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Barcelona, Centro de Investigaciones Biológicas, Velázquez 144, 28006 Madrid,4 and Departament de
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Leishmaniases, which are important causes of morbidity and mortality in humans and dogs, are extremely
difficult to treat. Antimicrobial peptides are rarely used as alternative treatments for naturally acquired
parasitic diseases. Here we report that the acylated synthetic antimicrobial peptide Oct-CA(1-7)M(2-9) is safe
and effective for treating naturally acquired canine leishmaniasis.

Leishmaniases, present in 88 countries on four continents,
caused 2.4 million disability-adjusted life years (DALYs) and
59,000 deaths in 2001 (34). Etiologic agents are Leishmania
protozoans transmitted by sand flies. Leishmaniasis caused by
Leishmania infantum is a zoonosis in the Mediterranean basin
where the dog, with an extremely high prevalence of infection
(25), is the main peridomestic reservoir. Leishmaniases are
extremely difficult to treat in both humans and dogs, requiring
long courses of organic pentavalent antimony, which is still the
drug of choice despite frequent and severe side effects and
increased resistance (4, 7, 27).

Antimicrobial peptides (AP), which are part of an organ-
ism’s innate immunity, are ancient evolutionary weapons that
have been isolated from virtually every kingdom and phylum
(3). They act by permeabilizing the plasma membrane. Induc-
tion of resistance is difficult, requiring dramatic changes in
phospholipid composition with pleiotropic effects on transport
and enzymatic systems. AP are rarely used as alternative treat-
ment for parasitic diseases, and there is still a paucity of infor-
mation about AP activity against parasites, particularly in vivo
and in clinical settings (31). For leishmaniases, positive results
have been obtained in vitro using dermaseptins (10, 11, 14, 16),
cecropins (1, 9), melittin (1), skin polypeptide YY (SPYY)
(32), and gomesin (22). Nevertheless, assays in animal models
are absent, except a brief mention of dermaseptins in treating
leishmaniasis caused by Leishmania major in mice (17). To the
best of our knowledge, there are no studies addressing the use
of AP in naturally acquired leishmaniasis.

The acylated synthetic cecropin A-melitin hybrid AP Oct-
CA(1-7)M(2-9) has shown in vitro leishmanicidal activity
against Leishmania donovani and Leishmania pifanoi (8). Since
this is the first study of Oct-CA(1-7)M(2-9) in a real setting, it
was designed as a small clinical trial to obtain preliminary data
about safety and efficacy.

Eight dogs with a recent diagnosis of canine leishmaniasis
(CL) (23) were enrolled in the study. None of the dogs had

been treated previously for CL. Each dog received three 5-mg
doses of Oct-CA(1-7)M(2-9), except for one dog who received
10 mg, administered by slow intravenous injection. Because
leishmaniasis is a life-threatening disease, and there was no
previous knowledge about AP efficacy, one week after the last
dose, the dogs started antimonial therapy (28).

Peripheral blood samples were collected before each dose,
and one week after the last dose. Hematologic and biochem-
istry parameters were obtained, and titers of anti-L. infantum
immunoglobulin G (IgG), IgA, and IgM were determined by
an enzyme-linked immunosorbent assay (25; O. Francino et al.,
submitted for publication). Parasitemia was determined by re-
al-time PCR (X. Roura, A. Sánchez, L. Ferrer, and O.
Francino, submitted for publication). Briefly, DNA was pre-
pared from 0.5 ml of dog blood-EDTA. The forward primer
(5�-AACTTTCTGGTCCTCCGGGTAG-3�), reverse primer
(5�-ACCCCCAGTTTCCCGCC-3�), and TaqMan probe (car-
boxyfluoresceine 5�-AAAAATGGGTGCAGAAAT-3�) were
designed to target conserved DNA regions of the kinetoplast
minicircle DNA of L. infantum. The eukaryotic 18S RNA
Pre-Developed TaqMan assay reagents (Applied Biosystems)
were used as an internal reference of canine genomic DNA
amplification to normalize L. infantum amplification for dif-
ferences in DNA content or the presence of inhibitors. Primers
and probe were added at 900 and 200 nM, respectively. Each
amplification was performed in triplicate in 25-�l reaction mix-
ture (TaqMan Universal PCR Master Mix; Applied Biosys-
tems). Thermal cycling profile was 50°C for 2 min, 95°C for 10
min, 40 cycles at 95°C for 15 s and 60°C for 60 s. Quantitative
analysis of L. infantum DNA amplification was performed by
the ��Ct method (6). Results were normalized with respect to
the first determination before treatment.

One major concern about the use of AP is safety (37).
Oct-CA(1-7)M(2-9) treatment did not cause any adverse
events. Six months after finishing the AP course, all dogs were
in good health, except for one dog that died 2 months after
finishing AP therapy. This dog died from renal failure, which
was probably related to leishmaniasis, as laboratory signs were
present at the time of diagnosis. Thus, administration of Oct-
CA(1-7)M(2-9) to dogs suffering from leishmaniasis appears to
be safe. This is in contrast with the slight increase in cytotox-
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icity against sheep erythrocytes and murine macrophages with
respect to the nonacylated parental peptide (L. Rivas, unpub-
lished results).

Improvement in CL is correlated with fewer symptoms, nor-
malization of total serum protein and its electrophoresis pat-
tern, and decrease in Ig levels. Although improvement in the
general health status was reported, no changes were found in
laboratory tests, probably due to a short follow-up period,
since normalization may take months (26, 29). However, a
progressive (P � 0.008) diminution in parasitemia (Fig. 1) was
observed. Interestingly, although AP have short half-lives that
rarely reach 30 min (5, 33), 1 week after the end of Oct-CA(1-
7)M(2-9) therapy, parasitemia was lower (P � 0.028) than that
at the time of the last dose (Fig. 1). One hypothesis is that AP
may persist in serum-forming micelles that are easily phagocy-
tosed by cells of the mononuclear phagocyte system, reaching
high levels inside the parasitophorus vacuole and promoting
nitric oxide synthesis through expression of the cytokine-in-
duced form of inducible nitric oxide synthase, which kills the
amastigotes (19, 30). Nonetheless, the observation of a persis-
tent decline in parasitemia 1 week after the last dose suggests
a postantibiotic-like effect interaction. This type of delayed
effect has not been previously reported for AP or for L. infan-
tum. Postantibiotic effect is a useful feature for therapies ad-
dressed to people or animals living in zones with difficult med-
ical logistics, as tends to be the case for leishmaniases.

There is a desperate need for new antileishmanial agents.
Recently, important developments have been achieved: orally
administered miltefosine appears to be effective for treating
Indian visceral leishmaniasis caused by L. donovani (12), and
liposome-encapsulated N-methylglucamine antimoniate, the
“gold standard” for leishmaniasis therapy for more than 50
years, greatly enhances effectiveness in dogs and reduces tox-
icity (29). However, no other antileishmanial agent can com-
pare to AP. First, curing leishmaniasis requires not only anti-

leishmanial action but also interactions between the parasite
and immune system (2, 20, 24). Since AP are also signaling
molecules with multiple roles in regulating innate and adaptive
immunity (15, 21, 36), they may serve as immune modulators to
stimulate the nonresistant immune system or the disease-sup-
pressed immune system (18). Second, development of resis-
tance to AP appears to be rare (13), which is not the case for
currently used antileishmanial agents.

Although more precise trials are needed, our findings show
that the acylated synthetic cecropin A-melitin hybrid AP Oct-
CA(1-7)M(2-9) appears to be safe and effective for treating
CL. Furthermore, it is a potential powerful new drug for treat-
ing human leishmaniasis and coinfection with Leishmania and
human immunodeficiency virus, an emerging extremely serious
new disease with rapidly evolving resistance (35).
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