concentration and the urinary excretion of uric acid in the first 24 h,
with a maximal reduction within 2 weeks. Allopurinol can be given
once a day because of the long half-life (18 h) of its active metabolite, oxypurinol. In the febuxostat trials, the generally recommended
dose of allopurinol (300 mg/d) was effective at achieving a target
serum urate concentration below 6.0 mg/dL (357 μmol/L) in <50%
of patients; this result suggested that higher doses should be considered. The drug is effective in patients with renal insufficiency, but
the dose should be reduced. Allopurinol is also useful in reducing
the recurrence of calcium oxalate stones in patients with gout and
in individuals with hyperuricemia or hyperuricaciduria who do not
have gout. Febuxostat (40–80 mg/d) is also taken once daily, and
doses do not need to be adjusted in the presence of mild to moderate renal dysfunction. Potassium citrate (30–80 mmol/d orally in
divided doses) is an alternative therapy for patients with uric acid
stones alone or mixed calcium/uric acid stones. A xanthine oxidase
inhibitor is also indicated for the treatment of 2,8-dihydroxyadenine
kidney stones.

HYPOURICEMIA
Hypouricemia, defined as a serum urate concentration <120 μmol/L
(<2.0 mg/dL), can result from decreased production of urate, increased
excretion of uric acid, or a combination of both mechanisms. This
condition occurs in <0.2% of the general population and <0.8% of hospitalized individuals. Hypouricemia causes no symptoms or pathology
and therefore requires no therapy.
Most hypouricemia results from increased renal uric acid excretion.
The finding of normal amounts of uric acid in a 24-h urine collection
from an individual with hypouricemia is evidence for a renal cause.
Medications with uricosuric properties (Table 431e-1) include aspirin

SELECTED INBORN ERRORS OF PURINE AND PYRIMIDINE METABOLISM
(See also Table 431e-3, Table 431e-4, Fig. 431e-3, and Fig. 431e-4)
More than 30 defects in human purine and pyrimidine metabolic pathways have been identified thus far. Many are benign, but about half are
associated with clinical manifestations, some causing major morbidity
and mortality. Advances in genetics, along with high-performance liquid chromatography and tandem mass spectrometry, have facilitated
diagnosis.
PURINE DISORDERS
HPRT Deficiency The HPRT gene is located on the X chromosome.
Affected males are hemizygous for the mutant gene; carrier females
are asymptomatic. A complete deficiency of HPRT, the Lesch-Nyhan
syndrome, is characterized by hyperuricemia, self-mutilative behavior,
choreoathetosis, spasticity, and mental retardation. A partial deficiency of HPRT, the Kelley-Seegmiller syndrome, is associated with
hyperuricemia but no central nervous system manifestations. In both
disorders, the hyperuricemia results from urate overproduction and
can cause uric acid crystalluria, nephrolithiasis, obstructive uropathy,
and gouty arthritis. Early diagnosis and appropriate therapy with allopurinol can prevent or eliminate all the problems attributable to hyperuricemia without affecting behavioral or neurologic abnormalities.
Increased PRPP Synthetase Activity Like the HPRT deficiency states,
PRPP synthetase overactivity is X-linked and results in gouty arthritis
and uric acid nephrolithiasis. Nerve deafness occurs in some families.
Adenine Phosphoribosyltransferase (APRT) Deficiency APRT deficiency is
inherited as an autosomal recessive trait. Affected individuals develop
kidney stones composed of 2,8-dihydroxyadenine. Caucasians with
the disorder have a complete deficiency (type I), whereas Japanese

Table 431e-4 Inborn Errors of Pyrimidine Metabolism
Enzyme

Activity
Deficiency

Inheritance
Autosomal recessive

Pyrimidine 5′-nucleotidase

Deficiency

Autosomal recessive

Pyrimidine 5′-nucleotidase

Superactivity

Uncertain

Thymidine phosphorylase

Deficiency

Autosomal recessive

Dihydropyrimidine
dehydrogenase

Deficiency

Autosomal recessive

Dihydropyrimidinase
Ureidopropionase

Deficiency
Deficiency

Uncertain
Uncertain

Uridine-5′-monophosphate
synthetase

431e-5

Clinical Features
Laboratory Features
Orotic acid crystalluria; obstruc- Orotic aciduria
tive uropathy, hypochromic
megaloblastic anemia
Hemolytic anemia
Basophilic stippling of erythrocytes; high levels
of cytidine and uridine ribonucleotides
Developmental delay, seizures, Hypouricosuria
ataxia, language deficit
Mitochondrial neurogastroinHypouricosuria
testinal encephalopathy
Seizures, motor and mental
High levels of uracil, thymine, and 5-hydroxyretardation
methyluracil and low levels of dihydropyrimidines in urine
Seizures, mental retardation
Dihydropyrimidinuria
Hypotonia, dystonia, developHigh urinary excretion of N-carbamyl-βmental delay
alanine and N-carbamyl β-aminoisobutyric
acid
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Uric Acid Nephropathy Uric acid nephropathy is often preventable,
and immediate appropriate therapy has greatly reduced the mortality rate. Vigorous IV hydration and diuresis with furosemide dilute
the uric acid in the tubules and promote urine flow to ≥100 mL/h.
The administration of acetazolamide (240–500 mg every 6–8 h) and
sodium bicarbonate (89 mmol/L) IV enhances urine alkalinity and
thereby solubilizes more uric acid. It is important to ensure that the
urine pH remains >7.0 and to watch for circulatory overload. In addition, antihyperuricemic therapy in the form of allopurinol in a single
dose of 8 mg/kg is administered to reduce the amount of urate
that reaches the kidney. If renal insufficiency persists, subsequent
daily doses should be reduced to 100–200 mg because oxypurinol,
the active metabolite of allopurinol, accumulates in renal failure.
Despite these measures, hemodialysis may be required. Urate oxidase (rasburicase) can also be administered IV to prevent or to treat
tumor lysis syndrome.

(at doses >2.0 g/d), losartan, fenofibrate, x-ray contrast materials, and
glyceryl guaiacolate. Total parenteral hyperalimentation can also cause
hypouricemia, possibly a result of the high glycine content of the infusion formula. Other causes of increased urate clearance include conditions such as neoplastic disease, hepatic cirrhosis, diabetes mellitus,
and inappropriate secretion of vasopressin; defects in renal tubular
transport such as primary Fanconi syndrome and Fanconi syndromes
caused by Wilson’s disease, cystinosis, multiple myeloma, and heavy
metal toxicity; and isolated congenital defects in the bidirectional
transport of uric acid. Hypouricemia can be a familial disorder that
is generally inherited in an autosomal recessive manner. Most cases
are caused by a loss of function mutation in SLC22A12, the gene
that encodes URAT-1, resulting in increased renal urate clearance.
Individuals with normal SLC22A12 most likely have a defect in other
urate transporters. Although hypouricemia is usually asymptomatic,
some patients suffer from urate nephrolithiasis or exercise-induced
renal failure.

