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Toxicity Acute zinc toxicity after oral ingestion causes nausea, vomiting, and fever. Zinc fumes from welding may also be toxic and cause
fever, respiratory distress, excessive salivation, sweating, and headache.
Chronic large doses of zinc may depress immune function and cause
hypochromic anemia as a result of copper deficiency. Intranasal zinc
preparations should be avoided because they may lead to irreversible
damage of the nasal mucosa and anosmia.
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COPPER
Copper is an integral part of numerous enzyme systems, including
amine oxidases, ferroxidase (ceruloplasmin), cytochrome c oxidase,
superoxide dismutase, and dopamine hydroxylase. Copper is also a
component of ferroprotein, a transport protein involved in the basolateral transfer of iron during absorption from the enterocyte. As such,
copper plays a role in iron metabolism, melanin synthesis, energy
production, neurotransmitter synthesis, and CNS function; the synthesis and cross-linking of elastin and collagen; and the scavenging of
superoxide radicals. Dietary sources of copper include shellfish, liver,
nuts, legumes, bran, and organ meats.
Deficiency Dietary copper deficiency is relatively rare, although it
has been described in premature infants who are fed milk diets and
in infants with malabsorption (Table 96e-2). Copper-deficiency anemia (refractory to therapeutic iron) has been reported in patients
with malabsorptive diseases and nephrotic syndrome and in patients
treated for Wilson’s disease with chronic high doses of oral zinc, which
can interfere with copper absorption. Menkes kinky hair syndrome is
an X-linked metabolic disturbance of copper metabolism characterized by mental retardation, hypocupremia, and decreased circulating
ceruloplasmin (Chap. 427). This syndrome is caused by mutations in
the copper-transporting ATP7A gene. Children with this disease often
die within 5 years because of dissecting aneurysms or cardiac rupture.
Aceruloplasminemia is a rare autosomal recessive disease characterized by tissue iron overload, mental deterioration, microcytic anemia,
and low serum iron and copper concentrations.
The diagnosis of copper deficiency is usually based on low serum
levels of copper (<65 μg/dL) and low ceruloplasmin levels (<20 mg/
dL). Serum levels of copper may be elevated in pregnancy or stress
conditions since ceruloplasmin is an acute-phase reactant and 90% of
circulating copper is bound to ceruloplasmin.
Toxicity Copper toxicity is usually accidental (Table 96e-2). In severe
cases, kidney failure, liver failure, and coma may ensue. In Wilson’s
disease, mutations in the copper-transporting ATP7B gene lead to
accumulation of copper in the liver and brain, with low blood levels
due to decreased ceruloplasmin (Chap. 429).
SELENIUM
Selenium, in the form of selenocysteine, is a component of the
enzyme glutathione peroxidase, which serves to protect proteins, cell membranes, lipids, and nucleic acids from oxidant

molecules. As such, selenium is being actively studied as a chemopreventive agent against certain cancers, such as prostate cancer.
Selenocysteine is also found in the deiodinase enzymes, which mediate
the deiodination of thyroxine to triiodothyronine (Chap. 405). Rich
dietary sources of selenium include seafood, muscle meat, and cereals,
although the selenium content of cereal is determined by the soil concentration. Countries with low soil concentrations include parts of
Scandinavia, China, and New Zealand. Keshan disease is an endemic
cardiomyopathy found in children and young women residing in
regions of China where dietary intake of selenium is low (<20 μg/d).
Concomitant deficiencies of iodine and selenium may worsen the
clinical manifestations of cretinism. Chronic ingestion of large
amounts of selenium leads to selenosis, characterized by hair and nail
brittleness and loss, garlic breath odor, skin rash, myopathy, irritability, and other abnormalities of the nervous system.
CHROMIUM
Chromium potentiates the action of insulin in patients with impaired
glucose tolerance, presumably by increasing insulin receptor–
mediated signaling, although its usefulness in treating type 2 diabetes
is uncertain. In addition, improvement in blood lipid profiles has been
reported in some patients. The usefulness of chromium supplements
in muscle building has not been substantiated. Rich food sources of
chromium include yeast, meat, and grain products. Chromium in
the trivalent state is found in supplements and is largely nontoxic;
however, chromium-6 is a product of stainless steel welding and is a
known pulmonary carcinogen as well as a cause of liver, kidney, and
CNS damage.
MAGNESIUM
See Chap. 423.
FLUORIDE, MANGANESE, AND ULTRATRACE ELEMENTS
An essential function for fluoride in humans has not been described,
although it is useful for the maintenance of structure in teeth and
bones. Adult fluorosis results in mottled and pitted defects in tooth
enamel as well as brittle bone (skeletal fluorosis).
Manganese and molybdenum deficiencies have been reported in
patients with rare genetic abnormalities and in a few patients receiving prolonged total parenteral nutrition. Several manganese-specific
enzymes have been identified (e.g., manganese superoxide dismutase).
Deficiencies of manganese have been reported to result in bone demineralization, poor growth, ataxia, disturbances in carbohydrate and
lipid metabolism, and convulsions.
Ultratrace elements are defined as those needed in amounts <1
mg/d. Essentiality has not been established for most ultratrace elements, although selenium, chromium, and iodine are clearly essential
(Chap. 405). Molybdenum is necessary for the activity of sulfite and
xanthine oxidase, and molybdenum deficiency may result in skeletal
and brain lesions.

