Calcium
` D-Glucarate
Also indexed as: D-Glucarate, D-Glucaric Acid, Glucaric Acid

What does it do? Calcium D-glucarate is a natural substance used to inhibit an enzyme called beta-glucuronidase in the bacteria that reside in the gut. One of the key ways in which the body eliminates toxic chemicals as well as hormones like estrogen is by attaching glucuronic acid to them in the liver and then excreting this complex in the bile. Beta-glucuronidase is a bacterial enzyme that uncouples (breaks) the bond between the excreted compound and glucuronic acid. When beta-glucuronidase breaks the bond, the hormone or toxic chemical that is released is available to be reabsorbed into the body instead of being excreted. An elevated beta-glucuronidase activity is associated with an increased risk for various cancers, particularly hormone-dependent cancers like breast, prostate, and colon cancers.1
By taking calcium D-glucarate, the activity of beta-glucuronidase is inhibited.2 The body is then better able to get rid of various toxic chemicals and excess hormones that might stimulate tumor formation. Studies in animals have shown that supplementing with calcium D-glucarate prevents the development of experimentally induced cancers.3 4 5 6 In particular, since the growth of most breast cancers is stimulated by estrogen, researchers at M.D. Anderson Cancer Center, Memorial Sloan-Kettering Cancer Center, and other major cancer centers began conducting research with calcium D-glucarate for the prevention and treatment of breast cancer.7 8 Preliminary results in animal studies are encouraging; to date, there have been no human studies.
Where is it found? Calcium D-glucarate is available in capsules and tablets. Foods high in glucaric acid (a form of calcium D-glucarate) include apples, Brussels sprouts, broccoli, cabbage, and lettuce.9
Calcium D-glucarate has been used in connection with the following conditions (refer to the individual health concern for complete information):
	Ranking 
	Health Concerns 

	Other
	Cancer prevention 



Who is likely to be deficient?Calcium D-glucarate is not an essential nutrient, and thus no deficiency state exists.
How much is usually taken?Manufacturers of calcium D-glucarate recommend a daily intake of 200 to 400 mg. Higher amounts (400 to 1,200 mg per day) are typically recommended for individuals with existing cancer.

Caution: Cancer is a serious disease. Do not self-medicate with calcium D-glucarate or any other substance without informing your supervising physician. Although preliminary research with calcium D-glucarate is promising, its real value has not been sufficiently determined at this time.
Are there any side effects or interactions? No side effects have been reported with calcium D-glucarate. Although there are no known drug interactions, many drugs (especially hormones) are metabolized in the liver by binding to glucuronic acid. It is therefore possible that taking calcium D-glucarate could increase the elimination of certain drugs or hormones from the body, thereby reducing their effectiveness. If you are taking any prescription medication, please consult your physician or pharmacist before taking calcium D-glucarate.
At the time of this writing, no evidence of drug interactions with calcium D-glucarate was found in the medical literature.

Nutrition and Estrogen Metabolism 
     by: David G. Schwartz, M.D 

     Many nutritional factors influence how estrogens and other hormones act on the body tissues, how they are metabolized (broken down for excretion from the body), and how the metabolites (breakdown products) affect human health. 
     Dr. Douglas C. Hall, M.D. wrote an article in Applied Nutritional Science Reports, January 2001, entitled, “Nutritional Influences on Estrogen Metabolism,” in which he documents many of these nutritional influences on the very complex interplay of hormones.  He cites 81 references in this very thorough coverage of this topic, and I will attempt to summarize some of the most important areas.  This paper focuses mainly on estrogens.  This is not to say that other hormones like progesterone are not also important in modifying the results of estrogen effects on tissues. 
     It is well know that excessive estrogen exposure, both from inside and from outside the body, is one of the most prominent causes of breast cancer and many other health problems in men and women.  Estrogens (Estradiol, Estrone, and Estriol) and their metabolites affect a variety of tissues throughout the body in both men and women, and not just in the reproductive organs. 
     The estrogens are changed in molecular structure in the liver so they can be excreted through the bile, feces, and urine.  Dr. Hall details the numerous metabolic pathways of estrogens that result in a variety of end products.  Each one of these metabolites of estrogens has a different biological effect on the body tissues, some beneficial, and some not so beneficial. 
     In Phase I detoxification, estrone and estradiol can be transformed into 2-hydroxyestrone (2- OH), a safer metobolite with weaker estrogenic activity, or into 16 alpha hydroxyestrone (16 alpha-OH) and 4 hydroxy estrone (4-OH), both of which promote tissue proliferation, breast cancer, and estrogen dominance (imbalance with other hormones). 
     Phase II detoxification further modifies estrogen metabolites.  The 2-OH and 4-OH metabolites could be oxidized into quinines which can cause DNA damage and cancer, were it not for a methylation process which renders the (4-OH) less harmful and makes the (2OH), now 2 methoxyestrone, actually an inhibitor of breast cancer. 
     Vitamins A,E, &C, N-acetylcysteine, turmeric, green tea, lycopene, alpha lipoic acid, and flavinoids reduce the oxidation of the estrogen metabolites., and  Folic acid, Vitamins B2, B6, &B12, and Magnesium promote the methylation reactions.  The overall detoxification of estrogens in Phase I and Phase  II is promoted by turmeric and the aforementioned B-vitamins, flavinoids, and magnesium, and D-limonene, the oil in citrus fruits. 
     The other important Phase II reaction is glucuronidation, where glucuronic acid is conjugated, (attached) to the estrogen molecule to help it to pass through the bile and out the intestinal tract.  However, an enzyme in the intestinal tract, beta glucuronidase,  which is promoted by a high fat and meat diet, can split the glucuronic acid off the estrogen molecule, and allow the estrogen to re-enter the circulation and further increase estrogen activity in the body.  Things which inhibit beta glucuronidase are probiotics (acidophilus and bifidobacteria, found in yogurt and food supplements), high fiber, low fat foods,  and Calcium d-glucarate. 
     What are the hazards of too much estrogen?  One of the major areas of concern is that of carcinogens (promotion of cancer).  Epidemiological nd animan studies have identified estrogen exposure as a risk factor for cancer of breast endometrium, ovary, testis, prostate, and thyroid, increasing risk associated with increasing estrogen exposure.. 
     The 16 alpha-OH and the 4-OH metabolites are implicated in toxic effects on DNA and on altering gene expression toward proliferation of cells, while the 2-OH metabolite may inhibit cell proliferation and thus prevent cancer.  
     Dr. Hall cites a 5 year prospective study  ( Epidemiology, 2000; 11 (6) 635-40) of  10,786 women, which found that a high 2-OH:16 alpha-OH ratio predicted 40% lower incidence of breast cancer.  Two other studies also confirmed this relationship. 
     This 2-OH:16 alpha-OH ratio is decreased  by  pesticides, obesity, and certain drugs (including Tagamet)  This same ratio is increased by intake of cruciferous vegetables (cabbage, broccoli, cauliflower, etc.), Indole-3 carbinols (found in the cruciferous vegetables), soy products, flax seeds, and isoflavones from soy and kudzu. 
     Some sources of increased total extrogens are obesity, high insulin levels (Syndrome X), alcohol intake (even in moderation), oral contraceptives, hormone replacement therapy, and hormones from meat and mild products from agriculturally added hormones.  Environmental toxins can cause harm by mimicking estrogens.  Some of these are in pesticides, herbicides, plastics and plasticizers, and solvents. 
     Isoflavones, fiber, and the lignans in flaxseed can increase SHBG (sex hormone binding globulin), thus decreasing the amount of unbound or free circulating estrogens. 
     The isoflavones and lignans and Indole-3 carbinols also modify estrogen receptor activity to decrease some of the harmful effects of the already present estrogens on the cells and tissues. 
     Low Vitamin E levels are associated with elevated estrogen levels.  Too low dietary protein can result in decreased phase I detoxification of estrogens. 
     These are some of the nutritional factors that affect the metabolism of the estrogens, and there is much more yet to be discovered.  It is important to pay attention to them because we may be able to affect hormone balance with beneficial results, without always having to supplement with hormones or hormone – blocking drugs. 
     The research supporting Dr. Hall’s article is cited in 81 references, some of which include the New England Journal of  Medicine, the Lancet, the Journal of Endocrinology, Epidemiology, British Journal of Cancer, Cancer Research, Nutriton and Cancer, Journal of the National Cancer Institute, Gynecology and Oncology, International Journal of Cancer, Biochemistry and Pharmacology, and Carcinogenesis.
Calcium D-Glucarate 
Description:

Calcium-D-Glucarate helpa the body excrete excess levels of estradiol It is very effective nutrient for removing toxins, carcinogens, and excess steroid hormones. It is being studied effects for preventing lung, prostate, and breast cancers. 

Calcium D-Glucarate is the calcium salt if D-glucaric acid, a naturally occurring substance found in humans and in many plants. Calcium D- Glucarate has been shown to be an effective detoxifying agent through its effects on glucuronidation. Glucuronidation is quantitatively one of the most important Phase II conjugation pathways for the detoxication and excretion of xenobiotics, lipid soluble toxins, and steroid hormones. The final rate of elimination of toxic chemicals which undergo glucuronidation is measured not only by the rate of conjugation with glucuronic acid but also by the rate of de- glucuronidation by beta-glucuronidase. Beta-glucuronidase, coming largely from intestinal bacteria, cleaves the glucuronic acid from the glucuronide allowing the toxin or conjugated hormone to be reabsorbed by the ileal mucosa. Calcium D-Glucarate increase net glucuronidation by inhibiting beta-glucuronidase. In animal models, oral administration of calcium D-glucarate results in a 50% inhibition of beta-glucuronidase for 5 hours.

The effect of Calcium D-Glucarate on reducing serum estrogen levels may help to accounts for the results from a group of animal studies evaluating the effect of Calcium D-Glucarate on mammary cancer, where 50-70% reductions of tumor formation have been reported. In rats fed a calcium glucarate fortified diet, researchers found that serum estradiol levels were decreased by 23% and the urinary excretion of 17-ketosteroids were decreased by over 50%.

Stop Breast Cancer in Its Tracks
by
Sherry A. Rogers, MD
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In the early part of this decade, thousands of women in over 133 medical centers across the world participated in a five-year study to see if the chemotherapeutic agent tamoxifen (an anti-estrogen) could be used to prevent breast cancer. Many scientists quickly found that tamoxifen itself causes cancer, and innocent women on the program developed blindness and cancers. (British Medical Journal, March 28, 1992 and Science News, April 25, 1992, 144:266-7)
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Failed by pharmaceutical treatments such as tamoxifen, which was discovered to cause cancer, many women are seeking smarter solutions. Fortunately, there are many ways that people have beaten breast cancer other than taking carcinogenic chemotherapies. The most successful have been with diets high in phytochemicals.
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In addition to nutrients such as vitamins A and D and CoQ10, which have caused reversal and redifferentiation of cancer cells (making cancer cells become normal cells again) in some cases, an exciting new nutrient on the horizon is calcium D-glucarate (CDG). It has not only prevented breast cancer, but also reversed some cases.
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In one study, researchers used a group of rats in which 100% would normally develop breast cancer. But in those treated with CDG, only 56% developed cancers. Of the 56% that did develop cancer, there were 87.5% fewer tumors per animal than normal. In those that did get cancer, per every 10 tumors the animals would have gotten, they had less than one. (Isr J Med Sci, 1995;31:101-5)
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Scientists have studied CDG which is naturally made in the human body in cells, organ cultures, animals and humans. It appears to be non-toxic, and without side effects. CDG has also been used to treat other forms of cancer. There is also a synergism of benefit when CDG is coupled with another agent, like vitamin A, that is also known to inhibit cancer growth. (Eur J Cancer, 1992;28A(4/5):784-8 and Life Sciences, 1994;(54)18:1299-1303)
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CDG works by metabolizing an excess of estrogen in the body. Normally, estrogen is metabolized by the liver. Even though estrogen has many benefits, as with every hormone, there is an optimal level above which it can create problems. Estrogen is known to potentiate estrogen-sensitive tumors like breast tumors. The body gets rid of excess estrogen by passing it through the liver, where it hooks onto a conjugate called glucuronic acid and passes out with the stool. This is one way the body cleans house, and the process is called glucoronidation.
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Normally, the glucuronide conjugate passes from the liver into the bile, then into the gut where the body gets rid of it. Sometimes, there are high levels of a bad enzyme, called beta-glucuronidase, that rip the glucuronide conjugate off the estrogen. Then the estrogen is free to be reabsorbed back into the bloodstream where it originated. So the body actually wastes many nutrients in the process of detoxifying the estrogen, only for it to be reabsorbed. The net effect is that of losing detoxifying nutrients and having the excess cancer-promoting estrogen still floating freely. This is not desirable, especially if breast cancer is a risk. CDG inhibits or stops the glucuronidase from freeing the estrogen for reabsorption. (J National Cancer Inst, 1989;81:1820-3 and Bio Chem Pharmac, 1991;41 (10):1471-7)
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It is now possible to measure the amount of harmful beta-glucuronidase activity in an individuals body through a simple stool test that you can do at home once your doctor orders it.
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There are several things you can do to decrease your beta-glucuronidase activity. For example, diets low in meats promote intestinal flora that are low in this enzyme. Conversely, diets high in meat foster more of this bad enzyme.
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CDG supplementation can also reduce beta-glucuronidase activity. In addition to promoting the metabolism of estrogen, CDG promotes the metabolism of environmental cancer-potentiating chemicals. (Carcinogenesis, 1986;7(9):1463-6 and Res Comm Chem Pathol Pharmacol, Sept. 1986;33:25-32)
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Because CDG speeds the detoxification of hormones and chemicals, a potential side effect is that blood levels of drugs being taken could be lowered, and their reabsorption impaired. Therefore, if you depend on medications, ask your doctor what the function of beta-glucuronidase is in the bowel. If he gives you the correct answer, then he knows enough chemistry to guide you in factoring CDG in with your medications.
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The dosage would be three to four 500 mg capsules twice a day as a preventive, or if you have already had breast cancer, four to six 500-mg capsules twice a day. It appears that women with high risk of breast cancer would be wise not only to take antioxidants like vitamins A, C, and E, and CoQ10, but also to eat a diet rich in phytochemicals. Anyone who has already rallied against breast cancer may want to consider taking it for the rest of her life.

Sherry A. Rogers, MD
The Health Letter
Sand Key Publishing Company
Box 40101
Sarasota, Florida 
34242 USA
800-846-6687
813-346-2494
Fax 813-346-2548 

The Glucuronidase Factor 
One of the key ways in which the body gets rid of estrogen is via attaching glucuronic acid to the estrogen in the liver and then excreting this complex in the bile. Glucuronidase is a bacterial enzyme that uncouples (breaks) the bond between excreted estrogen and glucuronic acid. Not surprising is the finding that excess glucuronidase activity is associated with an increased cancer risk, particularly estrogen-dependent breast cancer. The activity of this enzyme is increased when the diet is high in fat and low in fiber. The level of glucuronidase activity may be one of the key underlying factors explaining why certain dietary factors cause breast cancer and why other dietary factors are preventive. 
The activity of glucuronidase be reduced by establishing a proper bacterial flora by eating a diet high in plant foods and supplementing the diet with the "friendly bacteria" Lactobacillus acidophilus and Bifidobacterium bifidum. Other dietary factors which can dramatically reduce the activity of this enzyme are the consumption of onion and garlic, and foods high in glucaric acid like apples, brussel sprouts, broccoli, cabbage, and lettuce. 
Glucaric acid in a pill form, calcium D-glucarate may turn out to be the "magic bullet" in the prevention of breast cancer, especially in women who have already battled breast cancer. Preliminary research is quite encouraging.5 Currently, women with a history of breast cancer are prescribed the drug tamoxifen. This drug is associated with numerous side effects and is quite controversial in its overall effectiveness. In contrast, calcium D-glucarate is completely safe and, if preliminary results hold true, more effective. Calcium D-glucarate is currently being investigated at the Memorial Sloan-Kettering Cancer Center in New York. It is just entering the health food market as well. 
Effect of Human Intestinal Bacteria 

On the Metabolism of Estrogen Hormones

Paul Faust, N.D.

Introduction

Estrogen hormones are modified to increase their water solubility by hydroxylation or conjugation in the liver and are excreted into bile for elimination. It has been observed that concentrations of steroids in the bile often exceed that of their precursors in the serum.1 A portion of the excreted hormones are reabsorbed just like bile acids, via the enterohepatic circulation. The reason for this is unknown, however, the circulating concentrations of hormones is determined in part, by the degree of reabsorption through the enterohepatic circulation. It has also been shown that bacteria present in the intestinal tract synthesize enzymes capable of metabolizing the modified steroid hormones excreted by the liver. 

Metabolism of Estrogen by Gut Flora

The large intestine houses a complex microbial ecosystem – estimated at more than 500 different strains of anaerobic bacteria, with numbers exceeding 1011/g of fecal contents.2 More than three decades ago, researchers first provided evidence that the intestinal flora of animals synthesized steroid metabolizing enzymes not present in tissues.3,4 Several hydrolytic steroid enzymes such as 16α-dehydroxylase and 21-dehydroxylase are synthesized exclusively by bacteria.5 In the ensuing years, β-glucuronidase was identified as an important bacterial enzyme capable of hydrolysis of estrogen glucuronic acid conjugates in bile such as estradiol-3-glucuronide. In addition, the activity of β-glucuronidase in the intestinal lumen has been shown to be a factor of the concentration and type of bacteria present.6 It has also been shown that multiple estrogen conversions can occur in the large bowel, which upon subsequent reabsorption would result in changes in the circulating concentrations of estrogens.7 

	Substrate
	Metabolites

	Estrone
	Estradiol, 17α estradiol

	Estradiol
	Estrone

	Estriol
	Estrone

	16α-hydroxyestrone
	Estriol, 16 epistriol, 17 epistriol


Lactobacillus Inhibition of β-Glucuronidase 

Investigators have found that Americans consuming a mixed "Western" diet had higher levels of fecal bacterial β-glucuronidase than did American vegetarians, American Seventh Day Adventists (vegetarian), and Japanese or Chinese people.8 Since it had been reported that cells of Lactobacillus have low levels of β-glucuronidase 9, it was suspected that the difference observed in these diets might be due to different concentrations of lactobacillus. 

Goldin and Gorbach subsequently demonstrated that feeding viable cultures of Lactobacillus acidophilus to rats consuming meat diets significantly lowered the activities of fecal β-glucuronidase.10 This led to them conducting a human intervention study in which Lactobacillus acidophilus supplements were given for 30 days to omnivores eating a "Western-type" diet, which resulted in treated β-glucuronidase levels comparable to vegans and lactovegetarians.11 They found that the mean levels of β-glucuronidase for omnivores decreased from a base-line value of 2.03 to a treated level of 1.11, which was comparable to baseline values for vegans (1.07) and lactovegetarians (0.93). 

In another human study, Goldin and Gorbach studied the effect of Lactobacillus acidophilus supplements compared to milk on the activity of fecal β-glucuronidase levels.12 They found that there was no effect on the enzyme activity during the period of milk ingestion, but during milk plus Lactobacillus ingestion (109 per day), there was a significant decline in enzyme activity (avg 1.94 to 1.12) in all subjects. They also determined that it required at least 10 days for the effect of the Lactobacillus to be evident, and that the effect lasted for at least 10 days after supplementation.

Goldin and Gorbach clearly demonstrated that oral administration of viable L. acidophilus of human origin causes an alteration in the metabolic activity of the intestinal microflora of healthy individuals; however, the L. acidophilus they used was a composition of two strains isolated from human feces. The strains were not related to the species commonly used in most commercial yogurt production (i.e., Lactobacillus bulgaricus, Streptococcus thermophilus, Lactobacillus lactis, and Lactobacillus casei). 

Commercial Yogurt Ineffective

This would prove to be an important distinction, because in a later human study, a commercial yogurt (Yoplait®) containing active Lactobacillus acidophilus cultures was shown to be ineffective at reducing fecal β-glucuronidase levels after 3 weeks of supplementation.13

Goldin and Gorbach realized that Lactobacillus from human origin was crucial to the health benefits they had observed so they named the strain they had been using Lactobacillus GG.14 To clarify this point, researchers showed in a double-blind, placebo-controlled study that 4 weeks supplementation of yogurt containing active cultures of Lactobacillus GG decreased fecal β-glucuronidase levels by 30% as compared to the same yogurt that had been pasteurized.15

Conclusion

It has been shown that conjugated estrogens are excreted in the bile for elimination, that they undergo conversion and deconjugation by enzymes (especially β-glucuronidase) secreted by intestinal bacteria, and that some of these estrogen metabolites are subsequently reabsorbed via enterohepatic circulation. It has also been shown supplementation of Lactobacillus acidophilus of human origin significantly reduces the fecal activity of β-glucuronidase.

Although it has not yet been confirmed clinically, these previous studies suggest that supplementation with Lactobacillus acidophilus of human origin can significantly effect the circulating levels and types of estrogen hormones. It is also interesting to note that a vegan or lactovegetarian diet might achieve the same therapeutic effect without Lactobacillus supplementation. This could have profound implications in the treatment of female endocrine conditions including breast and endometrial cancer, polycystic ovaries syndrome, dysmenorrhea, and menopause to name a few.

Glucuronidation

 

	Glucuronide: a glycoside that yields glucuronic acid upon hydrolysis.

Glucaronic acid: an acid, C6H10O7, formed by the oxidation of glucose, found combined with other products of metabolism in the blood and urine.

Glucuronidase (beta-glucuronidase): an enzyme that hydrolyzes a glucuronide, destroying glucuronidation, especially that which occurs widely (as in liver and spleen) and hydrolyzes the beta form of a glucuronide
 
Glucuronidation plays many roles in the body, not just that of binding estrogen, thus one may have low or normal levels of glucaronic acid along with low, normal or high levels of estrogen. The healthy body employs many different detoxification pathways, in the liver and elsewhere, of which glucuronidation is one. Glucuronidation removes several toxic and potentially toxic chemicals from our system, such as polycyclic aromatic hydrocarbons, steroid hormones, some nitrosamines, heterocyclic amines, some fungal toxins, and aromatic amines. It also removes "used" hormones, such as estrogen and T4, that are produced naturally by the body. This, glucuronidation represents a major means of converting most drugs, steroids, and many toxic and endogenous substances to metabolites that can then be excreted into the urine or bile.

The liver, spleen, and gut may be damaged or otherwise impaired by several means:

· Liver disease or disorder, such as hepatitis

· Drugs or toxic exposure disrupts phase 1 or phase 2 function

· Accidental ingestion of toxic substances (such as plants, poisons, drug overdose, mercury)

· Intentional ingestion of substances which overload detox pathways (such as nicotine, acetaminophen, NSAIDs, xenobiotics, therapeutic glycosides, etc. 

Many of these toxic and otherwise therapeutic substances (xenobiotics, drugs) disrupt the glucuronidation by impairing it, stopping it, or causing the binds to be rupture, separating the bound molecules from its inert transport. The toxins that are thus not removed by normal binding and excretion may settle elsewhere in the body, causing tumors and other signs of toxicity.

Glucuronidase is an enzyme that inhibits the glucuronidation process, breaking apart the bound toxins. Calcium D-glucarate (a calcium salt that is found in some plants, such as apples, grapefruit, broccoli and alfalfa) suppresses that enzyme, restoring this particular detoxification pathway.


Indicators of detoxification function 

Glucarate
Glucaric acid (glucarate) is the oxidation product of glucuronic acid. It is a by-product of the predominant liver Phase II detoxification reactions involving glucuronic acid conjugation and decreased glucarate is an indicator of reduced overall hepatic function. A great variety of drugs, food components and products of gut microbial metabolism are prepared for excretion by glucuronidation. Glucarate elevation is an indication of enzyme induction due to such potentially toxic exposures 39,40.The excretion of D-glucaric acid, a metabolite of the cytochrome P-450 pathway, is considered a marker of the viability of hepatocytes and is a useful clinical prognostic predictor in biliary atresia 41.

Any exposure that results in stimulation of hepatic P-450 activity will result in increased excretion of glucarate. Urinary D-glucaric acid, an index of hepatic enzyme activity, was elevated in pesticide-exposed groups 42. Patients with clinically quiescent chronic pancreatitis showed elevated glucarate indicating a relationship of toxic metabolite stress to heightened free radical activity and hence to the genesis of chronic pancreatitis 43. 

The evidence of increased utilization of phase II conjugative pathways of xenobiotic disposal is in keeping with on-going toxic metabolite stress from heightened phase I oxidative metabolism. Glucarate measurements have been advanced as useful biomarkers to xenobiotic exposure, being particularly useful as a screening tool in reproductive epidemiology 44.  

Orotate
Orotic acid accumulation is a sensitive marker of ammonia build-up. Ammonia (via glutamine) is normally disposed of by forming carbamoyl phosphate which enters the urea cycle. When there is insufficient capacity for detoxifying the load of ammonia, carbamoyl phosphate leaves the mitochondria and stimulates the synthesis of orotic acid 45. Increased orotic acid production is a sensitive indicator of arginine availability. Most of the symptoms that develop following arginine deprivation can largely be accounted for by a decreased efficiency of ammonia detoxification. Increased orotic biosynthesis is observed with increasing ammonia concentrations in rat, mouse and human liver and is reduced by in vitro arginine supplementation 46.

Medium-chain acyl Coenzyme A dehydrogenase deficiency and other disorders of fatty acid oxidation may present long after infancy in patients such as those with a clinical diagnosis of Reye's syndrome. They may mimic the symptoms of defects in the urea cycle such as that reported for a 13-year-old girl with hyperammonemic encephalopathy and orotic aciduria due to ornithine transcarbamylase deficiency 47. Responses should include steps to stimulate ureogenesis, including alpha-ketoglutarate, magnesium, aspartic and glutamic acids.
In addition, orotate requires magnesium for its metabolism. While a normal level in a urinary organic acid panel may not necessarily indicate magnesium sufficiency, high levels should alert one to a significant possibility of intracellular magnesium insufficiency. Red cell magnesium levels can confirm a deficiency condition. Symptoms of magnesium insufficiency include irritability, muscle cramping and twitching, irregular heart rhythm and fatigue.
p-Hydroxyphenyllactate
HPLA is a carcinogenic metabolite of tyrosine that increases lipid peroxidation in the liver48. Methyl p-hydroxyphenyllactate (MeHPLA) is an important cell growth-regulating agent and tumor cells contain esterase activities that hydrolyse the compound to the free acid, HPLA49. HPLA is an important regulator of normal and malignant cell growth and it appears to mediate the cancer promoting effects of estrogen. MeHPLA blocks uterine growth in vivo and inhibits MCF-7 human breast cancer cell growth in vitro 50. High doses of ascorbic acid (100 mg/kg body weight daily) were shown to arrest or significantly inhibit the excretion of HPLA in patients with hemoblastoses and nephroblastoma 51. HPLA is produced by some microbes that could inhabit the gut 52, but the recently-discovered cell proliferative and prooxidant functions are of far greater clinical relevance.
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