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When stimulated in vitro with macrophage-activating factor or lipopolysaccharide, mouse peritoneal
macrophages acquire the capacity to develop a strong respiratory burst when they are triggered by
membrane-active agents. The presence of intracellular parasites of the genus Leishmania (L. enriettii, L. major)
significantly inhibited such activity, as measured by chemiluminescence, reduction of cytochrome c and Nitro
Blue Tetrazolium, and hexose monophosphate shunt levels. On the contrary, inert intracellular particles such
as latex beads strongly increased the macrophage respiratory burst, suggesting that the Leishmania-linked
inhibition resulted from a specific parasite effect. Impairment of macrophage oxidative metabolism by
intracellular Leishmania spp. was a function of the number of infecting microorganisms and was more
pronounced in macrophages infected with living than with dead parasites. Moreover, the metabolic inhibition
was less apparent in L. enriettii-infected macrophages that were exposed to both macrophage-activating factor
and lipopolysaccharide, i.e., conditions leading to complete parasite destruction. The mechanisms of
respiratory burst inhibition by intracellular Leishmania spp. are unclear, but these observations suggest that
such effects may contribute significantly to intracellular survival of the microorganism.

When triggered by a phagocytic stimulus or certain mem-
brane-active agents, macrophages activated in vivo or in
vitro undergo a respiratory burst that is characterized by the
production of high levels of oxygen metabolites. Such a
respiratory burst appears to result from the activation of a
membrane-bound NADPH oxidase, the Km of which for
NADPH is reduced. The oxygen metabolites are thought to
play an important role in the destruction of various micro-
organisms and tumor cells (5, 10, 14, 22, 23-26, 30). Addi-
tional factors, however, appear to be necessary for the
killing of certain targets. Indeed, cells stimulated with lipo-
polysaccharide (LPS) do secrete large amounts of 02 metab-
olites, but they fail to destroy intracellular Leishmania
parasites (6). The manner in which microorganisms evade
intracellular killing is still not completely understood and
may involve the impairment of both oxygen-dependent and
-independent mechanisms.

This study was designed to examine whether intracellular
Leishmania spp. might interfere with the oxidative metabo-
lism of their host macrophages. The effect of the presence of
these intracellular parasites on the respiratory burst of
lymphokine-activated and LPS-stimulated mouse macro-

phages was determined by several assays, i.e., chemilumi-
nescence, Nitro Blue Tetrazolium (NBT) and cytochrome c

reduction, and hexose monophosphate shunt activity. Re-
sults obtained by all four procedures show an impairment of
the oxidative metabolism of infected versus noninfected
cells.

MATERIALS AND METHODS

Mice. CBA/T6 mice of either sex (age, 2 to 5 months) were

obtained from the Swiss Institute for Experimental Cancer
Research, Epalinges, Switzerland.

* Corresponding author.

Cell cultures. Mice were inoculated intraperitoneally with
sterile hydrolyzed starch (2% in pyrogen-free saline) (16).
Peritoneal exudate cells were harvested 3 days later,
washed, and suspended in Dulbecco medium (Seromed,
Munich, Federal Republic of Germany) supplemented with
10% fetal calf serum (Seromed) and distributed as follows.
For chemiluminescence studies cells were distributed into
flat-bottom glass tubes (diameter, 10 mm; 2 x 105 to 2.5 x
105 peritoneal cells; 0.5 ml per tube). For hexose monophos-
phate shunt (HMPS) determination cells were distributed
into 24-well tissue culture clusters (3524; Costar, Cambridge,
Mass.) (5 x 105 cells; 0.5 ml per well). For cytochrome c and
NBT reduction tests and for protein determination, cells
were distributed into flat-bottom, 96-well microtiter plates
(3596; Costar) (1.5 x 105 to 2.0 x 105 cells; 150 ,ul per well).

Infection and activation of macrophage cultures. Leishma-
nia enriettii prepared from infected guinea pig tissue (15) and
Leishmania major (Liverpool reference strain LV39) iso-
lated from infected mouse footpads were propagated as

promastigotes in Hosmem II liquid medium (3). Parasites
were washed by centrifugation (1,200 x g for 10 min) before
they were added to the macrophages at various concentra-
tions, as indicated throughout the text. Polystyrene latex
particles (diameter, 1.1 ,um; Sigma Chemie GmbH, Munich,
Federal Republic of Germany) were washed 3 times with
Hanks balanced salt solution (HBSS; Seromed) and sus-

pended in fetal calf serum-supplemented Dulbecco medium.
At 2 h after plating peritoneal exudate cells (PECs), para-
sites, or latex beads were added to the cultures as follows:
for L. enriettii, at a parasite/PEC ratio of 20:1 (unless
indicated otherwise), resulting in a final infection ratio of 100
to 200 parasites per 100 macrophages on the day of the test;
for L. major, at a parasite/PEC ratio of 10:1 (unless indicated
otherwise), resulting in a final infection ratio of 800 to 900
parasites per 100 macrophages; for latex beads, at concen-
trations of 25 or 50 ,ug per well. Cultures were then incubated

587

Vol. 55, No. 3



588 BUCHMULLER-ROUILLER AND MAUEL

overnight at 37°C. Cultures without added particles were run

in parallel. Cells were then thoroughly washed with warm

HBSS and reincubated for 24 h (unless otherwise indicated)
either with a macrophage-activating factor (MAF)-
containing supernatant (cf. below) or with control medium in
the presence or absence of 10 ng of endotoxin (LPS from
Escherichia coli 055:B5; Difco Laboratories, Detroit,
Mich.) per ml. The final volumes were 500 RI for flat-bottom
glass tubes, 1,000 p.l per well for 24-well tissue culture
clusters, and 200 pl per well for 96-well microtiter plate.
MAF-containing supernatants were prepared by stimulat-

ing CBA/T6 or C57BL/6 spleen cells with concanavalin A
(Pharmacia, Uppsala, Sweden) for 72 h, as described previ-
ously (4).

Metabolic studies. Macrophage cultures treated as de-
scribed above were washed twice with HBSS without phenol
red before they were tested for oxidative metabolism.

Chemiluminescence. Macrophages were incubated with 0.5
ml of 10-4 M lucigenin (Sigma) in HBSS without phenol red.
One jig of phorbol myristate acetate (PMA; Sigma) per ml
was added as a stimulus. Luminescence was recorded every

5 to 6 min in a luminometer (LKB Instruments, Inc.,
Rockville, Md.), as described previously (6). Data are ex-

pressed either as integrals of the total number of millivolts
recorded over a 60-min period or as the percentage of
inhibition of luminescence in infected versus noninfected
macrophages over a 60-min period.
NBT reduction test. NBT reduction by macrophages was

determined by the semiautomated densitometric method
described by Pick et al. (31). Briefly, washed cells in 96-well
microtiter plates were preincubated either with 100 pLI of
HBSS or with 10 mM iodoacetamide (IAA) in HBSS for 30
min at 37°C. Wells containing IAA, an inhibitor of the
respiratory burst, were used as blanks in later photometric
determinations. Plates were then emptied, and the wells
were supplemented with either 100 pul of an NBT solution (1
mg/ml in HBSS) containing 500 ng of PMA per ml or 100 pl

of a NBT solution containing 10 mM IAA (blanks). The cells
were reincubated at 37°C. At desired times (0, 15, 30, 45, 60,
and 90 min) plates were placed in a micro-enzyme-linked
immunosorbent assay (ELISA) reader (Easy Reader EAR
400; Kontron Analytik, Zurich, Switzerland) fitted with a
550-nm filter, and the absorbance of the formazan deposits in
the cells was measured. Results were expressed as the
difference in absorbance per milligram of cell protein (AE/mg
of protein) between cultures incubated in the absence
(-IAA) and presence (+IAA) of IAA at each time point (ti),
according to the following formula:

AL/mg of protein =

AEti-to [-IAA] - AE,tio [+IAA]
mg of protein

Cytochrome c reduction test. The method used for the
cytochrome c reduction test was the semiautomated
microassay described by Pick and Mizel (32). Washed cells
were incubated with 100 of a solution of ferricytochrome
c (from horse heart, type VI; Sigma) at a concentration of 2
mg/ml in HBSS containing 500 ng of PMA per ml. Parallel
wells used as blanks included 30 jig of superoxide dismutase
(SOD) (Sigma) per ml in the reaction medium. After various
times (0, 30, 60, 90, and 120 min) of incubation at 37°C,
plates were placed in a micro-ELISA reader (Easy Reader
EAR 400; Kontron Analytik), and reduction of cytochrome c

was measured at 550 nm with a reference filter at 492 nm.

Results were expressed as the difference in absorbance per
milligram of cell protein (AE/mg of protein) between cultures

incubated in the absence (-SOD) and presence (+SOD) of
SOD at each time point (ti), according to the following
formula:

AE/mg of protein =

AE,ti,o [-SOD] - AEtito [+SOD]
mg of protein

HMPS activity. HMPS activity was determined as de-
scribed previously (17). Briefly, washed cells in wells (diam-
eter, 16 mm) were incubated with 300 pL1 of medium (25%
medium 199-75% F12 medium without glucose) containing
0.1 ,uCi of [1-14C]glucose (3.94 Ci/mmol; Radiochemical
Centre, Amersham, England) and 1 ,ug of PMA per ml. The
wells were immediately sealed with a silicone rubber disk
fitted with a piece of filter paper moistened with 1.0 M NaOH
to trap the radioactive carbon dioxide (14CO2) evolved by the
cells. After 120 min at 37°C, 50 pul of 1.0 M H2SO4 was
injected into each well. After an additional 15 min of
incubation period at room temperature, the filters were

removed, dried, and counted.
Determination of cellular protein. The method used to

determine cellular protein was that described by Baumgarten
(1). Briefly, cells were thoroughly washed in serum-free
HBSS and then air dried for 60 min at 37°C. Coomassie blue
dye (30 p.l; 500-0006; Bio-Rad, Munich, Federal Republic of
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FIG. 1. Effect of intracellular L. enriettii on macrophage lumi-
nescence. CBA/T6 macrophages, infected or noninfected with L.
enriettii (L. e.), were incubated with a 1:8 dilution of MAF-rich (M)
or fetal bovine serum (FBS)-supplemented control Dulbecco (D)
medium in the presence (+) or absence (-) of added LPS (10 ng/ml).
After 24 h luminescence was recorded over a 60-min period follow-
ing triggering with PMA. Results are reported as millivolts inte-
grated over the 60-min test period. (A) A representative experiment
of 13 experiments. The differences in luminescence between in-
fected and noninfected cells were highly significant in MAF-
stimulated, LPS-stimulated, and control cultures by both the paired-
sample t test (P < 0.00001) and the Wilcoxon rank signed test (P =

0). Much less difference was observed between infected and
noninfected cultures stimulated with MAF-LPS (P = 4% by the
paired-sample t test and P = 2% by the Wilcoxon rank signed test).
Cultures treated similarly were used to determine intracellular
parasite killing (B).
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FIG. 2. Dose response of luminescence inhibition by intracellu-

lar L. enriettii. Cultures of CBA/T6 macrophages infected with
increasing numbers of L. enriettii were incubated with a 1:8 dilution
of MAF-rich (M) or FBS-supplemented control Dulbecco (D) me-
dium in the presence (+) or absence (-) of added LPS (10 ng/ml).
After 24 h luminescence was recorded over a 60-min period follow-
ing triggering with PMA. Results are reported as the percent
inhibition of luminescence of infected versus noninfected cultures.
Results of two representative experiments (I and II) are shown.

Germany) was added into each well, and the plates were
shaken for 5 min on a rotary shaker. The wells were then
supplemented with 120 p.l of water, and the plates were
shaken again for 5 min. The optical density was then read in
a micro-ELISA reader (Easy Reader EAR 400; Kontron
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Analytic) at 630 nm with a reference filter at 492 nm.
Standards were prepared by adding 50 ,ul of increasing doses
of ovalbumin (0 to 50 p.g) into microtiter wells, which were
then air dried at 37°C overnight. Standard protein determi-
nation was done in parallel with cellular protein determina-
tion.

Statistical analysis. The significance of the data was eval-
uated by the paired-sample t test and the Wilcoxon rank
signed test.

RESULTS
Impairment of chemiluminescence of macrophages by intra-

cellular L. enriettii. Peritoneal cells of CBA/T6 mice were
parasitized with L. enriettii and then incubated with MAF or
control medium in the presence or absence of LPS. Lumi-
nescence of infected macrophages was determined after 24 h
and compared with that of similarly treated uninfected cells.
The results of a representative experiment are shown in Fig.
1A. Treatment of macrophages with MAF- or LPS-contain-
ing fluids, or with a combination of both, considerably
increased their luminescence over that exhibited by con-
trols. The presence of the intracellular parasites, however,
impaired the development of such luminescence, particu-
larly in macrophages incubated in LPS-supplemented me-
dium or in MAF-rich fluids without added LPS. Inhibition of
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FIG. 3. Kinetics of luminescence inhibition by intracellular L.
enriettii. L. enriettii (L. e.)-infected and noninfected CBA/T6 mac-
rophages were incubated with a 1:8 dilution of MAF-rich (M) or

FBS-supplemented control Dulbecco (D) medium in the presence
(+) or absence (-) of added LPS (10 ng/ml). After 1, 9, and 24 h,
luminescence was recorded over a 60-min period following trigger-
ing with PMA. Results are reported as millivolts integrated over the
60-min test period.
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FIG. 4. Impairment of NBT and cytochrome c reduction by
intracellular L. enriettii. L. enriettii (L. e.)-infected and noninfected
macrophages were incubated with a 1:8 dilution of MAF-rich (M) or
FBS-supplemented control Dulbecco (D) medium in the presence
(+) or absence (-) of added LPS (10 ng/ml). After 24 h O2-
production was determined by the NBT reduction test (A) and the
cytochrome c reduction test (B). Results are expressed as AE/mg of
protein (for more details, see the text).
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FIG. 5. Impairment of HMPS activity by intracellular L. enriettii. L. enriettii (L. e.)-infected and noninfected PECs (MO) were incubated
with a 1:8 dilution of MAF-rich (M) or FBS-supplemented control Dulbecco (D) medium in the presence (+) or absence (-) of added LPS
(10 ng/ml). (A) HMPS activity was determined after 24 h. (B) Cultures were infected with increasing numbers of L. enriettii promastigotes
and then activated with a 1:8 dilution of MAF-rich medium. HMPS activity was determined 24 h later.

luminescence was a function of the number of infecting
parasites. Thus, little inhibition was observed in cultures
infected with less than 2 x 106 parasites corresponding to a
parasite/PEC ratio of 10:1 and resulting in the presence of
approximately 50 intracellular parasites per 100 macro-
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FIG. 6. Effect of intracellular latex on macrophage lumines-
cence. CBA/T6 macrophages were allowed to ingest L. enriettii at a

parasite/PEC ratio of 40:1 (final infection ratio of 200 parasites per
100 macrophages) or latex beads and were then incubated with a 1:8
dilution of MAF-rich (M) or FBS-supplemented control Dulbecco
(D) medium in the presence (+) or absence (-) of added LPS (10
ng/ml). After 24 h luminescence was recorded over a 60-min period
following triggering with PMA. Results are given as percent inhibi-
tion or percent stimulation of luminescence of infected cultures
versus noninfected cultures using the following formula: % inhibi-
tion = 100 - [(integrated mV/60 min in infected cultures)/(integrated
mV/60 min in noninfected cultures) x 100].

phages on the day of the test (Fig. 2). Chemiluminescence,
however, was reduced by 50 to 70% in macrophages that
were exposed to a greater number of parasites. Less inhibi-
tion was observed in infected macrophages that were incu-
bated with MAF in the presence of LPS, correlating with the
killing and disappearance of the parasites in such cells (Fig.
1B) (6).
Luminescence in macrophages exposed to MAF, LPS, or

both was followed as a function of time (Fig. 3). The
respiratory burst activity was found to increase up to 24 h in
both infected and noninfected cells. Inhibition by the intra-
cellular parasites was evident at each time point. The in-
crease in luminescence between 9 and 24 h was similar in
infected and control macrophages when the cells were
exposed to both MAF and LPS, suggesting that intracellular
parasite killing, which occurred within 12 to 15 h in this
model system (data not shown), released the inhibition
induced by the microorganism.
Impairment ofNBT reduction, cytochrome c reduction, and

HMPS activity by intracellular L. enriettii. The impairment of
respiratory burst activity in L. enriettii-infected macro-
phages, as determined by luminescence inhibition, was
confirmed by using three other assay procedures, i.e., NBT
and cytochrome c reduction and measurements of HMPS
levels. NBT and cytochrome c reduction was inhibited in L.
enriettii-infected compared with noninfected macrophages
after 24 h of incubation with MAF, LPS, or both (Fig. 4).
HMPS activity was also impaired by the presence of intra-
cellular L. enriettii (Fig. 5); this inhibition was proportional
to the number of intracellular parasites (Fig. SB).

Effect of inert particles or dead parasites on macrophage
oxidative metabolism. To determine whether inhibition of the
respiratory burst observed in infected macrophages was
specific for intracellular parasites rather than a consequence
of the presence of any intracellular particle, macrophages
were allowed to ingest latex beads. They were then exposed
to MAF, LPS, or both. Luminescence was determined 24 h
later. The presence of intracellular latex beads did not inhibit
luminescence (Fig. 6). On the contrary, such cells developed
a much stronger respiratory burst than control cells that
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FIG. 7. Inhibition of the macrophage respiratory burst by Leish-
mania spp.; comparison of the effect of living versus dead parasites.
Macrophages were infected overnight with living or heat-killed (15
min at 56°C) L. enriettii amastigotes (at a ratio of 7.5 parasites per
PEC) and then washed and reincubated with a 1:16 dilution of
MAF-rich (M) or FBS-supplemented control Dulbecco (D) medium
in the presence of added LPS (10 ng/ml). After 24 h 02- production
was determined by the cytochrome c reduction test. Results are
expressed as AE/mg of protein.

were not treated with latex. Parallel cultures of L. enriettii-
infected macrophages, however, underwent an inhibition of
their metabolic burst (Fig. 6).
To answer the question whether live, metabolizing para-

sites are required for inhibition of the respiratory burst,
macrophages were allowed to ingest either living or heat-
killed L. enriettii amastigotes, prior to exposure to the
activating agents. Superoxide production was determined 24
h later. Inhibition of the respiratory burst was more pro-
nounced in macrophages that were infected with live than
with dead microorganisms (Fig. 7). Impairment of the respi-
ratory burst by L. enriettii was also evident when uninfected
macrophages were activated with MAF-LPS for 24 h and
then tested for PMA-triggered cytochrome c reduction dur-
ing parasite ingestion (Table 1). Again, a stronger inhibition
was observed in macrophages that were challenged with

TABLE 1. Respiratory burst inhibition on phagocytosis of living
versus dead L. enriettii in PMA-triggered macrophagesa

% Inhibition of

Parasites No. added respiratory burst inb:
per well

Expt 1 Expt 2

Living promastigotes 3 x 106 71 3
Fixed promastigotes 3 x 106 -19 9
Living amastigotes 7.5 x 105 - 57 4
Heat-killed amastigotes 7.5 x 105 - 37 5
Living amastigotes 106 77 2
Fixed amastigotes 106 44 7
Living amastigotes 1.5 x 106 - 71 5
Heat-killed amastigotes 1.5 x 106 - 51 4

a Macrophages (1.5 x 105 PEC per well) were incubated with a 1:16 dilution
of MAF-rich medium in the presence of added LPS (10 ng/ml). After 24 h
cultures were washed and tested for PMA-triggered cytochrome c reduction
during ingestion of various doses of living, heat-killed (15 min at 56°C), and
glutaraldehyde-fixed (0.5% in HBSS for 45 min) parasites. Results for two
experiments are shown.

b Percent inhibition of the respiratory burst of phagocytosing versus resting
cells (± standard deviation).
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FIG. 8. Inhibition of the oxidative metabolism of MAF-activated
macrophages by intracellular L. major. Infected and noninfected
CBA/T6 macrophages were incubated with a 1:8 dilution of MAF-
rich medium. After 24 h luminescence (A) was recorded over a
60-min period following triggering with PMA (13 experiments); 02

release was determined by the SOD-inhibitable reduction of cyto-
chrome c (Cyt c) (B) (3 experiments) and by the NBT reduction test
(C) (3 experiments) after triggering with PMA. Results are expressed
as percent inhibition of the oxidative metabolism of infected versus
noninfected cells.

living compared with dead parasites, especially when the
promastigote form of the parasite was used.

Inhibition of the oxidative metabolism of MAF-activated
macrophages by L. major. Another parasite of the genus
Leishmania, L. major, was also tested for its capacity to
inhibit oxidative metabolism in macrophages. To examine
this effect, infected and noninfected macrophages were
incubated for 24 h with MAF and then washed and assayed
for luminescence and cytochrome c and NBT reduction. In
several experiments the presence of intracellular L. major
inhibited macrophage respiratory burst activity, as deter-
mined by the three assay procedures described above (Fig.
8).

DISCUSSION

It is known that on exposure to MAF, LPS, or both,
macrophages develop the capacity to respond to certain
triggering agents by producing an intense respiratory burst.
As shown in this study, however, the presence of intracel-
lular Leishmania parasites impairs such metabolic activity;
thus, macrophages infected in vitro with L. enriettii and then
exposed to MAF or LPS displayed lower stimulation com-
pared with uninfected cells in assays for chemiluminescence,
cytochrome c and NBT reduction, and HMPS activity. Such
inhibition was evident when either PMA (see above) or

zymosan (data not shown) was used as a triggering agent and
increased with the number of intracellular parasites. It lasted
for at least 72 h after the initiation of infection (data not
shown). Infection by another parasite of the Leishmania
genus, i.e., L. major, led to similar inhibition of the respira-
tory burst of MAF-activated cells.
The question of the possible influence of intracellular

Leishmania spp. on macrophage oxidative metabolism has
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been addressed by other investigators. Passwell et al. (28)
did not observe any inhibitory effect of intracellular L. major
on cytochrome c reduction by unstimulated human mono-
cytes triggered with PMA. As shown by the results of the
experiments reported here, however, the Leishmania-
induced metabolic inhibition was readily demonstrable in
murine macrophages that were primed for high respiratory
burst activity by treatment with MAF or LPS for 24 h.
Infection by L. donovani was also shown by Pearson et al.
(29) to impair markedly the chemiluminescent response of
human macrophages that were treated with zymosan. An
important issue is whether such inhibition represents a
unique parasite effect or whether it results from the presence
of any intracellular particle. The latter alternative was fa-
vored by the observation that macrophages that are allowed
to ingest zymosan also display a reduced oxidative response
after 24 h (29). It is noteworthy, however, that the respira-
tory burst triggered by membrane-active agents or phago-
cytic stimuli is short-lived (2, 9), and phagocytes may then
remain refractory to restimulation for up to 48 h (21). On the
contrary, as shown in this study, phagocytosis of latex beads
results in the strong metabolic stimulation of macrophages
on triggering with PMA after 48 h, concomitant with the
respiratory burst inhibition in Leishmania-infected cells.
This suggests that the latter phenomenon is specific to the
intracellular parasite.
The experiments described here were designed to deter-

mine whether respiratory burst inhibition is dependent on
the presence of living (as opposed to dead) intracellular
parasites. Little impairment of the oxidative metabolism was
detectable in L. enriettii-infected macrophages exposed to
both MAF and LPS, conditions that allow full intracellular
parasite killing within 24 h. This suggests that dead parasites
were no longer able to block the macrophage oxidative
machinery. Moreover, macrophages suffered a higher inhi-
bition of their respiratory burst when exposed to live than to
heat-killed or glutaraldehyde-fixed parasites. It should be
noted, however, that when macrophages were challenged
with high numbers of parasites, respiratory burst inhibition
was significant, even when dead microorganisms were used.
The mechanisms whereby Leishmania spp. interfere with

the oxidative metabolism of their host cells are unknown.
Although macrophages were infected with promastigotes in
most of the experiments described here, transformation to
the amastigote stage in the intracellular environment ap-
peared to be a rapid event. Within 48 h of the initiation of
phagocytosis (i.e., at the time when macrophages were
tested for respiratory burst activity), no morphological dif-
ference could be detected between intracellular parasites in
cultures infected with amastigotes or with promastigotes of
L. enriettii (data not shown). Leishmania amastigotes con-
tain scavenging enzymes such as catalase, SOD, and gluta-
thione peroxidase (7, 18, 20) which might detoxify hydrogen
peroxide and superoxide generated by the phagocytes. In
this connection, it is significant that phagocytosis of amasti-
gotes leads to a reduced respiratory burst (as measured by
chemiluminescence and by NBT and cytochrome c reduc-
tion) compared with that caused by promastigote ingestion
(8, 13). It is conceivable that enzymes of the parasite surface
membrane might also play a role in the survival of the
parasites within host cells. Indeed, L. donovani displays on
its outer surface an acid phosphatase (12, 33) which is able to
block superoxide anion production in neutrophils stimulated
by the chemoattractant peptide fMet-Leu-Phe (34). One
effect of this enzyme might be the dephosphorylation of the
surface proteins that are involved in the generation of

oxygen metabolites by the phagocytes. Furthermore, it has
been suggested that parasite lipids might detoxify hydrogen
peroxide by serving as substrates for harmless peroxidation
reactions (7).
Whatever the mechanism(s), inhibition of respiratory

burst -activity by Leishmania spp. may contribute signifi-
cantly to the intracellular survival of the parasite. Thus,
treatments that interfere with the capacity of macrophages to
generate oxygen metabolites inhibit parasite killing (for a
review, see reference 22). Promastigotes, which are poorly
endowed in enzymes that are capable of decomposing H202
(18, 19), are destroyed within hours of ingestion by macro-
phages. In this connection, it is interesting that the infectiv-
ity of amastigotes is superior to that of promastigotes (27),
presumably correlating with the increased resistance of the
former developmental stage to oxidant damage.

Although oxygen metabolites appear to play an important
role in the destruction of microorganisms, other oxygen-
independent mechanisms may be involved in the microbici-
dal activity of phagocytes (23, 35). With regard to the latter,
Eilam et al. (11) have suggested that the Leishmania surface
membrane may be protected from degradation by lysosomal
enzymes through an excreted factor that is composed of
negatively charged glycopeptides. Thus, parasite survival in
the intracellular environment may involve the impairment of
both oxygen-dependent and -independent mechanisms.
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