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Current therapy for leishmaniasis is unsatisfactory because parenteral antimonial salts and pentamidine
are associated with significant toxicity and failure rates. We examined the efficacy of KY62, a new, water-
soluble, polyene antifungal, against cutaneous infection with Leishmania amazonensis and against visceral
infection with Leishmania donovani in susceptible BALB/c mice. Mice were infected with L. amazonensis
promastigotes in the ear pinna and in the tail and were treated with KY62 or amphotericin B. The cutaneous
lesions showed a remarkable response to therapy with KY62 at a dose of 30 mg per kg of body weight per day.
At this dose, the efficacy of KY62 was equivalent to or better than that of amphotericin B at 1 to 5 mg/kg/day.
Mice infected intravenously with 107 L. donovani promastigotes and treated with KY62 showed a 4-log
reduction in the parasite burden in the liver and spleen compared to untreated mice. These studies indicate
potent activity of KY62 against experimental cutaneous leishmaniasis caused by L. amazoniensis and against
experimental visceral leishmaniasis caused by L. donovani.

The leishmaniases, caused by protozoa of the genus Leish-
mania, are distributed throughout the world. Cutaneous leish-
maniasis, typically a slowly healing cutaneous ulcer, can result
in deforming scars. Visceral leishmaniasis is characterized by
fever, hepatosplenomegaly, pancytopenia, and cachexia and is
associated with significant mortality (15). Current therapy for
leishmaniasis is unsatisfactory (2). Antimonial compounds (so-
dium stibogluconate and meglumine antimoniate) are consid-
ered the drugs of first choice. These drugs are parenteral and
are associated with significant side effects such as pancreatitis,
myalgia, arthralgia, and, rarely, cardiac toxicity (6). Pentami-
dine, another alternative, causes renal toxicity and pancreatitis.
These agents are also associated with significant failure and
relapse rates, especially in the immunocompromised host
(1).

Leishmania and fungi both have ergosterol-based sterols as
essential components of their membrane structure. Antifungal
agents, therefore, have potential in the treatment of leishman-
iasis. The azole antifungals ketoconazole and itraconazole
have been used to treat cutaneous leishmaniasis with variable
success rates but have had no efficacy in cases of visceral
disease (11, 16, 18). Amphotericin B interacts with leishmanial
ergosterol and episterol, disrupting the membrane barrier and
leading to loss of intracellular components and to cellular
death (17). Amphotericin B has been successfully used in treat-
ing visceral leishmaniasis in animals and humans (9, 10). The
use of amphotericin B is limited by substantial associated tox-
icity. Several recent reports also indicate success in treating
leishmaniasis with lipid formulations of amphotericin B (4, 5,
21).

KY62 is a synthetic, water-soluble, polyene antifungal with
structural resemblance to amphotericin B (Fig. 1). This drug
has been administered to mice in high doses with no noticeable
toxicity (7). We tested the activity of KY62 against Leishmania
promastigotes in vitro, in experimental cutaneous leishmania-
sis caused by Leishmania amazonensis, and in experimental
visceral leishmaniasis caused by Leishmania donovani.

MATERIALS AND METHODS

Parasites. The virulent strains L. donovani 1S (MHOM/SD/001S-2D) and L.
amazonensis JOSEPHA were selected for the in vitro and in vivo studies. Addi-
tionally, L. major strain KK, L. mexicana strains 68 and 390 (gifts from F.
Andrade-Narvaez, Merida, Mexico), and L. panamensis strains LS94 and L334
(gifts from B. Travi, CIDEIM, Cali, Colombia) were included in the in vitro
testing. Prior to mouse infection, the parasites were washed in phosphate-buff-
ered saline, counted, and resuspended in phosphate-buffered saline at the ap-
propriate concentration.

Animals. Age matched, 4- to 6-week-old female inbred BALB/c nu/1 mice
(veterinary medical unit breeding colony; Audie Murphy Veterans Administra-
tion Hospital, San Antonio, Tex.) were used in these studies. Ten mice were
included in each treatment and control group and were housed five mice per cage
with free access to water and food.

Drugs. KY62, a polyene antifungal, was chemically synthesized in the labora-
tory of S. L. Regen (Lehigh University, Bethlehem, Pa.) (23). The drug was
reconstituted from powder in sterile 5% dextrose in water (D5W); 0.2 ml of this
solution was injected into the mice intraperitoneally (i.p.). Amphotericin B was
purchased commercially (Bristol-Myers-Squibb, Princeton, N.J.) and was in-
jected in a similar fashion.

In vitro susceptibility. Leishmania promastigotes were maintained in Grace’s
insect culture medium supplemented with 15% heat-inactivated fetal calf serum,
1 mg of biotin per ml, 0.1 mM adenine, 5 mg of hemin per ml, 100 U of penicillin
per ml, and 100 mg of streptomycin per ml. At log phase (3 days after passage in
culture media), Leishmania promastigotes were harvested and counted with a
hemacytometer. Promastigotes (5 3 106/ml) were incubated in microwell plates
at 26°C in 250 ml of medium/well, with each well containing either a twofold
dilution of one drug (0.125 to 8 mg/ml for KY62 and amphotericin B and 0.25 to
32 mg/ml for fluconazole) or control medium. The minimum protozoacidal con-
centration (MPC) was defined as the lowest concentration that reduced the
number of viable promastigotes with respect to simultaneously growing controls
by $90% after 18 h of incubation with the drug, as assessed by flagellar motility
under indirect microscopy (14). In a few experiments, parasite death was also
assessed by a [3H]thymidine incorporation assay. In these experiments, 1 mCi of
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[3H]thymidine was added to each well for the last 18 h of culture and the amount
of incorporation was determined by scintillation counting.

Treatment of cutaneous L. amazonensis infection. (i) Two-week therapy. Three
groups of 10 female inbred BALB/c mice each were selected randomly to receive
KY62 at a daily dose of 30 mg/kg of body weight, amphotericin B at a daily dose
of 1 mg/kg, or D5W by i.p. injection. KY62 previously had shown no toxicity for
mice treated for candidiasis at a dosage of 30 mg/kg/day (7). All mice were
injected with 5 3 106 promastigotes of L. amazoniensis in 0.01 ml in the right ear
pinna and with 5 3 106 promastigotes in 0.02 ml subcutaneously in the proximal
third of the tail. This infective dose was selected to ensure development of
significant lesions. Treatments were started on the third day postinfection and
continued for 14 days. Measurements of the ear pinna thickness and tail lesion
thicknesses, with a fine-scale caliper (Fowler Precision Tools; Lux Scientific
Instrument Corp., New York, N.Y.), were started on the fourth day postinfection
and repeated weekly for 6 weeks. Lesion size was considered the difference
between the thicknesses of the infected and uninfected ear pinnae. The size
of the tail lesion was obtained by subtracting the average of the measure-
ments of the tail diameter at points just rostral and caudal to the lesion site
from the maximal tail diameter at the lesion site. Histopathology was per-
formed on ear and tail lesions of three mice from each group at 6 weeks
postinfection.

(ii) One-week dose-ranging study. Six groups of 10 BALB/c mice each were
randomly selected to receive KY62 at daily doses of 30, 15, 5, or 1 mg/kg by i.p.
injection for 7 days. A positive control group received amphotericin B at a daily
dose of 5 mg/kg i.p., and the negative control group received D5W i.p. All mice
were infected with L. amazonensis as described above. Treatments were started
on the third day postinfection and continued for 7 days. Measurements of ear
and tail lesions were started the first day postinfection and made weekly after-
wards for 4 weeks.

(iii) Four-week therapy. Two groups of 10 age-matched, randomly selected
female BALB/c mice each were infected with L. amazonensis in the ear pinna
and tail as described above. Treatments with KY62 at a daily dose of 15 mg/kg
or with D5W were started on the third day postinfection and continued for 28
days. Measurement of lesions was done weekly for 5 weeks. At 37 days postin-
fection, eight mice per group were sacrificed, their external sacral lymph nodes
(which drain the tail) were harvested, and the lymph node parasite burden was
determined by quantitative limiting dilution (8). Lymph nodes were harvested
and homogenized between the frosted ends of sterile slides in 1 ml of complete
culture medium and diluted with the same medium to a final concentration of 1
mg/ml. Fourfold serial dilutions of the homogenized tissue were then plated in a
96-well tissue culture plate and cultured at 26°C for 3 weeks. The wells were
examined for viable promastigotes at 3-day intervals, and the reciprocal of the
highest dilution which was positive for parasites was considered to be the con-
centration of parasites per milligram of lymph nodes (8).

Treatment of visceral L. donovani infection. Two groups of eight age-matched,
randomly selected female BALB/c mice each were inoculated intravenously with
107 promastigotes of L. donovani in 0.2 ml through the lateral tail vein. One
group was treated i.p. with KY62 at a daily dose of 15 mg/kg, and the other group
received D5W alone. Treatment was started on the third day postinfection and
continued for 14 days. Thirty days postinfection, all mice were terminated, and
hepatic and splenic parasite burdens were determined by the quantitative limit-
ing dilution method described above (an approximately 30-mg piece of organ was
homogenized).

Statistical analysis. For cutaneous infection, the means (6 standard devia-
tions) of the sizes of the ear and tail lesions between treatment groups and
controls were compared by using the unpaired Student t test. For visceral infec-
tion, the mean log10 parasites per gram of liver and spleen of treatment groups
and controls were compared by using the unpaired Student t test. A P value of
,0.05 was considered statistically significant.

RESULTS

In vitro susceptibility to KY62, amphotericin B, and flucon-
azole. In vitro assessment of the protozoacidal activity indi-
cated potent activity of both KY62 and amphotericin B against
Leishmania promastigotes of different species (Table 1). Flu-
conazole was not effective against Leishmania promastigotes
in culture media, having an MPC of more than 32 mg/ml.
KY62 and amphotericin B showed equivalent in vitro anti-
leishmanial activities. The MPCs of the drugs as determined
by visual inspection were confirmed by the loss of [3H]thy-
midine incorporation in the drug-treated parasites (data not
shown).

Efficacy of KY62 in experimental cutaneous leishmaniasis.
(i) Two-week therapy. Six weeks postinfection, ear lesions of
the control group were remarkably larger than those of the
groups receiving KY62 or amphotericin B. The lesion sizes
were 4.51 6 1.40 mm, 1.15 6 0.81 mm, and 3.33 6 1.45 mm for
controls, KY62 recipients, and amphotericin B recipients,
respectively. The differences were significant for the KY62-
treated group compared to controls (P 5 0.00008) (Fig. 2A).
At the doses used, KY62 was significantly more effective than
amphotericin B in reducing lesion size (P 5 0.001).

The tail lesions at 6 weeks postinfection were smaller in
the KY62 (0.25 6 0.23 mm) and amphotericin B (0.50 6 0.17
mm) groups compared to controls (0.98 6 0.41 mm). These
differences were significant (P 5 0.0002 for KY62 and P 5
0.003 for amphotericin B compared to controls) (Fig. 2B).
The tail lesions in the KY62-treated mice were also signifi-
cantly smaller than those in the amphotericin B-treated
mice (P 5 0.015).

Histopathologic analysis of the ear lesions revealed lympho-
cytic infiltration with few parasites in mice treated with KY62
but abundant, foamy macrophages with intracellular amasti-
gotes in the untreated mice (Fig. 3).

During treatment, only one mouse (a KY62 recipient) died
before the end of the study. Death was attributed to anesthesia
with methoxyflurane during measurement of lesions.

(ii) One-week dose-ranging study. To determine if a shorter
course of therapy and lower drug doses could be effective in
the treatment of experimental cutaneous leishmaniasis, a study
of KY62 and amphotericin B given at different doses for 7 days
was conducted. At 30 days postinfection, smaller tail lesion
sizes were found in mice treated with KY62 at dosages of 30
and 15 mg/kg/day, but not at dosages of 5 and 1 mg/kg/day. The
mean diameters of the tail lesions were 0.32 6 0.14 mm, 0.11 6
0.07 mm, 0.14 6 0.06 mm, 0.30 6 0.10 mm, 0.29 6 0.13 mm,
and 0.28 6 0.08 mm for controls, KY62 (30 mg/kg), KY62 (15
mg/kg), KY62 (5 mg/kg), KY62 (1 mg/kg), and amphotericin B
(5 mg/kg) treatment groups, respectively. P values of 0.0005
and 0.0023 were calculated for KY62 at the 30- and 15-mg/kg

FIG. 1. Chemical structure of KY62 and amphotericin B.

TABLE 1. Activity of antifungal agents against leishmania

Species
MPC (mg/ml)a

Amphotericin B KY62 Fluconazole

L. donovani 0.5 0.5 .32
L. amazonensis 0.5 0.5 .32
L. major 0.125 0.125 .32
L. mexicana 68 0.5 0.25 .32
L. mexicana 390 1.0 0.5 .32
L. panamensis L334 0.25 0.25 .32
L. panamensis LS94 0.25 0.125 .32

a The MPC is the concentration that results in 90% inhibition of promastigote
motility after 18 h of incubation.
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doses, respectively, compared to controls (Fig. 4B). At 5 mg/kg/
day for 7 days, amphotericin B was not significantly better than
controls in either the ear or the tail infections. None of the
treatment groups had significantly better outcomes of ear in-
fections than control mice (Fig. 4A). A 7-day course of ther-
apy was thus inferior to the 14-day course used in the first
experiment.

(iii) Four-week therapy. To determine if a lower dose of
KY62 given for a longer duration could be effective, mice were
treated for 28 days at 15 mg/kg/day. Five weeks postchal-
lenge, the tail lesions were significantly smaller in KY62-
treated mice than in controls (Fig. 5B) (mean, 0.31 6 0.10
mm and 0.73 6 0.12 mm, respectively [P 5 0.00001]). There
was no significant difference between treated mice and con-

trols in ear infections (Fig. 5A). The parasite burden in the
external sacral lymph nodes was markedly lower in the KY62-
treated group (mean log10, 7.29 6 1.0 and 4.43 6 1.4 parasites
per lymph node for controls and KY62-treated mice, respec-
tively).

Efficacy of KY62 in experimental visceral leishmaniasis.
L. donovani-infected mice were treated for 14 days with KY62
(15 mg/kg/day), and the visceral parasite burden was deter-
mined at 30 days postinfection. The mean hepatic parasite bur-
den (log10 per gram of liver) in the KY62-treated mice was
3.51 log10 lower than the parasite burden in controls (5.96 6
0.91 and 9.47 6 1.09 for KY62-treated and control groups,
respectively [P 5 0.00001]). The mean splenic parasite bur-
den (log10 per gram of spleen) was 4.21 logs lower in the

FIG. 2. Efficacy of a 14-day treatment course with KY62 (30 mg/kg/day) or amphotericin B (1 mg/kg/day) in experimental cutaneous leishmaniasis caused by L.
amazonensis. Sizes of ear pinna lesions (A) and tail lesions (B) in the treated and untreated control mice are shown. Treatments were started on the third day
postinfection and continued for 14 days. The ear lesion size was considered the difference between the thicknesses of the infected and uninfected ear pinna. The size
of the tail lesion was obtained by subtracting the average of the measurements of the tail diameter at points just rostral and caudal to the lesion site from the maximal
tail diameter at the lesion site.
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KY62-treated mice than controls (5.49 6 0.96 and 9.66 6
0.81 for KY62-treated and control groups, respectively [P 5
0.000001]).

DISCUSSION

Efforts to find new agents for the treatment of leishmaniasis
have been ongoing for several decades. Derivatives of anti-
mony have been used with reasonable success for more than
50 years to treat leishmaniasis. Recently, an increased num-
ber of reports of treatment failures and relapses with anti-
monial therapy have been published (1, 9, 10, 20). This is
due partly to leishmanial infection in patients with AIDS
and partly to acquired resistance to the antimonial com-
pounds (9, 10).

In this study, we have identified a new polyene antifungal
drug, KY62, which had high leishmanicidal activity in vitro.
Although in vitro activity of a drug against the promastigote
stage may not necessarily correlate with activity against intra-
cellular amastigotes, our in vivo studies demonstrated that
KY62 was highly efficacious in experimental models of cuta-
neous and visceral leishmaniasis. KY62, which differs from
amphotericin B in one side chain, showed in vitro activity
which was equivalent to that of amphotericin B. The mecha-
nism of action of KY62 against Leishmania spp. is probably
similar to that of amphotericin B, i.e., interaction with mem-
brane sterols resulting in disruption in the cell membrane with
leakage of intracellular components. KY62 has the advantage
of having lower toxicity in mice than amphotericin B. The
higher allowed doses may result in enhanced efficacy, but for-
mal studies to address this issue are needed.

We studied the efficacy of KY62 in an experimental model of
cutaneous leishmaniasis caused by a highly virulent strain of
L. amazonensis. Mice were infected at both relatively permis-
sive (ear pinna) and nonpermissive (tail) sites (12, 13), and the

response to therapy was assessed by measurement of lesion
size and parasite burden in the draining lymph nodes. KY62,
when used at higher doses, was consistently superior to stan-
dard, tolerated doses of amphotericin B in reducing the size of
cutaneous lesions. However, the determination of the advan-
tage of KY62 over amphotericin B will have to await more
formal toxicity testing. The lower parasite burdens present in
the draining lymph nodes in KY62-treated mice confirmed the
results of the clinical response. When a shorter duration of
therapy was used, the more permissive ear pinna infection was
less responsive to therapy. In humans, leishmanial infections
involving the ear are more chronic and progressive and are
more difficult to treat than those involving other cutaneous
sites (22). This may be due to the lower vascularity of this
cartilaginous structure. A longer duration of therapy (28 days)
did not eradicate the infection, but it should be noted that a
very large parasite inoculum was used in these studies. In a
study of treatment of experimental L. major infections, it was
observed that amphotericin B-treated mice had a noticeably
smaller lesion size as early as the end of the 2-week drug
treatment period (3). In our study of L. amazonensis infections,
the difference in lesion size between the KY62-treated and
untreated mice was not observed until 10 to 20 days after the
treatment period. Although we cannot exclude a delayed an-
tileishmanial immune response as a contributor to this ap-
parent delay in response to treatment, it appears that the
difference in lesion size was not noticeable earlier because
the lesions in the untreated mice had not developed to a
sufficient size to be significantly different than the lesions
in the treated mice. Thus, the lower rate of lesion develop-
ment in our model than in the L. major model probably
accounts for some of the observed differences in response to
drug treatment. Differences in parasite strain, site of inocula-
tion, dose and route of delivery of the drugs, and mouse strain
are also likely to contribute to the slightly different results.

FIG. 3. Wright’s stain of sections of an ear lesion in the control (A) and KY62-treated (B) mice. The section from the control mouse shows a predominance of the
large, foamy macrophages with abundant amastigotes (arrow), whereas the section from the treated mouse shows a more lymphocytic predominance (arrow) and a
markedly reduced number of amastigotes. Magnification, 340 (for both panels).
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Treatment with KY62 in the ear was associated with a pre-
dominantly lymphocytic infiltration with few amastigotes. In
contrast, the untreated animals had heavily parasitized, foamy
macrophages and a sparse lymphocytic infiltration. The impor-
tance of an intact cellular immune response in concert with
antileishmanial therapy has previously been demonstrated
(19). Whether the histopathological changes seen in the KY62-
treated lesions are a direct effect of the drug or are due merely
to the destruction of parasites with release of proinflammatory
mediators remains to be determined.

In the model of visceral leishmaniasis caused by L. donovani,
the efficacy of KY62 was equally impressive, with reduction in
parasite burdens of approximately 4 logs in the liver and spleen

compared to untreated controls. These findings are significant
because visceral leishmaniasis is difficult to treat and is asso-
ciated with high mortality. Amphotericin B was superior to
antimony and pentamidine in treating Indian kala-azar (9, 10).
It was also significantly better than pentavalent antimony in
HIV-infected patients with visceral leishmaniasis in southern
France (20). Lipid formulations of amphotericin B were also
shown to be effective in the treatment of visceral leishmaniasis
in several different regions where it is endemic (4, 5, 21). Our
results indicate that KY62 has efficacy equal to, if not greater
than, that of amphotericin B. Since KY62 can be given to mice
at a much higher dose than amphotericin B, it may offer an
improvement in the current therapy of leishmaniasis.

FIG. 4. Efficacy of a 7-day treatment course with various doses of KY62 or with amphotericin B (5 mg/kg/day) in experimental cutaneous leishmaniasis caused by
L. amazonensis. Sizes of ear pinna lesions (A) and tail lesions (B) are shown. Treatments were started on the third day postinfection and continued for 7 days. Lesions
were measured as described in the legend to Fig. 2.
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