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M. 1992. Leishmania amazonensis infection: A comparison of in vivo leishmanicidal mech- 
anisms between immunized and naive infected BALBlc mice. Experimental Parasitology 
74, 169-176. In vitro studies have shown that both macrophage activation and destruction of 
parasitized macrophages lead to leishmania destruction. The relative role played by such 
mechanisms in vivo have not been properly evaluated. We took advantage of the model of 
intravenous immunization with solubilized leishmanial antigen which renders partially re- 
sistant the otherwise highly susceptible BALB/c mice to address this issue avoiding the 
interference of different genetic backgrounds. Leishmania destruction occurred in three 
situations: destruction of the parasitized macrophage, which were in close contact with 
lymphocytes or eosinophils; extracellular damage, always surrounded by small foci of gran- 
ulocytes; and parasite damage inside activated macrophages. Destruction of the parasitized 
macrophages was frequently seen in immunized and protected animals. Our observations 
suggest that destruction of parasite-loaded macrophages is an important mechanism of host 
protection in experimental cutaneous leishmaniasis. 0 19% Academic PESS, IX. 
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Resistance in experimental cutaneous 
leishmaniasis has been correlated to an in- 
flux of lymphocytes to the lesion, whereas 
very few lymphocytes are observed in sus- 
ceptible animals (McElrath et al. 1987). Ac- 
tivation of macrophages by T lymphocytes 
or its products is thought to be the most 
important host defense mechanism in leish- 
maniasis. Several in vitro models have 
shown the destruction of different leishma- 
nial strains inside macrophages stimulated 
with lymphokines, such as interferon-y 
(Nathan et al. 1983), or directly activated 
by contact with lymphocytes (Panosian et 
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al. 1984). Recently the lysis in vitro of the 
parasitized cell by lymphocytes has also 
been described (Pham and Mauel 1987). 
The relative importance of such mecha- 
nisms in vivo has not been evaluated. 

Although local reactions are heteroge- 
neous and dynamic, histopathological 
changes such as necrosis, granuloma for- 
mation, and fibrosis have been correlated 
with protection in humans (Ridley and Rid- 
ley 1983) or experimental leishmaniasis 
comparing resistant and susceptible mouse 
strains (Andrade et al. 1984). It is difficult, 
however, to discriminate factors involved 
in resistance from those merely reflecting 
diverse genetic backgrounds but not impli- 
cated in specific protection. Such difftculty 
may be overcome by using the same mouse 
strain altering its susceptibility to leishma- 
nia. Extremely susceptible BALB/c ani- 
mals may be rendered partially resistant to 
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leishmanial infection by intravenous immu- 
nization (Howard et al. 1982). Using such 
immunization models for protection against 
Leishmania amazonensis we have ob- 
served different histological pictures after 7 
weeks of infection between immunized 
mice and their susceptible counterparts 
(Barral-Netto et al. 1987). In this report we 
investigate in detail at the ultrastructural 
level the differences between these animals 
regarding the mechanisms of parasite de- 
struction 

MATERIAL AND METHODS 

Animals. Ten- to fourteen-week-old BALB/c mice 
were obtained from our own colony. 

Parasites. Leishmania amazonensis (MHOM/BR/ 
76/ Josefa) was used for both infection and antigen 
preparation. This strain was typed by serodeme and 
zymodeme analysis, and its behavior in mice has been 
previously described (Andrade et al. 1984). For immu- 
nization stationary-phase promastigotes were solubi- 
lized with 0.5% NP-40 and 0.25% sodium deoxycho- 
late, in the presence of protease inhibitors as reported 
elsewhere (Barral-Netto er al. 1987). Concentration of 
the antigen is expressed as parasite equivalents per 
milliliter. 

Immunizarion and infection. Mice were immunized 
intravenously with 3 doses of 5 x 10’ parasite equiv- 
alents at weekly intervals. One week after the last im- 
munizing dose mice were challenged subcutaneously 
in the right hind foot-pad with 5 x lo6 viable station- 
ary-phase promastigotes. Foot-pad thickness was 
measured periodically with a dial gauge caliper (C. 
Starret, Athol, MA), and the difference between the 
infected and contralateral foot-pad was expressed as 
lesion size (in milliliters). 

Tissue processing. Small fragments from the lesion 
of four animals per group were obtained at 4, 7, or 10 
weeks following infection. The tissue was immediately 
fixed and processed for electron microscopy as de- 
scribed (Barral-Netto ef al. 1987), and other fragments 
were processed for optical histology being stained in 
Hematoxilin-Eosin. 

Pathologic examination. Criteria used for macro- 
phage activation were presence of microvili and pino- 
cytotic vesicles, expansion of the cytoplasm with a 
larger number of organelles, decrease of the hetero- 
chromatin ring, presence of evident nucleolus, and an 
increase in number and size of the lysosomes (Pa- 
padimitriou and Spector 1971; Black and Epstein 1974; 
Crawford and Hardwicke 1978; Turk et al. 1978; Van 
der Rhee ef a[. 1979; Adams 1976; Adams and Hamil- 
ton 1984). Indicators of parasite damage or lysis were 

those described in the literature as increase in the 
number and size of multivesicular bodies and lipid got- 
icles, marked dilatation of endoplasmic reticulum, mi- 
tochondria, or flagellar pocket, decrease in ribosome 
number, and rupture of the plasma membrane (Wet-y 
and De Groodt-Lasseel, 1966; Alexander and Vicker- 
man, 1975; Hentzer and Kobayase, 1977; Sandbank 
and Ben-David, 1979). 

Quantitative analysis of inflammatory cells. Evalu- 
ation of the frequency of cells in the lesion, and their 
interaction with the parasite, was performed using ul- 
trathin sections with a differential count of 100 to 200 
inflammatory cells for each animal. The area(s) where 
the cells were counted was representative of the his- 
tological picture for each animal as indicated by ex- 
amination of the semi-thin sections. 

RESULTS 

Immunized mice were able to control the 
progression of L. amazonensis infection 
and developed much smaller lesions than 
unimmunized animals (Fig. 1). Lesions of 
unimmunized animals exhibited a continu- 
ous increase in the percentage of infected 
macrophages (as a percentage of total cells 
in the inflammatory infiltrate) reaching 
40.3% at 10 weeks postinfection, whereas 
immunized animals had between 14.7 and 
17.1% from 3 to 10 weeks postinfection 
(Fig. 1). 
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FIG. 1. Kinetics of lesion growth in BALB/c ani- 
mals infected with L. amazonensis without previous 
immunization (open circles) or after intravenous im- 
munization with solubilized promastigote antigen 
(closed circles), and infected macrophages as a per- 
centage of total cells in the lesion inflammatory infil- 
trate in naive (open bars) or immunized (hatched bars) 
animals. 
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At up to 4 weeks of infection lesions of 
immunized animals exhibited a histological 
pattern undistinguishable from their unim- 
munized counterparts; at this time lesion 
size was also very similar in both groups. 
The only difference observed was in the 
frequency of activated macrophages. Acti- 
vated macrophages (Figs. 2a and 2e) were 
seen more frequently in the immunized 
group, whereas nonactivated macrophages 
(Fig. 2b) were predominantly observed in 
unimmunized animals. Signs of macro- 
phage activation were observed in 32.5% of 
macrophages in the immunized group, 
whereas only 17.1% of macrophages exhib- 
ited such aspects in unimmunized animals 
at 4 weeks of infection (Fig. 3, upper panel). 

After the seventh week postinfection, 
when differences in lesion size were appar- 
ent between the two groups of animals, the 
histological pattern reflected such differ- 
ences. Unimmunized infected controls ex- 
hibited the classical monomorphic reaction, 
composed almost exclusively of vacuolated 
and heavily parasitized macrophages. The 
histological picture observed in the immu- 
nized group, at this period of infection, 
comprised a mixed cell inflammatory reac- 
tion with scarcely parasitized macrophages 
and lymphocytes. At the 10th week postin- 
fection a similar, only more marked, pat- 
tern was observed in both groups. 

Immunized animals exhibited a continu- 
ous increase in the percentage of activated 
macrophages (Fig. 3, upper panel) and in 
the presence of cell destruction (Fig. 3, 
lower panel), whereas in lesions from un- 
immunized animals these findings remained 
constant (Fig. 3, upper and lower panels). 

Both well-preserved (Fig. 2c) and dam- 
aged (Fig. 2d) parasites were observed in- 
side macrophages. Parasite damage was ob- 
served in three main situations. The most 
frequent damage was the destruction of the 
parasitized macrophage (Figs. 2f and 4a). 
Such cells were in close contact with lym- 
phocytes (Fig. 4b), eosinophils (Figure 4c), 
and occasionally other mononuclear cells 

with abundant rough endoplasmic reticu- 
lum, resembling epithelioid cells. Some- 
times the signs of damage were more pro- 
nounced in the host cells than in the para- 
site. It was also observed the presence of 
amastigotes at the extracellular space, 
probably released from ruptured macro- 
phages. All parasites seen in the extracel- 
lular space were damaged and were sur- 
rounded by small foci of granulocytes, with 
the presence of eosinophils (Figs. 4d and 
4e). Extracellular parasites were damaged 
even when no cell was observed in their 
vicinity. 

The third situation where parasite de- 
struction was observed occurred in the in- 
terior of the activated macrophage (Fig. 4f). 
Such observations were more prominent in 
the immunized group, which exhibited al- 
most 90% of its macrophages with signs of 
intense activation after the seventh week of 
infection, than in unimmunized animals. 
Despite the widespread, and intense, mac- 
rophage activation observed in the lesions 
of immunized animals many parasites re- 
mained in their interior without signs of 
damage, and intramacrophage parasite de- 
struction was less frequently seen than the 
lysis of the parasitized cell in protected an- 
imals. 

DISCUSSION 

The observations made in the present 
study clearly demonstrated that histological 
aspects reflect, and indicate, the course of 
leishmanial infection in genetically homo- 
geneous mice. The observation of the initial 
signs of macrophage activation slightly pre- 
ceded any measurable macroscopical dif- 
ference between immunized or unimmu- 
nized BALB/c infected with Leishmania 
amazonensis. The increased differences in 
lesion size between the two groups of ani- 
mals were paralleled by markedly divergent 
histological patterns. 

Since histological aspects reflect so well 
the course of infection in these animals it 
seems probable that the frequency of ob- 
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FIG. 2. (a) Activated macrophage from immunized mouse. The cell presents a small parasitopho- 
rous vacuole containing one amastigote (arrowhead). Note the ruffled cytoplasmic expansions, in- 
dented nucleus, and lysosomes. x3322. (b) Nonactivated macrophage from a naive infected mouse. 
Most of the cytoplasm is occupied by a very large parasitophorous vacuole containing undamaged 
parasites (arrowhead). ~2372. (c) Well-preserved amastigotes (arrows) within a large parasitophorous 
vacuole. Parasite structures are well preserved. x5513. (d) Damaged parasites showing cytoplasmic 
vacuolization, dilatation of organelles, and pyknotic nucleus. x9073. (e) Well-preserved activated 
macrophages (*) x2372. (f) Lysed macrophage containing Leishmania (*). Note cytoplasmic or- 
ganelles dilatation and mitochondrial swelling. In the left bottom there are part of a eosinophil, 
eosinophil granules in connective tissue, and damaged amastigote (arrowhead) free in the interstitiom. 
x3322. 
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FIG. 3. Upper panel. Percentage of activated macrophages in the lesion inflammatory infiltrate of 
BALB/c mice infected with L. amazonensis without previous immunization (open circles) or after 
immunization (closed circles). Lower panel. Percentage of lysed macrophages in the same animals as 
upper panel. 

served parasiticidal aspects also reflects the 
importance of the operative in vivo mecha- 
nisms. According to this line of reasoning 
the destruction of leishmania in the pro- 
tected animals occurs largely by the de- 
struction of the parasitized macrophage. 
Macrophage activation, and intracellular 
parasite destruction, seems also to be an 
important in viva protective mechanism, as 
suggested by in vitro studies. 

The importance of CD8+ T cells has been 

demonstrated in L. major-infected mice 
(Titus et al. 1987; Hill et al. 1989) and par- 
ticularly in immunized BALB/c mice, in 
which anti-Lyt-2 treatment abrogated the 
induction of resistance (Farrell et al. 1989). 
Such findings correlate with in vitro obser- 
vations of the lysis of leishmania-infected 
macrophages by specifically sensitized 
lymphocytes (Pham and Mauel 1987). 
These findings had already made clear the 
possibility of parasitized cell destruction 
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FIG. 4. (a) Area of lytic necrosis of cell. Leishmania are free in the tissue among remains of dead 
cell (DC). Some amastigotes show degenerative changes X3322. (b) Degenerated leishmania (arrow- 
heads) within the parasitophorous vacuole of a macrophage (M), which is in close contact with a 
lymphocyte (*) x3322. (c) Close contact between eosinophil (*) and macrophage (M) which contains 
damaged amastigotes (arrowheads) within parasitophorous vacuole ~3322. (d) Neutrophils (*) phago- 
cytizing leishmania organisms exhibiting variable degree of degenerative changes (arrowheads) x 2372. 
(e) Remains of dead cell (DC) in a focus of cytolysis. Amastigotes in the extracellular space are 
damaged (arrows). Note the presence of eosinophil (*) in their vicinity ~2372. (f) Parasites with 
variable degrees of degeneration (arrowheads) within activated macrophages (*). x2372. 
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being a way of controlling intracellular mi- 
crobial infections, but there were few indi- 
cations of its occurrence in real in vivo sit- 
uations (Hancock ef al. 1989), and how rel- 
evant this mechanism was as compared to 
others, such as macrophage activation. Our 
data give support to the idea of parasite 
elimination via macrophage destruction be- 
ing an important element of host protection 
in murine cutaneous leishmaniasis. Both 
macrophage activation and lysis of the in- 
fected cells occur during leishmaniasis, and 
based on histopathological evidences, they 
are important mechanisms of parasite elim- 
ination, leading to protection against leish- 
mania1 infection in mice. 
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