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Abstract

Thalidomide is a selective inhibitor of tumor necrosis factor-α (TNF-
α), a cytokine involved in mycobacterial death mechanisms. We
investigated the role of this drug in the functional activity of alveolar
macrophages in the presence of infection induced by intranasal inocu-
lation of Mycobacterium avium in thalidomide-treated and untreated
adult Swiss mice. Sixty animals were inoculated with 5 x 106 M. avium
by the respiratory route. Thirty animals received daily thalidomide (30
mg/kg mouse) and 30 received water by gavage up to sacrifice. Ten
non-inoculated mice were used as a control group. Lots of animals
from each group were evaluated until 6 weeks after inoculation.
Infection resulted in an increased total number of inflammatory cells
as well as increased activity of pulmonary macrophages. Histologi-
cally, intranasal inoculation of bacilli resulted in small mononuclear
infiltrates located at the periphery of the organ. Culture of lung
fragments revealed the presence of bacilli only at the beginning and at
the end of the experimental period. Thalidomide administration did
not affect the microbiological or histological features of the infection.
Thalidomide-treated and untreated animals showed the same amount
of M. avium colonies 3 weeks after infection. Although it did not affect
bacillary clearance, thalidomide administration resulted in a decreased
percent of spread cells and release of hydrogen peroxide, suggesting
that factors other than TNF-α play a role in the killing of mycobacteria
by alveolar macrophages. Thalidomide administration also reduced
the number of spread cells among resident macrophages, suggesting a
direct effect of the drug on this phenomenon.
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Introduction

Infection by opportunistic mycobacteria,
especially of the Mycobacterium avium com-
plex, is a world health problem and is consid-

ered to be the most common bacterial infec-
tion among immunosuppressed patients (1,2).

Macrophages are the main host cells for
these microorganisms. If macrophages pres-
ent efficient microbicidal activity, the infec-
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tion is not established; however, if macro-
phages allow the bacilli to multiply, the in-
fection is established and dissemination may
occur (3). These bacteria may use several
strategies to escape intracellular death. These
include inhibition of the production and re-
lease of toxic metabolites, and the reduction
of protein kinase C (PKC) production and/or
phagolysosome formation (4-6), thus favor-
ing their own survival inside the phagocytes.
Therefore, activation of the bactericidal
mechanisms of the cells is essential for the
control of infection (7).

Among the factors studied, particularly
important is tumor necrosis factor-α (TNF-
α) which is mainly synthesized by macro-
phages. The local secretion of this cytokine
is a double-edged sword, contributing either
to protective immunity or to the immunopa-
thology of disease. For example, increased
TNF levels have been linked to the reversal
reaction in leprosy and to cachexia in tuber-
culosis patients. On the other hand, TNF-α
is critical for protection in murine mycobac-
teriosis (8). In addition to its other activities,
TNF-α increases the adherence of neutro-
phils and monocytes to the endothelium,
promotes inflammatory cell migration, and
triggers local production of other pro-in-
flammatory cytokines (9,10). Moreover,
TNF-α induces the mycobactericidal and
mycobacteriostatic activities of macrophages
against intracellular microorganisms such as
M. avium (11-13).

Since most of the studies conducted thus
far on the mononuclear phagocytic system/
TNF-α/mycobacterial relationship have used
peritoneal, spleen or bone marrow macro-
phages (14), and since alveolar macrophages
show a different behavior concerning inges-
tion and facilitation of mycobacterial multi-
plication (15), we investigated the functional
status of alveolar macrophages in the pres-
ence of infection induced by intranasal in-
oculation of M. avium in thalidomide-treated
and untreated mice.

Thalidomide (α-N-phthalimidoglutara-

mide) is a glutamic acid synthetic derivative
with a well-known teratogenic effect. The
inhibition of TNF-α production by thalido-
mide was demonstrated almost 40 years af-
ter its initial use as a medicinal drug (16).
One of the activities of this cytokine is as a
mediator of the mechanisms of mycobacte-
rial cell death (3).

Material and Methods

Animals

Sixty 2-month-old male Swiss mice from
the Animal House of Universidade Estadual
Paulista, Botucatu Campus, were inoculated
with 5 x 106 M. avium bacilli by the intrana-
sal route. They were housed in groups of 3 to
5 animals and were provided with food and
water ad libitum. Animals were divided into
two groups: group A, consisting of 30 mice
which received 30 mg/kg body weight daily
of thalidomide in sterile water by gavage,
and group B, consisting of 30 mice which
received daily the same amount of sterile
water by gavage. The dose of thalidomide
used was based on the results obtained by
Sinhorini et al. (17) with mice. According to
these investigators, the administration of tha-
lidomide at this dose results in an effective
reduction in serum TNF-α levels. Ten non-
inoculated mice, 5 of them treated with tha-
lidomide and 5 left untreated, were also used
as a control group and were submitted to a
protocol identical to that for inoculated ani-
mals.

Lots of 5 animals from each group were
sacrificed by ether inhalation at 6, 24, 72 h
and at 1, 3 and 6 weeks post-inoculation.
After death, the lungs of the animals were
collected and submitted to bronchoalveolar
lavage.

Bronchoalveolar lavage

The bronchoalveolar lavage (BAL) was
obtained by instillation and aspiration of 1
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ml of sterile saline solution (SSS) from the
lungs, repeated 6 to 7 times. The suspension
was centrifuged at 200 g for 10 min and the
cell pellet resuspended in 1 ml SSS. Samples
of this material were submitted to the spread-
ing and hydrogen peroxide (H2O2) release
procedures, to the determination of total num-
ber of cells and to examination for mycobac-
teria.

Examination for mycobacteria in the BAL

Samples of the cell pellet were cultured
in Lowenstein-Jensen medium at 36-37ºC
for 4 to 8 weeks. The presence of colonies
was estimated using a scale of zero to 3
crosses (+): 0 = absent; 1 = discrete; 2 =
moderate; 3 = intense, and the presence of
alcohol acid-resistant bacilli (BAAR) was
determined by Ziehl-Neelsen staining (18).

Determination of total number of cells in the
BAL

Ten microliters of a 0.5% crystal violet
solution in 30% glacial acetic acid was added
to 90 µl of the BAL cell suspension. Count-
ing was done in a Neubauer chamber and the
results are reported as absolute numbers of
cells.

Evaluation of macrophage activity

Spreading technique. According to the
method of Rabinovitch et al. (19), after ad-
herence to the glass surface, the cells of the
BAL were incubated in 199 culture medium
(Sigma, St. Louis, MO, USA) at 37ºC for 60
min. Adherent cells were then fixed in 2.5%
glutaraldehyde, stained with hematoxylin-
eosin and examined under a light micro-
scope. The percent of spread macrophages
was determined in 100 cells.

H2O2 release. BAL cell suspensions were
adjusted to 1 x 106 cells/ml in phenol red
solution containing peroxidase, transferred
to a tissue culture plate and incubated in the

presence or absence of 0.1 mg/ml phorbol
myristate acetate (PMA; Sigma), according
to the technique described by Russo et al.
(20). The reaction was stopped by the addi-
tion of 1 N NaOH (10 µl) and absorbance
was measured with an ELISA microreader,
using a 620-nm filter, against a phenol red
and 1 N NaOH blank.

Lung evaluation

Lung fragments were decontaminated by
the Petroffs method, cultured and maintained
in Lowenstein-Jensen medium at 36-37ºC
for 4 to 8 weeks. The presence of colonies
was estimated using a scale of 0 to 3 crosses
(+): 0 = absent; 1 = discrete; 2 = moderate; 3
= intense, and the presence of BAAR was
determined by Ziehl-Neelsen staining (18).
Lung fragments were also submitted to rou-
tine paraffin embedding and hematoxylin-
eosin and Faraco-Fite staining (21,22).

Statistical analysis

Data were analyzed statistically by non-
parametric two-factor analysis of variance
complemented with the respective multiple
comparison tests (23).

Results

All the animals submitted to experimen-
tation survived, and none of them showed
clinical changes suggestive of infection.

Histological evaluation

Since thalidomide administration did not
affect the histological picture of infected
animals, the results were pooled. During
early infection (6, 24 and 72 h), the pulmo-
nary tissue showed small infiltrates predomi-
nantly consisting of mononuclear cells and
mostly located on the edge of the organ. At
day 7 no tissue changes were observed and
after this period the organs showed a picture
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BAL and pulmonary fragment cultures are
summarized in Table 1. Regardless of thalid-
omide administration, BAAR colonies were
observed only at the beginning and at the end
of the experiment.

Total BAL cell counts

The number of cells present in the BAL
of M. avium-infected Swiss mice, treated or
not with thalidomide, is presented in Figure
1. In non-infected mice submitted to a simi-
lar procedure (time zero), 3 x 105 cells/ml
were detected in the BAL regardless of tha-
lidomide treatment. The afflux of cells to the
pulmonary environment was significantly
higher in infected animals than in healthy
mice at all time points studied. Treatment
with thalidomide did not significantly affect
the number of cells recovered from the BAL.
Moreover, in both groups studied, the evolu-
tion of infection resulted in a significant
increase in the number of cells soon after 6 h,
with a peak occurring at the first and third
weeks, followed by a decrease by the sixth
week (P < 0.05).

Evaluation of macrophage activity

Cell spreading. The percentage of spread
macrophages present in the BAL of animals
from both groups is summarized in Figure 2.
In untreated animals the infection resulted in
a significant increase in this parameter at the
beginning (6 h) and at the end of the experi-
ment (6th week). Thalidomide treatment in-
duced a significant inhibition of alveolar
macrophage spreading throughout the ex-
periment, and also in the absence of infec-
tion (control group).

Determination of H2O2 release. The H2O2
release by BAL macrophages of Swiss mice
is illustrated in Figure 3. In untreated ani-
mals the infection resulted in a significant
increase in H2O2 release at the beginning and
at the end of the experiment. It was also
noted that thalidomide alone did not affect

Figure 1. Number of cells pres-
ent in the bronchoalveolar lav-
age of Swiss mice infected with
Mycobacterium avium and
treated with thalidomide (black
columns) or not (stippled col-
umns). Values are reported as
median number of cells.

Figure 2. Evaluation of the func-
tional status of macrophages
present in the bronchoalveolar
lavage of thalidomide-treated
(filled columns) and untreated
(open columns) mice by the cell
spreading technique. Data are
reported as medians of percent.
+P < 0.05 compared to the un-
treated group (Kruskal-Wallis
test). *P < 0.05 compared to
the untreated infected group
(Kruskal-Wallis test).
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the experiment. During both periods, the
infiltrate did not occupy more than 25% of
the section.

Search for mycobacteria in the pulmonary
tract

The results obtained from samples of

Table 1. Distribution of bacilli present in the bron-
choalveolar lavage (BAL) and lung culture of tha-
lidomide-treated (group A) and untreated Swiss
mice (group B).

Time of sacrifice Group A Group B

BAL Lung BAL Lung

6 h +++ ++ ++ +
24 h + - - -
72 h - - - -
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6 weeks ++ ++ ++ ++
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this parameter because in non-infected ani-
mals (time zero) there was no significant
difference in spontaneous or induced release
of this metabolite between thalidomide-
treated and untreated animals. During infec-
tion, however, treatment significantly de-
creased spontaneous or PMA-induced H2O2

release.

Discussion

The data obtained in the present study
demonstrate that inoculation of Swiss mice
with M. avium by the intranasal route results
in an increased afflux of cells to the pulmo-
nary tract, an increased percentage of mac-
rophage spreading, and increased levels of
H2O2 released by macrophages present in
the BAL, particularly at the beginning and at
the end of the experiment, matching the
detection of alcohol-acid resistant bacilli in
the pulmonary tract.

The increased total number of inflamma-
tory cells recovered from the BAL of experi-
mentally infected mice is consistent with the
results obtained by other investigators in
different experimental studies (3,24,25) and
may be attributed either to the presence of
mycobacterial lipoarabinomannan or to mac-
rophage- and lymphocyte-derived mediators
present in the focus of infection (26). In the
present study, this result was obtained for
both thalidomide-treated and untreated ani-
mals. In non-infected animals, thalidomide
administration also did not affect the num-
ber of cells recovered from the BAL.

Thus, even though other investigators
have reported the ability of this drug to in-
hibit leukocyte chemotaxis (27), our results
demonstrate that in the present model thalid-
omide did not show a direct chemotactic
effect on the afflux of cells to the pulmonary
environment. The effect of thalidomide may
be dose dependent in this process since
Carneiro-Filho et al. (27), using a drug con-
centration of 45 mg/kg body weight, ob-
served this phenomenon. The results ob-

tained with IL-8, a potent chemotactic factor
which appears to be dose dependently inhib-
ited by thalidomide, support this premise
(28).

On the other hand, in the present study,
thalidomide administration at the dose used
resulted in a reduction of the percent of
macrophage spreading and of the levels of
H2O2 released by alveolar macrophages of
mice infected with the mycobacteria.

The spreading test is based on the ability
of macrophages, when activated, to adhere
to glass and to spread. Bilyk et al. (29),
evaluating the spreading ability of alveolar
macrophages in mice infected with the influ-
enza virus, obtained a 10 to 14% rate of
macrophage spreading, while in healthy mice
the percentage was 3%. Vilani-Moreno et al.
(25), in similar studies, obtained an 8% rate
for healthy animals and a 16 to 29% rate for
P. brasiliensis-infected animals.

In the present study, non-infected mice
not treated with thalidomide showed a 12%
rate of macrophage spreading. In infected
animals, this percentage was significantly
increased, particularly when viable myco-
bacteria were detected in the pulmonary en-
vironment, suggesting that bacillary multi-
plication may act as a stimulus for macro-
phage activation and consequently for cell
spreading. Thalidomide significantly inhib-
ited macrophage spreading and this inhibito-
ry effect was also observed in the absence of
infection, suggesting a direct effect of the
drug on macrophage spreading.

Figure 3. Functional status of
macrophages present in the
bronchoalveolar lavage of thalid-
omide-treated (TT) and untreated
(TU) Swiss mice. The assay was
based on spontaneous (without
PMA) and induced (with PMA)
H2O2 release. Data are reported
as medians. +P < 0.05 compared
to the infected untreated group
(Kruskal-Wallis test). *P < 0.05
compared to the untreated in-
fected group (Kruskal-Wallis
test). PMA = phorbol myristate
acetate.
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Since macrophage spreading requires the
activation of PKC, a generic denomination
for a family of serine/threonine kinases in-
volved in numerous cellular processes (30),
and since a direct interaction between thalid-
omide and several PKC isoforms (31) has
been described, we suggest that the inhibito-
ry activity of thalidomide on macrophage
spreading is mediated by the PKC pathway.

Since spreading is an important mechan-
ism of interaction between the phagocyte
and the particle to be engulfed (32), any
substance that inhibits macrophage spread-
ing also interferes with the phagocytosis pro-
cess. As phagocytosis stimulates the respira-
tory burst of cells in phagosomes by the
NADPH oxidase pathway (32), the indirect
effect of thalidomide on spreading, and con-
sequently on phagocytosis, may also inhibit
H2O2 release. Since oxygen radical metabo-
lites elicit macrophage spreading (33), the
inhibitory effect of thalidomide on macro-
phage spreading detected in the present study
may be exacerbated by the inhibitory action
of this drug on H2O2 production. Our results,
similarly to what was described by others
(32), suggest a link between the macrophage
spreading process and H2O2 release during
the course of infection.

Regardless of the extent to which phago-
cytic cells release H2O2, bacilli were ob-
served in the pulmonary tract until the end of
the experimental period, which suggests that
other events must be involved in the clear-
ance of M. avium by alveolar macrophages.
Our results agree with those reported by
Appelberg and Sarmento (34) who, studying
mouse strains resistant and susceptible to
infection with M. avium, observed that H2O2

production was frequently higher in the sus-
ceptible strain. Similarly, these data support
those reported by Saunders and Cheers (3),
who demonstrated that M. avium is a bacte-
rium resistant to reactive oxygen species
such as H2O2.

Mycobacteria are able to evade the anti-
microbial activities of macrophages by sev-

eral mechanisms; some investigators have
suggested that activation of antibacterial kill-
ing by cytokines, particularly TNF-α, is es-
sential for the control of mycobacterial in-
fections (7). According to Kindler et al. (35),
the administration of TNF-α-blocking sub-
stances to mice infected with BCG or M.
tuberculosis results in increased mycobacte-
rial load. Similarly, Flynn et al. (36) showed
that mice unable to respond to TNF-α due to
depletion of its receptor undergo M. tuber-
culosis infection much faster than control
mice.

Considering the inhibitory activity of tha-
lidomide against TNF-α, an increased bacil-
lary load was expected in infected mice with
the administration of this drug. This, how-
ever, was not observed. With a few excep-
tions, thalidomide treatment did not affect
the amount of viable bacilli in the pulmonary
tract. A similar result was obtained by
Moreira et al. (37) who evaluated this pa-
rameter in M. tuberculosis-infected mice.
According to the cited authors, treatment
with thalidomide had no impact on the host’s
ability to restrain the growth of bacilli. Tha-
lidomide-treated and untreated animals
showed the same amount of M. tuberculosis
colonies 28 days post-infection.

The results obtained in the present study
also indicate the biphasic behavior of bacilli
in the pulmonary tract, with their presence
occurring in the first hours and in the final
weeks of the experimental period. This qui-
escent period suggests that bacilli, after the
initial phase, find an adequate environment
for multiplication in the pulmonary tract,
resuming reproduction when the environ-
ment is appropriate. This is not a unique
finding, but has also been observed in hu-
man leprosy, with some patients, denomi-
nated clear or inactive, maintaining persist-
ent bacilli for many years (38).

Taken together, our results demonstrate
the interference of thalidomide with the func-
tional status of alveolar macrophages evalu-
ated by cell spreading and H2O2 production,
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but with no effect on bacillary clearance. In
view of these data and the effect of the drug
on TNF-α, our results suggest that the cy-
tokine does not have a major role in myco-
bacterial death induced by alveolar macro-
phages. Although the inflammatory effects

of M. avium can prevent mycobacterial mul-
tiplication for some time, they are not suffi-
cient to achieve bacillary clearance. Indeed,
under the conditions used, the pulmonary
environment favored bacillary growth.
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