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Abstract

The achievement of complete cure in dogs with visceral leishmaniasis

is currently a great challenge, since dogs are the main reservoir for the

transmission of visceral leishmaniasis to humans and they respond

poorly to conventional treatment with pentavalent antimonials. In

order to improve the efficacy of treatment, we developed a novel

formulation for meglumine antimoniate based on the encapsulation of

this drug in freeze-dried liposomes (LMA). The aim of the present

study was to evaluate the biodistribution of antimony (Sb) in dogs

following a single intravenous bolus injection of LMA. Four healthy

male mongrel dogs received LMA at 3.8 mg Sb/kg body weight and

were sacrificed 3, 48 and 96 h and 7 days later. Antimony was

determined in the blood, liver, spleen and bone marrow. In the bone

marrow, the highest Sb concentration was observed at 3 h (2.8 µg/g

wet weight) whereas in the liver and spleen it was demonstrated at

48 h (43.6 and 102.4 µg/g, respectively). In these organs, Sb concen-

trations decreased gradually and reached levels of 19.1 µg/g (liver),

28.1 µg/g (spleen) and 0.2 µg/g (bone marrow) after 7 days. Our data

suggest that the critical organ for the treatment with LMA could be the

bone marrow, since it has low Sb levels and, presumably, high rates of

Sb elimination. A multiple dose treatment with LMA seems to be

necessary for complete elimination of parasites from bone marrow in

dogs with visceral leishmaniasis.
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The leishmaniases are a group of diseases

produced by invasion of the reticuloendothe-

lial system of a mammalian host by a parasite

of the genus Leishmania. This parasite is

found as a motile promastigote in the sand

fly and transforms into an amastigote when

engulfed by host macrophages (1). Visceral

leishmaniasis is the most severe form of the

disease, causing human death if not treated.

The first line drugs for the treatment of

leishmaniasis are the pentavalent antimoni-

als, including meglumine antimoniate (2).

Although these drugs usually lead to cure in

humans, they produce only a transitory im-

provement in dogs with visceral leishmania-

sis (3), the main reservoir for the transmis-

sion of visceral leishmaniasis to humans.

Because of the risk of development of para-

site resistance to antimonials, the World

Health Organization no longer recommends

antimonial therapy for dogs. In this context,

the achievement of complete cure in infected
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dogs remains one of the greatest challenges

for the control of the disease.

The use of liposomes represents a prom-

ising strategy, since this form of delivery

considerably enhances the efficacy of anti-

monials against visceral leishmaniasis (4).

This effect was attributed to the ability of

liposomes to prolong the presence of the

drug within the organism as well as to de-

liver it specifically to the sites of parasite

location, i.e., the liver, spleen, and bone

marrow. Recently, our group carried out the

synthesis of the pentavalent antimonial drug,

meglumine antimoniate, as well as its for-

mulation in multilamellar liposomes, using

novel methods that were shown to be sim-

pler and more efficient than conventional

ones (5,6). One of the resulting formula-

tions, which consisted of meglumine anti-

moniate encapsulated in freeze-dried lipo-

somes (LMA), could be stored as intermedi-

ate lyophilized powder and reconstituted just

before use. This represents a major advan-

tage over conventional formulations that can

be stored only as aqueous liposome suspen-

sions and exhibit stability problems in these

conditions (4,7). Furthermore, LMA showed

the expected high antileishmanial activity in

hamsters experimentally infected with Leish-

mania (Leishmania) chagasi (6).

In order to determine the most appropri-

ate dose of LMA for the treatment of visceral

leishmaniasis in dogs, as a first step, we

investigated the biodistribution of antimony

(Sb) in dogs following intravenous (iv) ad-

ministration of LMA.

Meglumine antimoniate was synthesized

as previously described (5) from equimolar

amounts of N-methyl glucamine and pen-

tavalent oxyhydrated antimony. The result-

ing product contained approximately 30%

antimony by weight, as determined by atomic

absorption spectroscopy.

Meglumine antimoniate was encapsulated

in freeze-dried liposomes as previously de-

scribed (6). Briefly, small unilamellar vesicles

were prepared in water from L-�-distearoyl-

phosphatidylcholine, cholesterol and dicet-

ylphosphate (molar ratio of 5:4:1) at the final

lipid concentration of 55 g/l. This suspen-

sion was frozen and subsequently lyophilized

overnight. Rehydration of the dried powder

was performed with an aqueous LMA solu-

tion (Sb concentration of 80 g/l) and phos-

phate-buffered saline (PBS, 150 mM NaCl,

10 mM phosphate, pH 7.2) as follows: 40%

of the original small unilamellar vesicle vol-

ume of the LMA solution was added to the

lyophilized powder and the mixture was in-

cubated for 30 min at 55ºC; the same volume

of PBS was then added and the mixture was

incubated for 30 min at 55ºC. Drug-contain-

ing liposomes were separated from the non-

encapsulated drug by centrifugation at 10,000

g for 30 min. The liposome pellet was then

washed twice and finally resuspended in

PBS. The amount of Sb was determined in

the resulting liposome suspension by plasma

emission spectroscopy using a Perkin-Elmer

(Shelton, CT, USA) Optima 3000 plasma

emission spectrometer (ICP AES). The en-

capsulation of meglumine antimoniate was

achieved with a trapping efficiency of 38%

and an Sb/lipid ratio of 0.175 (w/w). The

vesicular suspension was sized by photon

correlation spectroscopy at a 90º scattering

angle using a channel correlator (type 4700,

Malvern Instruments, Worcestershire, UK)

in combination with an He/Ne laser (wave-

length 633 nm, nominal power output 32

mW). The mean hydrodynamic diameter of

the vesicles was 2.37 µm, with a polydisper-

sity factor of 0.5.

To evaluate the biodistribution of Sb in

dogs following the administration of LMA,

four healthy male mongrel dogs weighing 8

to 12 kg, obtained from the Centro de

Zoonoses, Prefeitura Municipal de Belo

Horizonte, MG, Brazil, received LMA as a

single dose of 3.8 mg Sb/kg by the iv route.

Animals were negative to serological tests

for Leishmania (data not shown) such as

indirect immunofluorescence, complement

fixation test and enzyme-linked immunosor-



271

Braz J Med Biol Res 36(2) 2003

Distribution of liposome-encapsulated antimony

bent assay. Animals were sacrificed 3, 48

and 96 h and 7 days after administration. A

barbituric drug (sodium pentobarbital) was

used for humane euthanasia of the dogs, as

described by Smith et al. (8) and as routinely

used at the Veterinary Hospital of UFMG.

The liver, spleen, bone marrow and blood

were recovered and submitted to digestion

with nitric acid in a microwave oven (CEM,

MDS 200). The amount of Sb was then

determined as previously described (9), us-

ing a Perkin-Elmer Z5100 graphite furnace

atomic absorption spectrometer. All analy-

ses were performed using a continuous back-

ground correction. The analytical method

was validated according to the following

steps: i) determination of the working con-

centration range; ii) verification of the lin-

earity of the calibration function; iii) verifi-

cation of the selectivity of the method; iv)

evaluation of the recovery after the addition

of standards; v) determination of the instru-

ment and method detection limits (10).

It is noteworthy that LMA did not pro-

duce any significant clinical alterations in

dogs following its iv administration at 3.8

mg Sb/kg body weight. This is important, as

the dose of Sb used in the present study is

relatively high when compared to those given

to dogs in previous studies with other anti-

mony-containing liposome formulations.

Among the three studies published until now

(11-13), with pentavalent antimonials en-

capsulated in liposomes administered iv to

dogs, only the most recent one (13) used a

higher dose of Sb (9.8 mg/kg).

Figure 1 shows the Sb concentrations

determined in the liver, spleen and bone

marrow of dogs at different times after the iv

administration of LMA. In the bone marrow,

the highest Sb concentration was observed at

3 h (2.8 µg/g wet weight), whereas in the

liver and spleen it was observed at 48 h (43.6

and 102.4 µg/g, respectively). Antimony con-

centrations in these tissues then decreased

gradually and reached levels of 19.1 µg/g

(liver), 28.1 µg/g (spleen) and 0.2 µg/g (bone

marrow) after 7 days.

The extent of drug targeting achieved

with the present liposome formulation can

be assessed by comparing our results to those

obtained in a previous study following iv

administration to dogs of a free pentavalent

antimonial drug at 45 mg Sb/kg (12). Re-

markably, the Sb concentrations achieved in

the spleen and liver 48 h after the injection of

our liposome formulation were about 50-

fold and 6-fold higher, respectively, than

those reached after 48 h in the same organs

after administration of the free drug. On the

other hand, in the bone marrow, about the

same levels were achieved after 48 h. Our

results therefore suggest that a single dose

treatment with LMA may not be sufficient to

induce complete elimination of parasites from

the bone marrow of dogs.

The present results can also be compared

to those obtained following iv injection in

dogs of another vesicular system with a 6-

fold lower dose of Sb (12). In our study,

higher Sb levels were achieved in the spleen

and liver but a lower level was found in the

bone marrow. The relatively low Sb level

observed in the bone marrow may be attrib-

uted to the larger size of our liposomes (2.37

µm) compared to those previously used (0.12

µm), and to the fact that bone marrow is

expected to be more accessible to smaller

liposomes (14).

From the data presented in Figure 1, the

rate of Sb elimination could be inferred for

the different organs. In the bone marrow, the

rate of elimination was about 1.7-fold and

2.6-fold higher than in the spleen and liver,
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Figure 1. Distribution of anti-
mony (Sb) concentrations deter-
mined in the liver, spleen and
bone marrow of dogs at differ-
ent times after a single intrave-
nous bolus injection of lipo-
some-encapsulated meglumine
antimoniate at 3.8 mg Sb/kg
body weight.
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respectively.

In blood, Sb concentration remained rela-

tively constant at about 100 ng/ml (data not

shown). This concentration is very low when

compared to the peak Sb concentration (128

µg/ml) achieved in the blood of dogs 20 min

after a single iv injection of the free drug at

45 mg Sb/kg (12). This low Sb level can be

explained both by the fast clearance of LMA

by the liver and spleen and by the rapid renal

elimination of free antimonial drug (12).

The present data indicate that a single iv

bolus injection in dogs of LMA at 3.8 mg

Sb/kg resulted in high Sb levels in the liver

and spleen for a long period of time and also

suggest that the critical organ for treatment

with LMA could be the bone marrow since

this organ showed low Sb levels and, pre-

sumably, high Sb elimination. Finally, the

present study suggests that a multiple dose

treatment with LMA seems to be necessary

for the complete elimination of parasites

from the bone marrow in dogs with visceral

leishmaniasis.
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