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The efficacy of 20(S)-camptothecin (CPT), free and incorporated into sterically stabilized liposomes, has
been investigated in vitro against Leishmania donovani promastigotes and in vivo in a murine model of visceral
leishmaniasis. Incubation of L. donovani promastigotes with free or liposomal CPT inhibited the growth of
parasites in a dose-dependent manner. Tissue distribution studies revealed that the intraperitoneal adminis-
tration of liposomal CPT was efficient for the delivery of high drug levels to the liver and spleen. Treatment of
infected mice with intraperitoneal injections of free and liposomal CPT significantly reduced the parasite loads
in the livers by 43 and 55%, respectively, compared with the loads for untreated controls. However, both
treatments caused normochromic anemia and neutropenia.

Parasites of the genus Leishmania are intracellular protozo-
ans that infect more than 12 million individuals around the
world, with 400,000 new cases every year (3). Various pathol-
ogies can develop following infection with Leishmania, de-
pending on the species involved, encompassing cutaneous, mu-
cocutaneous, and visceral leishmaniasis (25). The first line of
therapy against visceral leishmaniasis is antimonial derivatives,
which have variable efficacies and which produce serious side
effects. Amphotericin B and pentamidines, which represent the
second line of therapy, also have limited efficacies and high
levels of toxicity. The high prevalence of leishmaniasis and the
emergence of resistance to conventional drugs demonstrate
the need to develop new, less toxic, and more efficient treat-
ments (7, 19, 23).

As liposomes are naturally taken up by macrophages of the
liver and spleen, the main reservoirs of parasites in visceral
leishmaniasis, the use of liposomes represents a logical strategy
for the concentration of drugs within these tissues to more
efficiently treat this parasitic infection. Mullen et al. (18) have
evaluated the antileishmanial efficacies of different amphoter-
icin B formulations (Fungizone, Ambisome, Abelcet, and Am-
phocil) in a murine model of visceral leishmaniasis. Their re-
sults showed that the liposomal formulations of amphotericin
B (Ambisome) and Amphocil were the most active formula-
tions against Leishmania donovani in this animal model of
infection. A case of visceral leishmaniasis unresponsive to sev-
eral courses of treatment with standard drugs was successfully
cured by a 21-day course (50 mg/day) of liposomal amphoter-
icin B (10).

20(S)-Camptothecin (CPT), a chemotherapeutic agent used

to treat solid tumors and leukemias (13), has been shown to be
effective in inhibiting the growth of L. donovani promastigotes
in vitro (6, 17) by trapping type I DNA topoisomerase to form
a complex which inhibits both cleavage and religation reactions
of DNA replication, leading to cell death (14). However, the
rapid ring opening of CPT to its less effective hydrolyzed car-
boxylate form in human plasma and its high degree of toxicity
constitute the major drawbacks of this drug. Previous studies
showed that the lactone ring of CPT is protected upon incor-
poration of the drug into a lipid bilayer structure like lipo-
somes (8, 9, 16).

The coupling of polyethylene glycol (PEG) of defined mo-
lecular weight to liposomes (sterically stabilized liposomes) of
specific lipid composition and size is known to increase the
ability of the liposomes to move through the lymph system
after subcutaneous injection, thereby reducing their levels of
accumulation at the site of injection (1, 2). Our previous stud-
ies have demonstrated that sterically stabilized liposomes ac-
cumulated more efficiently than PEG-free liposomes in lymph
nodes, liver, and spleen after administration of a single subcu-
taneous dose to mice (5). Liposomes to which PEG was cou-
pled reduced the level of toxicity associated with the adminis-
tration of a CPT derivative (24). In the present study, the
efficacy of CPT, free and incorporated into sterically stabilized
liposomes, has been evaluated in vitro against L. donovani
promastigotes and in vivo in a murine model of visceral leish-
maniasis. The tissue distributions and hematologic profiles of
both formulations have also been investigated in mice since it
is hypothesized that liposomal CPT might reduce the toxic
effects associated with the free drug, as reported for other
liposomal drug formulations (4, 11, 15).

CPT was a generous gift of M. C. Wani (Research Triangle
Institute, Research Triangle Park, N.C.). Dipalmitoylphospha-
tidylcholine (DPPC), dipalmitoylphosphatidylglycerol (DPPG),
and distearoylphosphatidylethanolamine-N-PEG 2000 (DSPE-
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PEG) were purchased from Avanti Polar Lipids (Alabaster,
Ala.). The parasites (L. donovani donovani Sudanese 1S2D)
were grown at room temperature and were transferred twice a
week in SDM-79 culture medium supplemented with 10% fetal
bovine serum (FBS), as described previously (20, 27).

Liposomes composed of DPPC–DPPG–DSPE-PEG in a
molar ratio of 10:3:0.83 (mol:mol) were prepared by the
method of thin lipid film hydration as described previously
(12). For CPT-containing liposomes, the lipid film was hy-
drated with a solution of CPT presolubilized (9.5 mg/ml) in
dimethyl sulfoxide (DMSO) and diluted in phosphate buffer
(pH 6.0) (23.75 mg of CPT/mmol of lipid). A small proportion
of [14C]DPPC or [3H]CPT was added as a radioactive tracer.
The lipid mixture was sonicated for 2 h by using an ultrasonic
bath to generate liposomes with diameters that ranged be-
tween 160 and 200 nm. The vesicle size distributions of the
small unilamellar vesicles were evaluated with a submicron-
size-particle analyzer. Unencapsulated drug was removed by
centrifugation of the liposomal preparation through a Seph-
adex G-50 column, and the efficiency of drug entrapment in the
liposomal effluent was determined by radioactivity measure-
ments. In vitro liposomal drug retention was evaluated at 4 and
37°C in phosphate buffer and at 37°C in 80% FBS, as described
previously (12). Drug retention was evaluated by measurement
of the radioactivity in the eluate in comparison with the value
at time zero.

To monitor the efficacies of free and liposomal CPT on the
growth of L. donovani, parasites were transferred (6 3 106

log-phase promastigotes) into 3 ml of culture medium in the
absence or presence of increasing concentrations of free or
liposome-encapsulated CPT (0 to 10 mM) or with the corre-
sponding amount of drug-free liposomes. Parasite growth was
monitored over 6 days by measuring the absorbance at 600 nm.
For the tissue distribution studies, a single bolus of free or
liposomal CPT (5.5 mg of CPT/kg of body weight; 12.9 mCi of

[3H]CPT/mg of nonradioactive CPT) was administered subcu-
taneously in the region of the upper right leg or intraperito-
neally to uninfected BALB/c mice (weight, 18 to 20 g) in a
volume of 500 ml. At specific time points postinjection, the
animals were killed, and selected tissues were collected,
washed, and weighed. All samples were treated with tissue
solubilizer and decolorized with H2O2. Drug and lipid levels
were monitored in all samples, with radioactivity measure-
ments obtained by using a liquid scintillation counter.

For the in vivo efficacy studies, BALB/c mice (weight, 18 to
20 g; n 5 6 mice per group) were infected with L. donovani
(2 3 107 stationary-phase promastigotes) given intravenously
in the tail vein. At 2 weeks postinfection, free CPT and lipo-
somal CPT (2.5 mg of CPT/kg of body weight) were adminis-
tered intraperitoneally to mice in a volume of 500 ml every 2
days over a period of 2 weeks. Infected mice were also treated
with intravenous or subcutaneous administrations of free CPT.
Five days after the end of the treatment, the mice were killed
and the efficacy was evaluated by using liver impression smears.
The parasite load was determined by optical microscopy, and
each group was compared with the untreated control group.
For study of hematologic toxicity, uninfected BALB/c mice
were injected intraperitoneally with 500 ml of free or liposomal
CPT (2.5 mg of CPT/kg body weight) every 2 days over a
2-week period. Animals treated with phosphate buffer contain-
ing 1% DMSO were used as controls. Blood samples were
collected on days 0, 6, and 14 for hematologic toxicity analysis.
Uncoagulated blood samples were used to obtain a complete
blood evaluation, including total red blood cell, hemoglobin,
hematocrit, platelet, total white blood cell, neutrophil, and
lymphocyte counts. Statistically significant differences between
groups were determined by analysis of variance by the Fisher
least-significant-difference tests.

The encapsulation efficiency of CPT in sterically stabilized
liposomes was 0.027 6 0.006 mmol of CPT/mmol of lipid.

FIG. 1. Proliferation of L. donovani promastigotes following incubation with 0.1 mM (E), 0.5 mM (F), 1 mM (M), 2.5 mM (f), 5 mM (‚), and
10 mM (Œ) free CPT (A) or liposome-encapsulated CPT (B) or corresponding drug-free liposomes (C) at 25°C for a 6-day period. Proliferation
of L. donovani promastigotes in the absence of any treatment was used as a control (l). The growth of parasites was evaluated from determination
of the optical density (O.D.) at 600 nm on days 0, 2, 4, and 6. The parasite growth is expressed as a percentage of the optical density compared
with that for the control. Values represent the mean 6 standard error of the mean for three independent experiments.
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About 15% of the drug was released from liposomes after a
48-h incubation in phosphate buffer at 4°C, whereas this value
reached 30% following incubations of liposomes in phosphate
buffer or in 80% FBS at 37°C (data not shown). However, after
this initial drug release, complete retention of drug in lipo-
somes was observed for up to at least 14 days. Figure 1 shows
the proliferation of L. donovani promastigotes following incu-
bation with different concentrations of free and liposome-en-
capsulated CPT or with the corresponding amount of drug-free
liposomes. Incubation of L. donovani promastigotes with free
or liposomal CPT inhibited the growth of parasites in a dose-
dependent manner. Complete inhibition of parasite growth
was observed following incubation with 10 mM free or liposo-
mal CPT. Drug-free liposomes had no major effect on the
proliferation of L. donovani promastigotes.

Figure 2 shows the tissue distribution of CPT, free or incor-
porated into sterically stabilized liposomes, at 6 and 48 h after
subcutaneous or intraperitoneal administration of a single bo-
lus to uninfected mice. Overall, except for the concentration
observed in popliteal lymph nodes at 48 h after the subcuta-
neous administration of free drug, the incorporation of CPT
into sterically stabilized liposomes resulted in similar or higher
levels of drug accumulation in all tissues at all time points. The
results show that liposomal drug administered subcutaneously
mostly accumulated in inguinal lymph nodes. The intraperito-
neal administration of liposomal CPT significantly increased
the concentration of drug in the liver, spleen, and mesenteric
lymph nodes at 48 h postinjection. Of particular interest, the
incorporation of CPT into liposomes increased by 1.8 and 2.7

FIG. 2. Tissue distribution of free CPT (M) and liposome-encapsulated CPT (f) at 6 h (A) and 48 h (B) after administration of a single
subcutaneous (s.c.) or intraperitoneal (i.p.) dose to uninfected BALB/c mice. Values represent the mean 6 standard error of the mean for six
animals per group per time point. p and pp, P , 0.05 and P , 0.01 compared with free CPT in the same tissue, respectively. # and ##, P , 0.05
and P , 0.01 compared with mode of administration in the same tissue, respectively.
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times the concentration of drug in the spleen and liver, respec-
tively.

We next evaluated the effect of the route of administration
on the efficacy of free CPT in reducing the parasite loads in the
livers of mice infected with L. donovani. As the intraperitoneal
injection of liposomal CPT represents the best route of admin-
istration tested in the present study to concentrate the drug in
the liver, we also evaluated the efficacy of this treatment. The
results showed that treatment of mice by subcutaneous or
intravenous injection of free CPT did not significantly decrease
the parasite loads (L. donovani units) in the livers compared
with the loads in the livers of control mice (data not shown). In
contrast, treatment of infected animals by intraperitoneal in-
jection of free or liposomal CPT significantly reduced the par-
asite loads in the livers by 43% 6 12% and 55% 6 17%,
respectively, compared with the loads in the livers of untreated
control mice.

Table 1 shows the effect of intraperitoneal administration of
free and liposome-encapsulated CPT given every 2 days for 14
days to uninfected BALB/c mice on the hematologic parame-
ters on days 6 and 14 of treatment. Both treatments at this
dosing regimen caused normochromic anemia, as evidenced by
the significant decrease in the proportions of total red blood
cells (14 to 24%), hemoglobin (11 to 18%), and hematocrit (13
to 21%) compared with the values for the untreated controls.
Treatment of mice with free CPT resulted in 35 and 39%
increases in the numbers of platelets on days 6 and 14, respec-
tively, compared with the numbers in the untreated controls.
The incorporation of CPT into liposomes to which PEG was
coupled had less of an effect on the platelets, increasing their
numbers by 14 and 28% on days 6 and 14, respectively, com-
pared with the numbers in the untreated controls. Mice treated
with both free and liposomal CPT exhibited neutropenia, with
the numbers of neutrophils decreasing by 50 to 67% compared
with the numbers in the untreated controls.

Our in vitro studies showed that CPT incorporated into 160-
to 200-nm-diameter, sterically stabilized liposomes composed
of DPPC–DPPG–DSPE-PEG (10:3:0.83 mol:mol) was as ef-
fective as the free agent in inhibiting the proliferation of L.
donovani promastigotes. These results indicate that the incor-
poration of CPT into these phospholipid vesicles did not affect
its ability to inhibit the proliferation of the parasites. Bodley et
al. (6) have previously demonstrated that the 50% inhibitory

concentration (IC50) of CPT for L. donovani promastigotes
(MHOM/SD/62/1S-CL2D) after a 48-h incubation at 26°C was
2.2 mM. The differences between the IC50s could be due to the
different strains and concentrations of L. donovani promasti-
gotes used in the studies.

Our previous studies showed that, as determined by fluores-
cence microscopy, sterically stabilized liposomes like those
used in the present study were mainly localized in macrophage-
rich areas such as the subcapsular region of lymph nodes and
in the red pulp and marginal zone of the spleen (5). In the
present study, tissue distribution studies showed that the intra-
peritoneal administration of liposome-encapsulated CPT effi-
ciently delivered high levels of drug to the liver and spleen, the
main reservoirs of parasites in visceral leishmaniasis. Such tar-
geting of drug to infected tissues should theoretically improve
the inhibition of parasite replication. On the other hand, most
of the liposome-encapsulated CPT administered subcutane-
ously accumulated in inguinal lymph nodes. This is in agree-
ment with our previous observations, in which we found that
subcutaneously administered sterically stabilized liposomes
tend to concentrate in lymph nodes near the injection site
instead of other lymph nodes or tissues (5).

The route of administration plays an important role in the
efficacy of free CPT in reducing parasite loads in the livers of
mice infected with L. donovani. The results showed that both
subcutaneous and intravenous injections of free CPT were not
effective in reducing the parasite loads in the livers, as deter-
mined by comparison of the loads with those in infected un-
treated controls. In contrast, the intraperitoneal administra-
tion of free CPT significantly reduced by 43% the parasite
loads in the livers. Incorporation of CPT into sterically stabi-
lized liposomes reduced by 55% the parasite loads in the livers
compared with those in the untreated controls. Although sig-
nificant, the efficacies of both free and liposomal CPT were
relatively poor under these experimental conditions. These low
levels of efficacy may be associated with the poor ability of CPT
to inhibit the intracellular parasite, although it has been shown
to have good activity against extracellular parasites in culture
medium.

Numerous studies showed that the incorporation of drugs
into liposomes reduces the toxic effects associated with their
administration (for reviews, see references 4, 11, 15, and 26).
For instance, the encapsulation of CPT-11, a hydrophilic de-

TABLE 1. Hematologic changes on days 6 and 14 after intraperitoneal administration of free or liposomal CPT (2.5 mg/kg) every 2 days for
14 days to uninfected BALB/c micea

Day and treatment Red blood cell count
(1012/liter)

Hemoglobin concn
(g/liter) Hematocrit Platelet count

(109/liter)
Leukocyte count

(109/liter)
Neutrophil count

(109/liter)
Lymphocyte count

(109/liter)

Day 6
None (control) 9.38 6 0.08 158 6 1 0.486 6 0.004 1,256 6 28 3.3 6 0.3 0.6 6 0.0 2.6 6 0.3
Free CPT 8.05 6 0.07b 140 6 1b 0.424 6 0.003b 1,737 6 37b 3.8 6 0.4 0.3 6 0.1b 3.5 6 0.4
Liposomal CPT 7.82 6 0.11b 137 6 2b 0.413 6 0.005b 1,438 6 49b,c 5.5 6 1.5 0.3 6 0.1b 5.1 6 1.4b

Day 14
None (control) 9.62 6 0.10 162 6 2 0.517 6 0.008 1,147 6 34 5.2 6 0.5 0.9 6 0.1 4.2 6 0.5
Free CPT 7.33 6 0.08b 136 6 1b 0.418 6 0.005b 1,595 6 50b 3.8 6 1.1 0.3 6 0.1b 3.4 6 1.0
Liposomal CPT 7.27 6 0.04b 133 6 1b 0.409 6 0.003b 1,463 6 42b,c 5.1 6 1.0 0.4 6 0.1b 4.7 6 0.9

a Untreated mice were used as controls. Values represent the means 6 standard errors of the means for six mice per group.
b Significantly different (P , 0.05) compared with untreated control on the same day.
c Significantly different (P , 0.05) compared with free CPT-treated group on the same day.
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rivative of CPT, into liposomes suppressed drug-induced diar-
rhea, a potentially lethal toxic effect (24). Phillips et al. (21, 22)
have shown that the incorporation of zidovudine (AZT) into
liposomes abrogated the bone marrow toxicity associated with
drug administration. The poor accumulation of liposomes in
bone marrow may provide a mechanism for reducing the tox-
icity of therapeutic agents. In the present study, the adminis-
tration of CPT induced normochromic anemia and neutrope-
nia. However, in contrast to incorporation of AZT into
liposomes, incorporation of CPT into liposomes did not pre-
vent drug hematotoxicity. The poor accumulation of liposomes
in the bone marrow may be true for some formulations but not
for others. For instance, Mullen et al. (18) showed that lipo-
somal amphotericin B caused significant suppression of para-
site burdens in bone marrow in murine visceral leishmaniasis.
This suggests that differences in the lipid compositions of li-
posomes are important contributing factors in the perfor-
mances of liposomal formulations of drugs.

Because of its unique mode of action, CPT could expand the
number of available drugs effective against leishmania. Al-
though the results presented in this report show that the en-
capsulation of CPT in liposomes does not increase the efficacy
of this drug in vitro or in vivo or decrease its toxicity profile,
modifications of the liposomal formulation might be developed
to reduce toxicity and maintain or even improve the efficacy, as
already shown in the literature for numerous other liposomal
drugs.
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