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Effects of itraconazole and terbinafine on
Leishmania major lesions in BALB/c mice
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The effects of two antifungal compounds, the azole itraconazole and the allylamine terbinafine, on
Lepslmania magor infections in mice are reported, Sixty BALB/ ¢ mice were each inoculated subcutancously
with metacyclic promastigotes of L. major at the base of the tail. From 4 weeks post-inoculation, 40 of the
mice were treated for 4 weeks (20 with itraconazole and 20 with terbinafing) and the rest were lefi
untreated, Lesion sizcs were estimated weekly for 10 weeks post-infection. Both drugs appeared effective
in treating the cutaneous lesions but response to itraconazole was faster and, at the end of the experiment,
the mean size of the lesions on the mice treated with itraconazole was smaller than that of the lesions on

the terbinafine-treated mice,

Lesshmania spp. cause a wide range of human
discases, from localized, self-healing, cu
taneous lesions to fatal, visceral disease. The
leishmaniases constitute a major public-health
problem on a global scale, 2-3 million having
clinical leishmaniasis and 350 million people,
in 80 countries, being at risk (Iwu et al,, 1994),
Since the 1940s, pentavalent antimonials have
been the most widely uwsed treatments for
leishmaniasis, although they are not always
effective, require long-term  administration,
and are associated with drug toxicity, inclad-
ing severe kidney, heart and liver disorders
(WHO, 1990; Balzan and Fenech, 1992; Gi-
acchino et al, 1993). Little progress has been

made in improving the chemotherapy of

Leishmania infections since the discovery that
some antifungal agents had potent leishmani-
cidal activity {(Chance, 1995). There have been
several studies on the effect of antifungal
agents on experimental visceral leishmaniasis
(New ¢t al, 1981; Berman e al, 1992,
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Haughan et al, 1992, 1993; Negre ot af., 1992;
Gebre-Hiwot and Frommel, 1993; Dictze e
af., 1995) and human cutancous leshmaniasis
(Larbi et al, 1995; Bahamdan et al, 1997).
T'wo such agents, the azole ketoconazole and
the allylamine terbinafine, had a suppressive
effect on cell growth when tesied against
Leishmania promastigotes and amastigotes
witre, inducing the appearance of large muln-
vesicular bodies in the parasites {Vannier-
Santos ¢f al., 1995),

When Larbi e af. (1995) performed a ran-
domized, double-blind, clinical wial, to com-
pare  the efficacies of clotrimazole  and
miconazole in the treatment of cutaneous
leishmaniasis (CL) in the eastern province of
Saudi Arabia, they found that clotrimazole
was the more effective. However, the Leishua-
wig species involved was never identified and
only 16% of the lesions treated with clotrima-
zole healed fully after 30 dayvs. When, in a
pilot, clinical trial, Bahamdan e al (1997)
tested terbinafine on 27 patients with f.. magor
infections, the overall clinical response in the
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10 patients who completed treatment and fol-
low-up was estimated to be 71.5%. There
appears to have been no other previous study
on the effect of itraconazole on confirmed f.,
mafor infections fn wive. The aim of the pre-
sent study was to investigate the effect of
itraconazole and terbinafine on the cutaneous
lesions caused by L. major in BALB/¢ mice.

MATERIALS AND METHOIDS

The Drugs

The itraconazole [cis-4-[4-|4-[4-[|2- (2,4
dichlorophenyl)-2-(1H-1,2 4-triazole-1-y1-
methyl)-1,3-dioxolan-4-yl jmethoxy |-phenyl |- 1-
piperazinyl |phenyl -2, 4dihydro-2-(1-methyl-
propyl}-3h-1,2 4-triazol-3-one] was provided
by Dr M. Jansen of the Janssen Rescarch
Foundation, Beerse, Belgium. The terbinafine
[({E}-N-{6,6-dimethyl-2-hepren-4-vnyl)-N
methyl-1-naphtalenemethanamine|,  provided
by Dr B, Willi of Novartis Pharma AG, Basel,
Switzerland, had 1o be pre-dissolved in
dimethyl sulphoxide {(DMSO) but the final
concentration of DMSO in the inoculum
never exceeded 1% (vol/vol).

The Parasite

Freshly isolated promastigotes of £, major
clone FV-1 (MHOM/IL/80/Friedlin) were
maintained in Schneider’s Dvasephila mediom
supplemented with 10% (v/v) heat-inacti-
vated foetal calf serum (FCS), pI 7.0, at 26°C
in 23-cm” tissue-culture flasks, using air as the
gas phase. The development of metacyelic
promastigotes in culture was induced as de
scribed by Zakai et al. (1998). Briefly, expo-
nential-phase promastigotes were cultured at
20-27°C for 6 days, in Schneider's Drosephila
medium supplemented with 20% (v/v) heat-
inactivated FCS, pll 5.5 (adjusted using 1 m
HCI or 1 v NaQ), using 10 m] culture/25-
cm’ culture flask and with air as the gas phase.
The parasites were then harvested, washed
three times with Hanks balanced salt solution
(HB55), and finally resuspended in HBSS at
a densiy of 210 cells/ml to produce the
suspension of metacyclic promastigotes used
as the inoculum,

Infection of BALB/c Mice

Each of 60 BALB/c mice was inoculated sub
cutancously, in the shaved base of its tail, with
0.05ml of the parasite suspension (i.c. 10°
promastigotes). The diameters of the resulting
lesions were measured and monitored weekly
for a total of 10 weeks. From 4 weeks post-in-
fection, H) of the mice were treated daily for
4 weeks with either (0.1 mg itraconazole/ day
(20 mice) or 0.2 mg terbinafine/day (20 mice),
from a gastric syringe, the remaining 20 mice
being left untreated, as controls, Student’s
i-tests were used (o compare mean lesion
diameters for cach treatment group and the
control group, at various time-points,

Parasite Viability at the End of the
Experiment

All the mice were killed 10 weeks post-infec-
tion, at the end of the experiment. A necropsy
sample was aseptically removed from one le-
sion on each mouse and placed in a 25-cm’
tissue-culture  flask  containing  Schoeider’s
Drasaphila medium supplemented with 20%
FCS and 25 g pentamicin sulphate/ml. Each
flask was incubated ar 27°C and checked for
promastigotes, daily for 21 days, on an in
verted microscope.

RESULTS

Lesions of CL. appeared on the second weck
post-infection, in all of the mice, Kach lesion
was first noticed as a patch of rough hairless
skin, cach measuring approximately 2 mm in
greatest diameter. Fach patch developed into a
lesion with a raised edge and sunken centre.
Some of the lesions had centrally uleerated
nodules during the last 2 weeks of the exper-
iment, Up to the initation of treatment on
week 4, lesion size increased with time post-
infection (see Fig.).

Itraconazole

One week after starting oral treatment with
itraconazole, mean lesion size decreased and
this trend continued even after treaiment
stopped at the end of week 8, with lesions
among the itraconazole-treated animals being
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Fig. Changes in mean lesion diameter in BALB ¢ mice infected with fedshmania major. The mice were left
untreated {(#) or treated daily for 4 weeks, from week 4 post-infection, with oral itraconazole () or oral

terbinaline (&),

significantly smaller than those in the controls
whenever they were measured between weeks
5 and 10 (P < 0L.001 for each comparison). By
the end of the experiment, mean lesion size in
with  itraconazole

the mice treated wis
< 1 mm.
Terhinafine

Treatment with terbinafine did not have as
dramatic an effect on lesion size as treatment
with itraconazole, although the lesions seen
post-treatment were stll smaller than in the
controls. As with the itraconazole-treated, the
lesions among the terbinafine-treated animals
were significantly smaller than those in the
controls whenever they were measured be-

tween weeks 5 and 10 (P=0.001 for each
comparison). However, the lesions on the ter-
binafine-treated animals only began to de-
crease in sive towards the end of the 4 weeks
of treatment, being largest in week 8, and fell
to a minimum diameter of 4.8 mm by week 10
(see Fig.)

Parasite Yiability

All of the necropsy samples from the control
group of mice produced promastigotes when
cultured, promastigotes first being detected
10-15 days after the cultures were set up,
Mone of the samples from the mice treated
with itraconazole produced promastigotes, Al-
though promastigotes were detected in one of
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the 20 samples from the terbinafine-treated
mice, on day 19 posi-initiation, they were in
such low numbers that their presence was
confirmed by centrifugation of a subsample of
the culture and examination of the pellet,

DISCUSSION

Several studies have focused on the potential
of inhibitors of sterol biosynthesis as usclul
therapeutic agents for leishmanaisis. ltracona

#ole and terbinafine both inhibit the synthesis
of ergosterol, a sterol which is usually found
in large quantities in the cell wall ol Leishma-
wia parasites (Beach er al, 1988). Although
oral itraconazole has been used in the treat

ment of human CL., the sample sizes in such
clinical trials have been small {Al-Fouzan e
al., 1991; Enden ef al,, 1994). Terbinafine has
been shown to be effective in the treatment of
Trypanosoma eruzi infections in mice (Mal-
donado er af., 1993) but the only reported use
of terbinafine to treat CL. appears to be in the
pilot, clinical study of Bahamdan e af. (1997).
The sample size in the latter study was also
small, however, and only hall the patients
completed the scheduled follow-up.

In the present study, the response of the
cutancous lesions of £ magor o two widely
used antifungal compounds—itraconazole and
terbinafine—was  assessed  in mice,  Four
weeks” treatment with cither drug  caused
significant reductions in lesion size and gener-
ally cleared the lesions of viable parasites.
However, the response to itraconazole was
relatively fast and much more marked, in
terms of reduced lesion size, compared with

the response to terbinafine, The difference in
efficacy probably reflects the relatively short
half-life of terbinafine in plasma (Ahonen ef
al., 1995). The present results are in agree-
ment with those of Dogra and Saxena (1996)
who, in a randomized, double-blind clinical
trial, used itraconazole for the treatment of
human CL, and declared 70% of the patients
who received itraconazole to be cured (based
on clinical and parasitological criteria), In an
carlier study, 67% of patients with human CL
were considered to be cured following treat

ment with itraconazele (Dogra ef al., 1990).

Leishmamia spp. appear to vary in their
susceptibility 1o sterol-biosvnthesis inhibitors
{Urbina, 1997). The promastigotes of f.
bragifiensis are naturally resistant 1o ketokona
#zole but are susceptible to a combination of
ketokonazole and terbinafine (Rangel e al.,
19946).

Terbinafine and particularly itraconazole
may offer potential new treatments for human
CL. Further clinical trials are required to
study the cificacy of cach in the treatment of
CL in the O01d and New Worlds, The efficacy
of a combination of the two drugs and the
effect of different doses also need further
investigation,
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