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Introduction
Although molybdenum was first identified as an element over two centuries ago, its biological importance 

was not appreciated until researchers demonstrated it had a direct role in animal metabolism. Molybdenum has 
since been identified as an essential trace element for nearly all plants and animals, occurring as a cofactor in three 
important enzymatic reactions that take place in virtually all forms of life. Clinically, molybdenum deficiency is 
rare, but inborn errors of metabolism resulting in deficiencies of the molybdoenzymes have been described. Di-
etary intake of molybdenum is generally sufficient, with legumes such as lentils, beans, and peas being the richest 
source. Nuts, grains, cauliflower, and leafy vegetables are also good sources, whereas animal products and fruit 
are low in molybdenum. Molybdenum content of plant-based foods is dependent on the amount of molybdenum 
in the soil in which they are grown. Molybdenum supplementation may be of therapeutic benefit in patients with 
molybdoenzyme deficiency, sulfite sensitivity, Wilson’s disease, and certain types of cancer, and in those receiving 
total parenteral nutrition.

Pharmacokinetics
In animals and humans, molybdenum is well absorbed via oral and intravenous routes of administration. 

Molybdenum research in humans indicates absorption rates range from 70-90 percent (regardless of dosage route), 
with the highest rates being observed with the highest dietary molybdenum intake.1,2 Once absorbed, molybdenum 
peaks in the plasma within 40-60 minutes, is rapidly cleared, and within three hours is excreted in the urine as 
molybdate. A portion of the absorbed molybdenum is deposited in “slow-turnover” tissue such as the liver, muscle, 
and bone, while another portion is deposited in “fast-turnover” tissue such as the adrenal glands and gastrointestinal 
tract. The half-life for molybdenum in slow-turnover tissue has been reported to be 42-74 days, compared to 1.7-2.5 
days for fast-turnover tissue.3 The rapid renal clearance of the majority of ingested molybdenum likely prevents 
deleterious effects in the event of high intake.

Mechanism of Action
Molybdenum appears to exert its biochemical effects and therapeutic benefit by two mechanisms. Primar-

ily, molybdenum is a cofactor for three important enzymes: xanthine oxidase/dehydrogenase, sulfite oxidase, and 
aldehyde oxidase. Xanthine oxidase exists in vivo mainly as dehydrogenase and was the first enzyme identified as 
a molybdoenzyme. It is involved in the oxidation of purines and pyrimidines, as well as other nitrogen-containing 
heterocyclic compounds.4
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Another molybdoenzyme, aldehyde oxi-
dase, is distinct from other aldehyde-metabolizing 
enzymes, such as aldehyde dehydrogenases, as it is 
present only in animal cells and its highest activity is 
in the liver. Aldehyde oxidase acts on substrates simi-
lar to xanthine oxidase/dehydrogenase and, although 
the exact mechanisms are not known, both appear to 
play a roll in hepatic detoxification of xenobiotics, 
certain drugs, estradiol, and progesterone.5 Aldehyde 
oxidase deficiency has not been reported in humans.

Perhaps the most important molybdoenzyme 
in humans is sulfite oxidase. Found in the mitochon-
drial inter-membrane space, this enzyme oxidizes 
sulfite to sulfate, the terminal step in the metabolism 
of sulfur-containing amino acids. In contrast to the 
other molybdoenzymes, sulfite oxidase has very nar-
row substrate specificity, catalyzing only this reac-
tion. Deficiencies of this enzyme have been reported 
in humans and are usually fatal in infancy.6

In addition to acting as an enzyme cofactor, 
molybdenum in the form of tetrathiomolybdate com-
plexes with copper and protein, resulting in decreased 
copper levels. Because copper is thought to play an 
important role in angiogenesis and tumor growth, 
molybdenum in this form may have a preventive ef-
fect for certain types of cancer.7 Due to its copper-
chelating mechanism, tetrathiomolybdate has also 
been shown to be of therapeutic benefit in treating 
patients with Wilson’s disease, a condition character-
ized by copper toxicity.8

Clinical Indications
Sulfite Sensitivity

Sulfite sensitivity is a condition characterized 
by asthma-like symptoms, including wheezing, chest 
tightness, coughing, extreme shortness of breath, and 
even loss of consciousness. Other symptoms include 
flushing, angioedema, itching, hives, contact derma-
titis, swelling of eyes, hands and feet, nausea and di-
arrhea, and anaphylactic shock.9,10 The exact cause 
of sulfite sensitivity is not known, but early studies 
found that many patients presenting with these symp-
toms had virtually no detectable blood molybdenum. 
Normal values are from 10-100 ppb. 

For people with this condition, avoiding sul-
fite exposure is very difficult as sulfites are ubiqui-
tous in food and beverages, including wine, beer, and 

soft drinks. Many people, although not severely sul-
fite sensitive, will exhibit the “red-wine stuffy nose” 
after drinking just a single glass of red wine. Others 
get a characteristic alcohol flush on the face and neck 
when drinking red wine, beer, or hard liquor.11 Anec-
dotal reports indicate oral molybdenum supplementa-
tion can alleviate these symptoms.

Sulfites are frequently used as food preserva-
tives for meat, fish, salad bar items, and dehydrated 
fruits and vegetables. They are also added to foods to 
preserve color, flavor, and ascorbic acid and carotene 
content. Most pickled and vinegar-containing foods 
contain sulfites. Because it is not always required that 
sulfites be listed on food information labels, avoid-
ing them is difficult. Ironically, sulfites are present in 
the form of bisulfites in many drugs used to relieve 
symptoms of respiratory distress, bronchospasm, and 
gastrointestinal spasm due to asthma and allergies.12 
Airborne sulfur dioxide is difficult to avoid and levels 
are particularly high in polluted urban air and in the 
vicinity of coal- or oil-burning plants. Patients with 
sulfite sensitivity and asthma are particularly suscep-
tible to insult in this environment because they have 
lower tolerance thresholds than people without the 
condition.13

Case reports indicate exposure to sulfites can 
exacerbate asthma symptoms. A 53-year-old female 
asthmatic requiring numerous asthma medications to 
control her symptoms was found to have a urinary 
sulfite (a marker of sulfite oxidase deficiency) of 
10-20 ppm (reference range = 0 ppm). Over a three-
month period, the patient was treated with 250 mcg 
IV molybdenum twice weekly, gradually working up 
to 750 mcg for the last four injections. Urinary sulfite 
levels were reduced to 2-6 ppm, wheezing decreased 
significantly, and the patient was able to discontinue 
theophylline and prednisone; dosages of two inhaler 
medications were reduced by 50 percent.14 In a sec-
ond case, a 68-year-old man with a 30-year history of 
asthma was treated with IV molybdenum for 90 days. 
His urinary sulfite value decreased from 30-40 ppm 
to 3-7 ppm, while organic urinary sulfate increased 
from 14 percent to 30 percent, indicating improved 
sulfite metabolism.15
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Molybdenum Cofactor Deficiency
Molybdenum cofactor (moco) is a term used 

to denote a complex consisting of a central molyb-
denum molecule, two dithiolates, and molybdopterin. 
Moco is synthesized in a four-step process and a de-
fect at any step results in a loss of all moco enzyme 
activities.16 Moco deficiency is an autosomal recessive 
disease characterized by the loss of both xanthine de-
hydrogenase and sulfite oxidase activity. A deficien-
cy of sulfite oxidase results in impaired metabolism 
of sulfur-containing amino acids and is responsible 
for the severe clinical abnormalities associated with 
this disease. This usually fatal condition presents 
shortly after birth with seizures, myriad neurological 
symptoms, mental retardation, and ocular lens sub-
luxation.17 Currently, no proven therapy is available, 
although case reports indicate IV molybdenum can 
reduce urinary sulfite levels.14,15 Due to the rarity of 
molybdenum cofactor deficiency and the fact it is of-
ten fatal in infancy, effectiveness of oral or IV mo-
lybdenum therapy has not been confirmed. In theory, 
it should help correct a sulfite oxidase deficiency and 
make presentation of this disease less severe.

Research in an animal model has shown that 
a biosynthetic moco precursor is effective in reduc-
ing the symptoms of moco deficiency. Unfortunately, 
due to the instability of moco and its short half-life,18 
large-scale production of the precursor for therapeu-
tic use is not currently possible. Research in this arena 
continues;19,20 the gene locus for the mutation causing 
this disease has been identified21 and prenatal genetic 
testing can identify individuals at risk.22

Total Parenteral Nutrition and 
Molybdenum Deficiency 

In 1981, a case report of a 24-year-old man 
with a 12-year history of Crohn’s disease demonstrat-
ed the negative effects of 18 months of total paren-
teral nutrition (TPN). The young man had undergone 
numerous small bowel resections, resulting in short 
bowel syndrome and nutrient malabsorption, as evi-
denced by intolerance to certain amino acids in the 
TPN. During the final six months of TPN administra-
tion, the patient developed tachycardia, rapid breath-
ing, severe headaches, night blindness, nausea, and 
vomiting, which progressed to lethargy, disorienta-
tion, severe generalized edema, and coma within 48 

hours after presentation. Laboratory results revealed 
high plasma methionine, low serum uric acid, and 
elevated urinary thiosulfate. Based on these results, 
molybdenum deficiency was considered likely and 
ammonium molybdate was added to the TPN solu-
tion at a dose of 300 mcg daily. The patient’s clinical 
symptoms resolved rapidly and he exhibited no fur-
ther intolerances to amino acid solutions as long as 
molybdenum was added to the TPN. This patient ap-
parently had a deficiency of both sulfite oxidase and 
xanthine oxidase/dehydrogenase, induced by the lack 
of molybdenum in the TPN solution.23

Wilson’s Disease
Wilson’s disease is characterized by copper 

accumulation and toxicity resulting in liver and brain 
damage and neurological complications. Currently, 
there are three commercially available anti-copper 
agents but all three of them are somewhat unsatisfac-
tory.24,25 Tetrathiomolybdate (TM) was developed by 
George Brewer, MD, at the University of Michigan, 
and is proving to be a safe and effective alternative. 
Brewer et al have conducted several trials using TM 
to treat copper toxicity in Wilson’s disease patients.26-29

TM works differently than other anti-copper 
agents in that it forms a strong complex with copper 
and protein. If given orally with food, TM complexes 
with food proteins and copper, rendering copper un-
available for absorption. If given away from food, 
TM is absorbed into the bloodstream where it com-
plexes with copper and albumin. The copper complex 
is non-toxic because it cannot be taken up by cells. 
With TM therapy, further copper toxicity is stopped 
within 1-2 weeks.29 Although all Brewer et al studies 
have shown benefit, the most recent study involved 
the largest number of patients. In an open-label trial, 
55 untreated Wilson’s disease patients presenting 
with neurological complications were given 120-410 
mg oral TM daily for eight weeks; patients were fol-
lowed for three years. Only two of 55 patients (4%) 
worsened neurologically during the eight weeks of 
TM therapy, compared to a rate of 50-percent neuro-
logical deterioration in patients treated with penicil-
lamine. Because higher doses of TM are no more ef-
fective than low doses, 120 mg TM daily is currently 
recommended.29 
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Cancer
Due to TM’s copper-reducing and antian-

giogenic properties, it has been investigated as a po-
tential therapeutic agent for several types of cancer. 
Numerous animal and in vitro studies using human 
cancer cell lines have demonstrated TM’s effective-
ness at inhibiting angiogenesis.30-33 

Two clinical trials have demonstrated the ef-
fectiveness of oral TM in cancer patients. In the ear-
lier trial, researchers theorized that oral TM would 
achieve a mild copper deficiency and subsequently 
impair neovascularization in metastatic solid tumors. 
Eighteen patients with metastatic cancer were given 
90, 105, or 120 mg TM daily in six divided doses. 
Six patients were enrolled at each dose level, with 
the treatment goal to lower copper levels to 20 per-
cent of baseline without inducing anemia. Patients 
were followed up to 17 months. Of the 18 patients, 
14 achieved targeted copper deficiency without ane-
mia and six (33%) of those experienced stabilization 
of disease without progression; two patients even ex-
perienced a disappearance of some lung lesions. The 
optimal dose was determined to be 120 mg TM daily 
and was associated with no toxicity.34

In a phase II clinical trial, 15 patients with 
advanced kidney cancer were given 40 mg oral TM 
three times daily and 60 mg at bedtime. As in the pre-
vious study, the goal was to reduce copper without 
inducing anemia. Thirteen of 15 patients achieved 
targeted copper levels and were available for evalu-
ation. Four of 13 patients (31%) had stable disease 
for at least six months (median 34.5 weeks) during 
copper depletion.35

Eight additional phase II studies of TM for 
various cancers are underway.32

In addition to tetrathiomolybdate therapy, 
studies have demonstrated oral molybdenum (ammo-
nium molybdate) supplementation in rats at a dose of 
10 mg/L drinking water increased xanthine oxidase 
levels and decreased the incidence of mammary car-
cinogenesis.36

The only published human trial using oral 
molybdenum (other than TM) to prevent or decrease 
cancer incidence was conducted in Linxian, China. 
Because the soil in this region is low in molybdenum 
and other minerals, dietary intake is low. People in 
this region have a 100-times greater incidence of 

stomach and esophageal cancer than people in the 
United States (10 times greater than in other areas 
of China). Adding 30 mcg molybdenum (form not 
specified) daily to the diet of residents in this area 
did not decrease gastroesophageal cancer incidence 
over a five-year period, but the dosage used was very 
low.37 It is not clear whether higher dosages might 
have been beneficial.

Nutrient-Nutrient Interactions
High molybdenum intake (dietary or supple-

mental) may interfere with copper absorption and 
likewise, high copper intake may interfere with mo-
lybdenum absorption.38,39

Drug-Nutrient Interactions
Although high doses of molybdate have been 

shown to inhibit acetaminophen metabolism in rats,40 
it is not known if this occurs in humans at clinically 
relevant doses.

Warnings and Contraindications
Patients with gout should use care when 

supplementing with molybdenum. High doses (10-15 
mg daily) have been associated with elevated levels 
of uric acid and a gout-like syndrome. This is likely 
due to molybdenum complexing with copper in the 
kidneys, making it unavailable to aid in uric acid 
elimination.41 Patients on long-term dialysis should 
also use caution in supplementing with molybdenum; 
since the main excretion route is impaired, molybde-
num accumulates and has been associated with dialy-
sis-related arthritis.42

Safety and Toxicity
Molybdenum toxicity is rare due to its rapid 

renal clearance after absorption. Dosages up to 1,500 
mcg daily for 24 days did not result in elevated blood 
or urinary levels of molybdenum.1

Dosage
Molybdenum supplements are generally 

available in one of several forms: sodium molybdate, 
ammonium molybdate, molybdenum picolinate, 
molybdenum citrate, and molybdenum aspartate. 
Although all forms of supplemental molybdenum 
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appear to be well absorbed, research using oral dos-
ages is limited. Therefore, an exact dosage for con-
ditions such as sulfite sensitivity has not been es-
tablished. Supplementation with oral molybdenum 
covers a wide range of dosages from 50 mcg-6.0 mg 
daily in divided doses. The most effective therapeutic 
dosages for TM appear to be 120-150 mg daily.

References
1.	 Turnlund JR, Keyes WR, Peiffer GL. Molybdenum 

absorption, excretion, and retention studied with 
stable isotopes in young men at five intakes of 
dietary molybdenum. Am J Clin Nutr 1995;62:790-
796.

2.	 Turnlund JR, Keyes WR, Peiffer GL, Chiang G. 
Molybdenum absorption, excretion, and retention 
studied with stable isotopes in young men 
during depletion and repletion. Am J Clin Nutr 
1995;61:1102-1109.

3.	 Thompson KH, Turnlund JR. Kinetic model of 
molybdenum metabolism developed from dual 
stable isotope excretion in men consuming a low 
molybdenum diet. J Nutr 1996;126:963-972.

4.	 Stirpe F, Della Corte E. The regulation of rat 
liver xanthine oxidase. Conversion in vitro of the 
enzyme activity from dehydrogenase (type D) to 
oxidase (type O). J Biol Chem 1969;244:3855-
3863.

5.	 Rajagopalan KV, Handler P. Hepatic aldehyde 
oxidase. II. Differential inhibition of electron 
transfer to various electron acceptors. J Biol Chem 
1964;239:2022-2026.

6.	 Irreverre F, Mudd SH, Heizer WD, Laster L. Sulfite 
oxidase deficiency: studies of a patient with mental 
retardation, dislocated ocular lenses, and abnormal 
urinary excretion of S-sulfo-L-cysteine, sulfite and 
thiosulfate. Biochem Med 1967;1:187-217.

7.	 Brem SS, Zagzag D, Tsanaclis AM, et al. Inhibition 
of angiogenesis and tumor growth in the brain. 
Suppression of endothelial cell turnover by 
penicillamine and the depletion of copper, an 
angiogenic cofactor. Am J Pathol 1990;137:1121-
1142.

8.	 Brewer GJ, Dick RD, Johnson V, et al. 
Treatment of Wilson’s disease with ammonium 
tetrathiomolybdate. I. Initial therapy in 17 
neurologically affected patients. Arch Neurol 
1994;51:545-554.

9.	 Levantine A, Almeyda J. Cutaneous reactions 
to food and drug additives. Br J Dermatol 
1974;91:359-362.

10.	 Prenner BM, Stevens JJ. Anaphylaxis after 
ingestion of sodium bisulfite. Ann Allergy 
1976;37:180-182.

11.	 Vally H, Thompson PJ. Role of sulfite additives in 
wine induced asthma: single dose and cumulative 
dose studies. Thorax 2001;56:763-769.

12.	 Asmus MJ, Sherman J, Hendeles L. 
Bronchoconstrictor additives in bronchodilator 
solutions. J Allergy Clin Immunol 1999;104:S53-
S60.

13.	 Brown TP, Rushton L, Mugglestone MA, Meechan 
DF. Health effects of a sulphur dioxide air pollution 
epidsode. J Public Health Med 2003;25:369-371.

14.	 Wright JV, Littleton K. Defects in sulfur 
metabolism. Int Clin Nutr Rev 1989;9:118-119.

15.	 Wright JV, Kirk FR. Defects in sulfur metabolism 
II. Apparent failure of sulphate conjugation. Int 
Clin Nutr Rev 1989;9:182-184.

16.	 Rajagopalan KV, Johnson JL. The pterin 
molybdenum cofactors. J Biol Chem 
1992;267:10199-10202.

17.	 Edwards MC, Johnson JL, Marriage B, et al. 
Isolated sulfite oxidase deficiency: review 
of two cases in one family. Ophthalmology 
1999;106:1957-1961.

18.	 Kramer S, Hageman RV, Rajagopalan KV. In 
vitro reconstitution of nitrate reductase activity 
of the Neurospora crassa mutant nit-1: specific 
incorporation of molybdopterin. Arch Biochem 
Biophys 1984;233:821-829.

19.	 Johnson JL, Wuebbens MM, Mandell R, Shih VE. 
Molybdenum cofactor biosynthesis in humans. 
Identification of two complementation groups 
of cofactor-deficient patients and preliminary 
characterization of a diffusible molybdopterin 
precursor. J Clin Invest 1989;83:897-903.

20.	 Johnson JL, Rajagopalan KV. Molybdopterin 
biosynthesis in man. Properties of the converting 
factor in liver tissue from a molybdenum cofactor 
deficient patient. Adv Exp Med Biol 1993;338:379-
382.

21.	 Shalata A, Mandel H, Reiss J, et al. Localization 
of a gene for molybdenum cofactor deficiency, on 
the short arm of chromosome 6, by homozygosity 
mapping. Am J Hum Genet 1998;63:148-154.

22.	 Reiss J, Christensen E, Dorche C. Molybdenum 
cofactor deficiency: first prenatal genetic analysis. 
Prenat Diagn 1999;19:386-388.

23.	 Abumrad NN, Schneider AJ, Steel D, Rogers LS. 
Amino acid intolerance during prolonged total 
parenteral nutrition reversed by molybdate therapy. 
Am J Clin Nutr 1981;34:2551-2559.

24.	 Brewer GJ, Terry CA, Aisen AM, Hill GM. 
Worsening of neurologic syndrome in patients with 
Wilson’s disease with initial penicillamine therapy. 
Arch Neurol 1987;44:490-493.



Copyright © 2005 Thorne Research, Inc.  All Rights Reserved.  No Reprint Without Written Permission. Alternative Medicine Review Volume 10, Number 4  December 2005

Monograph Molybdenum

Alternative Medicine Review u Volume 11, Number 2 u 2006		  Page 161

25.	 Brewer GJ, Hill G, Prasad A, Dick R. Treatment of 
Wilson’s disease with zinc. IV. Efficacy monitoring 
using urine and plasma copper. Proc Soc Exp Biol 
Med 1987;184:446-455.

26.	 Brewer GJ, Dick RD, Yuzbasiyan-Gurkan V, et al. 
Initial therapy of patients with Wilson’s disease 
with tetrathiomolybdate. Arch Neurol 1991;48:42-
47.

27.	 Brewer GJ, Dick RD, Johnson V, et al. 
Treatment of Wilson’s disease with ammonium 
tetrathiomolybdate. I. Initial therapy in 17 
neurologically affected patients. Arch Neurol 
1994;51:545-554.

28.	 Brewer GJ, Johnson V, Dick RD, et al. 
Treatment of Wilson disease with ammonium 
tetrathiomolybdate. II. Initial therapy in 33 
neurologically affected patients and follow-up with 
zinc therapy. Arch Neurol 1996;53:1017-1025.

29.	 Brewer GJ, Hedera P, Kluin KJ, et al. 
Treatment of Wilson Disease with ammonium 
tetrathiomolybdate. III. Initial therapy in a total of 
55 neurologically affected patients and follow-up 
with zinc therapy. Arch Neurol 2003;60:379-385.

30.	 Teknos TN, Islam M, Arenberg DA, et al. 
The effect of tetrathiomolybdate on cytokine 
expression, angiogenesis, and tumor growth in 
squamous cell carcinoma of the head and neck. 
Arch Otolaryngol Head Neck Surg 2005;131:204-
211.

31.	 Cox C, Merajver SD, Yoo S, et al. Inhibition 
of the growth of squamous cell carcinoma by 
tetrathiomolybdate-induced copper suppression in 
a murine model. Arch Otolaryngol Head Neck Surg 
2003;129:781-785.

32.	 Brewer GJ. Copper lowering therapy with 
tetrathiomolybdate as an antiangiogenic strategy in 
cancer. Curr Cancer Drug Targets 2005;5:195-202.

33.	 Pan Q, Bao LW, Kleer CG, et al. Antiangiogenic 
tetrathiomolybdate enhances the efficacy of 
doxorubicin against breast carcinoma. Mol Cancer 
Ther 2003;2:617-622.

34.	 Brewer GJ, Dick RD, Grover DK, et al. Treatment 
of metastatic cancer with tetrathiomolybdate, an 
anticopper, antiangiogenic agent: Phase I study. 
Clin Cancer Res 2000;6:1-10.

35.	 Redman BG, Esper P, Pan Q, et al. Phase II trial 
of tetrathiomolybdate in patients with advanced 
kidney cancer. Clin Cancer Res 2003;9:1666-1672.

36.	 Seaborn CD, Yang SP. Effect of molybdenum 
supplementation on N-nitroso-N-methylurea-
induced mammary carcinogenesis and molybdenum 
excretion in rats. Biol Trace Elem Res 1993;39:245-
256.

37.	 Blot WJ, Li JY, Taylor PR, et al. Nutrition 
intervention trials in Linxian, China: 
supplementation with specific vitamin/mineral 
combinations, cancer incidence, and disease-
specific mortality in the general population. J Natl 
Cancer Inst 1993;85:1483-1492.

38.	 Huisingh J, Gomez GG, Matrone G. Interactions 
of copper, molybdenum, and sulfate in ruminant 
nutrition. Fed Proc 1973;32:1921-1924.

39.	 Turnlund JR, Keyes WR. Dietary molybdenum: 
effect on copper absorption, excretion, and status in 
young men. In: Roussel AM, ed. Trace Elements in 
Man and Animals. Vol 10. New York, NY: Kluwer 
Academic Press; 2000:951-953.

40.	 Boles JW, Klaassen CD. Effects of molybdate 
and pentachlorophenol on the sulfation of 
acetaminophen. Toxicology 2000;146:23-35.

41.	 Johnson S. Effect of gradual accumulation of 
iron, molybdenum and sulfur, slow depletion of 
zinc and copper, ethanol or fructose ingestion and 
phlebotomy in gout. Med Hypotheses 1999;53:407-
412.

42.	 Hosokawa S, Yoshida O. Clinical studies on 
molybdenum in patients requiring long-term 
hemodialysis. ASAIO J 1994;40:M445-M449.


