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INTRODUCTION

Levamisole is a synthetic imidazothiazole derivative
that has been widely used in the treatment of worm in-
festations in both humans and domestic animals as an
anthelmintic drug. Levamisole is a broad spectrum an-
thelmintic agent, which is primarily used for expelling
Ascaris and hook worms. Levamisole is the levoiso-
mer of tetramizole, a heterocyclic aromatic amine.
Compared with tetramizole, it has the advantage of
fewer side effects, higher curative effects, and smaller
dosage required for clinical treatment."?

The racemic form of levamisole, tetramisole, was first
disclosed as an anthelmintic agent in the 1960s by
Janssen Pharmaceutica. Levamisole was introduced as
a broad spectrum veterinary anthelmintic in 1965 and
an anthelmintic in humans in 1966.° It has found wide
application in the treatment of worm infestations and
eliminating intestinal parasites in both humans and
animals.?

In the 1990s, several reviews about levamisole’s efficacy
as a human immune system modulator appeared in
the literature, which focused on its potential benefi-
cial effects in cancer treatment. Results were mixed
with some trials showing enhanced chemotherapeutic
activity.*

In 1991, the racemic form of levamisole hydrochlo-
ride (marketed under the trade name of Ergamisol)
was approved by the U.S. Food and Drug Adminis-
tration foruse as adjuvant therapy with fluorouracil
in the treatment of colorectal cancer. “However, the
drug was voluntarily removed from the U.S. market in
2000 because of the common occurrence of agranulo-
cytosis”® However, it persists as a public health issue
because of its use as a bulking agent in distributed
cocaine.® Because of this, levamisole is being detected
in increasing percentages of cocaine in the United
States and worldwide.”®

Levamisole was recognized as a cocaine adulterant in
the United States in 2002. Since then, the percentage of
cocaine contaminated by levamisole in Europe and the
United States rose steadily to reach approximately 69%
in 2009.° However, it remains available in veterinary
medicine in many countries such as the United States,
Canada, Italy, and South America.’

Pharmacokinetics

Levamisole, or (S)-6-phenyl-2,3,5,6-tetrahydroimid-
azo [2,1-b]-[1,3] thiazole, is a synthetic imidazothi-
azole derivative that has been administered to humans
as an anthelmintic and immunomodulator agent since
1966; the molecular formula is C11H12N2S, and the
molecular weight is 204.286 g/mol. The drug, marketed
with several trade names (Decazole, Ergamisol,
Levasole, Tramisole, and Vermisole), is also available
as ahydrochloride or phosphate salt, in powder or
tablet form; it is used as a veterinary anthelmintic by
oral administration, or in solutions for subcutaneous
injection. Levamisole has been employed to treat cattle,
sheep, poultry, and pigs against stomach, intestinal, and
lung worms.*

No liquid dosage form of levamisole is available. An
oral solution would be highly desirable for children
who are unable to swallow tablets and allows the dose
to be easily adjusted."

In humans, levamisole is rapidly absorbed after oral ad-
ministration at a dose of 150 mg, with an approximate
oral bioavailability of 62.5%."

Levamisole is rapidly absorbed from the gastrointesti-
nal tract and intramuscular or subcutaneous injection
sites and is very well distributed in all tissues.”® Peak
blood levels are obtained after 1.5-4 hours. The plasma
elimination half-life of levamisole is estimated to be
5.6 hours in humans. Human mass balance studies
with orally administered levamisole (150 mg) indicate
metabolism as a predominant route of elimination.'
Levamisole is extensively metabolized in the liver and
its metabolites have a half-life of 16 hours. The drug
is excreted primarily in urine as metabolites. Approxi-
mately 70% of an administered dose is excreted in the
urine over threedays. The rest is excreted as metabo-
lites in the feces or unchanged in the urine.'>'>'¢ Only
approximately 3.2% of the oral dose was recovered as
unchanged drug in the urine.'>'

If needed, levamisole can be detected in urine and
plasma by gas chromatography mass spectroscopy at
local public health departments, reference laboratories,
and crimelaboratories. Because the plasma half-life of
levamisole is relatively short (estimated population
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Atopic diseases

Kocabas et al.”> found that the use of levamisole may
have important implications in the management of
the allergic inflammation. Levamisole suppresses the
Th2 immune response and elicits the Thl response
via inducing more secretion of INF-y from T cells. As
an immune-enhancing agent, it was attempted in the
treatment of atopic disease, leprosy, and cancer.”

Chronic idiopathic urticaria

Zhang et al.”* indicated that a combination of levami-
sole with levocetirizine is more effective than levoce-
tirizine alone for the treatment of chronic idiopathic
urticaria.

Angiolymphoid hyperplasia with eosinophilia

Levamisole has been found to be effective in the
treatment of the disseminated form of angiolymphoid
hyperplasia with eosinophilia, whose etiology is still
unknown.”

Kimura’s disease

Yu et al.*® reported the case of a 6-year-old boy with
Kimuras disease and concurrent steroid dependent
minimal change nephrotic syndrome. With levami-
sole treatment for 24 months, tumor progression and
relapse of the associated nephrotic syndrome were not
observed.

Melanoma

Lynn et al” conducted a randomized double-blind
trial of levamisole versus placebo as adjuvant therapy
for the surgical treatment of melanoma. Of 203 patients
included in the study, 104 received levamisole and 99
received a placebo. This study concluded that levam-
isole had no benefit, as compared to the placebo, as
adjuvant therapy for malignant melanoma. Unfortu-
nately, the promise of prolonged survival from meta-
static melanoma in earlier studies with levamisole not
realized.**%%

Burns

Levamisole hasbeen used successfully to treat depressed
immune function and susceptibility to infections after
burn injuries in several animal models. Although no
controlled trials are available, some benefit has also
been noted in patients with burn injuries.'®
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