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Abstract

Experimental animal models have been used for the study of the physiopathogenesis of leishmaniasis, on some occasions with
success, while in other situations such as bone alterations that accompany tegumentary leishmaniasis, especially in diffuse cutaneous
form (DCL), the mechanisms are still unknown. In the present study, we determined these alterations in an animal model susceptible
to Leishmania (L) amazonensis. Amastigotes of L. (L) amazonensis isolated from patients with diffuse cutaneous leishmaniasis
(DCL) were inoculated into the hind paws of eight BALB/c mice, macroscopic and histopathological aspects were analyzed. After
90 and 120 days of evolution, histopathological analysis demonstrated a mononuclear cell infiltrate rich in plasma cells and intense
parasitism of intra- and extra-medullary macrophages, with areas of bone necrosis and discrete involvement of cartilaginous tissue.
The results show that the inflammatory process developed during L. (L) amazonensis infection might cause bone tissue destruction
and secondarily affect the joints.
© 2006 Published by Elsevier B.V.
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1. Introduction Waldvogel and Vasey (1980), reported that the high
success rates obtained for antibiotic treatment of infec-
tious diseases contrast to those obtained for bone or
joint disorders. As shown in histopathological stud-
ies, bone and joint diseases generally manifest as
a granulomatous chronic inflammatory reaction and
can be grouped together as being of bacterial and/or
mycotic etiology, with the establishment of a diag-

nosis or choice of adequate treatment being difficult

Although osteomyelitis is an old disease, little is
known regarding its physiopathogenesis, diagnosis and
treatment, and no ideal experimental animal model exists
for its complete study (Norden, 1988).
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(Pritchard, 1975; Marrero et al., 2001). In American
tegumentary leishmaniasis (ATL), some investigators
have described cases of involvement of bone struc-
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tures but without explaining the mechanisms responsi-
ble for these alterations (Costa, 1953; Saldanha et al.,
1995).

Mice have been widely employed as an experimental
model mainly because of their physiological and genetic
characteristics and easy handling (Druille et al., 2002).
Infections such as Chagas disease, leprosy and tubercu-
losis are studied using mice of the Mus musculus lineage
(Gongalves da Costa, 1999; Druille et al., 2002). In
leishmaniasis, BALB/c mice are used due to their dif-
ferent susceptibility to given Leishmania species, with
this line apparently being more susceptible to infection
with Leishmania (L) amazonensis (Perez et al., 1978;
Barral et al., 1983).

Tegumentary leishmaniasis (TL) presents a rare clin-
ical form called diffuse cutaneous leishmaniasis (DCL),
described first from clinical, histopathological and para-
sitological aspects in Brazil (Silva, 1945) and Venezuela
(Convit and Lapenta, 1946). Later, this denomination
was generally used also for cases with localized lesions,
which disseminated within a variable period of months to
years (Bryceson, 1969). In DCL, the parasite is dissem-
inated through the hematogenic and/or lymphatic route,
and the disease evolves with the occurrence of other sim-
ilar lesions in various segments of the body (Convit et
al., 1972).

In bone diseases, studies on the etiological agents and
their physiopathogenic mechanisms in the human organ-
ism facilitate treatment. However, there are countless
unknown microorganisms causing osteomyelitis (Kahn
and Pritzker, 1973; Waldvogel and Vasey, 1980; Mader
et al., 1996).

Few reports are available in regarding the involve-
ment of bone tissue in TL, and the pathogenesis of these
lesions in DCL is unknown. Therefore, the aim of the
present study was to reproduce infection in an animal
model (BALB/c mice) using L. (L) amazonensis strains
isolated from individuals with DCL in order to better
understand the histological alterations and the role of
this parasite in bone lesions.

2. Materials and methods
2.1. Animals

Eight adult (8 weeks old) male BALB/c mice obtained
from the animal house of the Laboratory of Pathol-
ogy of Infectious Diseases (LIM 50), Department of
Pathology, Faculty of Medicine, University of Sao Paulo
(FMUSP), were used. The animals were housed in appro-
priate polyethylene cages at ambient temperature and
with ample ventilation under a natural light/dark cycle,

with water and food being available ad libitum. The ani-
mals passed through an 8-day adaptation period at LIM
50 before the experiment. The ethical guidelines for the
practice of vivisection of animals in Brazil established
by law No. 6.638 of 8 May 1979 were followed (Pimenta
and Silva, 2001).

2.2. Parasite isolation, cultivation and
characterization

Parasites were isolated by puncture aspiration of the
cutaneous lesions from four patients with DCL and were
cultured in tubes of NNN blood agar overlaid with a mod-
ified liver infusion tryptose (LIT) medium. Cultures were
expanded for growth in modified LIT medium and kept
at 25 °C. Procedures for both serodeme analysis with
monoclonal antibodies and 15-enzyme electrophore-
sis have been previously realized (Barral et al., 1991,
1995).

2.3. Experimental design

The study was carried out at LIM 50, Depart-
ment of Pathology, FMUSP, and laboratory of
immunoparasitology (LIP), Gongalo Moniz Research
Center, FIOCRUZ/Bahia. Pairs of mice were inoc-
ulated subcutaneously into the hind foot pad with
107 amastigotes of each strains (MHOM/BR/90/BA
338; MHOM/BR/90/BA 760; MHOM/BR/90/BA 821;
MHOM/BR/90/BA 337) of Leishmania L. amazonen-
sis and then killed after 90 days (strains 338 and 760)
or 120 days (strains 821 and 337). The animals were
labeled with picric acid, kept isolated during the clinical
evolution of the disease, and then sacrificed.

2.4. Surgical procedure

The surgical procedures were always performed by
the same examiner previously trained in a pilot study
as proposed by Miiller (2003). At the beginning of the
experiment, the animals were sedated for 3—4 min in an
individual chamber containing cotton soaked with sul-
furic ether. After sacrifice, the animal was positioned
in ventral decubitus and its limbs were fixed to the
bench. The skin in the posterior region of the right
hind paw was shaved disinfected with 70% alcohol
and carefully dissected from the lower third of the tri-
ceps surae to the paw in a laminar flow environment.
The bone tissue fragments were placed in individual
containers containing 10% formalin and sent to the
Laboratory of Histopathology, FMUSP, for subsequent
examination.
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3. Results
3.1. Macroscopic aspect

Lymphatic involvement (hypertrophy) was observed
in the limbs inoculated with the parasite. In addition,
intensive necrosis with progressive edema was noted
in the hind paws of the animals. Figs. 1 and 2 show
the clinical following at 90 and 120 days of evolution,
respectively.

3.2. Histopathological aspect

All animals showed destruction of soft tissues and
long bone necrosis characterized by pyknotic osteocytes
and empty lacunae. The presence of intense parasitism
inside macrophages was observed and a mononuclear
cell infiltrate rich in plasma cells with predominance
of eosinophils was noted adjacent to cortical bone and
in the medullary canal. In addition, there were a dis-
crete number of osteoclasts and osteoblasts contain-
ing flattened nucleus. These aspects are illustrated in
Figs. 3-5.

No limit of the invasive process was observed, i.e.,
whether bone tissue destruction started in the bone mar-
row propagating until cortical bone, or in the inverse
direction. Fig. 6 characterizes this process. In some
bone, fibrous tissue was detected at the distal end and
in projections of trabecular bone at the proximal end.
Formation of primary bone was noted in the periosteal
region. Discrete cartilage involvement was observed in
some animals, and secondary bacterial infection was
present in adjacent soft tissues. This aspect is illustrated
in Figs. 7 and 8.

Fig. 2. Lesion in a BALB/c mouse inoculated with L. amazonensis
showing, increased histiocytoma 120 days after inoculation of the par-
asite.

Fig. 3. Bone lesion showing bone marrow alterations, destruction of
trabeculae and an inflammatory infiltrate 120 days after inoculation of
the parasite.

Fig. 1. Lesion in a BALB/c mouse inoculated with L. amazonensis
showing histiocytomas in both paws 90 days after inoculation of the
parasite.

Fig. 4. Bone lesion showing cortical bone destruction accompanied by
invasion of an inflammatory infiltrate 90 days after inoculation of the
parasite.
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Fig. 5. Sequestrum bone and parasitized macrophages 120 days after
inoculation of the parasite.

Fig. 6. Bone lesion showing cortical destruction and invasion of an
inflammatory process 120 days after inoculation of the parasite.

Fig. 7. Bone marrow containing parasitized macrophages with a dif-
fuse infiltrate and destruction of trabecular bone 90 days after inocu-
lation of the parasite.

Fig. 8. Parasitized macrophages in bone marrow with extramedullary
inflammatory infiltrate, 120 days after inoculation of Leishmania.

4. Discussion

Analysis of the history of TL shows the need for
understanding the alterations that occur in bone tissue
and to exclude other diseases that attack bone. However,
some theories have tried to explain the pathogenesis of
TL, even though few studies on this subject using labo-
ratory assays are available (Saldanha et al., 1995).

Some investigations have reported the occurrence of
bone lesions in dogs infected with L. (L) donovani and
have called attention to the natural development of man-
ifestations of osteomyelitis associated with arthrosyn-
ovitis, suggesting that leishmaniasis should be included
in the differential diagnosis of diseases that show signs
of synovitis and radiographic findings of osteomyeli-
tis in dogs from endemic areas (Turrel and Pool, 1982;
Burraco et al., 1997).

In the present study, the characteristic manifesta-
tion of bone necrosis was observed in most animals,
accompanied by the presence of sequestra and intense
parasitism; in addition, cartilaginous tissue involvement
was noted in some joints. Recently, in an experimental
study, Abreu (2003), demonstrated the presence of L. (L)
amazonensis isolated from patients with the cutaneous
form of TL, in various tissues such as central nervous
system and bone of BALB/c and C57B/6 mice. Bone
tissue involvement was detected 40 days after inocula-
tion of the parasite into the paw, with histopathological
aspects including pyknotic osteocytes, empty lacunae,
and intense bone resorption in some animals, with the
consequent formation of loose connective tissue. These
findings were similar to those of the present study that
showed massive bone tissue destruction and preservation
of the articular surfaces, suggesting an inflammatory pro-
cess induced by L. (L) amazonensis in the bone marrow
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and extramedullary tissue and demonstrated by the large
number of parasitized cells, with secondary involvement
of cartilaginous tissue.

Although various etiological agents of osteomyelitis
are known, a better understanding of the physiopathol-
ogy of its subacute and chronic forms is required because
of the different factors that act on bone tissue such
as uncommon microorganisms, associations between
these agents, and changes in vascular supply (Kahn and
Pritzker, 1973; Waldvogel and Vasey, 1980).

The etiological classifications of bone infection do not
cite the parasite of TL as a causative agent of osteomyeli-
tis. In addition, few studies regarding bone involvement
in TL, especially in the DCL, are available in the lit-
erature, probably because a search for Leishmania is
not carried out when identifying possible responsible
agents even in endemic areas, where research is only
directed at bacteria, fungi and viruses. In the present
study, a direct relationship between L. (L) amazonensis
and bone infection was evident, characterizing a picture
of chronic osteomyelitis caused by this parasite, partic-
ularly in DCL.
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