deficiency is related to medication use. Vitamin B6 should not be given
with l-dopa, since the vitamin interferes with the action of this drug.
Toxicity The safe upper limit for vitamin B6 has been set at 100 mg/d,
although no adverse effects have been associated with high intakes of
vitamin B6 from food sources only. When toxicity occurs, it causes
severe sensory neuropathy, leaving patients unable to walk. Some cases
of photosensitivity and dermatitis have been reported.
FOLATE (VITAMIN B12)
See Chap. 128.

Absorption and Dietary Sources Vitamin C is almost completely
absorbed if <100 mg is administered in a single dose; however, only
50% or less is absorbed at doses >1 g. Enhanced degradation and fecal
and urinary excretion of vitamin C occur at higher intake levels.
Good dietary sources of vitamin C include citrus fruits, green vegetables (especially broccoli), tomatoes, and potatoes. Consumption of
five servings of fruits and vegetables a day provides vitamin C in excess
of the RDA of 90 mg/d for men and 75 mg/d for women. In addition,
~40% of the U.S. population consumes vitamin C as a dietary supplement in which “natural forms” of the vitamin are no more bioavailable
than synthetic forms. Smoking, hemodialysis, pregnancy, and stress
(e.g., infection, trauma) appear to increase vitamin C requirements.
Deficiency Vitamin C deficiency causes scurvy. In the United States,
this condition is seen primarily among the poor and the elderly, in
alcoholics who consume <10 mg/d of vitamin C, and in individuals
consuming macrobiotic diets. Vitamin C deficiency also can occur in
young adults who eat severely unbalanced diets. In addition to generalized fatigue, symptoms of scurvy primarily reflect impaired formation
of mature connective tissue and include bleeding into the skin (petechiae, ecchymoses, perifollicular hemorrhages); inflamed and bleeding
gums; and manifestations of bleeding into joints, the peritoneal cavity, the pericardium, and the adrenal glands. In children, vitamin C
deficiency may cause impaired bone growth. Laboratory diagnosis of
vitamin C deficiency is based on low plasma or leukocyte levels.
Administration of vitamin C (200 mg/d) improves the symptoms
of scurvy within several days. High-dose vitamin C supplementation
(e.g., 1–2 g/d) may slightly decrease the symptoms and duration of
upper respiratory tract infections. Vitamin C supplementation has also
been reported to be useful in Chédiak-Higashi syndrome (Chap. 80)
and osteogenesis imperfecta (Chap. 427). Diets high in vitamin C have
been claimed to lower the incidence of certain cancers, particularly
esophageal and gastric cancers. If proved, this effect may be due to the
fact that vitamin C can prevent the conversion of nitrites and secondary amines to carcinogenic nitrosamines. However, an intervention
study from China did not show vitamin C to be protective. A potential
role for parenteral ascorbic acid in the treatment of advanced cancers
has been suggested.
Toxicity Taking >2 g of vitamin C in a single dose may result in
abdominal pain, diarrhea, and nausea. Since vitamin C may be
metabolized to oxalate, it is feared that chronic high-dose vitamin C
supplementation could result in an increased prevalence of kidney
stones. However, except in patients with preexisting renal disease, this
association has not been borne out in several trials. Nevertheless, it is
reasonable to advise patients with a history of kidney stones not to take
large doses of vitamin C. There is also an unproven but possible risk
that chronic high doses of vitamin C could promote iron overload and
iron toxicity. High doses of vitamin C can induce hemolysis in patients

BIOTIN
Biotin is a water-soluble vitamin that plays a role in gene expression,
gluconeogenesis, and fatty acid synthesis and serves as a CO2 carrier on
the surface of both cytosolic and mitochondrial carboxylase enzymes.
The vitamin also functions in the catabolism of specific amino
acids (e.g., leucine) and in gene regulation by histone biotinylation.
Excellent food sources of biotin include organ meat such as liver or
kidney, soy and other beans, yeast, and egg yolks; however, egg white
contains the protein avidin, which strongly binds the vitamin and
reduces its bioavailability.
Biotin deficiency due to low dietary intake is rare; rather, deficiency
is due to inborn errors of metabolism. Biotin deficiency has been
induced by experimental feeding of egg white diets and by biotin-free
parenteral nutrition in patients with short bowels. In adults, biotin
deficiency results in mental changes (depression, hallucinations), paresthesia, anorexia, and nausea. A scaling, seborrheic, and erythematous rash may occur around the eyes, nose, and mouth as well as on
the extremities. In infants, biotin deficiency presents as hypotonia,
lethargy, and apathy. In addition, infants may develop alopecia and a
characteristic rash that includes the ears. The laboratory diagnosis of
biotin deficiency can be established on the basis of a decreased concentration of urinary biotin (or its major metabolites), increased urinary
excretion of 3-hydroxyisovaleric acid after a leucine challenge, or
decreased activity of biotin-dependent enzymes in lymphocytes (e.g.,
propionyl-CoA carboxylase). Treatment requires pharmacologic doses
of biotin–i.e., up to 10 mg/d. No toxicity is known.
PANTOTHENIC ACID (VITAMIN B5)
Pantothenic acid is a component of coenzyme A and phosphopantetheine, which are involved in fatty acid metabolism and the synthesis
of cholesterol, steroid hormones, and all compounds formed from
isoprenoid units. In addition, pantothenic acid is involved in the acetylation of proteins. The vitamin is excreted in the urine, and the laboratory diagnosis of deficiency is based on low urinary vitamin levels.
The vitamin is ubiquitous in the food supply. Liver, yeast, egg
yolks, whole grains, and vegetables are particularly good sources.
Human pantothenic acid deficiency has been demonstrated only by
experimental feeding of diets low in pantothenic acid or by administration of a specific pantothenic acid antagonist. The symptoms of
pantothenic acid deficiency are nonspecific and include gastrointestinal disturbance, depression, muscle cramps, paresthesia, ataxia, and
hypoglycemia. Pantothenic acid deficiency is believed to have caused
the “burning feet syndrome” seen in prisoners of war during World
War II. No toxicity of this vitamin has been reported.
CHOLINE
Choline is a precursor for acetylcholine, phospholipids, and betaine.
Choline is necessary for the structural integrity of cell membranes,
cholinergic neurotransmission, lipid and cholesterol metabolism,
methyl-group metabolism, and transmembrane signaling. Recently,
a recommended adequate intake was set at 550 mg/d for men and
425 mg/d for women, although certain genetic polymorphisms can
increase an individual’s requirement. Choline is thought to be a “conditionally essential” nutrient in that its de novo synthesis occurs in the
liver and results in lesser-than-used amounts only under certain stress
conditions (e.g., alcoholic liver disease). The dietary requirement for
choline depends on the status of other nutrients involved in methylgroup metabolism (folate, vitamin B12, vitamin B6, and methionine)
and thus varies widely. Choline is widely distributed in food (e.g., egg
yolks, wheat germ, organ meat, milk) in the form of lecithin (phosphatidylcholine). Choline deficiency has occurred in patients receiving
parenteral nutrition devoid of choline. Deficiency results in fatty liver,
elevated aminotransferase levels, and skeletal muscle damage with high
creatine phosphokinase values. The diagnosis of choline deficiency is
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VITAMIN C
Both ascorbic acid and its oxidized product dehydroascorbic acid are
biologically active. Actions of vitamin C include antioxidant activity, promotion of nonheme iron absorption, carnitine biosynthesis,
conversion of dopamine to norepinephrine, and synthesis of many
peptide hormones. Vitamin C is also important for connective tissue
metabolism and cross-linking (proline hydroxylation), and it is a component of many drug-metabolizing enzyme systems, particularly the
mixed-function oxidase systems.

with glucose-6-phosphate dehydrogenase deficiency, and doses >1 g/d
can cause false-negative guaiac reactions and interfere with tests for
urinary glucose. High doses may interfere with the activity of certain
drugs (e.g., bortezomib in myeloma patients).

