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Abstract

The aim of the present study was to evaluate the impact of a multiple
dose regimen of a liposomal formulation of meglumine antimoniate
(LMA) on the pharmacokinetics of antimony in the bone marrow of
dogs with visceral leishmaniasis and on the ability of LMA to elimi-
nate parasites from this tissue. Dogs naturally infected with Leishma-
nia chagasi received 4 intravenous doses of either LMA (6.5 mg
antimony/kg body weight, N = 9), or empty liposomes (at the same
lipid dose as LMA, N =9) at 4-day intervals. A third group of animals
was untreated (N = 8). Before each administration and at different
times after treatment, bone marrow was obtained and analyzed for
antimony level (LMA group) by electrothermal atomic absorption
spectrometry, and for the presence of Leishmania parasites (all groups).
There was a significant increase of antimony concentration from 0.76
ug/kg wet organ (4 days after the first dose) to 2.07 ug/kg (4 days after
the fourth dose) and a half-life of 4 days for antimony elimination from
the bone marrow. Treatment with LMA significantly reduced the
number of dogs positive for parasites (with at least one amastigote per
1000 host cells) compared to controls (positive dogs 30 days after
treatment: 0 of 9 in the LMA group, 3 of 9 in the group treated with
empty liposomes and 3 of 8 in the untreated group). However,
complete elimination of parasites was not achieved. In conclusion, the
present study showed that multiple dose treatment with LMA was
effective in improving antimony levels in the bone marrow of dogs
with visceral leishmaniasis and in reducing the number of positive
animals, even though it was not sufficient to achieve complete elimi-
nation of parasites.
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The leishmaniases are a group of dis-
eases produced by invasion of the reticulo-
endothelial system of a mammalian host by
a parasite of the genus Leishmania. This
parasite is found as a motile promastigote in
the sandfly and transforms into an amasti-
gote when engulfed by host macrophages
(1). Visceral leishmaniasis (VL) is the most
severe form of the disease, causing death of
humans if not treated. The pentavalent
organoantimonial complexes, meglumine
antimoniate and sodium stibogluconate, are
the first line drugs for the treatment of all
forms of leishmaniasis (2). The achievement
of a complete cure in dogs with VL is cur-
rently a great challenge, since dogs are the
main reservoir for the transmission of VL to
humans and respond poorly to conventional
treatment with pentavalent antimonials (3).
In order to improve the efficacy of treat-
ment, we recently developed a novel liposo-
mal formulation for meglumine antimoniate
(LMA), prepared by rehydration of freeze-
dried empty liposomes with an aqueous so-
lution of the antimonial (4). Furthermore,
we have reported the distribution of anti-
mony (Sb) in healthy dogs, following a single
intravenous (iv) bolus injection of LMA.
The latter study suggested that the critical
organ for the treatment with LMA could be
the bone marrow, since it showed very low
antimony levels (5), and that a multiple dose
regimen would be required to achieve thera-
peutic levels of antimony in this tissue. On
the other hand, the impact of infection on the
capture of liposomes by this tissue has not
yet been documented.

The aim of the present study was to evalu-
ate the impact of a multiple dose regimen
with LMA on the pharmacokinetics of anti-
mony in the bone marrow of dogs with VL
and on the ability of LMA to eliminate para-
sites from this tissue.

Meglumine antimoniate was synthesized
as previously described (6) from equimolar
amounts of N-methyl-D-glucamine and
oxyhydrated pentavalent antimony. The re-
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sulting product contained approximately 30%
antimony by weight, as determined by in-
ductively coupled plasma optical emission
spectroscopy (ICP-OES) using a Perkin-
Elmer (Boston, MA, USA) Optima 3000
plasma emission spectrometer.

Meglumine antimoniate was encapsulated
in freeze-dried liposomes as previously de-
scribed (4,5). Briefly, small unilamellar
vesicles were prepared in water from L-oi-
distearoylphosphatidylcholine, cholesterol
and dicetylphosphate (molar ratio of 5:4:1)
at a final lipid concentration of 55 g/L.. This
suspension was frozen and subsequently
freeze-dried overnight. The dried powder
was rehydrated with an aqueous solution of
meglumine antimoniate (antimony concen-
tration of 80 g/L.) and phosphate-buffered
saline (PBS, 150 mM NaCl, 10 mM phos-
phate, pH 7.2) as follows: 40% of the origi-
nal small unilamellar vesicle volume of the
meglumine antimoniate solution was added
to the lyophilized powder and the mixture
was incubated for 30 min at 55°C; the same
volume of PBS was then added and the
mixture was incubated for 30 min at 55°C.
Drug-containing liposomes were separated
from the non-encapsulated drug by centrifu-
gation at 10,000 g for 30 min. The liposome
pellet was then washed twice and finally
diluted in PBS. The amount of antimony was
determined in the resulting liposome sus-
pension by ICP-OES. The encapsulation of
meglumine antimoniate was achieved with a
trapping efficiency of 42% and an Sb/lipid
ratio of 0.25 (w/w). The vesicular suspen-
sion was sized by photon correlation spec-
troscopy at a 90° scattering angle using a
channel correlator (Malvern Instruments type
4700, Worcestershire, UK) in combination
with an He/Ne laser (wavelength, 633 nm;
nominal power output, 32 mW). The mean
hydrodynamic diameter of the vesicles was
found to be equal to 1.2 wm. Empty lipo-
somes were also prepared using the same
process, but replacing meglumine antimoni-
ate solution with PBS.
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To evaluate the pharmacokinetics of an-
timony in dogs with VL, male mongrel dogs
(weighing 5-12 kg) were obtained from the
Centro de Zoonoses, Prefeitura Municipal
de Belo Horizonte (MG, Brazil), and tested
for positivity to L. chagasi according to the
following tests: indirect immunofluores-
cence, complement fixation test and enzyme-
linked immunosorbent assay, demonstration
of Leishmania amastigotes in Giemsa-stained
bone marrow aspirates, and polymerase chain
reaction using L. donovani complex-specif-
ic primers (7). Animals received iv 4 doses
of either LMA (each corresponding to 6.5
mg Sb/kg body weight, 9 animals) or empty
liposomes (at the same lipid dose as LMA; 9
animals) at 4-day intervals. A third group of
animals was untreated (N = 8). Before each
administration and at different times after
treatment, bone marrow aspirates were re-
covered for the determination of antimony
(LMA group), as previously described (5).
Bone marrow samples were submitted to
digestion with nitric acid in a microwave
oven (CEM, MDS 200, Matthews, NC,
USA). Antimony was then measured by elec-
trothermal atomic absorption spectrometry
using a Perkin-Elmer Z 5100 graphite fur-
nace atomic absorption spectrometer. All
analyses were performed using continuous
background correction. All measurements
reported in this study were found to be supe-
rior to the method detection limits. Bone
marrow was also evaluated for Leishmania
amastigotes in Giemsa-stained bone marrow
aspirates 30 days after treatment. Animals
were considered to be positive when bone
marrow aspirates showed at least 1 amasti-
gote per 1000 host cell nuclei.

Figure 1A shows the antimony levels
determined in the bone marrow of dogs in
the course of treatment with LMA, 4 days
after each dose. There was a significant in-
crease of antimony concentration from 0.76
ug/g wet organ (4 days after the first dose) to
2.07 ug/g (4 days after the fourth dose).
These data show that a multiple dose treat-

ment with LMA at 4-day intervals is effec-
tive in improving antimony levels in the
bone marrow of dogs with VL. Figure 1B
shows the pharmacokinetics of antimony
elimination from the bone marrow follow-
ing treatment with LMA. A half-life of about
4 days for antimony elimination could be
estimated. These data are consistent with the
increase of antimony concentration in this
tissue during treatment, when an interval of
4 days between doses was used.
Comparison of the level of infection in
the bone marrow of LMA-treated dogs with
that of untreated dogs and that of dogs treated
with empty liposomes revealed significant
differences 30 days after treatment. As shown
in Figure 2, the number of positive dogs
(with at least 1 amastigote per 1000 host cell
nuclei) was 0 of 9 in the LMA group, 3 of 8
in the untreated group and 3 of 9 in the group
treated with empty liposomes. This differ-
ence in the number of positive dogs was
found to be significant by the Fisher exact
test (P <0.01). On the other hand, no signifi-
cantdifference between groups was observed
before treatment (data not shown). Never-
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Figure 1. Bone marrow antimony
levels determined in infected
dogs, during (A) and after (B)
treatment with liposome-encap-
sulated meglumine antimoniate.
A, Antimony (Sb) was deter-
mined in bone marrow aspirates
4 days after each dose of 6.5 mg
Sb/kg injected intravenously
every 4 days. *P < 0.05 for com-
parison of antimony levels after
the first dose and the fourth dose
(one-way ANOVA with Tukey’s
post-test); all other comparisons
were nonsignificant. B, Data
were fitted to a monoexponential
decay. Data are reported as
means + SD (N = 4-9 animals).
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Figure 2. Proportion of dogs
positive for Leishmania para-
sites 30 days after multiple dose
treatment with liposome-encap-
sulated meglumine antimoniate
(LMA group) or empty liposomes
(Lempty group), and in the un-
treated group. Animals were
considered to be positive when
bone marrow aspirates showed
at least one amastigote per 1000
host cell nuclei.
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theless, none of the treated animals showed
complete elimination of Leishmania para-
sites, as evidenced by in vitro culture of bone
marrow aspirates 120 days after treatment
(data not shown).

The antimony levels in the bone marrow
of dogs following treatment with free and
liposome-encapsulated antimonials have
been reported in two previous studies (5,8).
However, these studies used healthy ani-
mals and did not evaluate the effect of mul-
tiple dose treatment. Therefore, the present
study has the advantage of using conditions
closer to those usually employed in thera-
peutics.

The levels of antimony achieved in the
present study can be compared to those re-
ported previously following administration
of the same liposome preparation at a slightly
lower dose (3.8 mg Sb/kg), but in healthy
dogs instead of infected ones. An antimony
concentration of 2.8 ug/g was found 3 h after
administration, decreasing to about 0.4 ug/g
after 96 h (5). We may infer that the levels of
antimony achieved in the bone marrow of
dogs following LMA are within the same
range for healthy and infected animals, sug-
gesting that liposome capture by this tissue
is not significantly affected by L. chagasi
infection.

Our results can also be compared to those
obtained following a single iv injection in
healthy dogs of another vesicular system
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given at 0.65 mg Sb/kg body weight (8). In
the latter study, antimony levels of 5-30 pg
Sb/g and 1-8 ug Sb/g were found in the bone
marrow 3 and 48 h after administration,
respectively. Although 10-fold higher and
multiple doses were given in the present
study, antimony levels in the bone marrow
still remained relatively low. These low an-
timony levels may be attributed to the large
size (1.2 wm) of the liposomes used in the
present study when compared to that of the
liposomes previously used (0.12 um) (8),
and to the fact that bone marrow is expected
to be more accessible to smaller liposomes
9).

The extent of drug targeting achieved
with the present liposome formulation can
be further assessed by comparing our results
to those obtained in a previous study follow-
ing iv administration of free sodium stibo-
gluconate at a therapeutic dose (45 mg Sb/
kg) to healthy dogs. Even though sodium
stibogluconate and meglumine antimoniate
are different pentavalent antimony com-
plexes, the fact that both drugs showed iden-
tical pharmacokinetics in humans (10) justi-
fies the present comparison. In the bone
marrow, antimony levels in the range of 2
ug/g were found 3 and 48 h after administra-
tion (8). Strikingly, these levels are in the
same range as those found in the present
study. Considering that the dosage regimen
recommended in dogs with the free antimo-
nial drug consists of repeated injections twice
daily for at least 10 days (11), the expected
benefit of the present therapeutic protocol,
when compared to conventional therapy,
would be rather a reduced risk of toxicity, as
a result of a lower antimony dose and a
smaller number of doses, than an enhanced
efficacy.

The present therapeutic protocol can be
compared to that used by Valladares et al.
(11). In the latter work, dogs with VL were
treated daily for 10 days with a liposome
formulation of meglumine antimoniate at
9.8 mg Sb kg ! day! (the first 2 doses admin-
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istered iv and the subsequent 8 doses admin-
istered subcutaneously). This treatment was
repeated after a resting period of 10 days.
Long-term efficacy for at least one year was
claimed on the basis of gamma-globulin lev-
els. Although the protocol used in the pres-
ent study seems, at first sight, less effective
than that used by these investigators, several
aspects impair the comparison of efficacy
between the two protocols. First, different
models of VL were used. We used mongrel
dogs naturally infected with L. chagasi,
whereas the cited authors used beagle dogs
experimentally infected with L. infantum.
The two models may present different sensi-
tivity to antimony treatment. Second, a para-
sitological criterion was used in the present
study to evaluate treatment efficacy, which
is more demanding than the criterion used
by the other authors. Third, different lipo-

References

some formulations (lipid composition and
vesicle size) and dosage regimen were used.
With respect to the dosage regimen, the
main differences were the number of doses
(4 doses in the present study instead of 20
doses in the previous study) and the interval
between doses (4 days instead of one day).

The present study documents the anti-
mony levels in the bone marrow of infected
dogs following multiple dose treatment with
LMA. It indicates that this treatment was
effective in improving antimony levels in
this tissue and reducing the number of posi-
tive animals, even though it was not suffi-
cient to achieve complete elimination of
Leishmania parasites. Further improvement
may be achieved through the use of more
prolonged treatments and/or liposomes of
reduced size.

1883

1. Alexander A & Russel DG (1992). The interaction of Leishmania

species with macrophages. Advances in Parasitology, 31: 175-254.
Marsden PD (1985). Pentavalent antimonials: old drug for new
diseases. Revista da Sociedade Brasileira de Medicina Tropical, 18:
187-198.

Alvar J, Molina R, San Andrés M et al. (1994). Canine leishmaniasis:
clinical, parasitological and entomological follow-up after chemo-
therapy. Annals of Tropical Medicine and Parasitology, 88: 371-378.
Frézard F, Michalick MSM, Soares CF et al. (2000). Novel methods
for the encapsulation of meglumine antimoniate in liposomes. Bra-
zilian Journal of Medical and Biological Research, 33: 841-846.
Schettini DA, Costa Val AP, Souza LF et al. (2003). Biodistribution of
liposome-encapsulated antimony in dogs. Brazilian Journal of Medi-
cal and Biological Research, 36: 269-272.

Demicheli C, Ochoa R, Lula IS et al. (2003). Pentavalent organoan-
timonial derivatives: two simple and efficient synthetic methods for
meglumine antimonate. Applied Organometallic Chemistry, 17: 226-
231.

Roura X, Sanchez A & Ferrer L (1999). Diagnosis of canine leish-
maniasis by a polymerase chain reaction technique. Veterinary
Record, 144: 262-264.

Collins M, Carter KC, Baillie AJ et al. (1993). The distribution of free
and non-ionic vesicular sodium stibogluconate in the dog. Journal of
Drug Targeting, 1: 133-142.

Carter KC, Dolan TF, Alexander J et al. (1989). Visceral leishmania-
sis: drug carrier characteristics and the ability to clear parasites from
the liver, spleen and bone marrow in Leishmania donovani infected
BALB/c mice. Journal of Pharmacy and Pharmacology, 41: 87-91.
Chulay JD, Fleckenstein L & Smith DH (1988). Pharmacokinetics of
antimony during treatment of visceral leishmaniasis with sodium
stibogluconate or meglumine antimoniate. Transactions of the Royal
Society of Tropical Medicine and Hygiene, 82: 69-72.

Valladares JE, Riera C, Gonzalez-Ensenyat P et al. (2001). Long
term improvement in the treatment of canine leishmaniasis using an
antimony liposomal formulation. Veterinary Parasitology, 97: 15-21.

Braz ] Med Biol Res 38(12) 2005



