246e-12 paralysis, leading to the expulsion of live worms. Patients should be
warned, as this occurrence can be unsettling.

PART 8

Praziquantel This heterocyclic pyrazinoisoquinoline derivative is
highly active against a broad spectrum of trematodes and cestodes. It
is the mainstay of treatment for schistosomiasis and is a critical part of
community-based control programs.
All of the effects of praziquantel can be attributed either directly
or indirectly to an alteration of intracellular calcium concentrations.
Although the exact mechanism of action remains unclear, the major
mechanism is disruption of the parasite tegument, causing tetanic
contractures with loss of adherence to host tissues and, ultimately,
disintegration or expulsion. Praziquantel induces changes in the antigenicity of the parasite by causing the exposure of concealed antigens.
Praziquantel also produces alterations in schistosomal glucose metabolism, including decreases in glucose uptake, lactate release, glycogen
content, and ATP levels.
Praziquantel exerts its parasitic effects directly and does not need
to be metabolized to be effective. It is well absorbed but undergoes
extensive first-pass hepatic clearance. Levels of the drug are increased
when it is taken with food, particularly carbohydrates, or with cimetidine. Serum levels are reduced by glucocorticoids, chloroquine, carbamazepine, and phenytoin. Praziquantel is completely metabolized
in humans, with 80% of the dose recovered as metabolites in urine
within 4 days. It is not known to what extent praziquantel crosses the
placenta, but retrospective studies suggest that it is safe in pregnancy.
Patients with schistosomiasis who have heavy parasite burdens may
develop abdominal discomfort, nausea, headache, dizziness, and drowsiness. Symptoms begin 30 min after ingestion, may require spasmolytics
for relief, and usually disappear spontaneously after a few hours.
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Primaquine Phosphate Primaquine, an 8-aminoquinoline, has a broad
spectrum of activity against all stages of plasmodial development
in humans but has been used most effectively for eradication of the
hepatic stage of these parasites. Despite its toxicity, it remains the
drug of choice for radical cure of P. vivax infections. Primaquine
must be metabolized by the host to be effective. It is, in fact, rapidly
metabolized; only a small fraction of the dose of the parent drug is
excreted unchanged. Although the parasiticidal activity of the three
oxidative metabolites remains unclear, they are believed to affect both
pyrimidine synthesis and the mitochondrial electron transport chain.
The metabolites appear to have significantly less antimalarial activity
than primaquine; however, their hemolytic activity is greater than that
of the parent drug.
Primaquine causes marked hypotension after parenteral administration and therefore is given only by the oral route. It is rapidly and
almost completely absorbed from the GI tract.
Patients should be tested for G6PD deficiency before they receive
primaquine. The drug may induce the oxidation of hemoglobin
into methemoglobin, irrespective of the G6PD status of the patient.
Primaquine is otherwise well tolerated.
Proguanil (Chloroguanide) Proguanil inhibits plasmodial dihydrofolate
reductase and is used with atovaquone for oral treatment of uncomplicated malaria or with chloroquine for malaria prophylaxis in parts of
Africa without widespread chloroquine-resistant P. falciparum.
Proguanil exerts its effect primarily by means of the metabolite
cycloguanil, whose inhibition of dihydrofolate reductase in the parasite disrupts deoxythymidylate synthesis, thus interfering with a key
pathway involved in the biosynthesis of pyrimidines required for
nucleic acid replication. There are no clinical data indicating that folate
supplementation diminishes drug efficacy; women of childbearing age
for whom atovaquone/proguanil is prescribed should continue taking
folate supplements to prevent neural tube birth defects.
Proguanil is extensively absorbed regardless of food intake. The
drug is 75% protein bound. The main routes of elimination are hepatic
biotransformation and renal excretion; 40–60% of the proguanil dose
is excreted by the kidneys. Drug levels are increased and elimination is
impaired in patients with hepatic insufficiency.

Pyrantel Pamoate Pyrantel is a tetrahydropyrimidine formulated as
pamoate. This safe, well-tolerated, inexpensive drug is used to treat a
variety of intestinal nematode infections but is ineffective in trichuriasis. Pyrantel pamoate is usually effective in a single dose. Its target
is the nicotinic acetylcholine receptor on the surface of nematode
somatic muscle. Pyrantel depolarizes the neuromuscular junction of the
nematode, resulting in its irreversible paralysis and allowing the natural
expulsion of the worm.
Pyrantel pamoate is poorly absorbed from the intestine; >85% of the
dose is passed unaltered in feces. The absorbed portion is metabolized
and excreted in urine. Piperazine is antagonistic to pyrantel pamoate
and should not be used concomitantly.
Pyrantel pamoate has minimal toxicity at the oral doses used to treat
intestinal helminthic infection. It is not recommended for pregnant
women or for children <12 months old.
Pyrimethamine When combined with short-acting sulfonamides,
this diaminopyrimidine is effective in malaria, toxoplasmosis, and
isosporiasis. Unlike mammalian cells, the parasites that cause these
infections cannot use preformed pyrimidines obtained through salvage
pathways but rather rely completely on de novo pyrimidine synthesis,
for which folate derivatives are essential cofactors. The efficacy of
pyrimethamine is increasingly limited by the development of resistant
strains of P. falciparum and P. vivax. Single amino acid substitutions
to parasite dihydrofolate reductase confer resistance to pyrimethamine
by decreasing the enzyme’s binding affinity for the drug.
Pyrimethamine is well absorbed; the drug is 87% bound to human
plasma proteins. In healthy volunteers, drug concentrations remain at
therapeutic levels for up to 2 weeks; drug levels are lower in patients
with malaria.
At the usual dosage, pyrimethamine alone causes little toxicity
except for occasional skin rashes and, more rarely, blood dyscrasias.
Bone marrow suppression sometimes occurs at the higher doses used
for toxoplasmosis; at these doses, the drug should be administered
with folinic acid.
Pyronaridine This potent antimalarial is a benzonaphthyridine derivative first synthesized by Chinese researchers in 1970. Like chloroquine,
pyronaridine targets hematin formation, inhibiting the production of
β-hematin by forming complexes with it, with consequent enhancement of hematin-induced hemolysis. However, this drug is more
potent than chloroquine: for complete lysis, pyronaridine is required
at only 1/100th of the concentration needed with chloroquine. It also
inhibits glutathione-dependent heme degradation. Despite its similar
mode of action, pyronaridine remains effective against chloroquineresistant strains. When combined with artesunate, it has been shown
to be effective for the treatment of acute, uncomplicated infection
caused by P. falciparum or P. vivax in areas of low transmission with
evidence of artemisinin resistance.
Pyronaridine is readily absorbed, widely distributed throughout
the body, metabolized by the liver, and excreted in urine and stool. Its
use is contraindicated in patients with severe liver or kidney impairment. Pyronaridine has been shown in vitro to be an inhibitor of
both CYP2D6 and P-glycoprotein, and these effects may have clinical
relevance for patients taking medications for cardiac disease (e.g.,
metoprolol and digoxin).
Quinacrine* Quinacrine is the only drug approved by the FDA for
the treatment of giardiasis. Although its production was discontinued
in 1992, quinacrine can be obtained from alternative sources through
the CDC Drug Service. The antiprotozoal mechanism of quinacrine
has not been fully elucidated. The drug inhibits NADH oxidase—the
same enzyme that activates furazolidone. The differing relative quinacrine uptake rate between human cells and G. lamblia may explain
the selective toxicity of the drug. Resistance correlates with decreased
drug uptake.
Quinacrine is rapidly absorbed from the intestinal tract and is
widely distributed in body tissues. Alcohol is best avoided due to a
disulfiram-like effect.

