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Indomethacin treatment slows disease progression and enhances a

Th1 response in susceptible BALB/c mice infected with Leishmania
major
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SUMMARY

Prostaglandins of the E series inhibit the development of
Th1 responses. When infected withLeishmania major,
BALB/c mice fail to develop a Th1 response, but instead
mount a Th2 response and die of the disease. Therefore, we
treatedL. major-infected BALB/c mice with indomethacin,
which inhibits prostaglandin production. Indomethacin
lessened disease severity (parasite burden and pathology),
and promoted a Th1 response, but the mice still succumbed
to infection. The explanation for these observations may be
two-fold: (1) the beneficial effects of indomethacin were
predominantly observed later in infection (beyond two weeks),
a time at which indomethacin was unable to sufficiently block
the development of a Th2 response; (2) indomethacin was
unable to induce a Th1 response in BALB/c mice that was of
the same magnitude as the Th1 response observed in
C57BL/6 mice infected withL. major.
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INTRODUCTION

Work in several laboratories has revealed that prostaglandin
(PGE, in particular, PGE2 and PGE1) inhibits Th1 responses
and the production of interferon (IFN)-g and interleukin
(IL)-2 by the cells (Phippset al. 1991). Amongin vivo
models that generate a chronic immune/inflammatory
response whose outcome is dictated by the selective activa-
tion of either Th1 or Th2 cells, infection of mice withL.
major is a well-studied example (reviewed in Bogdan,
Gessner & Rollinghoff 1993, Liew & O’Donnell 1993,
Reed & Scott 1993, Tituset al. 1994, Reiner & Locksley
1995). Following infection withL. major, resistant strains of
mice (e.g., C57BL/6, CBA) produce IL-2, IFN-g and nitric
oxide (NO), whereas susceptible mice (BALB/c) produce
IL-4, but small amounts of IL-2, IFN-g, and NO. Interferon-
g is an important mediator of resistance since it activates
macrophages (MØs) to destroyL. major by inducing the
production of factors such as NO. On the other hand, IL-4
can block the activating effects of IFN-g.

It is possible that production of PGE contributes to the
predominance of a Th2 response in susceptible BALB/c
mice infected withL. major. Therefore, groups of four
female BALB/c mice each (National Cancer Institute,
Frederick, MD, USA or Jackson Laboratories, Bar Harbor,
ME, USA) were placed on treatment with the PGE blocker,
indomethacin (20mg indomethacin (I 7378 Sigma, St Louis,
MO, USA)/ml and 0·4% ethanol added to the drinking water
of experimental mice, and ethanol added to the drinking
water of controls; changed twice weekly, Farrell & Kirk-
patrick 1987). Twenty-four h later, the mice were infected
with 5×106 L. major (isolate LV39) subcutaneously in a
hind footpad.

We first determined whether indomethacin blocked PGE2

production in treated mice. Popliteal and inguinal lymph
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node cells that drained the lesions were removed at varying
times after infection and single cell suspensions were
prepared. Lymph node cells were cultured at 5×106 cells/
ml in culture medium consisting of Dulbecco’s modified
Eagle’s medium (Tituset al. 1991) supplemented with 0·5%
normal mouse serum. One ml aliquots of the cell suspension
were plated into 24-well tissue culture plates (Costar 3524,
Cambridge, MA, USA).L. major (106/ml) was added;
control cultures contained no parasites. In some cases,
lymph node cells were also cultured in the presence of
indomethacin (2mg/ml, Farrell et al. 1987) to determine
whether the drug would inhibit the production of PGE2 still
further by the lymph node cells. Supernatants of the cultures
were collected at 48 hours and assayed for PGE2 by
published methods (Uriosteet al. 1994). PGE2 was pro-
duced at all timepoints tested. For example, at five weeks of
infection, ethanol-treated BALB/c mice produced 3633 pg
PGE2/ml and indomethacin-treated mice produced 1086 pg/
ml. This was true whether the lymph node cells were
restimulated or not withL. major. Finally, production of
PGE2 was reduced still further by including indomethacin in
the lymph node cell cultures (647 pg/ml). Therefore, our
indomethacin treatment regimen reduced PGE2 production,
and this was a stable phenotypein vitro.

Next, we monitored lesion size and lesion parasite burden
(techniques in Tituset al. 1985) in indomethacin treated
mice. Indomethacin treatment significantly slowed the
development of lesions and the outgrowth of parasites in
the lesions (Figure 1).

Since indomethacin treatment had a therapeutic effect
(Figure 1), we characterized the immune response toL.
major in treated mice. Draining lymph node cells were
stimulated as described above and the 48 h supernatants
were assayed for the levels of IFN-g by ELISA (Shankar &
Titus 1995). In addition, the level of NO2 (which reflects NO
production) was measured using published techniques
(Uriosteet al. 1994). Since IL-4 could not be consistently
detected in these supernatants, we stimulated, rested and
restimulated lymph node cells as described (Shankaret al.
1995). Supernatants were collected from the restimulation
cultures at 48 h and assayed for IL-4 by ELISA.

Indomethacin treatment had no significant effect on the
production of IFN-g, IL-4 or NO at two weeks of infection
(data not shown), but the production of each of these
mediators was significantly affected by five weeks of infec-
tion (Table 1). The effect of indomethacin was to skew the
immune response toL. major towards a Th1 response, but
these effects of the drug were insufficient to allow the mice
to heal their infections. It should also be noted that we
attempted to augment the protective effects of indomethacin
by treating with the drug for 72 h before injectingL. major,
and by administering higher doses. Neither approach
enhanced the effect of indomethacin. It is important to
mention that even a three-fold increase in the dose of
indomethacin resulted in some death in the treated mice.

To confirm and extend the cytokine results of Table 1, we
harvested the popliteal and inguinal lymph nodes draining
the lesion, isolated total RNA and determined the levels of
expression of IL-4, IFN-g and inducible nitric oxide
synthase (iNOS) mRNA using a competitive polymerase
chain reaction (PCR) assay described elsewhere (Mbowet al.
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Figure 1 Indomethacin treatment slows lesion development and the
outgrowth of parasites in BALB/c mice infected withLeishmania
major. There was a significant difference in the size of lesions in the
two groups from week 2 through 5 of infection 0·0000004<P< 0·003,
unpairedt-test). The numbers next to the symbols in the figure are the
parasite burdens present in the lesions at weeks 2 and 5 of infection.
Data are representative of five independent experiments. All
experiments were terminated at five weeks of infection due to lesion
ulceration and necrosis, especially in control groups.

Table 1 Production of cytokines and nitric oxide at five weeks of
infection*

Level of factor produced

IFN-g NO2 IL-4
Group (units/ml6 SD) (mM 6 SD) (ng/ml6 SD)

Control 16·36 0 1·36 0 86·16 3·3
Indomethacin 160·06 16 12·06 1·1 15·46 0·7

* Data are representative of three independent experiments. The
levels of the factors produced by the two groups were significantly
different (0·0001<P<0·005, unpairedt-test).



1998). For these experiments we also analysed the expres-
sion of the same mRNAs in resistant C57BL/6 mice infected
with L. majorand treated as BALB/c control mice were with
ethanol in their drinking water. Including this C57BL/6
control group allowed us to determine whether indomethacin
promoted a Th1 response toL. major infection in BALB/c
mice that was as intense as the Th1 response present in
resistant C57BL/6 mice infected with the parasite. Consis-
tent with the results of Table 1, at five weeks of infection
indomethacin treated BALB/c mice were expressing
approximately 4-fold more iNOS mRNA than ethanol
treated control mice (Figure 2). However the level of
expression of iNOS mRNA in indomethacin treated
BALB/c mice was still four-fold less than the expression

of iNOS mRNA in resistant C57BL/6 mice infected with
L. major (Figure 2). Interestingly, there was little difference
in the expression of IFN-g mRNA at five weeks of infection
in BALB/c mice treated or not with indomethacin (Figure 2).
Rather, we found that differences in IFN-g mRNA expres-
sion were seen at two weeks of infection when indomethacin
treated BALB/c mice produced four-fold less IFN-g mRNA
than C57BL/6 mice but four-fold more IFN-g mRNA than
ethanol treated control BALB/c mice. This suggests that the
production of IFN-g mRNA and IFN-g secreted protein
follow different kinetics in mice infected withL. major.
Namely, when differences in IFN-g mRNA expression are
detected (two weeks of infection), no differences in the
levels of secreted protein were found; however, by five
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Figure 2 Effect of indomethacin treatment on
cytokine gene expression in mice infected with
Leishmania major. Total RNA was isolated
from groups of three mice five weeks after
injection ofL. major. Competitive reverse
transcription-polymerase chain reaction (RT-
PCR) was used to monitor the expression of a
variety of cytokine/monokine genes as
previously described (Mbowet al. 1998). PCR
products were separated by electrophoresis in
1·6% agarose gel containing ethidium bromide.
The bottom picture represents cDNA samples
from indomethacin-treated BALB/c mice (4, 5,
6) and control BALB/c (1, 2, 3) and C57BL/6
mice (8, 9, 10) normalized to equalb-actin
concentrations using the same dilutions of the
b-actin competitor. First strand cDNA synthesis
in the absence of the reverse transcriptase
MML-V was carried out as a control for
potential genomic DNA contamination (3, 6,
10). Point of equivalent intensity of ethidium
bromide-stained bands between cDNA and
competitive fragment was determined by
scanning the gels using a digital imaging
system. Serial four-fold dilutions of the
competitor plasmid were added in the PCR
reactions: iNOS: 0·0191 pg to 1·86×10¹5 pg;
IFN-g: 0·103 pg to 1×10¹4 pg; IL-4: 0·0956 pg
to 9·3×10¹5 pg. L, 123 bp DNA ladder; CF,
competitive fragment.



weeks of infection the levels of secreted protein were
different (Table 1). Finally, we did not see a difference in
the levels of expression of IL-4 mRNA in BALB/c mice
treated or not with indomethacin (Figure 2); both BALB/c
mouse groups produced substantially more IL-4 mRNA than
did C57BL/6 mice (Figure 2). Thus, the effects of indo-
methacin on IL-4 production may be minimal.

Previous studies have shown that lesion histological
patterns reflect the host immune status in leishmaniasis
(Barral-Netto, Freitas & Andrade 1987, Pompeuet al.
1992, Almeidaet al. 1996). Therefore, to corroborate the
results obtained above, we examined histological changes in
control and indomethacin treated mice at five weeks of
infection. Both groups showed extensive skin ulceration and
the subcutaneous tissue was infiltrated by many heavily
parasitized MØ. Within these areas, foci of suppurative
necrosis were observed. These aspects are similar to those
described in human diffuse cutaneous leishmaniasis and in
susceptible mice infected with different species ofLeishma-
nia (Ridley & Ridley 1983, Andradeet al. 1984). However,
some clear differences between the groups were also noted.
Necrotic areas were fewer and smaller in the indomethacin-
treated mice. In addition, in indomethacin-treated mice,
areas of mixed cell inflammatory reactions and areas of
granulomatous reaction were also seen. Only few parasi-
tized MØ could be found among these cells. In addition,
fibrosis occurred around these areas and focal fibrinoid
necrosis was also observed. This type of tissue reaction
correlates with resistance in leishmaniasis (Perezet al. 1979,
Ridley et al. 1983, Andradeet al. 1984). Therefore, indo-
methacin treatment induced partial resistance and this cor-
related with a mixed histopathological pattern in the lesion
with features related to susceptibility co-existing with fea-
tures related to resistance.

The present study confirms and extends the work of
Farrellet al. (1987). These authors found that indomethacin
treatment slowed lesion development inL. major-infected
BALB/c mice. Moreover, these authors also found that the
beneficial effects of indomethacin were seen predominantly
after the first few weeks of infection.

Although indomethacin skewed theL. major-infected
BALB/c mouse towards a Th1 response to the parasite,
lesions still progressed on treated mice and the animals
eventually succumbed to infection. The reason(s) why
indomethacin was unable to reverse the outcome of infec-
tion is unknown. However, several possibilities can be
entertained. The protective effects of indomethacin did not
manifest themselves until late in infection (Figure 1).
Treatments that profoundly affect the outcome of infection
with L. major [e.g., anti-IL-4 (Sadicket al. 1990) or anti-
IFN-g (Belosevicet al. 1989)] have their effects within the
first week of infection withL. major. Therefore, it is possible

that by the time indomethacin exerted its protective effect,
the Th2 response of the BALB/c mouse could not be
blocked sufficiently to allow the mouse to heal. Moreover,
once infected withLeishmania, it is difficult to activate MØs
to destroy the parasite because the infected cells produce a
factor that blocks activation by IFN-g (Engelhornet al.
1990). In addition, transforming growth factor-b is produced
by MØs following infection withLeishmania(Barral et al.
1993), and it has been proposed thatLeishmaniacan escape
destruction by the host through inducing the production of
transforming growth factor-b (Barral-Nettoet al. 1992). An
alternative explanation for why indomethacin was unable to
induce cure in BALB/c mice infected withL. major is that
although the drug skewed the response of the BALB/c mice
toward Th1, the intensity of this response never was equiva-
lent to the Th1 response of a resistant C57BL/6 mice
infected with the parasite (Figure 2).

In conclusion, treating with indomethacin lessened
disease severity (parasite burden and pathology), and pro-
moted a Th1 response inL. major-infected BALB/c mice,
but the animals still succumbed to infection. Thus, it is
becoming clear that several factors that can be produced by,
or can affect the functions of, MØs and other phagocytic
cells (the host cells forL. major) may influenceL. major
infection. These factors include PGE2 (this report, Farrell
et al. 1987), IL-1 (Theodoset al. 1994), IL-8 and monocyte
chemoattractant and activating factor (Badolatoet al. 1996),
IL-10 (Heinzel et al. 1991), IL-12 (Heinzelet al. 1993,
Sypeket al. 1993), TNF-a (Titus et al. 1989, Vieiraet al.
1996) granulocyte MØ-colony stimulating factor (Doherty
& Coffman 1993), transforming growth factor-b (Stengeret
al. 1994) and IFN-a/b (Shankaret al. 1996).
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