testing the synergistic effect of those categories of nutritional supplements, including vitamin Q10, previously having shown deficiency and/or therapeutic value as single elements in diverse forms of cancer, as cancer may be synergistically related to diverse biochemical dysfunctions and vitamin deficiencies. Biochemical markers, clinical condition, tumor spread, quality of life parameters and survival were followed during the trial. Compliance was excellent. The main observations were: (1) none of the patients died during the study period. (the expected number was four.) (2) none of the patients showed signs of further distant metastases. (3) quality of life was improved (no weight loss, reduced use of pain killers). (4) six patients showed apparent partial remission.
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Research conducted during 1960s and 1970s clearly established the role of CoQ10 as a key component of the mitochondrial electron transport system (also known as the respiratory chain) where biological energy in the form of ATP (adenosine triphosphate) is produced. CoQ10 serves as the critical cofactor for at least three mitochondrial enzymes enabling the transfer of electrons between the donors and recipients. Thus, CoQ10 plays an essential role in the synthesis of ATP, the energy that drives all cellular activities and without which cells cease to function (Crane, 2001).

In addition to this role, CoQ10 also functions as an important fat-soluble antioxidant that can regenerate other antioxidants and a membrane stabilizer (Ernster and Dallner, 1995; Crane 2001).

CoQ10 deficiency has been observed in various disease processes such as congestive heart failure (CHF), cardiomyopathy, chronic obstructive pulmonary disease (COPD), acquired immunodeficiency syndrome (AIDS), cancer, hypertension, and periodontal disease. The heart has the highest concentration of CoQ10 and it is therefore not surprising that the early clinical trials on the therapeutic potential of CoQ10 focused on heart disease as the target. Dr. Yuichi Yamamura in Japan was the first to demonstrate the clinical efficacy of CoQ in heart failure as far back as in 1967 (Yamamura et al, 1967). Dr. Karl Folkers followed this up and in 1985, he along with Dr. Svend Mortensen and his colleagues demonstrated a strong correlation between CHF and the tissue levels of CoQ10 (Mortensen et al, 1985). The original Japanese findings on the clinical efficacy of CoQ10 in CHF have now been confirmed in numerous clinical trials carried out in several other countries (Langsjoen and Langsjoen, 1998; 1999). In addition to CHF, there are other cardiovascular diseases that have been successfully treated with CoQ10 supplementation. Among these are diastolic dysfunction, angina pectoris, hypertension, ventricular arrhythmias, mitral valve prolapse and also drug induced cardiotoxicities (Sinatra, 1998). In most of these studies, CoQ10 treatment was employed as an adjunct to standard medical therapy. 

Among the other conditions where the therapeutic value of CoQ10 has been demonstrated are diseases involving mitochondrial dysfunction such as mitochondrial cytopathies, neurodegenerative diseases such as Parkinson’s and Huntington’s, and immune system disorders (Fuke et al, 2000; Shults et al., 2002).

NO:

Dr. Ferid Murad found that nitroglycerin and other compounds that relax and dilate our arteries release nitric oxide (NO). Still researchers did not think much of the role of NO. 
After all NO (not to be confused with nitrous oxide, the laughing gas) is a simple odorless gas and common air pollutant. NO is formed when nitrogen burns, for instance in automobile exhaust fumes. NO was known to be produced in bacteria but this simple molecule was not expected to be important in higher animals and humans. 
The watershed discovery. The discovery of Drs. Robert Furchgott and Louis Ignarro in 1986, that NO transmits signals caused a major sensation. After all, it is totally different from any other known signal molecule and very unstable. It is converted to nitrate and nitrite within 10 seconds. 

We know today that NO acts as a signal molecule for cells including the nervous system, as a weapon against infections and tumor cells, as a regulator of blood pressure and as a gate keeper of blood-flow to different organs. NO is present in most living creatures and made by many different types of cells. The health implications of this simple gas are phenomenal! 
· Heart: In atherosclerosis, the endothelium lining the arteries loses most of its capacity to produce NO which dilates the artery. 
· Shock: Bacterial infections can cause septic shock, a life-threatening condition. White blood cells react to the bacterial infection by releasing enormous amounts of NO that dilate the blood vessels. The blood pressure drops and the patient goes into shock. You may remember, septic shock killed Jim Henson, the legendary creator of the muppets! 
· Lungs: In intensive care patients inhalation of NO gas saves lives. For instance, NO has been used to reduce dangerously high blood pressure in the lungs of infants. 
· Cancer: White blood cells use NO not only to kill infectious agents such as bacteria, fungi and parasites, but also to defend the host against tumors. 
· NO tells blood vessels to relax and widen, an effect that helps control blood pressure. It can help trigger erection of the penis the same way, because the relaxation lets blood flow in. The wildly popular Viagra is designed to increase NO’s effect. 
NO is so unstable that it is converted to nitrate and nitrite within 10 seconds. Both can have harmful effects in our body by producing nitrogen radicals. Gamma-tocopherol but not alpha reduces the potential damage. The unique ability of gamma-tocopherol to either reduce nitrogen dioxide back to NO or react with it to form a harmless compound sets it apart from the alpha-tocopherol. Very preliminary data, not published yet, hint that gamma-tocopherol may have a similar effect. 
Putting the whole story together. You guessed it, the link of course is NO.
Alfred Nobel created in his will the Nobel Prize, the most coveted honor in the world for the sciences, the arts and, in direct contrast to the use of dynamite in war, for world peace. 
In 1998 the Nobel Prize for Medicine was awarded to Drs. Ferid Murad, Robert Furchgott and Louis Ignarro, the three researchers that discovered the extraordinary role of NO in our body. NO helped reduce the chest pain of Alfred Nobel but excess NO from sepsis killed Jim Henson. Viagra promotes NO’s action to increase blood flow and helps with impotence. gamma-Tocopherol and gamma-tocotrienol help reduce the damage from the nitrogen radicals produced by NO this most extraordinary molecule. Which brings us to the main message of the story! 
Coenzyme Q10 and Cancer 



Thomas Newman and Stephen Hulley proposed ( JAMA 1996 Jan.3) (1) that since fibrate and statin cholesterol-lowering drugs cause cancer in rodents, they might cause unexplained cancers in patients when taken for a long time; and that their use for patients not at high cardiac risk could therefore be unwise. Meta analysis of randomized clinical trials suggests that lipid lowering drugs likely increases non cardiovascular mortality, lending plausibility to the Newman/Hulley proposal. (2) 

In reply, I (1) offer a mechanism to explain how statin drugs may cause cancer, and (2) propose inferences for future protection and therapy against cancer and much more. Lovastatin and its statin analogues such as Simvastatin reduce liver synthesis of cholesterol by inhibiting activity of the liver enzyme 3 hydroxy 3 methylglutaryl coenzyme A (HMG CoA) reductase, which is required for the conversion of HMG-CoA to mevalonic acid. Biosynthesis of cholesterol is a multi-reaction pathway that requires mevalonic acid. (3) But cholesterol is not the only product dependent on mevalonic acid: body synthesis of Coenzyme Q10 also depends on it. Inhibiting HMG CoA reductase in order to slow body cholesterol synthesis would therefore be expected to elevate risk of conditions against which CoQ10 protects. (4) 

Over the past 25 years, the vitamin-like substance Coenzyme Q10--synthesized in the liver and other cells from lower number CoQs, and ingested in many foods (5) -- has been reported to be effective in reducing various cancers and metastases, even in patients for whom all conventional treatments had failed. (6,7) Some of these are alive and well 15 years later without any trace of cancers. AIDS patients showed striking response to therapy with CoQ10; the HIV virus appears to induce a deficiency of CoQ10. (8) 

And CoQ10 has no established side effect at any dose level9. (Several recent tests used 390 milligrams/day; it is important to increase gradually from a smaller starting quantity). 

Lovastatin lowers CoQ10 in laboratory rats, (10) a likely explanation the increased incidence of cancer in the statin drug tests cited by Newman and Hulley. (1) In patients on CoQ10, starting concurrent Lovastatin lowered CoQ10 by 44% to 75% (this finding was confirmed in Italy by G.P. Littarru). The condition of every patient worsened. One required open heart surgery. Another was referred for a heart transplant. Her life was saved by CoQ10 at 200 mg/day, (3) confirming CoQ10's efficacy against certain cardiac conditions. CoQ10 is as essential for survival and health as oxygen, food and water. Present in every body cell, it is often called ubiquinone. (11) Serum levels decline rapidly with age, producing many of the symptoms of aging; a deficiency of 25% is associated with illness, a deficit of 75% with death in animals. (5) 

It is widely prescribed in Canada and Denmark. In Japan 12 percent of the population take physician-prescribed CoQ10 at 100-300 mg/day for high blood pressure and cardiac conditions. (5) However, it is largely ignored by medical doctors in the United States. 

Available over the counter, it is neither effectively promoted nor highly profitable for anyone. There are three possible mechanisms of action for CoQ10's effectiveness against cancer: 

(1) In its reduced form it is an antioxidant and protects against free radical damage. (12,13)
(2) It is intimately involved in synthesis of adenosine triphosphate (ATP), the basic energy molecule of every cell and thus in generation of 95 percent of the body energy. Karl Folkers and Cyril Bowers demonstrated in a series of papers in the Journal of Medicine in the 1970s, that oral CoQ10 administered to diabetic patients boosts their bio-energetics. It is the role of CoQ10 in bioenergetics (rather than its antioxidant activity) which make it so effective in health and survival.
(3) CoQ10 is a non-specific stimulant of the host defense system. (14) Blood levels of T lymphocytes increased when it was given with pyridoxine (vitamin B6) or alone; the ratio of T4/T8 T lympho-cytes also improved with or without B6. Contrast this with the energy loss and immune system weakening caused by conventional cancer therapies. It is widely accepted that if a large intake of a nutrient cures a disease, a moderate regular intake of the same nutrient may prevent that disease. 

From the above evidence and reasoning it follows that (1) Statin drugs could cause cancer in humans when used for decades, by lowering body Coenzyme Q10;(15) (2) Intake of CoQ10 at 50 to 100 mg/day could protect millions against cardiac conditions and cancers. For best results, the supplement needs to be accompanied by substantial quantities of the other members of the antioxidant team in a well-rounded, above RDA program of nutrient supplementation. Also necessary is a diet including moderate quantities of baked or boiled red meat and heavy in fresh, raw or lightly steamed vegetables. (3) High dose CoQ10 may defeat many cancers and their metastases without adverse side effects in humans as well as rats. 

Joseph G. Hattersley 
7031 Glen Terra Court S.E. Olympia, WA 
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COENZYME Q10
Coenzyme Q10 belongs to a family of compounds known as ubiquinones. All animals, including humans, can synthesize ubiquinones, so coenzyme Q10 cannot be considered a vitamin (1). The name ubiquinone refers to the ubiquitous presence of these compounds in living organisms and their chemical structure, which contains a functional group known as a benzoquinone. Ubiquinones are fat-soluble molecules with anywhere from 1 to 12 isoprene (5-carbon) units. The ubiquinone found in humans, ubidecaquinone or coenzyme Q10, has a "tail" of 10 isoprene units (a total of 50 carbons) attached to its benzoquinone "head" (diagram) (2).

FUNCTION
Coenzyme Q is highly soluble in lipids (fats) and is found in virtually all cell membranes, as well as lipoproteins (2). The ability of the benzoquinone head group of coenzyme Q to accept and donate electrons is a critical feature in its physiological functions. Coenzyme Q can exist in three oxidation states (diagram): 1) the fully reduced ubiquinol form (CoQH2), 2) the radical semiquinone intermediate (CoQH·), and 3) the fully oxidized ubiquinone form (CoQ).

Mitochondrial ATP synthesis
The conversion of energy from carbohydrates and fats to adenosine triposphate (ATP), the form of energy used by cells, requires the presence of coenzyme Q in the inner mitochondrial membrane. As part of the mitochondrial electron transport chain, coenzyme Q accepts electrons from reducing equivalents generated during fatty acid and glucose metabolism and transfers them to electron acceptors. At the same time, coenzyme Q transfers protons outside the inner mitochondrial membrane, creating a proton gradient across that membrane. The energy released when the protons flow back into the mitochondrial interior is used to form ATP (2). 

Lysosomal function
Lysosomes are organelles within cells that are specialized for the digestion of cellular debris. The digestive enzymes within lysosomes function optimally at an acid pH, meaning they require a permanent supply of protons. The lysosomal membranes that separate those digestive enzymes from the rest of the cell contain relatively high concentrations of coenzyme Q. Recent research suggests that coenzyme Q plays an important role in the transport of protons across lysosomal membranes to maintain the optimal pH for cellular recycling (2, 3). 

Antioxidant functions
In its reduced form, CoQH2 is an effective fat-soluble antioxidant. The presence of a significant amount of CoQH2 in cell membranes, along with enzymes that are capable of reducing oxidized CoQ back to CoQH2, supports the idea that CoQH2 is an important cellular antioxidant (2). CoQH2 has been found to inhibit lipid peroxidation when cell membranes and low-density lipoproteins (LDL) are exposed to oxidizing conditions outside the body (ex vivo). When LDL is oxidized ex vivo, CoQH2 is the first antioxidant consumed. Moreover, the formation of oxidized lipids and the consumption of -tocopherol (vitamin E) are suppressed while CoQH2 is present (4). In isolated mitochondria, coenzyme Q can protect membrane proteins and DNA from oxidative damage that accompanies lipid peroxidation (1). In addition to neutralizing free radicals directly, CoQH2 is capable of regenerating -tocopherol. 

Nutrient Interactions 
Vitamin E: -Tocopherol and coenzyme Q are the principal fat-soluble antioxidants in membranes and lipoproteins. When -tocopherol (-TOH) neutralizes a free radical, such as a lipid hydroperoxyl radical (LOO·), it becomes oxidized itself, forming the -tocopheroxyl radical (-TO·), which can promote the oxidation of lipoproteins under certain conditions in the test tube. When the reduced form of coenzyme Q (CoQH2) reacts with -TO·, -TOH is regenerated and the semiquinone radical (CoQH·) is formed. It is possible for CoQH· to react with oxygen (O2) to produce superoxide (O2·-), which is a much less oxidizing radical than LOO·. However, CoQH· can also reduce -TO· back to -TOH, resulting in the formation of fully oxidized coenzyme Q (CoQ), which does not react with O2 to form O2·- (See Reaction Scheme) (4, 5).

Vitamin B6: The first step in coenzyme Q10 biosynthesis (the conversion of tyrosine to 4-hydroxyphenylpyruvic acid) requires vitamin B6 in the form of pyridoxal 5'-phospate. Thus, adequate vitamin B6 is essential for coenzyme Q biosynthesis. A pilot study in 29 patients and healthy volunteers found significant positive correlations between blood levels of coenzyme Q10 and measures of vitamin B6 nutritional status (6). However, further research is required to determine the clinical significance of this association.

SOURCES
Biosynthesis
Coenzyme Q10 is synthesized in most human tissues. The biosynthesis of coenzyme Q10 involves three major steps: 1) synthesis of the benzoquinone structure from the amino acids, tyrosine or phenylalanine, 2) synthesis of the isoprene side chain from acetyl-coenzyme A (CoA) via the mevalonate pathway, and 3) the joining or condensation of these two structures. The enzyme hydroxymethylglutaryl (HMG)-CoA reductase plays a critical role in the regulation of coenzyme Q10 synthesis as well as the regulation of cholesterol synthesis (1, 7).

Food Sources
Based on food frequency studies the average dietary intake of coenzyme Q10 in Denmark was estimated to be 3-5 mg/d (7, 8). Most people probably have a dietary intake of less than 10 mg/d of coenzyme Q10. Rich sources of dietary coenzyme Q10 include mainly meat, poultry, and fish. Other relatively rich sources include soybean and canola oils, and nuts. Fruits, vegetables, eggs, and dairy products are moderate sources of coenzyme Q10. Approximately 14-32% of coenzyme Q10 was lost during frying, but the coenzyme Q10 content of vegetables and eggs did not change when boiled. Some relatively rich dietary sources and their coenzyme Q10 content in milligrams (mg) are listed in the table below (9-11).

	Food
	Serving
	Coenzyme Q10 (mg)

	Beef, fried 
	3 ounces* 
	2.6 

	Herring, marinated 
	3 ounces 
	2.3 

	Chicken, fried 
	3 ounces 
	1.4 

	Soybean oil 
	1 tablespoon 
	1.3 

	Canola oil 
	1 tablespoon 
	1.0 

	Rainbow trout, steamed 
	3 ounces 
	0.9 

	Peanuts, roasted 
	1 ounce 
	0.8 

	Sesame seeds, roasted 
	1 ounce 
	0.7 

	Pistachio nuts, roasted 
	1 ounce 
	0.6 

	Broccoli, boiled 
	1/2 cup, chopped 
	0.5 

	Cauliflower, boiled 
	1/2 cup, chopped 
	0.4 

	Orange 
	1 medium 
	0.3 

	Strawberries 
	1/2 cup 
	0.1 

	Egg, boiled 
	1 medium 
	0.1


*A 3-ounce serving of meat or fish is about the size of a deck of cards.

Supplements
Coenzyme Q10 is available without a prescription as a dietary supplement in the U.S. Supplemental doses for adults range from 30-60 mg/d, although this is considerably higher than normal dietary coenzyme Q10 intake. Therapeutic doses for adults generally range from 100-300 mg/d, although doses as high as 1200 mg/d have been used to treat early Parkinson's disease under medical supervision (12). Absorption decreases as the dose increases, and is likely less than 10% in humans. Coenzyme Q10 is fat-soluble and is best absorbed with fats in a meal. Doses higher than 100 mg/d are generally divided into two or three doses throughout the day (8, 13). 

Does oral coenzyme Q10 supplementation increase tissue levels? Oral supplementation with coenzyme Q10 is known to increase plasma and lipoprotein concentrations of coenzyme Q10 in humans (2, 14). However, it is not clear whether oral supplementation increases coenzyme Q10 concentrations in other tissues of individuals with normal endogenous coenzyme Q10 synthesis. Oral coenzyme Q10 supplementation of young healthy animals has not generally resulted in increased tissue concentrations, other than in the liver, spleen, and blood vessels (15, 16). Supplementation of healthy men with 120 mg/d for 3 weeks did not increase muscle concentrations of coenzyme Q10 (17). However, supplementation may increase coenzyme Q10 levels in tissues that are deficient. For example, oral supplementation of aged rats increased brain coenzyme Q10 concentrations (18), and a study of 24 older adults supplemented with 300 mg/d of coenzyme Q10 or placebo for at least 7 days prior to cardiac surgery found that the coenzyme Q10 content of atrial tissue was significantly increased in those taking coenzyme Q10, especially in those over 70 years of age (19). Clearly, this is an area of research that requires further investigation.

DEFICIENCY
No coenzyme Q10 deficiency symptoms have been reported in the general population, so it is generally assumed that normal biosynthesis and a varied diet provides sufficient coenzyme Q10 for healthy individuals (7). It has been estimated that dietary consumption contributes about 25% of plasma coenzyme Q10, but there are currently no specific dietary intake recommendations for coenzyme Q10 from the Food and Nutrition Board or other agencies (8). The extent to which dietary consumption contributes to tissue coenzyme Q levels is not clear. 

Genetic defects of coenzyme Q10 biosynthesis appear to be quite rare, since only four cases have been reported in the medical literature. Coenzyme Q10 levels have been found to decline gradually with age in a number of different tissues (1, 20), but it is unclear whether this age-associated decline constitutes a deficiency (see Disease Prevention). Decreased plasma levels of coenzyme Q10 have been observed in individuals with diabetes, cancer, and congestive heart failure (see Disease Treatment). Lipid lowering medications (statins) that inhibit the activity of HMG-CoA reductase, a critical enzyme in cholesterol and coenzyme Q10 synthesis, have been found to decrease plasma coenzyme Q10 levels (see Drug Interactions).

DISEASE PREVENTION
Aging
According to the free radical and mitochondrial theories of aging, oxidative damage of cell structures by reactive oxygen species (ROS) plays an important role in the functional declines that accompany aging (21). ROS are generated by mitochondria as a byproduct of ATP production. If not neutralized by antioxidants, ROS may damage mitochondria over time, causing them to function less efficiently and to generate more damaging ROS in a self-perpetuating cycle. Coenzyme Q10 plays an important role in mitochondrial ATP synthesis and functions as an antioxidant in mitochondrial membranes. Moreover, tissue levels of coenzyme Q10 have been reported to decline with age (20). One of the hallmarks of aging is a decline in energy metabolism in many tissues, especially liver, heart, and skeletal muscle. It has been proposed that age-associated declines in tissue coenzyme Q10 levels may play a role in this decline (22). Although one study in the 1970's found that weekly coenzyme Q10 injections increased the lifespan of mice, those results have not been replicated. In more recent studies, lifelong dietary supplementation with coenzyme Q10 did not increase the life spans of rats or mice (15). Presently, there is no scientific evidence that coenzyme Q10 supplementation prolongs life or prevents age-related functional declines in humans. 

Cardiovascular diseases
Oxidative modification of low-density lipoproteins (LDL) in artery walls is thought to represent an early event leading to the development of atherosclerosis. Reduced coenzyme Q10 (CoQH2) inhibits the oxidation of LDL in the test tube (in vitro) and works together with -tocopherol (-TOH) to inhibit LDL oxidation by reducing the -tocopheroxyl radical (-TO·) back to -TOH. In the absence of a coantioxidant such as CoQH2 (or vitamin C), -TOH can, under certain conditions, promote the oxidation of LDL in vitro (4). Supplementation with coenzyme Q10 increases the concentration of CoQH2 in human LDL (14). Studies in apolipoprotein E-deficient mice, an animal model of atherosclerosis, found that coenzyme Q10 supplementation significantly inhibited the formation of atherosclerotic lesions (23). Interestingly, cosupplementation of these mice with -tocopherol and coenzyme Q10 was more effective in inhibiting atherosclerosis than supplementation with either -tocopherol or coenzyme Q10 alone (24). Another important step in the development of atherosclerosis is the recruitment of immune cells known as monocytes into the blood vessel walls. This recruitment is dependent in part on monocyte expression of cell adhesion molecules (integrins). Supplementation of 10 healthy men and women with 200 mg/d of coenzyme Q10 for 10 weeks resulted in significant decreases in monocyte expression of integrins, suggesting another potential mechanism for the inhibition of atherosclerosis by coenzyme Q10 (25). Although coenzyme Q10 supplementation shows promise as an inhibitor of LDL oxidation and atherosclerosis, more research is needed to determine whether coenzyme Q10 supplementation can inhibit the development of atherosclerosis in humans.

DISEASE TREATMENT
Mitochondrial encephaloymopathies
Mitochondrial encephalomyopathies represent a diverse group of genetic disorders resulting from numerous inherited abnormalities in the function of the mitochondrial electron transport chain. Coenzyme Q10 supplementation has resulted in clinical and metabolic improvement in some patients with various types of mitochondrial encephalomyopathies (26). Neuromuscular and widespread tissue coenzyme Q10 deficiencies have been found in a very small subpopulation of individuals with mitochondrial encephalomyopathies (27, 28). In those rare individuals with genetic defects in coenzyme Q10 biosynthesis, coenzyme Q10 supplementation has resulted in substantial improvement (29). 

Cardiovascular diseases 
Congestive heart failure: Impairment of the heart's ability to pump enough blood for all of the body's needs is known as congestive heart failure. In coronary artery disease, the accumulation of atherosclerotic plaque in the coronary arteries may prevent parts of the heart muscle from getting adequate circulation, ultimately resulting in damage and impaired pumping ability. Myocardial infarction (MI) may also damage the heart muscle, resulting in the development of heart failure. Because physical exercise increases the demand on the weakened heart, measures of exercise tolerance are frequently used to monitor the severity of heart failure. Echocardiography is also used to determine the left ventricular ejection fraction, an objective measure of the heart's pumping ability (30). The finding that myocardial coenzyme Q10 levels were lower in patients with more severe heart failure than in those with milder heart failure led to a number of clinical trials of coenzyme Q10 supplementation in heart failure patients (31). A number of small intervention trials have demonstrated improvement in some measure of cardiac function when congestive heart failure patients were supplemented with 100-200 mg of coenzyme Q10 daily for 1-3 months in addition to conventional medical therapy (32). However, two of the most recent placebo-controlled trials found that the addition of 100-200 mg/d of oral coenzyme Q10 supplementation to conventional medical therapy did not result in significant improvements in left ventricular ejection fraction or exercise performance in heart failure patients (33, 34). Although there is some evidence that coenzyme Q10 supplementation may be of benefit, large well-designed intervention trials are needed to determine whether coenzyme Q10 supplementation has value as an adjunct to conventional medical therapy in the treatment of congestive heart failure.  

Myocardial infarction and cardiac surgery: The heart muscle may become oxygen-deprived (ischemic) as the result of myocardial infarction (MI) or during cardiac surgery. Increased generation of ROS when the heart muscle's oxygen supply is restored (reperfusion) is thought to be an important contributor to myocardial damage occurring during ischemia-reperfusion. Pretreatment of animals with coenzyme Q10 has been found to decrease myocardial damage due to ischemia-reperfusion (35, 36). Another potential source of ischemia-reperfusion injury is aortic clamping during some types of cardiac surgery, such as coronary artery bypass graft (CABG) surgery. Three out of 4 placebo-controlled trials found that coenzyme Q10 pretreatment (60-300 mg/d 7-14 days prior to surgery) provided some benefit in short-term outcome measures after CABG surgery (19, 37). In the placebo-controlled trial that did not find preoperative coenzyme Q10 supplementation to be of benefit, patients were treated with 600 mg of coenzyme Q10 twelve hours prior to surgery (38), suggesting that preoperative coenzyme Q10 treatment may need to commence at least one week prior to CABG surgery in order to realize any benefit. Although the results are promising, these trials have included relatively few people and have only examined outcomes shortly after CABG surgery. 

Angina pectoris: Myocardial ischemia may also lead to chest pain known as angina pectoris. People with angina pectoris often experience symptoms when the demand for oxygen exceeds the capacity of the coronary circulation to deliver it to the heart muscle, e.g., during exercise. Five small placebo-controlled studies have examined the effects of oral coenzyme Q10 supplementation (60-600 mg/d) in addition to conventional medical therapy in patients with chronic stable angina (32). In most of the studies, coenzyme Q10 supplementation improved exercise tolerance and reduced or delayed electorcardiographic changes associated with myocardial ischemia compared to placebo. However, only two of the studies found that symptom frequency and nitroglycerin consumption decreased significantly with coenzyme Q10 supplementation. Presently, there is only limited evidence suggesting that coenzyme Q10 supplementation would be a useful adjunct to conventional angina therapy. 

Hypertension: The results of several small, uncontrolled studies in humans suggest that coenzyme Q10 supplementation could be beneficial in the treatment of hypertension (37). More recently, two short-term placebo-controlled trials found that coenzyme Q10 supplementation resulted in moderate blood pressure decreases in hypertensive individuals. The addition of 120 mg/d of coenzyme Q10 to conventional medical therapy for 8 weeks in patients with hypertension and coronary artery disease decreased systolic blood pressure by an average of 12 mm Hg and diastolic blood pressure by an average of 6 mm Hg compared to a placebo containing B-complex vitamins (39). In patients with isolated systolic hypertension, supplementation with 120 mg/d of coenzyme Q10 and 300 IU/day of vitamin E for 12 weeks resulted in an average decrease of 17 mm Hg in systolic blood pressure compared with 300 IU/day of vitamin E alone (40). Further research is needed to determine whether coenzyme Q10 supplementation can provide significant long-term benefit in the treatment of hypertension.

Vascular endothelial function (blood vessel dilation): Normal function of the inner lining of blood vessels, known as the vascular endothelium, plays an important role in preventing cardiovascular diseases (41). Atherosclerosis impairs vascular endothelial function, compromising the ability of blood vessels to relax (vasodilate). Endothelium-dependent vasodilation is known to be impaired in individuals with elevated serum cholesterol levels, coronary artery disease, and diabetes. One placebo-controlled trial found that supplementation with coenzyme Q10 (200 mg/d) for 12 weeks improved endothelium-dependent vasodilation in diabetic patients with abnormal serum lipid profiles, although it did not restore vasodilation to levels seen in nondiabetic individuals (42). However, in a study of individuals with high serum cholesterol levels who were otherwise healthy, supplementation with 150 mg/d did not affect endothelium-dependent vasodilation (43).  

Diabetes mellitus 
Diabetes mellitus is a condition of increased oxidative stress and impaired energy metabolism. Plasma levels of reduced coenzyme Q10 (CoQH2) have been found to be lower in diabetic patients than healthy controls when normalized to plasma cholesterol levels (44). However, supplementation with 100 mg/d of coenzyme Q10 for 3 months neither improved glycemic (blood glucose) control nor decreased insulin requirements in Type 1 (insulin-dependent) diabetics compared to placebo (45). Similarly, 200 mg/d of coenzyme Q10 supplementation for 6 months did not improve glycemic control or serum lipid profiles in Type 2 (non-insulin dependent) diabetics (46). Since coenzyme Q10 supplementation did not interfere with glycemic control in either study, the authors of both studies concluded that coenzyme Q10 supplements could be used safely in diabetic patients as adjunct therapy for cardiovascular diseases. 

Maternally inherited diabetes mellitus and deafness (MIDD) is the result of a mutation in mitochondrial DNA, which is inherited exclusively from one's mother. Although mitochondrial diabetes accounts for less than 1% of all diabetes, there is some evidence that long-term coenzyme Q10 supplementation (150 mg/d) may improve insulin secretion and prevent progressive hearing loss in these patients (47, 48). 

Neurodegenerative diseases 
Parkinson's disease: Parkinson's disease is a degenerative neurological disorder characterized by tremors, muscular rigidity, and slow movements. It is estimated to affect approximately 1% of Americans over the age of 65. Although the causes of Parkinson's disease are not all known, decreased activity of complex I of the mitochondrial electron transport chain and increased oxidative stress in a part of the brain called the substantia nigra are thought to play a role. Coenzyme Q10 is the electron acceptor for complex I as well as an antioxidant, and decreased ratios of reduced to oxidized coenzyme Q10 have been found in platelets of individuals with Parkinson's disease (49, 50). A 16-month randomized placebo-controlled trial evaluated the safety and efficacy of 300, 600, or 1200 mg/d of coenzyme Q10 in 80 people with early Parkinson's disease (12). Coenzyme Q10 supplementation was well tolerated at all doses and associated with slower deterioration of function in Parkinson's disease patients compared to placebo. However, the difference was statistically significant only in the group taking 1200 mg/d. Although these preliminary findings are promising, they need to be confirmed in larger clinical trials before recommending the use of coenzyme Q10 in early Parkinson's disease.  

Huntington's disease: Huntington's disease is an inherited neurodegenerative disorder characterized by selective degeneration of nerve cells known as striatal spiny neurons. Symptoms, such as movement disorders and impaired cognitive function, typically develop in the fourth decade of life and progressively deteriorate over time. Animal models indicate that impaired mitochondrial function and glutamate-mediated neurotoxicity may play roles in the pathology of Huntington's disease. Coenzyme Q10 supplementation has been found to decrease brain lesion size in animal models of Huntington's disease and to decrease brain lactate levels in Huntington's disease patients (51, 52). However, feeding transgenic mice that express the Huntington's disease protein a combination of coenzyme Q10 and remacemide resulted in only transiently improved motor performance and did not prolong survival (53). Remacemide is an antagonist of the neuronal receptor that is activated by glutamate. A 30-month randomized placebo-controlled trial of coenzyme Q10 (600 mg/d), remacemide, or both in 347 patients with early Huntington's disease found that neither coenzyme Q10 nor remacemide significantly altered the decline in total functional capacity, although coenzyme Q10 supplementation (with or without remacemide) resulted in a nonsignificant 13% decrease in the decline (54). Currently, there is insufficient evidence to support a recommendation for coenzyme Q10 supplementation in early Huntington's disease.

Cancer
Interest in coenzyme Q10 as a potential therapeutic agent in cancer was stimulated by an observational study that found that individuals with lung, pancreas, and especially breast cancer were more likely to have low plasma coenzyme Q10 levels than healthy controls (55). Although a few case reports and an uncontrolled trial suggest that coenzyme Q10 supplementation may be beneficial as an adjunct to conventional therapy for breast cancer (56), the lack of controlled clinical trials makes it impossible to determine the effects, if any, of coenzyme Q10 supplementation in cancer patients.

PERFORMANCE
Athletic performance
Although coenzyme Q10 supplementation has improved exercise tolerance in some individuals with mitochondrial encephalomyopathies (see Deficiency) (26), there is little evidence that it improves athletic performance in healthy individuals. At least 7 placebo-controlled trials have examined the effects of 100-150 mg/d of coenzyme Q10 supplementation for 3-8 weeks on physical performance in trained and untrained men. Most found no significant differences between groups taking coenzyme Q10 and groups taking placebos with respect to measures of aerobic exercise performance, such as maximal oxygen consumption (VO2 max) and exercise time to exhaustion (57-61). One study found the maximal cycling workload to be slightly (4%) increased after 8 weeks of coenzyme Q10 supplementation compared to placebo, although measures of aerobic power were not increased (62). Two studies actually found significantly greater improvement in measures of anaerobic (60) and aerobic (61) exercise performance after supplementation with a placebo compared to coenzyme Q10. Studies on the effect of supplementation on physical performance in women are lacking, but there is little reason to suspect a gender difference in the response to coenzyme Q10 supplementation.

SAFETY
Toxicity 

There have been no reports of significant adverse side effects with oral coenzyme Q10 supplementation at doses as high as 1200 mg/d for up to 16 months (12) and up to 600 mg/d for 30 months (54). Some people have experienced gastrointestinal symptoms, such as nausea, diarrhea, appetite suppression, heartburn, and abdominal discomfort. These adverse effects may be minimized if daily doses higher than 100 mg are divided into two or three daily doses. Because controlled safety studies in pregnant and lactating women are not available, the use of coenzyme Q10 supplements by pregnant or breastfeeding women should be avoided (13, 63).

Drug Interactions
Warfarin: Concomitant use of warfarin (Coumadin) and coenzyme Q10 supplements has been reported to decrease the anticoagulant effect of warfarin in at least 4 cases (64). An individual on warfarin should not begin taking coenzyme Q10 supplements without consulting the health care provider that is managing his or her anticoagulant therapy. If warfarin and coenzyme Q10 are to be used concomitantly, blood tests to assess clotting time (prothrombin time; PT/INR) should be monitored frequently, especially in the first two weeks.  

HMG-CoA reductase inhibitors (statins): HMG-CoA reductase is an enzyme that plays a critical role in the regulation of cholesterol synthesis as well as coenzyme Q10 synthesis, although it is now recognized that there are additional rate-limiting steps in the biosynthesis of cholesterol and coenzyme Q10. HMG-CoA reductase inhibitors, also known as statins, are widely used cholesterol-lowering medications that may also decrease the endogenous synthesis of coenzyme Q10. A number of studies have observed decreases in plasma or serum coenzyme Q10 levels in people on HMG-CoA reductase inhibitor therapy, especially those taking simvastatin (Zocor) (65-67). In contrast to most earlier studies, a randomized cross-over trial in healthy individuals found no significant changes in serum coenzyme Q10 levels after 4 weeks of pravastatin (Pravachol) and atorvastatin (Lipitor) therapy despite significant decreases in total and LDL-cholesterol levels on both medications. In rats, high doses of lovastatin for 4 weeks decreased blood, liver, and heart concentrations of coenzyme Q (68). However, it is not clear whether HMG-CoA reductase inhibitor therapy decreases tissue coenzyme Q10 concentrations in humans. Although simvastatin treatment for 6 months lowered serum coenzyme Q10 levels in patients with high serum cholesterol, skeletal muscle concentrations of coenzyme Q10 were not decreased compared to baseline or healthy controls (69). At present, more controlled research is needed to determine whether coenzyme Q10 supplementation is beneficial for those taking HMG-CoA reductase inhibitors.

SUMMARY
· Coenzyme Q10 is a fat-soluble compound primarily synthesized by the body and also consumed in the diet. 

· Coenzyme Q10 is required for mitochondrial ATP synthesis and functions as an antioxidant in cell membranes and lipoproteins.  

· Endogenous synthesis and dietary intake appear to provide sufficient coenzyme Q10 to prevent deficiency in healthy people. 

· Oral supplementation of coenzyme Q10 increases plasma, lipoprotein, and blood vessel levels, but it is unclear whether tissue coenzyme Q10 levels are increased, especially in healthy individuals. 

· Coenzyme Q10 supplementation has resulted in clinical and metabolic improvement in some patients with hereditary mitochondrial disorders. 

· Although coenzyme Q10 supplementation may be a useful adjunct to conventional medical therapy for congestive heart failure, additional research is needed. 

· Roles for coenzyme Q10 supplementation in other cardiovascular diseases, neurodegenerative diseases, cancer, and diabetes require further research. 

· Coenzyme Q10 supplementation does not appear to improve athletic performance. 

· Although coenzyme Q10 supplements are relatively safe, they may decrease the anticoagulant efficacy of warfarin (Coumadin). 

· Presently, it is unclear whether individuals taking HMG-CoA reductase inhibitors (statins) would benefit from coenzyme Q10 supplementation.  

Synthesis:

Human cells synthesize CoQ10 from the amino acid tyrosine, in an eight-step aromatic pathway, requiring adequate levels of vitamins such as folic acid, niacin, riboflavin, and pyridoxine.5 A deficiency in any of these nutrients would result in a deficiency in CoQ10.

Pharmacokinetics

CoQ10 is absorbed slowly. Peak plasma levels are attained within 5–10 hours following oral administration. Absorption is dependent on the presence of fat in the gastrointestinal tract. After absorption, CoQ10 is initially sequestered by chylomicrons and then distributed to the liver to be incorporated into very low density lipoproteins (VLDL). The metabolic fate of CoQ10 has not been fully elucidated. The elimination half-life of the parent compound is approximately 34 hours; excretion is primarily through the biliary tract and over 60% of the oral dose is recovered in the feces.4

Mechanism of Action

Electron Transport Chain to Produce ATP: CoQ10, found in the inner mitochondrial membrane, is the cofactor for at least three mitochondrial enzymes (complexes I, II and III) that play a vital role in oxidative phosphorylation. It functions as the only non-protein component of the electron transport chain (ETC) in addition to not being attached to a protein itself. This unique characteristic enables CoQ10 to move and transfer electrons between flavoproteins and cytochromes. Each pair of electrons processed by the ETC must first interact with CoQ10, which is considered the central rate-limiting constituent of the mitochondrial respiratory chain. Therefore, CoQ10 plays an essential role in adenosine triphosphate (ATP), or biological energy, production.6-8

Antioxidant: In addition to serving as an electron and proton carrier in the mitochondrial respiratory chain, CoQ10 also functions as an antioxidant.9,10 It acts to inhibit lipid and protein peroxidation and scavenges free radicals. CoQ10 constantly undergoes oxidation-reduction recycling.11 The reduced form readily gives up electrons to neutralize oxidants and displays its strongest antioxidant activity.12,13 Some investigators have documented that CoQ10 prevents lipid peroxidation at nearly the same rate as vitamin E.14Other investigators have found CoQ10 to be more efficient in preventing LDL oxidation than vitamin E, lycopene, or ß-carotene.15 In addition, CoQ10 can work synergistically with vitamin E, regenerating its active form, tocopherol, in the same synergistic mechanism as with vitamin C. CoQ10 is the only known naturally occurring lipid-soluble antioxidant that can be regenerated to its active form in the body.

Membrane Stabilization and Fluidity: The membrane stabilizing property of CoQ10 has been postulated to involve the phospholipid-protein interaction that increases prostaglandin (especially prostacyclin) metabolism. It is thought that CoQ10 stabilizes myocardial calcium-dependent ion channels and prevents the depletion of metabolites essential for ATP synthesis.4 CoQ10 also decreases blood viscosity, and improves blood flow to cardiac muscle in patients with ischemic heart disease.16

Overview of Clinical Uses

Research has documented an age-dependent decrease in CoQ10; peak serum concentrations occur at 19–21 years of age and drop 65% by age 80.17 Other factors leading to CoQ10 deficiency include inadequate dietary intake, environmental stress, strenuous exercise, and selected drugs. Deficiencies have also been reported in various disease processes, including congestive heart failure (CHF), cardiomyopathy, chronic obstructive pulmonary disease (COPD), acquired immunodeficiency syndrome (AIDS), cancer, hypertension, and periodontal disease.

Several clinical trials and case series have provided evidence, supporting the use of CoQ10 in the prevention and treatment of various disorders related to oxidative stress (TABLE 1). It has been shown that CoQ10’s antioxidant properties and central role in mitochondrial oxidative phosphorylation make it useful as adjunct therapy for cardiovascular diseases such as CHF, hypertension, stable angina, drug-induced cardiotoxicity, and ventricular arrhythmia, and non-cardiac conditions including cancer, periodontal disease, compromised immune systems, COPD, and muscular dystrophy. Therefore, healthcare professionals are advocating its use as a supplement.

Cardiovascular Studies

Congestive Heart Failure (CHF): Several open and controlled studies have examined the efficacy of CoQ10 as adjunctive therapy for treating CHF. The presence of increasing symptoms associated with CHF has been correlated to the severity of CoQ10 deficiency. In one study, the mean myocardial tissue level (µg/dry weight) of CoQ10 from endomyocardial biopsies obtained during catheterization in control subjects, New York Heart Association (NYHA) Class I with normal hemodynamic findings and normal biopsy morphology, were compared to that of NYHA Functional Class III or IV patients; these levels were reported as 0.42 and 0.28, respectively.18,19 The authors concluded that CoQ10 myocardial tissue levels in CHF patients are on average 33% lower than in control patients. The degree of CoQ10 deficiency correlated with the severity of symptoms and presence of dilated cardiomyopathy in NYHA Class III and IV patients. In addition, reported mean serum CoQ10 levels were 0.6 µg/mL and reached as low as 0.3 µg/mL in some patients.

	Table 1
Potential Clinical Uses for CoQ10

	Cardiovascular 
Disease 
	Arteriosclerosis/Ischemic
Heart Disease

Chronic Heart Failure 

Toxin-Induced
Cardiomyopathy

Hypertension
Arrhythmias

	Neurodegenerative Disease
	Neurogenic Atrophic
Disease

Muscular Dystrophy

	Cancer
	Breast

Lung

Prostate

Pancreatic

Colon

	Periodontal Disease
	Inflamed gingiva

	Immune Deficiency Disease
	AIDS


Baggio et al.22 studied the efficacy of CoQ10 as adjunctive therapy in an open, prospective, noncomparative, multicenter study of 2,359 evaluable patients with heart failure in NYHA Class II (n=1,715) or III (n=644) stabilized on conventional therapy. Patients received 50–150 mg/day of CoQ10. At the end of the three-month study period, the proportions of patients with improvements in clinical and functional assessment from baseline were documented. The results indicated improvements in cyanosis (78.1%), edema (78.6%), pulmonary rales (77.8%), hepatomegaly (49.3%), jugular reflux (71.8%), dyspnea (52.7%), palpitations (75.4%), sweating (79.8%), vertigo (73.1%), subjective arrhythmia (63.4%), insomnia (62.8%) and nocturia (53.6%). Fifty-four percent of patients had improvements of at least three symptoms. Moreover, 28.8% of patients entered as NYHA Class III improved in score to Class II and 89.7% of patients entered as NYHA Class II improved in score to Class I. The authors concluded that patients receiving CoQ10 improved functionally and that patients in NYHA Class II showed better improvement rates than did patients in NYHA Class III.

Cancer

Numerous studies have noted the incidence of CoQ10 deficiency in a variety of cancers including breast, lung, prostate, pancreatic and colon cancer.35-37 In an open-label study of 32 breast cancer patients with metastases to axillary lymph nodes, 90 mg./day of CoQ10 plus high-dose antioxidant therapy with vitamin C, vitamin E, beta carotene, selenium, and omega-3 and omega-6 fatty acids were given in addition to conventional surgery and chemotherapy. During the 18-month study period, none of the patients showed signs of further metastases and six of the 32 patients had partial tumor regression.38,39 Further research by these same investigators on three of these six patients, with doses of CoQ10 increased to 390 mg./day, documented remission throughout the 3–5 year study.4

Hypertension: The benefits of CoQ10 supplementation in hypertensive patients with deficiencies of succinate dehydrogenase CoQ10 reductase activity were investigated by Yamagami et al.26,27 The researchers proposed that improving bioenergetics by repleting CoQ10 deficiency states may reduce blood pressure. After repletion of CoQ10 stores, they reported an increase in the specific activity of CoQ10 with reductions in systolic and diastolic pressure in selected patients.

Other investigators studied the effects of CoQ10 supplementation on both untreated and treated hypertensive patients, reporting statistically significant reductions in systolic and diastolic pressure in the majority of patients. In a double-blind, placebo-controlled study involving 20 hypertensive subjects with low serum CoQ10 concentrations, Greenberg et al.4 reported significant reductions in diastolic and systolic blood pressure from the administration of CoQ10 in doses of 33.3 mg three times daily compared to placebo.

In a randomized, double-blind trial of hypertensive patients with coronary artery disease (CAD), the effects on blood pressure and insulin resistance of CoQ10 (60 mg twice daily) was compared to vitamin B complex.28 After an eight-week period, reductions were reported in the following indices: systolic and diastolic blood pressure; lipid peroxidase; fasting and 2-hour plasma insulin; blood glucose; and serum triglyceride levels. Moreover, an increase in high density lipoprotein (HDL)-cholesterol and vitamins A, C, and E, and beta carotene serum concentrations in the CoQ10 treated group were observed. However, an increase in vitamin C and beta carotene serum concentrations were the only changes seen in the vitamin B complex group.

In an open-label study, doses of CoQ10 to maintain a serum level >2.0 µg/mL were added to standard antihypertensive drug therapy in 109 symptomatic patients with essential hypertension. The average daily dose of CoQ10 was 225 mg. Gradual improvements in functional and clinical status were observed within the first six months necessitating a decrease in antihypertensive drug therapy. Fifty-one percent of the patients were able to use 1–3 fewer reduce antihypertensive drugs. Overall, NYHA functional class improved from a mean of 2.40 to 1.36 (p<0.001).29

In an uncontrolled study, the antihypertensive effects of CoQ10 in doses of 50 mg twice daily were studied in 26 patients with essential hypertension after a wash-out period following the discontinuation of all antihypertensive medications. After supplementation for 10 weeks, both diastolic and systolic blood pressure were significantly reduced (p<0.001) and serum CoQ10 concentrations were increased. In addition, serum total cholesterol decreased and serum HDL-cholesterol increased significantly.30 Although available human data suggest a possible adjunctive role of CoQ10 in essential hypertension, additional controlled studies are needed.

Myocardial Protection in Open Heart Surgery/ Arrhythmias: In a randomized, placebo-controlled trial, 40 patients undergoing elective coronary artery bypass graft (CABG) received either CoQ10 150 mg daily for seven days prior to surgery or a placebo. The serum concentrations of creatine kinase (CK) and malondialdehyde (MDA), post-operative markers of oxidative damage, in the treatment group were significantly lower than in the control group during the recovery period (p<0.05). In addition, there was a significantly lower incidence of ventricular arrhythmias as well as a lower mean dose of dopamine required to maintain stable hemodynamics in the treatment group.31

The myocardial protective effects of CoQ10 were evaluated in patients with low serum CoQ10 concentrations, low cardiac index (CI), and low left ventricular ejection fraction (LVEF) in a placebo-controlled trial by Judy et al.32 The CoQ10 treatment group received doses of 100 mg daily for 14 days prior to CABG surgery and 30 days after surgery. Presurgical CoQ10 supplementation increased both serum and myocardial CoQ10 concentrations during surgery and myocardial ATP. CI and LVEF were significantly improved (p <0.01) after cardiac cooling in the CoQ10 group compared to the placebo group. The recovery course was 3–5 days and uncomplicated in the CoQ10 group, and 15–30 days and complicated in the placebo-control group. The authors concluded that the administration of CoQ10 may improve surgical recovery and lessen the magnitude of surgical insult in heart surgery.

Investigation of the use of intravenous and intracoronary CoQ10 administration was conducted to evaluate the direct-scavenging, free-radical activity of CoQ10 in a controlled trial of 24 patients undergoing cardiac valve replacement. The myocardial protective effects of CoQ10 in 12 patients were compared against an equal number of control subjects. In the CoQ10 group, plasma MDA and cardiac isoenzyme CK (CK-MB) concentrations were significantly lower. Erythrocyte superoxide dismutase (SOD) activity indicative of hydroxyl radical scavenging was significantly higher in the CoQ10 group compared to controls. The authors concluded that CoQ10 plays a protective role during cardiac valve replacement by directly scavenging hydroxyl radicals, thus acting as an antioxidant and membrane stabilizer.3

Neurodegenerative Diseases

Research suggests a strong correlation between human myotonic dystrophic conditions and defects in mitochondrial functions, energy metabolism, and oxidative damage.48 In two double-blind, placebo-controlled trials in patients with progressive muscular dystrophy or neurogenic atrophic disease, treatment with CoQ10 in doses of 100 mg./day for three months was associated with improvements in cardiac output and stroke volume in addition to subjective improvements in exercise tolerance, leg pain, and fatigue

	Table 2
CoQ10 Recommended Intake

	Disease
	Usual Doses

	Cardiovascular

Chronic Heart Failure
Stable Angina
Hypertension
Cardiotoxicity
Cardiac Surgery/Arrhythmia 
	

100–200 mg.
150–200 mg.
100–200 mg.
50 mg.
100–200 mg. 

	Miscellaneous

Breast Cancer
Periodontal Disease
Immunocompromised
	

90–390 mg.
50 mg.
100 mg.
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	Also known as ubiquinone, CoQ10 is a vitamin-like substance similar to vitamin K. Isolated in its pure form in 1957, Scientist F.L. Crane and his research team concluded that CoQlO was able to add or remove oxygen from a biologically active molecule. This discovery was important because a lack of oxygen can produce a decline in cellular energy, while an overabundance will result in the formation of toxic elements. 

By maintaining healthy levels of CoQ10, the risk of cardiovascular disease, as well as a number of other degenerative conditions, may be significantly decreased or avoided. In addition to its energy-producing and antioxidant properties, CoQ10 reduces blood viscosity which allows it to flow more easily through the arteries and veins. The heart doesn't have to work as hard and clots which can cause heart attacks or strokes are less likely to form.
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