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Abstract 

A great number of foreign chemicals, or xenobiotics, are capable of causing illness and disease, either by direct toxicity or via toxic intermediates formed during the detoxication process. Adverse health effects of environmental toxins can range from acute toxicity and tissue damage to chronic immune dysfunction, neurological disturbances and cancer. 

Research indicates that dietary factors play an important role in the body's ability to detoxify chemicals and drugs. Nutritional status such as micronutrient deficiencies and macronutrient imbalances can all have a significant impact on detoxication pathways. 

Phase I and II Detoxication Pathways 

Fat-soluble toxins are readily absorbed but poorly excreted, and therefore tend to accumulate in the body. To enable excretion, fat-soluble (lipophilic) chemicals are converted to water soluble substances through enzymatic conversion, referred to as Phase I and Phase II detoxication reactions, which occur in the liver and other tissues. (See Figure 1) 

Phase I reactions are primarily "functionalization reactions", in which a functional group is added or exposed via oxidation, reduction or hydrolysis. Two enzyme systems are utilized for these reactions: the cytochrome P-450 monooxygenase system which is the predominant system, and the mixed-function amine oxidase system. Addition of a functional group allows the Phase I compound to undergo Phase II conjugation, although it may also be directly eliminated. 

Phase II pathways are conjugation or synthetic reactions. Conjugation confers increased water solubility and the ability to undergo significant ionization at physiologic pH via covalent bonding of the foreign compound or intermediate to an endogenous molecule. The major conjugation reactions are glucuronidation, glutathione conjugation, amino acid conjugation, sulfation, acetylation and methylation. 

These two pathways may proceed separately and independently leading to the excretion of the modified xenobiotic, or Phase I may produce an intermediate by adding or exposing a functional group which will then undergo Phase II conjugation. The Phase I intermediates can be highly reactive and are often more toxic than the parent compound. The enzymatic formation of an intermediate that is more toxic than the parent compound is referred to as bioactivation. 

Chemicals with pre-existing functional groups may be directly conjugated. Once conjugated, foreign compounds are able to employ existing transport systems utilized by endogenous conjugates, thus facilitating excretion. 

Due to the complexity of Phase I and II interactions and the bioactivation of toxic intermediates, imbalances between these two pathways can cause chemically-induced tissue injury. This can lead to the development of a wide range of chronic degenerative diseases, immune dysfunction and carcinogenesis as well as more subtle conditions such as chronic fatigue, dizziness, confusion, depression, allergies and environmentally induced illness.(1-4) 

Key Nutrients in Detoxication 

To support the integrated functioning of Phase I and II detoxication the body utilizes a wide range of antioxidants, conjugating agents and cofactors. These include glutathione, glutathione precursors, superoxide dismutase, catalase, glutamine, taurine, glycine, methionine, ornithine and certain vitamins and minerals. 

There is now an extensive body of literature indicating that diet plays a major modifying role in chemical carcinogenesis. Detoxication pathways are significantly affected by protein, carbohydrate, fat and micronutrient intake. Certain nutrient deficiencies, highly refined foods, and the presence of nitrates, hormones and preservatives tend to promote carcinogenesis whereas unrefined foods, adequate nutriture, complex carbohydrates, certain phytochemicals and cruciferous vegetables are protective. 

Nutrient deficiencies will most often slow detoxication pathways, although in some cases the reverse can occur. Nutrient deficiencies shown to slow cytochrome P-450 activity include B complex and vitamins C, A and E, calcium, copper, zinc and magnesium. Iron and thiamine deficiency have been shown to stimulate P-450 activity. (1-5) 

Glutathione and N-Acetylcysteine 

Glutathione (GSH) functions as a conjugating agent, cofactor and antioxidant. GSH plays a major role in conjugating reactive metabolites formed during cytochrome P-450 biotransformation. Electrophiles are deactivated by direct conjugation or via reactions catalyzed by glutathione-S-transferase, with glutathione acting as a cofactor. 

Glutathione is also the predominant antioxidant defense against toxic oxygen radicals such as hydrogen peroxide and superoxide. These toxic intermediates lead to further production of reactive oxygen species resulting in a cascade of lipid peroxidation and metabolic disruption. 

Depleted intracellular GSH is effectively restored by supplying oral GSH or GSH precursors. N-acetylcysteine (NAC) is a well established precursor of GSH and a proven antidote to acetaminophen toxicity. (1
Calcium D-Glucarate and Glucuronidation 

Of all the phase II conjugation pathways glucuronidation is quantitatively the most important.(1,20) However, beta glucuronidase, present in the intestine, can enzymatically cleave glucuronide conjugates causing the release and reabsorption of the glucuronide-bound toxin. Calcium D-glucarate, a naturally occurring nutrient, acts to inhibit beta glucuronidase, thus preventing reabsorption and promoting elimination of glucuronide associated xenobiotics. In animal models, oral administration of calcium D-glucarate has been shown to increase net glucuronidation and to result in a 50% inhibition of beta-glucuronidase for 5 hours. (16-20) 

Glucuronidation pathways not only rid the body of toxic xenobiotics but also some steroid hormones. In animal studies, calcium D-glucarate has been shown to significantly inhibit tumor formation due to chemical carcinogens and to reduce serum estradiol levels and breast tumor formation. In some of these studies calcium D-glucarate administration resulted in a 50-70% reduction of breast tumor formation, a 23% reduction in serum estradiol and over 50% reduction in 17-ketosteroids. Studies in humans and animals have shown that calcium D-glucarate is non-toxic and well tolerated. (16, 19) 

Selenium and Catalase 

In human cells, endogenously produced hydrogen peroxide is reduced by glutathione in the cytosol and catalase in the peroxisome. Reduction by GSH is selenium dependent, involving GSH peroxidase which utilizes selenium as a cofactor. In animal studies, selenium derivatives have been reported to decrease experimental tumor incidence. 

Epidemiological evidence correlates a decrease in human death rates with increasing selenium content of forage crops. The apparent antineoplastic effect of selenium is supported by experimental evidence in animal studies, and is attributed to the inhibition of peroxidative tissue damage. Selenium also serves as an antidote to arsenic, cadmium, mercury, copper and thallium toxicity. 

Glycine, Glutamine, Taurine and L-Ornithine-L-Aspartate 

Amino acid conjugation of xenobiotics utilizes glutamine, ornithine and glycine. In humans, glutamine is the primary conjugating agent. Glutamine plays a chief role in ammonia detoxication as well as being a conditionally essential nutrient in maintaining gut mucosal function. (1) 

Dicarboxylates such as aspartate have been shown to stimulate hepatic glutamine synthesis in patients with liver disease. In clinical trials, oral administration of L-ornithine-L-aspartate has been shown to reduce ammonia levels, improve mental status and reduce test times on NCT (number connection test) evaluation in patients with hepatic encephalopathy and associated hyperammonemia secondary to liver disease. (13) 

Bile acids are formed from the oxidative degradation of cholesterol. These potentially toxic acids are detoxified via enterohepatic conjugation with glycine or taurine prior to elimination. (1, 2) 

Vitamin B-1 

Thiamine deficiency affects in vitro hepatic microsomal metabolism of many compounds. Thiamine deficiency has been shown to strongly stimulate cytochrome P-450 induction and may therefore potentiate hepatoxicity caused by certain bioactivated intermediates. 

Vitamin B-2 

Riboflavin deficiency causes decreased production of FAD and FMN, coenzymes for NADPH cytochrome P-450 reductase. This ultimately leads to a decrease in total P-450 enzyme production and diminished monooxygenase activity. Like vitamins A, C and E, riboflavin appears to offer some protection against carcinogenesis. (1) 

Vitamin B-5 

Pantothenic acid is required for the synthesis of Coenzyme A. Treatment with pantothenic acid and carnitine has been reported to mitigate some of the adverse effects of valproate on ketogenesis and liver Coenzyme A metabolism, lending support to the theory that valproate toxicity occurs through CoA depletion. Treatment with carnitine alone was without effect, although carnitine plays an important role in the regulation of CoA synthesis. (14) 

Folic Acid 

Folic acid is an essential micronutrient found in many plant and animal tissues including green leafy vegetables, mushrooms, yeast and liver. Dietary deficiency is common in the United States and can be due to chronic alcoholism, poor dietary habits, impaired absorption and destruction of folate in foods due to cooking or processing. 

Folic Acid is a cofactor and methyl donor in Phase II conjugation pathways and is required for homocysteine elimination. Folate is a coenzyme in purine and pyrimidine nucleotide biosynthesis and other amino acid conversions such as histidine to glutamic acid. (1-4) 

Folic acid deficiency can result in hypomethylation of DNA and damage to both DNA and the p53 gene required for DNA repair. Recent studies suggest DNA hypomethylation is an early step in carcinogenesis. In human studies, patients with colorectal carcinoma were found to have significantly less DNA methylation of the mucosa than in healthy controls. Recent research in the field of cancer is now being directed at the mechanism of methylation dysregulation and its role in progressive carcinogenesis. (21-28) 

Vitamin C 

Vitamin C depletion has been shown to impair oxidative drug metabolism and to reduce activity of P-450 and associated enzymes in animal studies. Vitamin C prevents nitrosamine and nitrosamide formation, thus reducing or eliminating the risk of hepatic, intestinal, and respiratory carcinogenesis associated with these chemicals. (1-5) 

Vitamin A 

Vitamin A deficiency has been shown to decrease cytochrome P-450 enzyme activity in some studies. High vitamin A consumption has been shown to increase microsomal metabolism of aniline and 7-ethoxycoumarin. (5) 

Vitamin A has an inhibitory effect on chemical carcinogenesis especially in breast and bladder cancer. Low vitamin A intake is associated with an increased frequency of cervical and bladder cancer in humans. Vitamin A levels have been shown to affect the incidence of lung cancer in smokers and tobacco chewers. 

Vitamin E 

Vitamin E and selenium derivatives are cofactors in glutathione peroxidase activity. The protective effects of vitamin E however, appear to be due to its antioxidant properties in protecting membrane lipids from oxidative damage, rather than decreasing P-450 or NADPH-cytochrome P-450 reductase. Like vitamin C, vitamin E has been shown to prevent the formation of nitrosamine and nitrosamides. (1, 5) 

Iron 

Unlike the other nutrient deficiencies described above, iron deficiency actually increases P-450 enzyme activity in animals. In human studies correction of iron deficiency associated with hookworm infestation prolonged antipyrine clearance. 

Although iron is an essential nutrient, it also has important toxicological effects. Chronic iron overload is a serious consequence of excess dietary ingestion which can cause disturbances in liver function, diabetes mellitus, endocrine and cardiovascular disturbances, lipid peroxidation and membrane damage to mitochondria and other cellular organelles. (1, 5)  Ferrous fumerate or sulfate are diabolical, iron from beet root, greens and grapes is optimally utilized with no side effects.

Zinc 

Zinc is an essential nutrient and a cofactor in more than 70 metalloenzymes. Deficiency can have a broad range of severe consequences. Zinc is needed for the functioning of alcohol dehydrogenase, an enzyme involved in the conversion of alcohols to aldehydes in Phase I detoxication. (1, 15) 

Copper, Manganese and Molybdenum 

Copper is an integral component of superoxide dismutase, cytochrome oxidase and amine oxidases. Copper is required as a cofactor for catalase and peroxidase activity and for the utilization of iron. Manganese is a cofactor for enzyme reactions involving phosphorylation and cholesterol and fatty acid synthesis. Molybdenum is an essential cofactor for xanthine oxidase and aldehyde oxidase in Phase I detoxication. (1) 

Carbohydrates 

Simple carbohydrates such as sucrose and combinations of glucose and fructose have been shown to depress microsomal oxidation. Conversely, complex carbohydrates, such as pectin and cornstarch, greatly enhance both P-450 and oxidative activity. Diets high in glucose and sucrose may increase absorption of carcinogens thereby enhancing toxicity, whereas starches exert little to no effect on tumor induction. The risk of colon cancer in humans is associated with low-residue, highly digestible foods as opposed to the protective effects of diets high in roughage, starch and residues which increase stool bulk and dilute cancer promoters such as bile acids. (1) 

Protein 

Prolonged protein deficiency leads to decreases in Phase I and II detoxication pathways. Inadequate protein causes a reduction in Phase I clearance. This leads to diminished production of toxic intermediates but an increased potential for tissue accumulation of the parent compound, since it is not being metabolized. It has been noted however, that the toxic effects of most xenobiotics are due to the generation of activated intermediates rather than the parent compound. Protein deficiency tends to decrease Phase II conjugation reactions due in part to the decreased supply of available conjugating agents. (1-4) 

Research indicates that detoxification is decreased if inadequate calorie or protein intake is prolonged. If calorie intake is adequate however, then the addition or substitution of protein calories for fat or carbohydrate will not upregulate drug metabolism. (1, 5, 10) 

Fat 

Fats can act as promoters for the uptake of many chemical carcinogens. The omega-6 polyunsaturated oils appear to have the highest promoting potential, followed by saturated fats. Olive oil, a monounsaturated oil, has a neutral effect and omega-3 oils are protective[?]. (1) 

Cruciferous Vegetables 

Cruciferous vegetables such as broccoli, cauliflower, brussel sprouts and cabbage in the diet have been shown to markedly enhance Phase I pathways in animal studies. This is accounted for primarily by the presence of indoles, such as indole-3-carbinol and indole-3-acetonitrile, which induce monooxygenase activity within the hepatocytes. Cruciferous vegetables can enhance drug metabolism and clearance as well as reduce binding of carcinogens to DNA. (1, 5-9) 

Plant Flavonoids 

Plant flavonoids such as quercetin have been shown to diminish the mutagenicity of numerous carcinogens and are considered anti-carcinogenic.Although the exact mechanism by which dietary flavonoids affect xenobiotic metabolism has not been established, it is believed to occur through the modulation of cytochrome P-450 enzyme activation

Cancer and Maitaki Mushroom:

D-Fraction Maitake (Bio Beta Glucan Maitake) What makes Maitake D-fraction so important and how does it compares to other mushrooms? Studies done by Dr. Nanhr, a foremost authority on medicinal mushroom, have demonstrated its greater effectiveness compared to other mushrooms when taken orally, a very key point considering that oral use is the most commonly available form. D-fraction was shown to be over twice as effective in inhibiting tumors than Lenthinan or LEM. It has been studied and proven effective in stimulating the body's own defenses. Research has demonstrated that it simulates a variety of different immune cells including macrophages, NK-cells, Th, Tc and Tdh.
Maitake mushrooms (Grifola frondosa), may have medicinal benefits more potent than those of shiitake. This is because maitake's polysaccharides are beta-1,6-glucan with beta-1,3-glucan side chains, which result in a more complex branching structure. Since maitake is a newcomer in the medical field, U.S. studies are just being completed on what components are effective and how they work.6,7 The effects of maitake D-fraction on cancer were studied by Hiroaki Nanba, Ph.D., and colleagues from the department of microbial chemistry at Kobe Pharmaceutical University in Japan. An uncontrolled study on mice found maitake to be most effective in inhibiting cancer growth of the breast, lung, liver and prostate. Effectiveness ranged from 73.3 to 45.5 percent reductions in cancer growth. It was also somewhat effective in cases of leukemia (25 percent), stomach cancer (33.3 percent) and bone cancer (0 to 16 percent). Maitake was also effective when combined with chemotherapy (an added 4 to 13 percent benefit).8 In fact, maitake reduced the side effects of chemotherapy so it was better tolerated and more effective. This latter effect has been attributed to the fractions named X and ES found in the mycelia of the mushroom. Therefore, in cancer treatment, it was suggested a D-fraction concentrate be combined with mushroom mycelia. The D-fraction has been found to activate natural killer (NK) cells, macrophages and memory T cells. A second study by the same researchers showed T cells are responsible for maitake's ability to help the body resist cancer metastases. This is because memory T cells help the immune system remember the cells that promoted the original tumor and tag them for destruction before they can promote tumor growth in other parts of the body.9 Therefore, maitake is effective not only in reducing cancer tumors but also in preventing their recurrence. Maitake also activates several cytokines, which are proteins produced by white blood cells. The cytokines, namely interleukins 1 and 2 (IL-1 andIL-2), attach to T cell lymphocytes, helping them essentially clone themselves into an army of cells that attack tumor-promoting cells. 
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