leishmaniasis in India, where antimonial-resistant cases are prevalent.
Miltefosine is also effective in previously untreated visceral infections. Cure rates in cutaneous leishmaniasis are comparable to those
obtained with antimony. Miltefosine has also been shown to be effective against the free-living ameba Naegleria fowleri.
The activity of miltefosine is attributed to interaction with cell signal
transduction pathways and inhibition of phospholipid and sterol biosynthesis. Resistance to miltefosine has not been observed clinically.
The drug is readily absorbed from the GI tract, is widely distributed,
and accumulates in several tissues. The efficacy of a 28-day treatment course in Indian visceral leishmaniasis is equivalent to that of
amphotericin B therapy; however, it appears that a shortened course of
21 days may be equally efficacious.
General recommendations for the use of miltefosine are limited by
the exclusion of specific groups from the published clinical trials: persons <12 or >65 years of age, persons with the most advanced disease,
breast-feeding women, HIV-infected patients, and individuals with
significant renal or hepatic insufficiency.

Nifurtimox* This nitrofuran compound is an inexpensive and effective
oral agent for the treatment of acute Chagas’ disease. Trypanosomes
lack catalase and have very low levels of peroxidase; as a result, they are
very vulnerable to by-products of oxygen reduction. When nifurtimox
is reduced in the trypanosome, a nitro anion radical is formed and
undergoes autooxidation, resulting in the generation of the superoxide
anion O2–, hydrogen peroxide (H2O2), hydroperoxyl radical (HO2), and
other highly reactive and cytotoxic molecules. Despite the abundance
of catalases, peroxidases, and superoxide dismutases that neutralize
these destructive radicals in mammalian cells, nifurtimox has a poor
therapeutic index. Prolonged use is required, but the course may have
to be interrupted because of drug toxicity, which develops in 40–70%
of recipients. Nifurtimox is well absorbed and undergoes rapid and
extensive biotransformation; <0.5% of the original drug is excreted
in urine.
Nitazoxanide Nitazoxanide is a 5-nitrothiazole compound used for
the treatment of cryptosporidiosis and giardiasis; it is active against
other intestinal protozoa as well. The drug is approved for use in children 1–11 years of age.
The antiprotozoal activity of nitazoxanide is believed to be due
to interference with the pyruvate-ferredoxin oxidoreductase (PFOR)
enzyme–dependent electron transfer reaction that is essential to anaerobic energy metabolism. Studies have shown that the PFOR enzyme
from G. lamblia directly reduces nitazoxanide by transfer of electrons in the absence of ferredoxin. The DNA-derived PFOR protein
sequence of Cryptosporidium parvum appears to be similar to that of
G. lamblia. Interference with the PFOR enzyme–dependent electron

Oxamniquine This tetrahydroquinoline derivative is an effective alternative agent for the treatment of Schistosoma mansoni, although susceptibility to this drug exhibits regional variation. Oxamniquine exhibits anticholinergic properties, but its primary mode of action seems
to rely on ATP-dependent enzymatic drug activation generating an
intermediate that alkylates essential macromolecules, including DNA.
In treated adult schistosomes, oxamniquine produces marked tegumental alterations that are similar to those seen with praziquantel but
that develop less rapidly, becoming evident 4–8 days after treatment.
Oxamniquine is administered orally as a single dose and is well
absorbed. Food retards absorption and reduces bioavailability. About
70% of an administered dose is excreted in urine as a mixture of pharmacologically inactive metabolites. Patients should be warned that
their urine might have an intense orange-red color. Side effects are
uncommon and usually mild, although hallucinations and seizures
have been reported.
Paromomycin (Aminosidine) First isolated in 1956, this aminoglycoside
is an effective oral agent for the treatment of infections due to intestinal protozoa. Parenteral paromomycin appears to be effective against
visceral leishmaniasis in India.
Paromomycin inhibits protozoan protein synthesis by binding to
the 30S ribosomal RNA in the aminoacyl-tRNA site, causing misreading of mRNA codons. Paromomycin is less active against G. lamblia
than standard agents; however, like other aminoglycosides, paromomycin is poorly absorbed from the intestinal lumen, and the high
levels of drug in the gut compensate for this relatively weak activity.
If absorbed or administered systemically, paromomycin can cause
ototoxicity and nephrotoxicity. However, systemic absorption is very
limited, and toxicity should not be a concern in persons with normal
kidneys. Topical formulations are not generally available.
Pentamidine Isethionate This diamidine is an effective alternative
agent for some forms of leishmaniasis and trypanosomiasis. It is
available for parenteral and aerosolized administration. Although its
mechanism of action remains undefined, it is known to exert a wide
range of effects, including interaction with trypanosomal kinetoplast
DNA; interference with polyamine synthesis by a decrease in the activity of ornithine decarboxylase; and inhibition of RNA polymerase,
ribosomal function, and the synthesis of nucleic acids and proteins.
Pentamidine isethionate is well absorbed, is highly tissue bound, and
is excreted slowly over several weeks, with an elimination half-life of
12 days. No steady-state plasma concentration is attained in persons
given daily injections; the result is extensive accumulation of pentamidine
in tissues, primarily the liver, kidney, adrenal, and spleen. Pentamidine
does not penetrate well into the CNS. Pulmonary concentrations of pentamidine are increased when the drug is delivered in aerosolized form.
Piperazine The antihelminthic activity of piperazine is confined to
ascariasis and enterobiasis. Piperazine acts as an agonist at extrasynaptic
γ-aminobutyric acid (GABA) receptors, causing an influx of chloride
ions in the nematode somatic musculature. Although the initial result
is hyperpolarization of the muscle fibers, the ultimate effect is flaccid

CHAPTER 246e Agents Used to Treat Parasitic Infections

Niclosamide† Niclosamide is active against a wide variety of adult
tapeworms but not against tissue cestodes. It is also a molluscicide and
is used in snail-control programs. The drug uncouples oxidative phosphorylation in parasite mitochondria, thereby blocking the uptake
of glucose by the intestinal tapeworm and resulting in the parasite’s
death. Niclosamide rapidly causes spastic paralysis of intestinal cestodes in vitro. Its use is limited by its side effects, the necessarily long
duration of therapy, the recommended use of purgatives, and—most
important—limited availability (i.e., on a named-patient basis from
the manufacturer).
Niclosamide is poorly absorbed. Tablets are given on an empty
stomach in the morning after a liquid meal the night before, and this
dose is followed by another 1 h later. For treatment of hymenolepiasis,
the drug is administered for 7 days. A second course is often prescribed. The scolex and proximal segments of the tapeworms are killed
on contact with niclosamide and may be digested in the gut. However,
disintegration of the adult tapeworm results in the release of viable ova,
which theoretically can result in autoinfection. Although fears of the
development of cysticercosis in patients with Taenia solium infections
have proved unfounded, it is still recommended that a brisk purgative
be given 2 h after the first dose.

transfer reaction may not be the only pathway by which nitazoxanide 246e-11
exerts antiprotozoal activity.
After oral administration, nitazoxanide is rapidly hydrolyzed to
an active metabolite, tizoxanide (desacetyl-nitazoxanide). Tizoxanide
then undergoes conjugation, primarily by glucuronidation. It is recommended that nitazoxanide be taken with food; however, no studies
have been conducted to determine whether the pharmacokinetics of
tizoxanide and tizoxanide glucuronide differ in fasted versus fed subjects. Tizoxanide is excreted in urine, bile, and feces, and tizoxanide
glucuronide is excreted in urine and bile. The pharmacokinetics of
nitazoxanide in patients with impaired hepatic and/or renal function
have not been studied. Tizoxanide is highly bound to plasma protein
(>99.9%). Therefore, caution should be used when administering this
agent concurrently with other highly plasma protein–bound drugs
with narrow therapeutic indices, as competition for binding sites may
occur.

