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Parenteral pentavalent antimonials remain the standard therapy for
cutaneous leishmaniasis. More effective and patient-compliant topical
treatments are an important alternative treatment for the localized,
self-limiting forms of this disease. Two paromomycin ointments are
commercially available but their use is limited by either toxicity or lack
of efficacy. Other topical formulations have been in clinical trials, but
many results have been equivocal and no major breakthroughs have
been achieved. The focus of this review is on recent developments in
the field of topical treatment for cutaneous leishmaniasis and rational
approaches to enhance topical drug absorption.
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Introduction
Leishmaniasis is a widespread disease with both visceral and
cutaneous manifestations. Cutaneous leishmaniasis (CL) is the
most common form of this disease. It has an annual incidence
of 1 to 1.5 million cases and is endemic in 88 countries; 90% of
cases are reported in just six countries, Afghanistan, Brazil, Iran,
Peru, Saudi Arabia and Syria [1]. These numbers are probably
an underestimate as leishmaniasis is a notifiable disease in only
40 of the 88 countries. There is evidence to suggest that the
worldwide incidence is increasing, probably due to improved
reporting, population migration, seasonal/climatic changes,
HIV co-infection and agro-industrial development in endemic
areas [2].
The clinical manifestations of CL result from the interaction of
factors including, parasite species, site of inoculation and host

immune status. Although the disease is normally localized to
the site of infection within dermal macrophages, metastasis to
lymphatic, mucosal and bone marrow sites can occur [3]. After
parasites are inoculated into the mammalian host by the
sandfly vector, they are engulfed by macrophages where the
intracellular amastigotes survive and divide within the
parasitophorous vacuole. The manifestations of CL encompass
a wide spectrum of severities and present in a range of clinical
forms [4]. Lesions are characterized by development of nodules,
which progress to ulcerative lesions, lasting from between 3
months to three years. Epidermal changes reflect the immune
response to the infection, resulting in hyperplasia and
epidermal thickening. Within the dermis the collagen matrix is
disrupted and fibroblasts are eventually recruited during the
healing process [5]. Epidermal disruption results in discharge
and eventually dries to form an encrusted ulcer, with a central
depression and raised border [6]. It is in this latter region where
parasites are present in dermal macrophages. Resolution
usually occurs following the generation of the appropriate Th1
response and the resulting cytokines (IFNγ, TNFα, IL-12) that
confer resistance to infection with leukocyte migration resulting
in necrosis and formation of a healing granuloma [7]. In the
majority of cases of CL there is a single self-limiting lesion.
Over 17 species of Leishmania cause CL (Table 1) [8,9]. Acute
CL, caused by L major, L tropica and L aethiopica in the Old
World and L braziliensis, L panamenis and L mexicana in the
New World are the most common causes of infection.
Complex and rare manifestations of CL include: (i)
mucocutaneous leishmaniasis (MCL) found in > 5% L
braziliensis cases, often several years after the initial lesion;
(ii) diffuse cutaneous leishmaniasis (DCL), a rare
disseminating anergic disease caused by L aethiopica and L
amazonensis; and (iii) 'recidivans' leishmaniasis (LR) a chronic
disease caused by L tropica and L amazonensis. Parasites that
normally cause visceral leishmaniasis (VL) can also cause
CL; some strains of L infantum can give rise to simple
lesions, whereas post-kala-azar dermal leishmaniasis
(PKDL) is caused by L donovani, usually two years after a
visceral cure [10]. Identifying the causative organism of CL
is important as there is significant variation in the drug
sensitivity of Leishmania species [11].

Table 1. Species of Leishmania causing CL as either primary or secondary manifestations.
Leishmania species
L(viannia) braziliensis (NW)
L(v) peruviana (NW)
L(v) panamensis (NW)
L(v)guyanenesis (NW)
L mexicana (NW)
L amazonensis (NW)
L venezuelensis
L pifanoi
L garnhami
L tropica (OW)
L aethiopica (OW)
L major (OW)
L donovani (OW)
L infantum (OW)
L chagasi (NW)
NW New World, OW Old World

Primary pathology
cutaneous
cutaneous (uta)
cutaneous (ulcera de bejuco)
cutaneous ('pian-bois')
cutaneous (chiclero's ear)
Cutaneous
Cutaneous
Cutaneous
Cutaneous
Cutaneous
Cutaneous
Cutaneous
visceral (kala-azar)
Visceral
Visceral

Secondary pathology
5% mucocutaneous (espundia)
5% mucocutaneous

diffuse CL

recidivans
diffuse CL
PKDL
CL
CL

Over the past decade, co-infection with HIV has become an
increasing problem, particularly in southern Europe. The
HIV virus hastens the spread of Leishmania and can reawaken latent infections, while Leishmania accelerates AIDS
onset [12,13]. It was recently estimated that CL occurs in 2 to
3% of HIV-infected patients [14].

Immunomodulators including BCG, IFNγ and GM-CSF have
been used alone and in combination with antimonials for the
treatment of CL [28], however, recent trials with a synthetic
immunomodulator, imiquimod (Figure 4), offer a more
realistic option.
Figure 2. Structure of paromomycin.
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CL is a disfiguring disease that normally resolves within 3 to
18 months of initial infection. Treatment aims to cure as well
as prevent the development of more complex manifestations
like MCL and DCL. Generally the New World species tend
to cause more severe and longer infections than the Old
World species [15,16]. Therapeutic response is dependent on
efficiency of host immune response and genetic makeup.
Unfortunately, many published reports on treatment are
based upon small, uncontrolled clinical trials which give
equivocal results with differences dependent upon patient
selection, parasite strain/virulence, drug regimen,
evaluation criteria and site of infection. Moreover,
spontaneous healing in CL causes additional difficulties in
interpreting treatment data without adequate control
(placebo) groups and trial design.
The standard therapy for CL involves daily injections of
pentavalent antimony for 20 days, either as Pentosam
(sodium stibogluconate) or Glucantime (meglumine
antimonate); clinical use and problems are described
elsewhere [17]. Studies in the Old World have show that
intralesional administration gives superior healing rates
compared to intramuscular antimonials [18,19]. Advantages
of this route of administration include, targeting higher drug
concentrations to the site of infection, lower systemic toxicity,
decreased cost and faster healing time. However, local
therapy alone is not appropriate for the New World L
braziliensis species, which can potentially disseminate. The use
of second line drugs, amphotericin B (AmB; Figure 1) and
pentamidine isethionate, and the parenteral formulation of
the aminoglycoside paromomycin (aminosidine; Figure 2)
have also been described elsewhere [20,21].
Figure 1. Structure of amphotericin B.
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Figure 3. Structure of miltefosine.
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Figure 4. Structure of imiquimod.
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Attempts to investigate possible new therapies have focused
on modestly active oral agents, eg, antifungal azoles and
allopurinol, and local therapy, including cryotherapy,
thermotherapy, surgery and electrotherapy [22]. An openlabel phase I/II clinical trial of oral miltefosine (an
alkylphosphocholine; Figure 3) against CL in South America
gave a 94% cure rate when a dose of 133 to 150 mg/day was
used [23]. Mixed results have been achieved with oral
itraconazole and ketoconazole in clinical trials [24-27].

Topical treatments
Topical formulations offer significant advantages over
systemic therapy, such as, ease of administration, fewer
adverse effects and cost-effectiveness. Local treatment
remains an attractive approach for simple localized forms of
CL that do not pose a risk of developing complications that
require systemic therapy. This paper reviews the current
status of topical treatments and looks at developments over
the past decade since those described in reference [29].
Renewed interest in the topical treatment of CL began with
the studies of El-On et al on the aminoglycoside,
paromomycin (aminosidine, monomycin, neomycin E)
(Figure 1) [30]. They showed that a 15% paromomycin sulfate
(PM) plus 12% methyl benzethonium chloride (MBCl)
ointment effected a complete cure of L major lesions in
BALB/c mice. In the same series of experiments,
paromomycin in combination with other quaternary

ammonium disinfectants or DMSO (a known penetration
enhancer), gave significant levels of activity. Two other
aminoglycosides, kanamycin and gentamycin in the MBCl
formulation also had some activity, but three others,
neomycin, amikacin and tobramycin, were not active. The
success of this approach in demonstrating the potential of
aminoglycosides as topical antileishmanials contrasted with
parallel studies that showed other antileishmanial drugs
(sodium stibogluconate, pentamidine, AmB, emetine,
metronidazole, co-trimoxazole and allopurinol) to have no
significant activity in this model. Rifampin was the only other
drug that demonstrated some activity. It should be noted that
MBCl alone also has antileishmanial activity [31]. These
studies led to a series of small clinical trials of the PM-MBCl
ointment against cutaneous leishmaniasis caused by L major, L
tropica, L aethiopica, L braziliensis and L mexicana. Initial studies
were mostly carried out in Old World CL [32,33••]. In a
randomized, double-blind, crossover study in patients with L
major infection there was a 74% cure rate, versus 27% in the
placebo control group [33••]. A placebo-controlled trial in
Guatemala [34] and uncontrolled trial in Ecuador [35]
reported 85.7% and 85% cure rates, respectively (twice daily
applications for 20 days), one year post-treatment. These
results contrast with the apparent lack of efficacy in the
placebo-controlled trial in Colombia [36]. This ointment is
commercially
available
and
marketed
by
TEVA
Pharmaceuticals, Jerusalem. However, early studies also
reported severe irritancy and intolerance (burning, pruritis
and vesicle formation), most probably due to the high
concentration of MBCl, a cationic surfactant that is used as a
disinfectant at 0.1 to 0.2%. Concerns over metastasis led to a
trial of 15% paromomycin/5% MBCl with concomitant
systemic antimony, which gave a 90% cure rate [36].
To circumvent the problem of irritation, other formulations
were studied, most of which contained a penetration
enhancing agent. A formulation of 15% aminosidine with
10% urea in white soft paraffin was the most efficacious in
experimental and clinical studies [37,38]. However clinical
trials of this formulation (twice daily applications for 14
days) in Tunisia [39] and Iran [40] were not effective in
accelerating cure. A clinical trial in Honduras similarly
reported lack of efficacy following three-times daily
applications for 4 weeks, where infection was caused by L
chagasi and L mexicana [41]. More recent studies in Iran have
identified differences between treated and untreated groups
following topical application twice a day for 28 days
[Modabber F, unpublished data]. A formulation of 15% PM
with 10% urea in a cetomagrocol/mineral oil/white
petroleum vehicle is produced by Razak Laboratories,
Tehran, Iran.
In an experimental study using L major-infected BALB/c
mice,
PM-MBCl
ointment
plus
gentamicin
(an
aminoglycoside that when used alone has limited
antileishmanial activity) was significantly more active than
the PM-MBCl ointment alone [42]. Subsequently, a group at
the Walter Reed Army Institute of Research reported the
antileishmanial activity of 15% PM and 0.5% gentamicin
(WR-279396, PM-G) in a vehicle containing ten surfactants
(unnamed, US patent pending). In experimental models the
PM-G ointment gave a 100% cure of L major and L mexicana
lesions on mice following twice-daily treatment for 10 days;
there was no relapse up to 70 days after the completion of

treatment [43•]. The antileishmanial activity proved better
than the PM-MBCl formulation against L panamenis and L
amazonensis and equivalent to the PM-MBCl formulation
against L major and L mexicana. Importantly, the PM-G
formulation also proved less toxic than the PM-MBCL
formulation. However, preliminary results from a clinical
trial involving 45 CL patients in Colombia reported a 65%
cure rate after 20 days of treatment with the PM-G ointment,
in comparison to a 90% cure rate with the PM-MBCl
ointment after 12 month follow-up [44].
AmB is a recommended second line drug for the treatment
of VL, CL and MCL. Lipid formulations of AmB have
reduced toxicity compared to the parent drug formulation,
AmB deoxycholate (Fungizone). Several AmB liposomal
formulations have proved effective for the treatment of VL
[28] with AmBisome approved for use in the treatment of
adult VL [45]. The activities of lipid AmB formulations have
been compared in experimental L major infections in mice
[46] and intravenous AmBisome has been used to treat MCL
in Brazil [47]. When dispersed in an aqueous solution with 5
to 25% ethanol, topical AmB formulations, such as Amphocil
(colloidal dispersion of cholesterol sulfate and AmB) and
Abelcet (phospholipid/AmB complex), had a curative effect
on lesions caused by L major in mice following 21 days
administration [48]. Fungizone (micellar AmB and sodium
deoxycholate) was ineffective. Subsequently, 17 patients in
Israel were treated with Amphocil dispersed in a 5% ethanol
aqueous solution. The AmB-treated lesions healed faster
than placebo-treated ones in all but one case, who had a
deep ulcerated lesion [49]. A patent has been filed for
addition of ethanol to lipid AmB in topical formulations.
Miltefosine
(hexadecylphosphocholine),
an
alkylphosphocholine originally developed as an oral
antineoplastic agent, is an active antileishmanial in
experimental models [50] and is now in clinical trials for VL
in India [51]. A topical formulation of miltefosine, Miltex,
has been approved for use in 22 countries for the treatment
of cutaneous malignancies [52]. Miltex contains 6%
miltefosine in a vehicle (Kasacade) comprised of 3propyloxypropylene glycol, 3-hexylpropylene glycol and 3nonylpropylene glycol. There have been two clinical trials
with Miltex for CL, one in Syria involving 16 patients with
nodular CL (applied twice daily) and a second trial in
Colombia involving 19 patients (applied once-daily for 4
weeks). Neither trial demonstrated efficacy against CL
[Bachmann P, personal communication], although the
potential of oral miltefosine against CL has since been
demonstrated [23]. The absence of a significant response of
CL patients to Miltex contrasts with reported experimental
studies using L mexicana- and L major-infected BALB/c,
CBA/J and C57BL/6 mice where the formulation reduced
lesion size and healed established lesions, although relapse
did occur [53].
Other approaches have exploited improved understanding
of the immunology of leishmaniasis. The generation of nitric
oxide (NO) is an important mechanism by which activated
macrophages kill intracellular Leishmania parasites.
Leishmania sensitivity to NO has been exploited in a number
of clinical studies. In a trial in Ecuador in 16 patients with L
braziliensis infections, administration of an S-nitroso-Nacetylpenicillamine NO-generating cream led to clinical

improvements being reported [54]. In contrast, a study in
Syria using a different NO-generating cream on 40 patients
had poor results [55]. This formulation used potassium
nitrite in aqueous cream to generate NO when acidified with
various agents. More promisingly, the immunomodulator
imiquimod (Figure 2), an imidazoquinazoline, and its analog
resiquimod (3M Pharmaceuticals/Eli Lilly & Co), stimulated
NO synthesis in vitro and killed Leishmania amastigotes in
macrophages. Imiquimod, commercially available as Aldara
in a 5% cream for the topical treatment of genital warts,
proved effective in treating experimental murine CL caused
by L major [56]. In a subsequent study on antimony-resistant
CL cases in Peru, 12 patients were treated with a
combination of topical 5% imiquimod cream + parenteral
Glucantime for 20 days. All patients responded well to this
combination therapy and there was a 90% cure at the 6
month follow-up [57•].
Several studies have focused on drugs interfering with sterol
biosynthesis. One double-blind trial in Saudi Arabia
investigated the clinical efficacy of topical 1% clotrimazole
(Canesten) and 2% miconazole (Daktarin). Both treatment
groups showed improvements, with clotrimazole being
most effective [58]. Another study in mice examined the
topical versus oral delivery of terbinafine and itraconazole
in BALB/c mice infected with L major [59].
Other experimental studies with L amazonensis-infected
BALB/c mice proved the phenothiazine chlorpromazine and
the tricyclic antidepressant amitriptyline, as 10% ointments in
petroleum, to be ineffective [60]. However, the
antimycobacterial drug clofazamine and the naphthoquinone
plumbagin had a suppressive effect on lesion growth [61,62].
Elsewhere, the dinitrolalanine herbicide trifluralin, a compound

with proven in vitro antileishmanial activity, in a 15% topical
formulation had suppressive effects on L major and L mexicana
lesions in BALB/c mice [63]. More promising experimental
studies have been reported with the plant product licochalcone
A (Central Drug Research Institute; Figure 5), which had
activity against L donovani and L major in experimental models
[64]. 150 Synthetic derivatives have since been tested against
Leishmania in vitro. Two of these compounds, PH-81 and PH104 (Royal Danish School of Pharmacy), have been further
tested against L major CL in BALB/c mice. The topical
application of an ointment containing these two chalcones (50
mg/ml, twice daily for 10 days) in white petroleum caused a
pronounced suppressive effect on lesion growth, but did not
result in a cure, although suppression continued for several
weeks after completion of dosing [65].
Figure 5. Structure of licochalcone A.
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The skin and its barrier properties
Topical formulations are faced with a number of barriers,
some of which are shown in Figure 6. The skin consists of: (i)
the stratum corneum (SC); (ii) the viable epidermis, which
generates the SC at the germinative layer and also functions
in metabolism and melanin synthesis; (iii) the dermis, which
provides both mechanical and nutritional support to the
epidermis; and (iv) the appendages - hair follicles, sebaceous
glands, eccrine glands and apocrine glands [66].

Figure 6. Considerations in topical delivery.
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Representing the least permeable late stage of
differentiation, the SC is the greatest barrier to percutaneous
absorption. Most molecules permeate the skin via a tortuous
but continuous lipid intercellular route [67]. An important
consideration in CL is the skin condition. For example,
topical formulations may be applied to open lesions that
have lost the SC barrier property or epithelial thickening
may present an additional hindrance to absorption.
Numerous strategies have been devised to enhance topical
absorption and some are listed in Table 2. These either deal
with optimizing properties for absorption or aim to
transiently disrupt SC barrier properties. Physical methods for
enhancing topical absorption include, iontophoresis,
electroporation and ultrasound [68,69], however, these are in
early stages of development and are not suitable for treating
simple CL. Due to the continuity of the lipid pathway,
chemicals altering the lipid structure can have a significant
effect on percutaneous absorption [70]. Known penetration
enhancers have been used in topical formulations for CL, eg,
DMSO, urea, ethanol and polyglycols. However, most studies
fail to discuss the rational approach to developing the
formulation. Attempts to predict permeability are similarly
crucial in selecting likely candidates for topical delivery [71].
Successful development of topical formulations for CL
necessitates both a rational choice of drug and topical delivery
vehicle [72].

treatment offers few adverse effects, better compliance,
reduced costs and is feasible for a rural setting. Currently,
only two marketed topical formulations of an
antileishmanial drug, paromomycin, are available. Studies
are underway to investigate the topical potential of other
candidate antileishmanial drugs. Often these drugs have
undesirable physicochemical properties so novel strategies
are required to enhance absorption. Total flux depends on
drug physicochemical properties combined with the
influence of the delivery vehicle on penetration profiles.
Future development of topical drugs must employ rational
drug design to take account of physicochemical properties
and their effect on percutaneous absorption and retention or
drug release at the sites of infection in the dermis.
Therapeutic efficacy depends on both adequate permeation
and pharmacological potency.

Acknowledgements
Tracy Garnier is supported by the Sir Halley Stewart Trust.
Some parts of this paper are derived from a report of the
EUROLEISH Workshop "Topical Formulations for the
treatment of Cutaneous Leishmaniasis", 17-18 June 1999,
London, that was supported by EU grant IC18CT98-9140.

References
1.

Klaus SN, Frankenburg S, Ingber A: Epidemiology of cutaneous
leishmaniasis. Clin Dermatol (1999) 17(3):257-260.

2.

Desjeux P: The increase in risk factors for leishmaniasis worldwide.
Trans R Soc Trop Med Hyg (2001) 95(3):239-243.

3.

Romero GA, Vinitius De Farias Guerra M, Gomes Paes M, de Oliveira
Macedo V: Comparison of cutaneous leishmaniasis due to
Leishmania (Viannia) braziliensis and L (V) guyanensis in Brazil:
Clinical findings and diagnostic approach. Clin Infect Dis (2001)
32(9):1304-1312.

Table 2. Enhancing percutaneous absorption.
Strategy
Optimizing physicochemical
properties

Example
Prodrugs

Penetration enhancers

DMSO, oleic acid, urea

Optimizing formulation
characteristics

Eutectic mixtures, saturated
systems

Physical methods

Sonophoresis, electroporation,
iontophoresis

4.

Particulate carriers

Transferosomes, liposomes,
cyclodextrans, emulsions

Dowlati Y: Cutaneous leishmaniasis: clinical aspect. Clin Dermatol
(1996) 14(5):425-431.

5.

Mehregan DR, Mehregan AH, Mehregan DA: Histologic diagnosis of
cutaneous leishmaniasis. Clin Dermatol (1999) 17(3):297-304.

6.

Hepburn NC: Cutaneous leishmaniasis. Clin Exp Dermatol (2000)
25(5):363-370.

7.

Ghersetich I, Menchini G, Teofoli P, Lotti T: Immune response to
Leishmania infection in human skin. Clin Dermatol (1999) 17(3):333-338.

8.

Dedet JP, Pratlong F, Lanotte G, Ravel C: Cutaneous leishmaniasis.
The parasite. Clin Dermatol (1999) 17(3):261-268.

9.

Ashford RW: The leishmaniases as emerging and reemerging
zoonoses. Int J Parasitol (2000) 30(12-13):1269-1281.

10.

Salman SM, Rubeiz NB, Kibbi AG: Cutaneous leishmaniasis: clinical
features and diagnosis. Clin Dermatol (1999) 17(3):291-296.

11.

Croft SL: Monitoring drug resistance in leishmaniasis. Trop Med Int
Health (2001) 6(11):899-905.

12.

Desjeux P: Global control and Leishmania HIV co-infection. Clin
Dermatol (1999) 17(3):317-325.

13.

Alvar J, Canavate C, Gutierrez-Solar B, Jimenez M, Laguna F, LopezVelez R, Molina R, Moreno J: Leishmania and human
immunodeficiency virus coinfection: the first 10 years. Clin
Microbiol Rev (1997) 10(2):298-319.

Conclusions

14.

CL is an increasingly prevalent disease causing ulcerative
lesions that are often disfiguring and can leave permanent
scars for which drug therapy is largely inadequate. Topical

Giamarellou H: AIDS and the skin: parasitic diseases. Clin Dermatol
(2000) 18(4):433-439.

15.

Dowlati Y: Treatment of cutaneous leishmaniasis (Old World). Clin
Dermatol (1996) 14(5):513-517.

Metabolic skin activity has been reviewed elsewhere [73,74],
highlighting not only the potential for metabolic inactivation,
but also the possibility for prodrug delivery. Prodrugs can be
used to mask functional groups in an attempt to alter
solubility and permeability characteristics. The modified drug
is rendered pharmacologically inactive and penetrates the SC
to undergo cutaneous biotransformation within the viable
tissues. This reverses the modification and essentially releases
the active drug. A number of studies have been carried out on
non-steroidal anti-inflammatory prodrugs [75,76]. Targeted
drug delivery necessitates identifying features unique to the
invading parasite or lesion. One study in L mexicana-infected
mice found stage-specific cysteine proteases within lesions
[77]. Interestingly, some cysteine protease inhibitors have
been active against BALB/c mice infected with L major [78].
Full enzymatic analysis of Leishmania-infected skin could
identify specific enzymes, which could allow targeting of
prodrugs to infected lesions.

16.

Berman JD: Treatment of New World cutaneous and mucosal
leishmaniases. Clin Dermatol (1996) 14(5):519-522.

17.

Herwaldt BL: Leishmaniasis. Lancet (1999) 354(9185):1191-1199.

18.

Sharquie KE, Al-Talib KK, Chu AC: Intralesional therapy of
cutaneous leishmaniasis with sodium stibogluconate antimony. Br
J Dermatol (1988) 119(1):53-57.

19.

Alkhawajah AM, Larbi E, al-Gindan Y, Abahussein A, Jain S: Treatment of
cutaneous leishmaniasis with antimony: intramuscular versus
intralesional administration. Ann Trop Med Parasitol (1997) 91(8):899-905.

20.

Hepburn NC: Management of cutaneous leishmaniasis. Curr Opin
Infect Dis (2001) 14(2):151-154.

21.

Olliaro P, Bryceson ADM: Practical progress and new drugs for changing
patterns of leishmaniasis. Parasitology Today (1993) 9:323-328.

22.

Moskowitz PF, Kurban AK: Treatment of cutaneous leishmaniasis:
retrospectives and advances for the 21st century. Clin Dermatol
(1999) 17(3):305-315.

23.

Soto J, Toledo J, Gutierrez P, Nicholls RS, Padilla J, Engel J, Fischer C,
Voss A, Berman J: Treatment of American cutaneous leishmaniasis
with miltefosine, an oral agent. Clin Infect Dis (2001) 33(7):E57-E61.

24.

Dogra J, Saxena VN: Itraconazole and leishmaniasis: a randomised
double-blind trial in cutaneous disease. Int J Parasitol (1996)
26(12):1413-1415.

25.

Momeni AZ, Jalayer T, Emamjomeh M, Bashardost N, Ghassemi RL,
Meghdadi M, Javadi A, Aminjavaheri M: Treatment of cutaneous
leishmaniasis with itraconazole. Randomized double-blind study.
Arch Dermatol (1996) 132(7):784-786.

26.

Ozgoztasi O, Baydar I: A randomized clinical trial of topical
paromomycin versus oral ketoconazole for treating cutaneous
leishmaniasis in Turkey. Int J Dermatol (1997) 36(1):61-63.

27.

Alrajhi AA, Ibrahim EA, De Vol EB, Khairat M, Faris RM, Maguire JH:
Fluconazole for the treatment of cutaneous leishmaniasis caused
by Leishmania major. N Engl J Med (2002) 346(12):891-895.

28.

Berman JD: Human leishmaniasis: clinical, diagnostic, and
chemotherapeutic developments in the last 10 years. Clin Infect Dis
(1997) 24(4):684-703.

29.

El-On J, Jacobs GP, Weinrauch L: Topical chemotherapy of
cutaneous leishmaniasis. Parasitology Today (1988) 4:76-81.

30.

El-On J, Jacobs GP, Witztum E, Greenblatt CL: Development of
topical treatment for cutaneous leishmaniasis caused by
Leishmania major in experimental animals. Antimicrob Agents
Chemother (1984) 26(5):745-751.

31.

El-On J, Messer G: Leishmania major: antileishmanial activity of
methylbenzethonium chloride. Am J Trop Med Hyg (1986)
35(6):1110-1116.

32.

El-On J, Livshin R, Even-Paz Z, Hamburger D, Weinrauch L: Topical
treatment of cutaneous leishmaniasis. J Invest Dermatol (1986)
87(2):284-288.

El-On J, Halevy S, Grunwald MH, Weinrauch L: Topical treatment of Old
World cutaneous leishmaniasis caused by Leishmania major: a doubleblind control study. J Am Acad Dermatol (1992) 27(2 Pt 1):227-231.
•• This paper describes one of the few controlled trials carried out on
cutaneous leishmaniasis; the paromomycin ointment showed significant
activity in comparison to placebo.

37.

Neal RA, Murphy AG, Olliaro P, Croft SL: Aminosidine ointments for
the treatment of experimental cutaneous leishmaniasis. Trans R
Soc Trop Med Hyg (1994) 88(2):223-225.

38.

Bryceson ADM, Murphy A, Moody AH: Treatment of 'Old World'
cutaneous leishmaniasis with aminosidine ointment: results of an
open study in London. Trans R Soc Trop Med Hyg (1994) 88(2):226228.

39.

Ben Salah A, Zakraoui H, Zaatour A, Ftaiti A, Zaafouri B, Garraoui A,
Olliaro PL, Dellagi K, Ben Ismail R: A randomized, placebo-controlled
trial in Tunisia treating cutaneous leishmaniasis with paromomycin
ointment. Am J Trop Med Hyg (1995) 53(2):162-166.

40.

Asilian A, Jalayer T, Whitworth JA, Ghasemi RL, Nilforooshzadeh M,
Olliaro P: A randomized, placebo-controlled trial of a two-week
regimen of aminosidine (paromomycin) ointment for treatment of
cutaneous leishmaniasis in Iran. Am J Trop Med Hyg (1995)
53(6):648-651.

41.

Neva FA, Ponce C, Ponce E, Kreutzer R, Modabber F, Olliaro P: Nonulcerative cutaneous leishmaniasis in Honduras fails to respond to
topical paromomycin. Trans R Soc Trop Med Hyg (1997) 91(4):473475.

42.

Carter KC, Alexander J, Baillie AJ: Studies on the topical treatment of
experimental cutaneous leishmaniasis: the therapeutic effect of
methyl benzethonium chloride and the aminoglycosides,
gentamicin and paromomycin. Ann Trop Med Parasitol (1989)
83(3):233-239.

43.

Grogl M, Schuster BG, Ellis WY, Berman JD: Successful topical
treatment of murine cutaneous leishmaniasis with a combination
of paromomycin (aminosidine) and gentamicin. J Parasitol (1999)
85(2):354-359.
• This ointment recently completed phase II clinical trials in Colombia and
results are due to be published soon.
44.

Soto J, Toledo J, Gutierrez P, Arboleda M, Grogl M, Berman J: New
approaches to cutaneous treatment in Latin America. XVth
International Congress for Tropical Medicine and Malaria, 20-25 August
2000, Cartagena, Colombia (2000) Abstract MoS8-4.

45.

Meyerhoff A: U.S. Food and Drug Administration approval of
AmBisome (liposomal amphotericin B) for treatment of visceral
leishmaniasis. Clin Infect Dis (1999) 28(1):42-48.

46.

Yardley V, Croft SL: A comparison of the activities of three amphotericin
B lipid formulations against experimental visceral and cutaneous
leishmaniasis. Int J Antimicrob Agents (2000) 13(4):243-248.

47.

Nonata R, Sampaio R, Marsden PD: Mucosal leishmaniasis
unresponsive to glucantime therapy successfully treated with
AmBisome. Trans R Soc Trop Med Hyg (1997) 91(1):77.

48.

Frankenburg S, Glick D, Klaus S, Barenholz Y: Efficacious topical
treatment for murine cutaneous leishmaniasis with ethanolic
formulations of amphotericin B. Antimicrob Agents Chemother (1998)
42(12):3092-3096.

49.

Vardy D, Barenholz Y, Naftoliev N, Klaus S, Gilead L, Frankenburg S:
Efficacious topical treatment for human cutaneous leishmaniasis
with ethanolic lipid amphotericin B. Trans R Soc Trop Med Hyg
(2001) 95(2):184-186.

50.

Croft SL, Snowdon D, Yardley V: The activities of four anticancer
alkyllysophospholipids against Leishmania donovani, Trypanosoma
cruzi and Trypanosoma brucei. J Antimicrob Chemother (1996)
38(6):1041-1047.

51.

Jha TK, Sundar S, Thakur CP, Bachmann P, Karbwang J, Fischer C, Voss
A, Berman J: Miltefosine, an oral agent, for the treatment of Indian
visceral leishmaniasis. N Engl J Med (1999) 341(24):1795-1800.

52.

Clive S, Leonard RC: Miltefosine in recurrent cutaneous breast
cancer. Lancet (1997) 349(9052):621-622.

53.

Schmidt-Ott R, Klenner T, Overath P, Aebischer T: Topical treatment
with hexadecylphosphocholine (Miltex) efficiently reduces parasite
burden in experimental cutaneous leishmaniasis. Trans R Soc Trop
Med Hyg (1999) 93(1):85-90.

54.

Lopez-Jaramillo P, Ruano C, Rivera J, Teran E, Salazar-Irigoyen R,
Esplugues JV, Moncada S: Treatment of cutaneous leishmaniasis
with nitric-oxide donor. Lancet (1998) 351(9110):1176-1177.

33.

34.

35.

36.

Arana BA, Mendoza CE, Rizzo NR, Kroeger A: Randomized, controlled,
double-blind trial of topical treatment of cutaneous leishmaniasis with
paromomycin plus methylbenzethonium chloride ointment in
Guatemala. Am J Trop Med Hyg (2001) 65(5):466-470.
Krause G, Kroeger A: Topical treatment of American cutaneous
leishmaniasis with paramomycin and methylbenzethonium
chloride: a clinical study under field conditions in Ecuador. Trans R
Soc Trop Med Hyg (1994) 88(1):92-94.
Soto
J,
Fuya
P,
Herrera
R,
Berman
J:
Topical
paromomycin/methylbenzethonium
chloride
plus
parenteral
meglumine antimonate as treatment for American cutaneous
leishmaniasis: controlled study. Clin Infect Dis (1998) 26(1):56-58.

55.

Davidson RN, Yardley V, Croft, SL, Konecny P, Benjamin N: A topical
nitric oxide-generating therapy for cutaneous leishmaniasis. Trans
R Soc Trop Med Hyg (2000) 94(3):319-322.

66.

The Relationship between Structure and Barrier Function of Skin.
In: Dermal Absorption and Toxicity Assessment. Roberts MS, Walters K
A (Eds), Marcel Dekker, New York, NY, USA (1998) 1-42.

56.

Buates S, Matlashewski G: Treatment of experimental leishmaniasis
with the immunomodulators imiquimod and S-28463: efficacy and
mode of action. J Infect Dis (1999) 179(6):1485-1494.

67.

Bunge AL, Guy RH, Hadgraft J: The determination of a diffusional
pathlength through the stratum corneum. Int J Pharm (1999)
188(1):121-124.

Arevalo I, Ward, B, Miller R, Meng TC, Najar E, Alvarez E, Matlashewski
G, Llanos-Cuentas A: Successful treatment of drug-resistant
cutaneous leishmaniasis in humans by use of imiquimod, an
immunomodulator. Clin Infect Dis (2001) 33(11):1847-1851.
• A commercially available topical cream, Aldara, accelerates lesion healing
when used in combination with the pentavalent antimonial Glucantime.

68.

Jadoul A, Bouwstra J, Preat VV: Effects of iontophoresis and
electroporation on the stratum corneum. Review of the biophysical
studies. Adv Drug Deliv Rev (1999) 35(1):89-105.

69.

Naik A, Kalia YN, Guy RH: Transdermal drug delivery: overcoming
the skin's barrier function. Pharm Sci Technol Today (2000) 3(9):318326.

70.

Marjukka Suhonen T, Bouwstra JA, Urtti A: Chemical enhancement of
percutaneous absorption in relation to stratum corneum structural
alterations. J Control Release (1999) 59(2):149-161.

71.

Hadgraft J, Pugh WJ: The selection and design of topical and
transdermal agents: a review. J Investig Dermatol Symp Proc (1998)
3(2):131-135.

72.

Hadgraft J: Skin, the final frontier. Int J Pharm (2001) 224(1-2):1-18.

73.

Hotchkiss SA (Ed): Dermal Metabolism, in Dermal Absorption and Toxicity
Assessment. Marcel Dekker, New York, NY, USA (1998) 43-101.

74.

Steinstrasser I, Merkle HP: Dermal metabolism of topically applied
drugs: pathways and models reconsidered. Pharm Acta Helv (1995)
70(1):3-24.

75.

Rautio J, Nevalainen T, Taipale H, Vepsalainen J, Gynther J, Laine K,
Jarvinen T: Synthesis and in vitro evaluation of novel morpholinyland methylpiperazinylacyloxyalkyl prodrugs of 2-(6-methoxy-2naphthyl)propionic acid (Naproxen) for topical drug delivery. J Med
Chem (2000) 43(8):1489-1494.

57.

58.

Larbi EB, al-Khawajah A, al-Gindan Y, Jain S, Abahusain A, al-Zayer A:
A randomized, double-blind, clinical trial of topical clotrimazole
versus miconazole for treatment of cutaneous leishmaniasis in the
eastern province of Saudi Arabia. Am J Trop Med Hyg (1995)
52(2):166-168.

59.

Zakai HA, Zimmo SK: Effects of itraconazole and terbinafine on
Leishmania major lesions in BALB/c mice. Ann Trop Med Parasitol
(2000) 94(8):787-791.

60.

Evans AT, Croft SL, Peters W: Failure of chlorpromazine or
amitriptyline ointments to influence the course of experimental
cutaneous leishmaniasis. Trans R Soc Trop Med Hyg (1988)
82(2):226.

61.

Croft SL, Evans AT, Neal RA: The activity of plumbagin and other
electron carriers against Leishmania donovani and Leishmania
mexicana amazonensis. Ann Trop Med Parasitol (1985) 79(6):651-653.

62.

Evans AT, Croft SL, Peters W, Neal RA: Antileishmanial effects of
clofazimine and other antimycobacterial agents. Ann Trop Med
Parasitol (1989) 83(5):447-454.

63.

Chan MM, Grogl M, Chen CC, Bienen EJ, Fong D: Herbicides to curb
human parasitic infections: in vitro and in vivo effects of trifluralin
on the trypanosomatid protozoans. Proc Natl Acad Sci USA (1993)
90(12):5657-5661.

76.

Bonina FP, Puglia C, Barbuzzi T, de Caprariis P, Palagiano F, Rimoli
MG, Saija A: In vitro and in vivo evaluation of polyoxyethylene
esters as dermal prodrugs of ketoprofen, naproxen and diclofenac.
Eur J Pharm Sci (2001) 14(2):123-134.

64.

Chen M, Christensen SB, Theander TG, Kharazmi A: Antileishmanial
activity of licochalcone A in mice infected with Leishmania major
and in hamsters infected with Leishmania donovani. Antimicrob
Agents Chemother (1994) 38(6):1339-1344.

77.

Ilg T, Fuchs M, Gnau V, Wolfram M, Harbecke D, Overath P:
Distribution of parasite cysteine proteinases in lesions of mice
infected with Leishmania mexicana amastigotes. Mol Biochem
Parasitol (1994) 67(2):193-203.

65.

Chen M, Zhai L, Christensen SB, Frokjaer S, Steffansen B, Kharazmi A:
Antileishmanial activity of novel oxygenated chalcones. 4th COST
B9 Congress on Antiprotozoal Chemotherapy, 6-9 May 2001, Lisbon
(2001) Abstract p30.

78.

Selzer PM, Pingel S, Hsieh I, Ugele B, Chan VJ, Engel JC, Bogyo M,
Russell DG, Sakanari JA, McKerrow JH: Cysteine protease inhibitors
as chemotherapy: lessons from a parasite target. Proc Natl Acad Sci
USA (1999) 96(20):11015-11022.

