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Visceral leishmaniasis is a deadly parasitic disease caused by
obligate intramacrophage protozoans of the Leishmania ge-
nus. The World Health Organization estimates the annual
death toll to be 50,000, with 500,000 new cases each year.
Without treatment, visceral leishmaniasis is inevitably fatal.
For the last 70 years, the firs line of defense has been pen-
tavalent antimonials; however, increased resistance has
brought amphotericin B to the forefront of treatment op-
tions. Unfortunately, the difficul route of drug administra-
tion, toxicity issues, and cost prevent amphotericin B from
reaching the infected population, and mortality continues to
rise. Our reformulation of amphotericin B for oral admin-
istration has resulted in a highly efficaciou antileishmanial
treatment that significantl reduces or eradicates liver par-
asitemia in a murine model of visceral leishmaniasis. This
formulation has overcome amphotericin B’s signific nt phys-
icochemical barriers to absorption and holds promise for the
development of a self-administered oral therapy for the treat-
ment of visceral leishmaniasis.

In developing nations, the need for oral therapies is not a matter

of convenience or cost, but instead it is one of survival. The

benefi of developing oral therapies is illustrated by the pro-
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tozoan Leishmania donovani, an insidious parasite that is trans-

mitted by the bite of an infected sand fl and places over 350

million people from 88 countries at risk of infection [1]. On

the Indian subcontinent alone, 1500,000 individuals are in-

fected with the most severe form of this macrophagic infection,

which rapidly infiltrate the vital organs and ultimately leads

to severe infection of the visceral reticuloendothelial system [2].

Visceral leishmaniasis, also known as Kala-azar, is most prev-

alent among weak and young persons within a population [3].

Left untreated, almost all infected individuals will die [4]. The

therapeutic arsenal against Leishmania is limited to a small

number of parenterally administered agents, with daily injec-

tions of pentavalent antimony compound for 28 days being the

usual course of treatment [2]. Increasing resistance to anti-

monial drugs has severely limited their use in many areas, in-

cluding northeastern India, where the incidence of Kala-azar

is highest [5].

At present, only one oral visceral leishmaniasis therapy exists.

Miltefosine (hexadecylphosphocholine), initially developed as

an oral anticancer drug, was found to exhibit effi acy against

visceral leishmaniasis. In 2002, miltefosine (Impavido; Zentaris

GmBH) was registered and licensed in India for oral treatment

of visceral leishmaniasis, but teratogenicity restricts its use in

women of childbearing age [3, 6–8]. In addition, parasite re-

sistance to miltefosine is easily induced in vitro [3, 6–8]. To

prevent widespread reduction in efficac , the administration of

miltefosine should occur under direct medical observation.

Amphotericin B is the current secondary treatment of choice

against leishmaniasis and has a 97% cure rate with no reported

resistance. However, therapy with the first-generatio micellar

formulation (Fungizone; Bristol Myers Squibb) involves intra-

venous administration over a period of 30–40 days and is as-

sociated with infusion and drug-related adverse effects (infec-

tion of the indwelling catheter, dose-dependent renal toxicity,

red blood cell hemolysis, thrombophlebitis, shaking, chills, fe-

ver, and bone pain). Although lipid-based formulations exist

(ie, Abelcet [lipid complex; Enzon Pharmaceuticals] and Am-

Bisome [liposomal form; Astellas Pharma]), which require a

shorter course of therapy (3–5 days), are highly effective, and

exhibit lower toxicity when compared with Fungizone, the cost

of these formulations is a barrier to widespread use [4, 9]. The

amphiphilic nature of amphotericin B prevents gastrointestinal

absorption; therefore, current formulations are all administered

parenterally. The complications related to intravenous drug ad-

ministration, toxicity issues, and cost prevent amphotericin B

from reaching the infected population, and mortality continues
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Figure 1. Activity of an oral amphotericin B (AmB) formulation in Leishmania donovani–infected BALB/c mice. Animals were infected and treated

as described, and Leishman-Donovan units were assessed by microscopic counting of liver smears. All treatments began 7 days after infection. Bars

of differing letters indicate statistically significant differences within each figure (1-way analysis of variance with post-hoc Tukey Multiple Comparisons

Test); data are expressed as mean values � standard deviation. A, Groups of animals (4 mice in each group) were treated with single 8, 2, or 0.5

mg/kg intravenous (IV) doses of AmBisome; miltefosine at 3 mg/kg orally (PO) daily for 5 days; a lipid-based vehicle control twice daily (BID) PO for

5 days; or a single IV saline injection. B, Treatment was performed with oral AmB formulations at 10 and 20 mg/kg BID for 5 days, a single 2 mg/

kg IV dose of AmBisome, or a lipid-based vehicle control BID PO for 5 days (5 mice in each group). C, BALB/c mice were treated with 2.5, 5, and

10 mg/kg oral AmB BID for 5 days; a single 2 mg/kg IV dose of AmBisome; or a lipid-based vehicle control BID PO for 5 days (4 mice in each group).

D, Giemsa-stained liver smears were obtained from mice postmortem after no treatment or exposure to vehicle, miltefosine, AmBisome, or the oral

AmB formulation at the doses indicated. Different letters above bars indicate statistically significant differences between treatment groups; matching

letters indicate groups with no statistically significant difference.
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to rise. Over the past 50 years, many attempts have been made

to formulate amphotericin B for oral administration, with lim-

ited success. A nanosuspension of amphotericin B was devel-

oped a by high-pressure homogenization technique in an at-

tempt to facilitate drug uptake across the gastrointestinal tract.

Nanosuspensions have been shown to adhere to the gastroin-

testinal mucosa, increasing drug contact time and potentially

enhancing uptake [10]. Oral treatment of L. donovani–infected

Balb/c mice indicated that the nanosuspension of amphotericin

B showed superior drug uptake and some reduction in parasite

numbers, compared with oral administration of micronized

amphotericin B, Ambisome, or Fungizone, but no curative ef-

fect was observed [11]. An oral cochleate formulation of am-

photericin B (Bioral Amphotericin B; BioDelivery Sciences In-

ternational) has been tested in mouse models of candidiasis

and aspergillosis and has recently completed Phase I trials [12].

Encapsulation of amphotericin B results in stable, nontoxic

lipid particles that facilitate systemic delivery and encourage

interaction with biological membranes [13]. Although prelim-

inary studies indicate 100% survivorship of treated animals,

the treatment did not eliminate fungal load from the organs.

To the best of our knowledge, testing of this formulation in a

visceral leishmaniasis model has not been explored.

In this study, we report on the antileishmanial activity of a

novel lipid-based oral amphotericin B formulation that over-

comes the barriers preventing oral absorption. Amphotericin

B exhibits low solubility, instability at gastric pH, and, due to

its physicochemical properties, is unable to penetrate the brush

border membrane of the small intestine. In addition to the

physicochemical challenges, we were also faced with the task

of reducing or eliminating nephrotoxicity.

Methods. To determine the antileishmanial activity of our

oral amphotericin B formulation, the following studies were

completed. BALB/c mice were intravenously infected with

Leishmania donovani LV82 promastigotes (obtained by75 � 10

culturing amastigotes taken directly from the spleen of an in-

fected hamster) 7 days prior to treatment. After the 7 days,

mice were administered either a single intravenous dose of

AmBisome at 8, 2, or 0.5 mg/kg; 5 daily doses of miltefosine

at 3 mg/kg orally; or amphotericin B formulations at 2.5, 5,

10, and 20 mg/kg orally twice daily for 5 consecutive days.

Appropriate vehicle controls were also assessed. Animals were

sacrifice 14 days after infection, and Leishman-Donovan units

were assessed in livers of mice postmortem via microscopic

enumeration of Giemsa-stained liver smears.

Results. Treatment with a single 2 mg/kg intravenous dose

of AmBisome administered 1 week after infection completely

eradicated liver parasites. AmBisome is thus more active in our

model, compared with its activity in earlier studies [14]. When

given in 5 daily doses at 3 mg/kg orally, miltefosine resulted

in a inhibition of liver parasitemia, consistent47.5% � 7.0%

with other reports [15]. Leishman-Donovan unit values were

not significantl different between groups of animals receiving

oral doses of a lipid-based vehicle control twice daily for 5 days

versus those receiving a single intravenous saline injection (fi -

ure 1A). Oral amphotericin B formulations at 10 and 20 mg/

kg twice daily for 5 days resulted in and99.5% � 0.4%

inhibition of parasitemia, respectively, com-99.8% � 0.2%

pared with control mice that received formulation only (f gure

1B). Dose response data from treatment of L. donovani–infected

BALB/c mice with 2.5, 5, and 10 mg/kg oral amphotericin B

twice daily for 5 days is reported in figu e 1C. The 10 mg/kg

twice daily dose again resulted in almost complete eradication

of liver parasitemia, whereas a dose-dependent effect on infec-

tion was observed in the other groups. Identical treatment

groups between the 3 studies resulted in consistent and re-

peatable results (data from vehicle control, AmBisome 2 mg/

kg IV bolus [1-way analysis of variance], and oral 10 mg/kg

amphotericin B [t test] studies were not signif cantly different)

(figu e 1C). Figure 1D presents representative liver smears from

select groups. On the basis of data from our antifungal studies

that indicated no renal toxicity (data not shown) and the level

of antileishmanial activity observed (figu e 1), we are now con-

fiden that a self-administered oral formulation of amphotericin

B is attainable.

Discussion. The demonstrated efficac of this formulation

is likely attributable to a combination of increased solubility,

improved gastrointestinal stability, and enhanced membrane

permeability. In addition, oral administration of a lipid-based

formulation favors lymphatic transport. As visceral leishman-

iasis parasites disseminate through the lymphatic and vascular

system, infecting macrophages and infiltratin the bone mar-

row, liver, and spleen, the lipid carrier may assist in delivering

the drug to the site of greatest infection. It is important to note

that the 20 mg/kg oral amphotericin B therapy completely erad-

icated L. donovani from the liver in 3 of 5 animals. Incomplete

suppression may resolve symptoms but may also be accom-

panied by a significan incidence of recurrence. Taking into

consideration the short treatment course in this study, it is

conceivable that longer treatment would completely eradicate

visceral leishmaniasis in all treated animals. Taken together,

these data, to the best of our knowledge, represent the fi st oral

amphotericin B formulation with significan efficac against L.

donovani (the parasite responsible for visceral leishmaniasis) in

an infected mouse model.
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