
ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, May 1984, p. 655-656 Vol. 25, No. 5
0066-4804/84/050655-02$02.00/0
Copyright © 1984, American Society for Microbiology

Treatment of Experimental Cutaneous Leishmaniasis with
Liposome-Intercalated Amphotericin B

CLAIRE B. PANOSIAN,tt MICHAEL BARZA,2* FRANCIS SZOKA,3 AND DAVID J. WYLER1
Divisions of Geographic Medicine1 and Infectious Diseases,2 Department of Medicine, Tufts-New England Medical
Center, Boston, Massachusetts 02111, and School ofPharmacy, University of California, San Francisco, California

941433

Received 22 December 1983/Accepted 20 February 1984

The therapeutic efficacy of a liposomal preparation of amphotericin B was evaluated in two murine
models of cutaneous leishmaniasis. No significant decrease in tissue parasite density was observed in
C57BL/6 mice after systemic treatment instituted seven days after footpad inoculation with Leishmania
tropica; in contrast, BALB/c mice showed a modest response.

Leishmania spp. are pathogenic protozoa which can pro-
duce a spectrum of disease collectively referred to as leish-
maniasis. The clinical manifestations vary from species to
species of parasite and range from self-healing cutaneous
ulceration (Leishmania tropica subsp. major) to erosive
mucosal involvement (Leishmania brasiliensis complex) to
fatal visceral dissemination (Leishmania donovani) (7). Al-
though pentavalent antimonial agents remain the primary
chemotherapeutic' agents for all forms of human leishmania-
sis (7), drug failure in some cases has prompted a search for
other therapeutic measures and agents (13, 15). Because the
aflagellate amastigote stage of Leishmania spp., which pro-
liferate in mammalian hosts, is an obligate intracellular
parasite of macrophages, one potential treatment strategy is
the incorporation of therapeutic agents into liposomes which
are preferentially taken up by tissue macrophages (15). This
approach has been shown to improve the efficacy of antimo-
nial agents in the treatment of experimental infections
caused by L. donovani (1, 3, 12) and L. tropica (11).

Clinical experience has indicated that amphotericin B
(AMB) may be useful in the treatment of visceral and
mucosal leishmaniasis (7, 14). Since sterols, and specifically
ergosterol, have been demonstrated in the plasma mem-
branes of Leishmania spp. (2), it seems likely that the
antileishmanial mechanism of AMB is similar to that which
occurs with fungi (8). Systemic administration of AMB for
fungal infection is frequently accompanied by severe ad-
verse reactions (8). It has been shown that liposome interca-
lation reduces the toxicity of systemically administered
AMB and improves survival in murine models of histoplas-
mosis (17), cryptococcosis (4), and disseminated candidiasis
(6), presumably because higher doses of AMB are tolerated.
In the only published study of the use of liposomal AMB for
experimental leishmaniasis, New reported that a regimen of
three daily injections of hydrogenated lecithin liposomes
containing AMB at a dose of 2.5 mg/kg per day was more
effective than the same dose of free AMB in clearing L.
donovani amastigotes fromn the livers of NMRI mice (10).
We have developed a liposomal preparation of AMB

composed of small unilamellar vesicles (C. Tremblay, M.
Barza, C. Fiore, and F. Szoka, submitted for publication).
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Their small size (0.06 to 0.1 ,um) is advantageous because it
permits filter sterilization and may lessen the likelihood of
pulmonary embolism in contrast to the larger liposomes used
by other groups (4, 6, 10, 17). We now report the efficacy of
this preparation against L. tropica footpad infection in two
strains of mice which represent polar extremes in host
defense against this parasite. In C57BL/6 mice, there is local
proliferation of L. tropica at the site of inoculation, after
which there is spontaneous cure and healing within 5 to 8
weeks (18), whereas in BALB/c mice, there is dissemination
of the organism and ultimately death from infection (5). To
evaluate efficacy, we determined the density of parasites in
infected footpad tissue, a quantitative method not employed
in previous reports in which liposomal drugs were studied in
experimental leishmaniasis (1, 3, 10-12).
AMB was obtained from the Squibb Institute, Princeton,

N.J. as the commercial preparation containing sodium des-
oxycholate. Small unilamellar vesicles with or without AMB
were prepared from egg'phosphatidylcholine (Avanti Polar
Lipids, Birmingham, Ala.), cholesterol, and tocopherol suc-
cinate (both from Sigma Chemical Co., St. Louis, Mo.) in a
molar ratio of 5:3:1 by previously published methods (16).
The liposomes were sterilized by filtration through a 0.22-
,um filter (Millipore Corp., Bedford, Mass.). The final drug
concentration in the liposome dispersion was determined by
a standard absorbance technique with a standard curve of
solid AMB diluted in methanol. Both the commercial AMB
and the liposomal preparations were freshly diluted each
week in sterile distilled water to final concentrations such
that each dose would be contained in 0.5 ml.

Amastigotes of L. tropica, NIH S strain (9), were freshly
harvested from infected footpads of BALB/c mice by previ-
ously described methods (12a). Separate groups of female
C57BL/6 and BALB/c mice (18 to 20 g; both obtained from
Charles River Breeding Laboratories, Wilmington, Mass.)
were infected in one footpad with a subcutaneous inoculum
of 2 x 1 live parasites. Seven days later, groups of five to
seven mice were given one of the following regimens: (i)
sterile distilled water; (ii) empty liposomes; (iii) commercial
AMB, 1 mg/kg; (iv) liposomal AMB, 1 mg/kg; or (v) liposom-
al AMB, 5 mg/kg. All agents were administered by intraperi-
toneal injection every 3 days for a total of six doses. Twenty-
four hours after the last dose, the animals were killed, and
the nodular footpad lesions were excised. The specimens
were weighed, minced, and processed through a no. 50
stainless steel screen into 2 ml of Hanks buffered salt

655



ANTIMICROB. AGENTS CHEMOTHER.

TABLE 1. Parasite densities and total counts of L. tropica in footpads of mice treated with various formulations of AMB'

Mean t SEM amastigotes (log1o) in following mouse strain:

Treatment group BALB/c C57B1/6

Per mg of tissue Per biopsy Per mg of tissue Per biopsy

Distilled water 5.39 + 0.10 7.4 ± 0.13 5.45 ± 0.14 7.0 ± 0.12
Empty liposomes 5.48 ± 0.13 7.2 ± 0.10 5.62 ± 0.10 7.2 ± 0.14
AMB
Commercial (1 mg/kg per dose) 4.84 ± 0.12 6.8 ± 0.17 5.36 ± 0.13 6.8 ± 0.15
Liposomal (1 mg/kg per dose) 4.72 ± 0.16 6.5 ± 0.22 5.49 ± 0.11 7.0 ± 0.14
Liposomal (5 mg/kg per dose) 4.62 + 0.18 6.4 ± 0.25 5.44 ± 0.10 6.8 ± 0.10

a Data are the means + standard errors of the mean of five to seven values. Footpads were examined after 18 days of treatment.

solution. Subsequent passage of the tissue suspension
through a 25-gauge needle disrupted the macrophages and
released the free parasites. The suspensions were mixed
with equal volumes of a known concentration of chicken
erythrocytes. The ratio of parasites to 500 nucleated erythro-
cytes was determined by examining fixed slides stained with
Wright-Giesma (Diff-Quik, Dade Diagnostics, Inc., Aquada,
P.R.), and the number of parasites was calculated from this
ratio. Parasite density was expressed as log1o of the number
of amastigotes per milligram of tissue.
Seven days after infection, moderate swelling and erythe-

rma were detectable in the footpads of both C57BL/6 and
BALB/c mice. During the subsequent 18-day treatment
period, footpad lesions progressed, but no deaths occurred
in any of the groups. Table 1 outlines the mean ± standard
error of the mean of the log1o of the number of amastigotes
per milligram of footpad specimen as well as the mean ±
standard error of the mean log1o of total amastigotes in the
entire tissue lesion excised from animals of each treatment
group. In the C57BL/6 strain, there was no significant effect
of any of the AMB regimens on either of these indices
compared with controls. In the BALB/c mice, however,
each of the AMB preparations produced a mild to moderate
antileishmanial effect, reducing the parasite densities by 0.6
to 0.8 loglomg of tissue and the total parasite counts by 0.6
to 1.0 log1o. The parasite densities observed in BALB/c
footpads after treatment with liposomal AMB at 5 mg/kg
(regimen v) were significantly different from control values
(regimen i) by the unpaired t test when either logarithmic
values (P < 0.001) or natural numbers (P < 0.05) were
compared. Although ingestion of empty liposomes might
theoretically activate macrophages to kill intracellular para-
sites, drug-free liposomes did not result in an antileishmanial
effect in vivo in either animal model (Table 1).

In summary, no formulation of AMB tested had an effect
on cutaneous leishmaniasis in immunocompetent mice
(C57BL/6). In contrast, in the immunodeficient BALB/c
strain, there was a slight effect of AMB. This effect was not
significantly greater at higher than at lower doses or with
liposomal as opposed to free drug.

This work was supported in part by research grant EY01517 from
the National Eye Institute and by Public Health Service grant Al
17151 from the National Institutes of Health. C.B.P. is the recipient
of a Daland Fellowship from the American Philosophical Society.

LITERATURE CITED
1. Alving, C. R., E. A. Steck, W. L. Chapman, Jr., V. B. Waits,

L. D. Hendricks, G. M. Swartz, Jr., and W. L. Hanson. 1978.
Therapy of leishmaniasis: superior efficacies of liposome-encap-
sulated drugs. Proc. Natl. Acad. Sci. U.S.A. 75:2959-2963.

2. Beach, D. H., G. G. Holz, and G. E. Anekwe. 1979. Lipids of
Leishmania promastigotes. J. Parasitol. 65:203-216.

3. Black, C. D. V., and G. J. Watson. 1977. The use of Pentostam
liposomes in the chemotherapy of experimental leishmaniasis.
Trans. R. Soc. Trop. Med. Hyg. 71:550-552.

4. Graybill, J. R., P. C. Craven, R. L. Taylor, D. M. Williams, and
W. E. Magee. 1982. Treatment of murine cryptococcosis with
liposome-associated amphotericin B. J. Infect. Dis. 145:748-
752.

5. Handman, E., R. Ceredig, and G. F. Mitchell. 1979. Murine
cutaneous leishmaniasis: disease patterns in intact and nude
mice of various genotypes and examination of some differences
between normal and infected macrophages. Aust. J. Exp. Biol.
Med. Sci. 57:9-29.

6. Lopez-Berestein, G., R. Mehta, R. L. Hopfer, K. Mills, L. Kasi,
K. Mehta, V. Fainstein, M. Luna, E. M. Hersh, and R. Juliano.
1983. Treatment and prophylaxis of disseminated infection due
to Candida albicans in mice with liposome-encapsulated am-
photericin B. J. Infect. Dis. 147:939-945.

7. Marsden, P. D. 1979. Current concepts in parasitology: leish-
maniasis. N. Engl. J. Med. 300:350-352.

8. Medoff, G., and G. S. ]Kobayashi. 1980. Strategies in the
treatment of systemic fungal infections. N. Engl. J. Med.
303:145-155.

9. Neva, F. A., D. Wyler, and T. Nash. 1979. Cutaneous leishmani-
asis: case with persistent organisms after treatment in the
presence of normal immune response. Am. J. Trop. Med. Hyg.
28:467-471.

10. New, R. R. C. 1981. Antileishmanial activity of amphotericin
and other antifungal agents entrapped in liposomes. J. Antimi-
crob. Chemother. 8:371-381.

11. New, R. R. C., M. L. Chance, and S. Heath. 1981. The treatment
of experimental cutaneous leishmaniasis with liposome-en-
trapped Pentostam. Parasitology 83:519-527.

12. New, R. R. C., M. L. Chance, S. C. Thomas, and W. Peters.
1978. Antileishmanial activity of antimonials entrapped in lipo-
somes. Nature (London) 272:55-56.

12a.Panosian, C. B., and D. J. Wyler. 1983. Acquired macrophage
resistance to in vitro infection with Leishmania. J. Infect. Dis.
148:1049-1054.

13. Peters, W. 1981. The treatment of kala azar: new approaches to
an old problem. Indian J. Med. Res. 73(Suppl.):1-18.

14. Steck, E. A. 1981. The chemotherapy of protozoal infections of
man. J. Protozool. 28:10-16.

15. Steck, E. A. 1981. The chemotherapy of protozoal infections:
whither? J. Protozool. 28:30-35.

16. Szoka, F., Jr., and D. Papahadjopoulos. 1980. Comparative
properties and methods of preparation of lipid vesicles (lipo-
somes). Annu. Rev. Biophys. Bioeng. 9:467-508.

17. Taylor, R. L., D. M. Williams, P. C. Craven, J. R. Graybill,
D. J. Drutz, and W. E. Magee. 1982. Amphotericin B in lipo-
somes: a novel therapy for histoplasmosis. Am. Rev. Respir.
Dis. 125:610-611.

18. Wyler, D. J., L.-F. Liang, E. Downey, and M. Krim. 1982.
Exogenous interferon administration in experimental leishmani-
asis: in vivo and in vitro studies. Am. J. Trop. Med. Hyg.
31:740-745.

656 NOTES


