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ABSTRACT
 

Strains of Leishmania mexicana isolated from Belizean patients
 

were found Ld be highly susceptible to-1paromomycin sulphate (PR) 

treatment. This compound, at 100 pgml , destroyed 85-99.5% of In 

vitro cultivated Leishmania promastigotes within 4 days of 

exposure to the drug. Leishmania promastigotes inoculated Into the 

base of the tall of Balb/c mice caused the development of local 

lesions several weeks after infection. These lesions were totally 

cleared of parasites after' 2o days topical treatment with an 

ointment composed of 15% PR and 12% methylbenzethonium chloride 

(MBCl) inwhite soft paraffin (P-ointment). Similar results were 

also obtained with L.braziliensis Infections. Isoenzyme analysis 

was found to be the method of choice for parasite strain 

identification. Excreted factor (EFS) serotyping was only 

partially effective, and promastigote agglutination gave negative 

results. 

Ina clinical study, 53 Belizean patients suffering from 

cutaneous leishmanlasis (CL) caused by either L.braziliensis or 

L.mexicana InBelize were treated topically with the P-ointment.
 

After a treatment period of 14-21 days, 68% of the patients have
 

been healed from the disease, 6X presented a delayed cure, and 26M
 

were considered not responding to this treatment regimen. No toxic
 

effect of the ointment was observed.
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INTRODUCTION
 

During the last decade numerous laboratory and clinical studies
 

have been performed indifferent parts of the world inorder to
 

find out a more efficient and easier way inthe topical treatment
 

of CL. The trend was, and still remains to reach a simple, topical
 

preparation, effective, easy to use, with a good compliance rate
 

and accessible to every patient worldwide. Two of us, (J.E-O. &
 

L.W.), are involved more than ioyears inthe search for such a
 

drug and numerous related articles have been published on this
 
1-8
 

topic.
 

CL, an endemic disease afflicting millions of people every year
 

Inthe old and inthe New World as well, still presents a major
 

therapeutic chalenge. The exlstiig treating modalities are either
 

toxic and potentially with side effects (antimonlum compounds,
 

ketoconazole), expensive and not easy available (ketoconazole,
 

rifampicin) or not handy and feasible for mass cure, especially In
 

less developed countries (liquid nitrogen, Grenz rays).
 

Recently, a topical treatment of CL using the P-ointment was
 

developed, treatment that was found to be highly effective
8 
against various strains of Leishmania.
 

CL !nBelize Iscaused by two major parasite species:
 

L. brazillensis, Infecting approximately 75X of patients. and
 
9-10
 

L. mexicana causing the remaining 25X of cases. Both species
 

are associated with the development of large, nodulo-ulcerative
 

lesions that heal slowly, leaving ugly scars.
 

No accurate estimation of the Incidence of the disease In
 

Belize isavailable at the present time. However, according to the
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local medical authorities, hundreds of cases are annualy reported,
 

especially Inthe southern and western parts of the country. Many
 

of these patients are soldiers of the Belize Defence Force.
 

The present study isaimed at determining the efficacy of the
 

P-ointment treatment against Belizean Leishmania strains, both
 

invitro inculture, invivo inexperimental animals and in
 

humans.
 

MATERIALS AND METHODS
 

I.Parasite strains and host animals
 

Eleven Belizean strains of Leishmanla parasites Including:
 

7 isolates of L. mexicana (BEL 44; BEL46; BEL 47; BEL 58; BEL 64;
 

BEL 66 and BEl 69) and 4 isolates of L. braziliensis (BEL 75;
 

BEL 101; BEL 102 and BEL 103) have been used In this study
 

All strains have been isolated from patients infected inBelize.
 

They were kept as stabilates in liquid nitrogen and subsequently
 
0
 

maintained Invitro at 28 C by twice weekly passage on modified
 

Tobie's blood agar medium. Infective parasites were maintained
 

In vivo inBalb/c mice. Rabbits were used as a source of normal
 

blood for preparing culture media and for raising specific
 

antisera. Blood, whether normal or immune, was collected by
 

cardiac puncture.
 

II.Parasite Identification
 

Identification of the leishmianial strains was made using:
 

a) morphological description of the promastigotes which developed
 
0
 

Inculture at 28 C; b) parasite microagglutinatlon test;
 

c) isoenzyme analysis and d)excreted factor (EFS) serotyping.
 



- 5

a)Morphological characterization
 

Pz-a sites were cultivated inmodifled Toble's medium using RPMI
 

1n4o medium (Beth Haemek, Israel) as overlay. on the fourth day of
 

cultivation, when the pasites were at the logarithmic phase, the
 

cells were examined under phase microscope and their morphology
 
10
 

described.
 

b) Parasite microagglutination test
 

A microagglutinatlon test using trypsin-treated, formalin-fixed,
 

Coomassie blue-stained Leishmania promastigotes was performed
11
 

according to the method of Harith et al. Agglutination results
 

were recorded macroscopically and microscopically after 18 hr
 

incubation at room temperature.
 

c) Isoenzyme analysis
 

The isoenz me profiles of the Belizean !solates were compared
 

using the following enzymes: alanine amino-transferase (ALAT);
 

aspartate amino-transferase (ASAT); glucose-6-phosphate
 

dehydrogenase (G6PD); glucose phosphate-isomerase (GPI); malic
 

enzyme (MI); malate dehydrogenase (MDH); mannose phosphate-


Isomerase (MPI); 6 phosphogluconate dehydrogenase (6PGD);
10
 
phosphoglucomutase (PGM) and superoxide dismutase (SOD).
 

d) Excreted factor (EFS) serotyping
 

1.EFS preparation.
 

Promastigotes and their EF's were harvested from cultures grown
 

ineither blood agar medium or RPMI 1640 medium. For EFS
 

preparation, the culture at the logarithmic phase was centrifuged
 

for 1o min at 13ooxg at room temperature. The supernatant was
 
0
 

harvested and centrifuged again at 12oooxg for 30 min at 4 C,
 

filtered through Milipore filter of 0.45 um pore size,
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concentrated lO-fold by freeze drying and stored at -20 
0
C until 

used.
 

2.Antisera production inrabbits.
 

Antisera were raised Inmale rabbits, 2.5-3 kg, ayainst living
 

promastigotes following the regimen of Adler et al. Six
 
7 7 7 7
 

Intravenous inoculations (ix 1O , 2 X 10 , 8 X 10 , 16 X 10 
7
 

32 X 10 ), were given at weekly intervals, and blood samples were 

collected ten days after the last Injection. The ability of the 

antibody produced to precipitate leishmanial EFS and to 

agglutinate Leishmania promastigotes was tested.
 

3. Immunodiffusion and immunoelectrophoresis.
 

Immunodiffusion and immunoelectrophoresis were performed In
 

agarose 1.1% ino.o41 M barbiturate buffer PH 8.2 containing 0.02X
 

sodium azide. The preparations were developed for i-4 days In
 0
 

moist diffusion chambers at 4 C,and photographed after rinsing
 

with saline to remove excess protein, drying and staining with
 

amino black.
 

III. Effect of paromomycin on leishmanial development invitro.
 
--------- -----------------------------------------.
 

The effect of paromomycin sulphate (PR) (Farmitalia, Italy) on
 
0
 

the growth of leishmanial promastigotes was tested at 28 C In RPMI
 

1640 medium supplemented with 20% FCS, ioo units of penicillin and
 

ioo ug streptomycin per ml. The promastigotes were first grown In
 

modified blood agar medium, then transfered to RPMI medium
 

containing various concentrations of PR on day of the experiment.
 

Parasite growth was assessed by daily haemocytometer counts and
 

the growth rates, as compared with the normal untreated controls
 

calculated.
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IV. Effect of P-ointment on the leishmanlal development IW vivo.
 

The method used to infect mice and score P-ointment efficacy
 
2
 

were as described previously. Male Balb/c mice were Inoculated
 
7
 

Intradermally'in the base of the tall with 0.5-1.0 x 10
 

promastigotes. Treatment with P-ointment was started 45 to 8o days
 

after infection. The ointment was applied to the lesions twice
 

daily for a period of 10 to 20 days. Lesion development was
 

Inspected macroscoplcally and the presence of parasites Inbiopsy
 

material was monitored microscopically, Inboth smears and
 

cultures. Lesion size was measured inmm by two diameters (D,d)
 

taken at right angles and determined according to the formula:
 
2 

S(mm ) = D x d /2. Protozoologlcal examinations were performed 

prior to treatment, 1o days after the beginning of the treatment 

and at various time intervals after termination of treatment. 

V. Clinical trial.
 

Fifty-three Belizean patients were Included inthis study. All
 

the patlents were treated for a period of two to three weeks,
 

twice daily with P-ointment. The ointment was prepared by the
 

Department of Pharmacy, Soroka Medical Center in Beer sheva,
 

Israel.
 

Treated lesions were left uncovered Inmost cases. Follow up
 

was done clinically and inthe majority of cases also
 

parasitologically by Glemsa's stained smears.
 

The results obtained were defined as described by El-On et -1.
 

in 1986: (1)rapidly effective: no parasites were detected In the
 

treated lesion at the end of treatment, followed by total healing
 

within one month after cesatlon of treatment; (2) less rapidly
 

effective: the same occur within 8 weeks; (3) Ineffective:
 

4 
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parasites still present inthe treated lesion and or no healing
 

was achieved after 8 weeks.
 

RESULTS
 

I.Strain identification
 

The results obtained for parasite Identification were as follows
 

a. Morphological characterization
 
0
 

Promastigotes of L.brazillensis maintained at 28 C inmid

exponential growth phase were characteristically very small (7.5p)
 

with very short flagella, the organism usually grew inclumps with
 

almost no movement. L.mexicana promastigotes grew as elongated
 

parasites (20P) with long flagellae. The parasites were highly
 

motile and grew as either free promastigotes or inclosely packed
 

rosettes.
 

b.Microagglutination
 

The results obtained with the microagglutination test are
 

summarized inTable 1. The highest agglutination titre (1:80) was
 

obtained with L.mexicana BEL 69 against the homologous rabbit
 

antiserum. Titers of 1:20 to 1:80 were observed with the other
 

L. mexicana isolates. A higher titer (1:320) was obtained with
 

rabbit anti L.mexicana antiserum against heterologous L.malor
 

strain (Table 1).
 

c.Excreted factors (EFS) serotyping 13
 

schnur, Zuckerman and Greenblatt (1973) showed that
 

leishmanial EFS are precipitated by antlbody raised inrabbits
 

against living homologous promastigotes. Inthe present study, the
 

antiserum raised Inrabbits against L. brazillensis (BEL l1 and
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BEL 103) did not distinguish between L.mexicana and
 

L, braziliensis strains. All the 1.mexlcana and L.braziliensis
 

isolates examined were recognized by these antisera producing 1-3
 

clear preclpltating arcs by Immunodiffusion and Immunoelectropho

resis. No cross reactivity was obtained between L.mexicana and
 

L. malor when either rabbit anti L.mexicana or rabbit anti
 

L. malor antisera were used.
 

II.Effect of paromomycin on L.mexicana promastigote
 

development Invitro
 

The antileishmanial activity of PR against the various
 -1
 

L. mexicana isolates isshown inFigs. i and 2. PR at loigmi
 

inhibited the growth of the parasites by 47X - 8o, and this drug
 
-1
 

at 100 pgml inhibited the growth by 85% --99% within 4 days of
 

exposure to the drug. BEL-44 was slightly more resistant to PR
 

than the other strains, showing about 85X growth inhibition rate
-1
 

after 4 days of exposure to PR at I00 ugm1
 

Ill. Effect of topical treatment on L.mexicana development in
 

Balb/c mice
 

only 6 isolates of L. mexicana (BEL 44, BEL 46, BEL 58, BEL 64,
 

BEL 69, BEL 73) and 3 isolates of L. braziliensis (BEL 101,
 

BEL 102, BEL 103) were found to be infective to Balb/c mice. The
 

remaining isolates: L. mexicana BEL 47 and L. braziliensis BEL 75
 
8
 

did not infect the mice even when high doses of I x 10
 

promastigotes were inoculated into young, 4 weeks old mice.
 

Treatment with P-ointment, twice daily for only 1o days was not
 

sufficient to eliminate all the parasites, altough an improvement
 

was noted. After 2o days of treatment, parasites were no longer
 

detectable inthe area of the lesions Inall the infected animals,
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and open lesions completely healed within a period of 30 - 40 days
 

(Fig. 3,Table 2). The P-ointment was only slightly less effective
 

against L.malor infection InBalb/c mice (Table 2). After 20 day's
 

treatment, pariasites were still found Inthe lesions. However, the
 

parasites were undetectable 2o days after termination of
 

treatment.
 

IV.clinical study
 

Results are summarized inTable 3.There were fifty-three
 

Belizean patients, fourty-nine males and four females, thirty-two
 

of them soldiers from the Belize Defence Force and the remaining
 

twenty-one civilians Inthe study group. All of them have been
 

Informed about the nature of the disease, the modality of therapy
 

with P-ointment and the alternative current treatments, and a
 

consent was obtained prior to beginning of treatment.
 

The age range was from 10 to 45 years (mean 26), having a number
 

of lesions between I and 8 with a mean of 1.55.
 

The majority of the patients presented typically, big nodulo

ulcerative lesions with a size range between 0.12 and 50.00
 

(mean 5.7i) square centimeters (Fig. 4). The duration of the
 

lesions intheir early or advance infection period varied from 2
 

to 260 weeks, with a mean of 14.75 weeks.
 

Four weeks after termination of treatment, rapid clearing was
 

obtained in36 (67.92X) patients. Less rapid clearing was
 

demonstrated after eigth weeks in3 (5.66%) patients and no effect
 

was considered infurther 11 (20.75X) after 12 weeks and 3 (5.66x)
 

patients after 16 or more weeks (Table 3, Fig. 5) Age, sex, size
 

of the lesions and duration since infection, as well as the
 

presence of crusts and superimposed bacterial contamination did
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not influence the response to treatment. Generally the clinical
 

appearance of the lesion during and at the end of treatment was
 

worse than at the start. This effect was observed also inprevious
 

studies and fs caused by the development of contact dermatitis.
 

Various degrees of inflammation, depending on the lesion size and
 

site and the host response, were associated with this treatment.
 

A burning sensation at the site of treatment sometimes occured
 

during the first ointment applications. None of the patients was
 

droped from the study due to side effects. Discoloration of the
 

treated area developed inmost of the patients.
 

DISCUSSION
 

Belize, known as British Honduras till becomming an independent
 

nation in1981, borders on Mexico to the North, Guatemala to the
 

West and South and on the Caribbean sea to the East (Fig. 6). With
 

a surface of about 8900 square miles, including numerous small
 

islands (cays) and forests occupying some 65X of the area, the
 

population isestimated at 160 000.
 

There are no statistic figures regarding epidemiology of the
 

disease inBelize but the majority of the cases occur inthe
 

western part of the country, especially inthe Mountain Pine Ridge
 

area, Cayo and Toledo districts, and only sporadic cases on the
 

eastern shores and cays. our treated patients were mainly from
 

these areas.
 

Most of the registered patients are soldiers of the Belize
 

Defence Force but practitioners all over the country are reporting
 

the presence of the disease along the civilian population as well.
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Tourists and British soldiers stationed inBelize are also not
 

immune to CL.
 

According to people with some experience with CL inthis part
 

of the world like Drs. David S.jolliffe from the Ministry of
 

Defence InLondon and David Evans from the London School of
 

Hygiene and Tropical Medicine, about 75% of the cases of CL in
 

Belize are provoqued by L.braziliensis, and only the remaining
 
10,14
 

25x by L. mexicana.
 

Until recently, the drug of choice for the treatment of CL In
 

Belize was stibophen (pentasodium antimony-biscatechol-3:59
 

disulphonate) given Intramuscularly. Side effects like nausea,
 

headache, and arthralgia were usually reported. Local treatment
 

using a forest vine (,,tie-tie") juice applied to the lesions is
 
9
 

also used by bush doctors. Presently, the pentavalent antimonlal
 

compound Glucantime (antlmony-N-methyl-glutamine) isgiven
 

Intramuscularly, generally with mild side effects.
 

Inthe present study, ithas been found that the Belizean
 
0
 

L. brazillensis strains barely grow at 28 C In modified Tobie's
 

blood agar medium containing RPMI 164o as overlay. inactivation
 

of the rabbit blood added to the solid phase of the medium did not
 

improve the growth. Inall cases the parasites grew slowly with
 

low motility. However, fresh rabbit blood of up to 2 weeks old
 

improved development of the parasites. unlike the L.braziliensis
 

strains, all the L.mexicana isolates grew easily inmodified
 

Tobie's blood agar medium. Also, after short adaptation, these
 

strains as well as those of the L.brazillensis BEL 101, BEL 102
 

and BEL 103 grew in RPMI 1640 liquid medium supplemented with 20X
 
10
 

heat Inactivated FCS. According to Evans et al. (1984),
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redwicng the incubating temperature to 23 C, improved the
 

L. braziliensis growth. These results were confirmed in our study.
 

Identification of the leishmanial strains Isgenerally made by 15
 

either EF serbtyplng, isoenzyme analysis and DNA hybridization.
 

Inthis study, an attempt was made to use simple techniques and
 

simple facilities for parasite identification. Three techniques
 

were used to identify the Belizean isolates: microagglutination
 

test, EF-serotyping and isoenzyme analysis. The microagglutinatlon
 

test that was recently found to be highly indicative Invisceral
 
11 17
 

leishmanlasis, and In CL, and the EF serotyping proved to be
 

only partially effective in identifying the Belizean leishmanlal
 

isolates. However, the lsoenzyme analysis was shown to be a highly
 

reliable and reproducible method for distinguishing leishmanial
 

species. The Belizean L. mexicana strains were found to be very
 

susceptible to PR treatment, showing 85% inhibition of
 

promastigote growth within 4 days of exposure to PR at 1OO ugml
 

Topical treatment of Belizean L. mexicana lesions inmice was also
 

highly effective. Altough 1o days treatment was not sufficient to
 

eliminate all the parasites from the lesions, total elimination
 

was achieved at the end of 20 days treatment. The results obtained
 

with the Belizean strains were even better than those obtained
 
2
 

with the L. malor strain. In our previous study, six days of
 

treatment were sufficient to cure the CL lesions due to L. malor
 

in Balb/c mice, while Inthe present study, even 2o days treatment
 

did not totally eliminate L. major parasites. An intensive study
 

made recently Invitro incultivated infected macrophages and
 

in vivo in Infected Balb/c mice, revealed that the PR batch
 

received was not as effective as the original batch received
 

-1 
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several years ago. We have recently learned that each new batch of
 

PR should be examined against Leishmanla both Invitro intissue
 

culture and invivo Inexperimental animals prior to Its
 

application ina clinical study. PR Isconsidered effective only
 

If: a) PR at 1o ug/ml totally eliminates the intracellular
 

amastigotes from Infected macrophages within 4 days of exposure to
 

the drug, and b) 15/12 P-oIntment applied twice daily to tne CL
 

lesion caused by L.major InBalb/c mice, cured the lesion after 6
 

days treatment. Indeed, with a new batch of PR recently received,
 

6-10 days treatment with P-ointment was sufficient to eliminate
 

all the L.mexicana and L.brazillensis parasites from the CL
 

lesions.
 

Topical treatment of CL patients with P-ointment was found to be
 

highly effective in68% of the patients and effective Inan
 

additional 6X, after two to three weeks of drug application.
 

Although the lesions caused by American leishmanlasis are
 

generally big, ulcerated and exudating, only a few limited side
 

effects like stinging and burning sensation were reported.
 

Inone case nodular satellites appeared inthe vicinity of the
 

Initial lesion during the treatment period, probably due to the
 

dissemination of the disease, satellites that cleared together
 

with the healing of the ,mother" lesion. we would like to
 

emphasize that nodular satellite appearance was also observed In
 

untreated patients suffering from CL caused by L.major InIsrael.
 

It iswell accepted that topical treatment isnot feasible In
 

CL caused by L.braziliensis. However, InBelize, no dissemination
 

to the mucocutaneous junctions has been reported, and Itisfor
 

this reason that no Leishmania.typing was performed. Nevertheless,
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we do not recommend the use of topical treatment Inareas with
 

known mucocutaneous leishmaniasis, and serotyping isimperative in
 

such areas prior to treatment.
 

Topical treatment with a cream or an ointment isa very simple
 

procedure, easy to apply, not time consuming and doesn't request
 

hospitalization or thight medical supervision. such a modality is
 

of particular value especially in less developed countries where
 

medical facilities and transportation are not always available
 

The cure rate achieved inthis study with the Belizean strains
 

of CL indicates that the P-ointment 3hould be taken into
 

consideration for the treatment of Arierican leishmaniasis.
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TALE 1
 

Direct agglutination of Le-ishmairn1ia promastigotes by rabbit 

anti L. mexicana (BfEr. 69) antinerum 

AggluLinatioi Titre
 

~eidln..iIin strain 10 20 
 40 80 160 320 640 

b. mexicanmn nuh 44 + + ++ _-

L. maxicnria Bl1L 46 4 + + "'+ 

L. n,,yi,,la nFl[, 5R1 + + + + 

I.. mr'xi-,-Im., PEL 64 + + + 

1j. IIXi callj nu., 69 + + 4 + + 

L. ,,xicana PE[ 73 + ++ + 

L,. major 7,RC-L137 + + + + + + 
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Table 2 

THE EFFECT OF A TOPICAL TREATMENT WITH PR OINTMENT ON L. MAJOR AND L. EXICANA 

IN BALB/C MICE. THE MICE WERE TREATED TWICE DAILY FOR 20 DAYS, 

Treatment recimen Theraoeutic resoonse 
-ite No. of 

mice in 
group 

Day 

started 

after 

innoc. 

Days 
of 

treat, 

Mean lesion size (mm2 ) ±SD 
pretreat. 30 days after end 

of treat, 

Number 
pre-

treat, 

of cured lesions/Number of survivors 
10 days cars after end of treatme 
treat. 0 5 10 20 30 

!3or LRC-L137 

-xicana B= 44 

10 

5 

45 

80 

20 

20 

0.65*0.37 

0.08±0.01 

0.1*0.15 

0 

0/10 

0/5 

0/10 

0/5 

0/10 

5/5 

0/10 

5/5 

0/10 

5/5 

10/10 

5/5 

IC/ 

5/5 
xicana B. 46 

-xicana BEL 56 

5 

5 

70 

70 

20 

20 

C.38±0.25 

0.64±0.3 

0 

0.2*0.3 

0/5 
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Table 3. The effect of topical treatment with P-ointment on 

cutaneous le1shmanIasis. 

Effect Weeks to heal Description of patients
 
of from end of Age (yr)
 

treatment treatment No. x Average±SD Range
 

Rapidly 4 36 67.92 26.12+8.08 10-45
 
effecti qe 

Less 8 3 5.66 21.66+3.05 19-25
 
effective
 

Ineffective 12 11 20.75 24.81+3.78 22-31
 

Ineffective >16 3 5.66 23.00+0.99 22-24
 

Description of lesions 
No. of lesions Duration Inweeks Size (cm )

Average±SD Range Average+SD Range Average±SD Range 

1.43+0.82 1-4 14.94+39.67 2-240 4.28+7.89 0.12-50.00
 

1.00±0.00 1 5.33t2.30 4-8 3.25±1.50 2.00-4.00
 

2.45+2.29 1-8 20.38+41.28 2-144 4.40+6.09 0.20-18.00
 

2.00+1.00 1-3 6.66+2.30 4-8 1.42±1.62 0.30-2.00
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Figure 5. 

A paLient with cutaneous leishmaniasis before and
after treatment with P ointment. The lesion was treated
 
twice daily for 20 days. A. before treatment B. and C. are

4 and 
10 weeks after termination of treatment respectively
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Figure 6.
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Abstract-EL-ON J., CAwict F., EVANsD. A. and WEINRALCit L. 1993. Topical treatment of cutaneous
leishmaniasis in Belize: in vitro and in vivo studies with Leishiana nexicana. International Journal forParasitology 23: 121-127. Strains of L,'tshnianiamexwaoa isolated from Beli-ian patients were found to be
highly susceptible to paromomycin sulphate (PR) treatment. This drug at 100/ gml 'destroyed 85-99.5%of in vitro cultivated D-ishniania promaistigotes within 4 days of exposure to the drug. Leishniania
promastigotes inoculated into the base of the tail of Balb c mice caused the development of local lesions
several weeks after infection. These lesions were totally cleared ofparasites after 20 days of topical treatmentwith PR ointment. comprisedof 15%~paromomycin sulphate and 12°,0 methylbenzethonium chloride in softwhite paraflin. Similar results were also obtained with L brazdtwns.s infections Isoenzyme analysis was
found to be the method of choice for parasite strain identification Excreted factor serotyping was only
partially effec:ive and promastlgote agglutination gave negative results. 

INDEX KEY WORDS: Letohmania mexicana; identification; paromomycin; topical treatment. 

INTRODUCTION 
CUTANEOUS leishmaniasis (CL) in Belize is caused by 
two major parasite species: Leishinania bra:iliensis 
infecting approximately 750o of patients and L. 
mexicaaa causing the remaining 25% of cases (Lain-
son & Strangways-Dixon. 1963; Evans, Lanham. 
Baldwin & Peters, 1984). Both species are associated 
with the development of large nodulo-ulcerative 
lesions that heal slowly leaving ugly scars. 

No accurate estimation of the incidences of the 
disease in Bclize is availabic at the present time. 
However, according to the local medical authoritrs. 
hundreds ofcases are annually reported, mainly in the 
southern and western parts of the country. Many ofthe paients aesodiern s of the country.ian yfnthese patients are soldiers of the Belizian Defence 
Forces. 

Recently, a topical treatment of CL using an 
ointment comprised of 15% paromomycin sulphate 
(PR) and 12% methylbenzethonium chloride (M BCI) 
(PR ointment) was developed. This treatment was 
found to be highly effective against CL caused by
various strains of Leistmania (see El-On, Jacobs & 

t To whom all corresponde-.ce should be addressed. 
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Weinrauch. 1987). The present study is aimed at 
determining the efficacy of this treatment against 
Beliz,an L'ishniania strains, both in vitro in culture 
and in vivo in experimental animals, before its appli
cation to humans. 

MATERIAIS AND MErFHODS 
Parasitestrainsandhost animids. Eleven Belizian strains of 

Le'ishmania paiasites including seven isolates of L. mexicana 
(BEL 44. BEL 46. BEL 47, BEL 58. BEL 64. BEL 66 and 
BEL. 69) and four isolates of L bra:iliesvis (BEL 75. BEL 
101. BEL 102 and BEI. 103) have been used in this study All 
strains were isolated by one of us (D.A.E.) from patients 
infected in Belize They were kept as stabilates in liquidnitrogen and subsequently maintained in vitro at 28'C b)twice weekly passage in modified Tobie's blood agar med
ium. Infective parasites were maintained in vo in Balb c 
mice. Rabbits sere used as a source of normal blood for 
preparing culture media and for raising specilic antisera. 
Blood, whether normal or immune, was collected by cardiac 
puncture. 

Parasvte identification Identification of the leishmanial 
strains was made using: (a) morphological description of the 
promastigotes which developed in culture at 28"C; (b) a 
parasite microagglutination test; (c) isocnzyme analysis and 
(d) excreted factor (EFS) serotyping.

Morphological characterikation. Parasites were cultivated 

http:corresponde-.ce
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TABLE I-DREC' AGGLUTINATION Ot Leishmanta PROMA. 
ST1GOTFS BYLABBIT PMANTI-L. ne.xicana (BEL 69) ANrISFrt 

Agglutination titre 
iaeishmaniastrain 10 20 40 80 160 320 640 

L. mexicana BEL 44 + + + ± - - -
L. mexicana BEL 46 + + + ± -

L. mexicanat BEL 58 + + + ± -

L. mexicat,- BEL 64 + + ± 
L. mexicana BEL 69 + 4 + + ± 
L. tnexicana BEL 73 4. + + + ± 
L. major LRC-L 137 + + + + + + f 

in modified Tobiesmedium using RPMI 1640 medium (Beth 
Haemek. Israel) as overlay. On the fourth day ofcultiation, 
when the parasites were at the logarithmic phase, the cells 
were examined under the phase microscope and their mor-
phology descnbed (Evans et al.. 1984) 

Paraitehmicroaigg'tiantion text A inlcroagglulination test 

using trypsin-treated. forrnain-lixed, Coornassie blue-stain-
ed Letshhmonia prorastigotes was performed according to the 
method of Hanth. Laarman. Minter-Goedbloed. Kager & 
Kolk 11987) Agglutination results 'were recorded macro-
copically and microscopically after 18 h incubation at roont 

temperalure 
l o'n:ivne anali i.. The isoenzvmc proliles of the Belizian 

isolates were compared using the following enzymes: alanmne 
amino-transferasc (ALAT): aspartate aminotransferase 
(ASATI; glucos.-6-phosphate dehydrogenas (G6-PDII), 
glucose phosphate isomeras- (GiIl); ialc enzyme (ME); 
malate dehydrogenase (NI DII); mannos,- phosphate isomerase 
(MPI). 6-phosphogluconate dehydrogenase (6-PGi[)lrli 
phosphoglucomutase (PiM)and superoxide dismutase 
(SOD) (Evans etat. 11 84) 

EFS preparation Promastigotes and their EFS %%ere 
harvested from cultures grown in either blood agar medium 
or RPMI 1640 medium For EFS preparation. the culture it 
the logarithmic phase was centrifuged for 10 min at 13()g at 
room temperature The supernatant fluid was harvested and 
centrifuged again at 12.(XX) g for 30 mm at 4"(. filtered 
through a Millipore filter of(.45 pm pore size. concentrated 
10-fold by freeze dr.ing and stored at - 20'C until used 

Anttstraproductionin rabbit.. Antisera were raised in male 
rabbits of 2.5-3 'g against living promastigotes lollowing 
the regimen of Adler, Foner & Montilho (1961) Six intra-
venous inoculations H x 1'. 2 10'.8 Il, 
16 x 10. 32 x 10)were given at weekly intersals. and 
blood samples ,re collected It) das after the last injection 
The ability of the antibody produced to precipitate leish-
manial EFS and t) agglutinate L4 'shmanta promastigotes 
was tested 

Imnunodifluvion an imtmunoelea trophorest.. Immunodif. 
fusion and immunoelectrophoress were performed in I 1. 
agarose in 0.041 m-barbiturate buffer p1t 8.2 containing 
0.02% sodium azide. The preparations were developed for I 
4daysinmoiridiffusionchambcrsat4"C, and photographed 
after rinsing with saline to remove excess protein, drying and 
staining with amino black. 

The efect of paromorycin on leishrninial development in 
vitro. The effect of paromomycin sulphate (PR) (Farmitalia, 
Italy) on the growth ofkei.hmanial promastigotes was tested 
at 28C in RPMI 1640 medium supplemented with 20% FCS. 
10 units penicillin and I00 /ug streptomycin per ml. The 
promastigotes were grown modified blood agarfirst in 
medium, then transferred to RPMI medium containing 
various concentrations of PR on day I of the experiment. 
Parasite growth was assessed by daily haenicwytometer 
counts and the growth i... as compared with the normal 
untreated controls, calculated. 

EfTect o1PR ointment on the h'ishmonial d vehpnent in 
vivo. The methods used to infect mice and score PR ointment 
efticacy were as described previously) El-On. Jacobs, Witztum 
& Greenblatt, 1984). Male Balbc mice were inoculated 
intradermally in the base of the tail with 0.5- I x 10' 
promastigotes. Treatment with PR ointment was started 45 
80 days after infection. The ointment was applied to the 
lesions twice daily for a period of 10 20 days. L.esion 
deelopment was inspected macroscopically and the presence 
ofI parasites in biopsy matenIal was monitored in icroscopi

callN, in both smear and cultures. Lesion sizewas measured in 
millimetres by two diameters (D.d) taken at right angles and 
determined according to the formula S nim I) d 2 
Protoioological examinations vere performed prior to 
treatment, 0 days after the beginning of treatment, at the 
end of the treatment and at various times after termination of 
treatment. 

RF.SULTS 
Strain identilication 

The results obtained for parasite identification were 
as follows. 

,forphologiealcharaeteri:uton.Promastigotesof. 
bra:/ili'n.sis maintained at 28"C in mid-exponential 
growth phase were characteristically very small (7.5 
im) with very short flagella, the organisms usuall\ 
growing in clumps with almost no movement L. 

,ne.xiana elongated parasitespromastigotes grew as 
(20 Aim) with long flagella. The parasites were highly 
motile and grew as either free promastigotes or in 
closely packed rosettes. 

iltroagglonttortn The results obtained with the 

microagglhtination test are summarized in Table I. 
The highest agglutination titre (1:80) was obtained 
w.ith I.. tni'cana BEL 69 against the homologous 
rabbit antiserum. Titres of 1:2'0- 1:80 were observed 
with the other L. onvic-ana isolates. A higher titrc 
(1:320) was obtained with rabbit anti-I. tl.5tiNtCi 
against the hcterologous L. najorstrain (Table I1. 

E.v'reted foe-cor (EFS) serot('ping. Schnur, Zuck

erman & Greenblatt (1972) showed that leishmanial 
FS are precipitated by antibody raised in rabbits 

against living homologous promastigotes. In the pre
sent study, the antiserum raised in rabbits against L. 
me.\icana BEL 69 and against L. bra:il'nsis(BEL 101 ; 
BEL 103) did not distinguish between L. mnexicana and 
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Fin. I. The effect of paromomycin sulphate on the growth of various L. mexicana isolates, either 
untreated or treated with the drug at 10 or 100 pg nil ' in culture at 28"C. 
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Fic.2. The effect of paromomycin sulphate on the growth of L. mextana isolates in culture at 28"C. 

L. braifiews strains. All of the L. mexicana and L. and L. major when either rabbit anti-L, mexicana or 
brailieni isolates examined were recognized by these rabbit anti-L, major antisera were in-d. 
antisera producing one-three clear precipitating arcs Effet of paromomycin on L. mexcana promastigote 
by immunodiffusion and immunoelectrophoresis. No dvelopment in vitro 
cross-reactivity was obtained between L. mexicaa The anti-lishmanial activity of PR against the 
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Therapeutic response 
Parasite 	 No. of Day Mean lesion size (mm-) ± s I) Number of cured lesions:Number of survi%.ors 

mice in started 
group after Pretreatment 30 days after end Pretreatment Days after end of treatment 

inoculation of treatment 	 0 5 10 20 30 

L. major I.RC-L137 	 10 45 0.65±0.37 0.1 ± 1.5 0 10 0110 0 0/10 10/10 10/10 > 
L. mexicana BEL 44 5 80 0.08 ± 0.01 0 0,5 0/5 5/5 5,5 5/5 5/5 1 

L. mexicana BEL 46 5 70 0.38 ± 0.25 0 05 0/5 5/5 5:/5 5/5 5/5 > 
L. mexicana BEL 58 5 70 0.64 ±0.30 0.2± 3.0 0'5 0/5 5/5 5./5 5/5 5/5 
L. mexicana BEL 64 5 85 0.63 ± 0.40 0 015 0,5 5/5 5/5 5/5 5/5 

L55 

L. mexicana BEL 69 5 85 0.24±+0.01 0 0/5 0/5 5/5 5/5 5/5 5/5 t 

The mice were treated twice daily for 20 days. 
C 

http:0.24�+0.01
http:0.65�0.37
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FIG. 3.The effect of topical treatment with PR ointment on L. mexicana BEL 64 inBalb/c
mice. The mice were inoculated in the base of the tail with I , 10' promastigotes.
Treatment was applied twice daily for 20 days starting 85 days after parasite inoculation 

(A). Tie numbers indicate days after the end of treatmenil. 

various L wxicana isolates is shown in Figs. I and 2. 
PR at 1I0ug xn-' inhibited the growth of the parasites
by 47-Wo. ad this drug at 100 jig ml- ' inhibited the 
growth bt. 85- 99.5% within 4 days ofexposure to the 
drug. BEL M was slightly more resistant to PR than 
the other strains showing about 85% growth inhibi-
tion ruW afb= 4 days ofexposure to PR at I00 pg ml-'. 
Effeft 4apaaltreatment on L. mexicana development 
in Ba c mai-r 

Odni m ates of L. mexicana (BEL 44, BEL 46,
BEL 5W ML 64, BEL 69 and BEL 73) and three 

isolates of L. hra:iiewsis (BEL 101, BEL 102 and BEL 
103) were found to be infective to Balb/c mice. The 
remaining isolates L. mexicana BEL 47 and L. brazili
ensis BEL 75 did not infect the mice even when high
doses of I x 10' promastigotes were inoculated into 
young, 4-week-old mice. 

All of the infective L. mexicana isolates were found 
to be highly virulent to Balb/c mice. Four-five weeks 
after the inoculation of 0.5-I x 10' promastigotes into 
the base of the tail of Balbic mice, a big nodule 
developed. One week later, the nodule transformed 
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into an ulcm which increased in size up to 34.7 ± 8.8 
mm. and 134.6 ± 28.7 mm in diameter (avcrage of 27 
mice) in a period of 9 and 13 weeks after infection. 
respectively. Fifty per cent of the mice died during the 
fifth month after infection. 

Treatment with PR ointment twice daily for only 10 
days was not sufficient to eliminate all of the parasites, 
although an improvement was noted. After 20 days of 
treatment, parasites were no longer detectable in the 
area of the lesions in all of the infected animals, and 
open lesions completely healed within aperiod of 30 
40days(Fig. 3,Table 2). PR ointment was only slightly 
less effective against L. major infection in Balb,,c mice 
(Table 2). After 20 days treatment, parasites were still 
found to be present in the lesions. However, the 
parasites were undetectable 20 days after termination 
of treatment. 

DISCU:SSION 
Identification of the leishmanial strains is generally 

carried out by either EF-serotyping, isoenzyme 

analysis or DNA hybridization (Chang & Bray, 1985). 
In this study, an attempt vas made to use simple 
techniques and simple facilities for parasite identifi
cation. Three techniques were used to identify the 
Belizian isolates: the microagglutination test. EF. 
serotyping and isoenzyme analysis. The microagglu-
tination test that was recently found to be highly 
indicative in visceral leishmaniasis (Harith, Kolk. 
Leeuwenburg. Muigai. Huigen. Jelsma & Kagar,
19eunburgL Muigi. K 1990,Huienesm& aar. 
19881 and CL Mengistu. Kiessling & Akufro. 1990F1. 
and the EF-serotyping proved to be only partially 
effective in identifying the Belizian leishmanial iso-
lates. Hoever. the isoenzyme analysis was shown to 
be a highly reliable and reproducible method for 
distinguishing leishmanial species. 

The Belizian L. me.ricana strains were found to be 
highly susceptible to PR treatment showing 85% 
inhibition of promastigote growth within 4 days of 
exposure to PR at I(X) tigml '. Topical treatment of 

Belizian L. mevicana lesions in mice was also highly 
effective. Although IOdaystreatment wasnot sufficient 
to eliminate all of the parasites from the lesions, total 
elimination was achieved at the end of 20 days 
treatment. The results obtained with the Belizian 
strains were even better than those obtained with the 
L. major strain. In our previous study (El-On et al.. 
1984) 6days oftreatment were sufficient tocure the CL 
(L. major) lesions in Balb/c mice, while in the present 
study, even 20 days treatment did not totally eliminate 
L. major parasites. An intensive study made recently i 
vitro on cultivated infected macrophages and in vivo in 
infected Balb/c mice revealed that the PR batch 
received was not as effective as the original batch 
received several years ago. We have recently learned 

that each new batch of PR should be examined against 
LUishmaniaboth in vitro in tissue culture and in vivo in 
experimental animals prior to its application to clinical 
study. PR isconsidered effective only if (a) PR at 10 pg 
ml totally eliminates the intracellular amastigotes 
from infected macrophages within 4days ofexposure to 
the drug, and (b)15.12 PR ointment applied twice daily to 
the Cl lesion caused by L. major in Balb c mice curmd the 
lesion after 6days treatment. Indeed. with a new batch 
of PR recently received. ( I1) with PRdays treatment 
ointment was sufficient to eliminate all of the L. nwxicana 
and L.hrazilieLsi parasites from the CI. lesions. 

Based on the results obtained in this study, aclinical 
trial with PR ointment has recently been started in 
Belize. Preliminary results indicate a high efficacy of 
PR ointment against both L. rnexcana and L. bra:th
ensis. Final results of the clinical study will be 
published elsewhere. 
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Topical treatment of New World cutaneous 
leishmaniasis in Belize: A clinical study 
Louis Weinrauch, MD,a ' Filiberto Cawich, MD,b Peter Craig, MD, 
St. John Xavier Sosa, MD,d and Joseph El-On, PhD' 
Jerusalem and Beer-Sheva. Israel, and Belize City, Belize 

Background: Many studies have been performed during the past decade to find an effective
 
topical therapy for cutaneous leishmaniasis (CL).

Objectire: Our purpose was to evaluate the effect of paromonlycin ointment (P-ointment)

containing 15% paromomycin sulfate and 12% melhylbenethonium chloride on Belizean
 
patients with New World CL.
 
Methods: Fifty-thrce patients were treated twice daily for 14 
 to 21 days with P-ointmenl.
Results: Sixty-eight percent of the paticnts healed, 6%had a delayed cure, and 26% did not 
respond. No toxic effects from the ointment were observed.

Conclusion:Topical paromomycin is as efficacious in the treatment of New World CL as
 
other currently accepted modalities that are potentially more toxic.
 
(Q AM ACAD DtRMA1Ao. 1993;29:443-6.)
 

During the past decade many studies have been 

performed to find an efficient and simple topical 

treatment for cutaneous leishmaniasis (CL). Such a 

treatment has been tested in vitro and in vivo in ex-

perimental animals and in patients with Old World 


0
CL. 1.1
This article summarizes the results achieved in 


Belize in the treatment of New World CL caused by 

Leishmania braziliensis or Leishniania mexicana
ens orininwihani broiltm s15aniarmex in 
with an ointment containing 15% paromomycin 
sulfate (PR) and 12% nethylbenzethoniurn chloride 
(MBCI) in white soft paraffin (P-ointment). The 
results confirm the cure rate obtained in Israel with 
the same preparation in Old World CL caused by
Leishmania major, Leishmania tropica, or Leish-
mania aethiopica.3. 4.7 
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MATERIAL AND METIHODS 
After informed consent had been obtained, 53 patients 

with confirmed CL were included in this study. All were 
treated for 2to 3weeks, twice daily with P-ointment. Pa
tients self-applied the ointment; treated lesions were left 
uncovered inmost cases. Ten to 15 gm of P-ointment were 
required on average. 

The results were evaluated as described by El-On et 
al.4: (I) rapidly effective: no parasites detected in thetreated lesion at the end of treatment, followed by total 
healing within I month after cessation of treatment; (2) 
less rapidly effective: the same occurring within 8weeks; 
(3)ineffective: parasites still present in the treated lesion 
and/or no healing after 8 weeks. 

HES UTS 
The patients' ages ranged from 10 to 45 years 

(mean 26 years); the number of lesions ranged from 
one to eight (mean 1.55). The majority of the 
patients had large noduloulcerative lesions (Fig. I ).
The duration of the lesions varied from 2 to 260 
weeks (mean 14.75 weeks).

For weeks after termination oftreatment, rapid 

clearing was obtained in 36 patients (68%) (Fig. 2).
Less rapid clearing was observed after 8 weeks in 
three patients (6%) and no response occurred in 14
(26%) after 12 weeks or more. Age or sex of the pa
tient, sizeand number of the lesions, the duration of 
tietio as wll as the pesenceo usand 
the infection as well as the presence of crusts and
 
superimposed bacterial infection did not influence 
tJe response to treatment. Generally, the clinical 
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Fig. I. rypicail leions of CL in 3li7C. 

appearance of the lesion during and at the end of 
treatment was worse than at the start. This has been 
observed in previous studies in both responders and 
nonresponders and iscaused by the development of 
contact dermatitis. Various degrees of inflamma-
tion, depending on the lesion size and site and the 
host response, were associated] with this treatment. 
A burning sensation at the site of treatment some-
times occurred during the first applications. I low-
ever, none of the patients was dropped from the 
study because of side effects. A combination of hy-
popigmentation and hyperpigmentation was ob-
served in most healed lesions. 
DISCUSSION 

Leishmania species were not identified in the 
study population becau.1e the technology was not 
readily available. Published reports from this region 
indicate that L. brazilien.ris is the most frequently 
identified organism, with L. inexicanadocumented 
in approximately 25% of cases. I 3 

Until recently, the drug of choice for the treat-
ment of CL in Belize was intramuscular stibophen 
(pentasodium antimony-biscatechol-3:5-disulpho-
nate heptahydrate).'3 Side effects such as nausea, 
headache, and arthralgia usually occur. Pain at the 
injection site isanother drawback. Death from dys-
rhythmia has been reported after intravenous large 
doses. Local treatment with a forest vine ("tie-tie") 

juice is also used by bush doctors." Presently, the 
pentavalent antimonial compound, meglumine an
timonate (Glucantime), is given intramuscularly, 
generally with mild side effects. 

In our study, topical treatment with P-ointnnent 
was found to be highly effective in 68% of the 
patients and effective in an additional 6%, after 2 to 
3 wceks of drug application. 

In one case nodular satellites appeared in the vi
c indy of the initial lesion du-"ing ticalrnt. Proi 

bly this was caused by dissemination of the disease. 
I lowever, lhe satellites cleared with healing of the 
"mother" lesion. 

The cure rate achieved in this study is as good as 
any current parenteral therapy. In a recent study 
performed in Guatemala, 14 cure rates of 57% and 
89% were obtained in L. mexicana-infected patients 
treated with sodium stibogluconate (Pentostam) or 
ketoconazole, respectively. Cure rates of 96% and 
30%, respectively, were observed in patients infected 
with L. brazilienvis and similarly treated. These re
suits are of particular value because both countries, 
Guatemala and Belize, are supposed to have identi
cal Leishmnania parasites. 

It is well accepted that topical treatment is not 
feasible for CL caused by L. braziliensis. I lowever, 
in Belize, no dissemination to mucoculaneousjunc
tions has been reported, and, for this reason, no 
Leishmania typing was performed. Nevertheless, we 
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Fig. 2. A, Appearance of CL lesion before P-ointmcnt therapy. B, Four wceks after termi
nation of treatment with P1-ointment. 

do not recommend the use of topical treatment in 
areas with known mucocutaneous 1,ishmaniasis; se-
rotyping isnecessary inthese areas before treatment. 

Paromomycin sulfate was supplied by Farmilalia Carlo 
Erba, Italy, and Warner-Lambert, Italy. 
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NEW SE(TION IN TIE JOURNAL 

Readers will notice a new heading in the Table of Contents of ile October 1993 issue of 
the JOURNAL. Entitled "Pearls of Wisdom," this section will consist of four features that in
clude articles of interest to the dermatologist. 

"Pearls" are not universally accepted diagnostic or palient management techniques that 
can be found on quick perusal of standard textbooks of dernialology. On the contrary,
"pearls" are special, personalized hints Iliat experienced clinicians have found useful in en
hancing the well-being of their patients. 

The first feature, "Clinical Iearl," was originally conceived by Dr. Boni Elkwski as a my
cology page, but was broadened by the Assistant Editors to include all categories of clinical 
dermatology. "Clinical Pearl" will feature those special ap1proache-s that practilioncrs have 
found especially useful in the diagnosis and treatment of skin diseases. 

The second feature, "Surgical Pearl," will he directed by Dr. Stuart Salasche, who ci'r
reatly chairs a symposium on this topic at lhe annual meeting of' the Ainerk.In Academyiv 
of Dermatology. As its tille implies, "Surgical Pearl" will focus ott the surgical managcment 
of skin disease. 

The third feature, "Abstracts from the Literature," will help keep readers up to dale on 
articles of interest front journals not readily accessible to the practitioner. These abstracts, 
which will be prepared by the Assistant Editors, will come from articles that have appeared 
in nondermatologic journals in the United Slates and both dermalologic and nondermlo
logic journals abroad. 

Finally, the fourth feature, written by Dr. Jeffrey Bernhard, is entitled "lotadernia." Hach 
month, this section will ask (and we hope answer) a difficult question designed to provoke 
thought or to challenge the reader's knowledge of dermatologic arcana. Curious? Confused? 
Wait until next month! 

The JOURNAL. has introduced these features to fulfill its mission to nee the needs of ihe 
practicing dermatologist. We would like to make "Pearls of Wisdom" a monthly seclion an0d 
welcome and solicit your input to the "Clinical lPearl" and' "Surgical Pearl" features. please 
consult the "Information for Authors" page.s in the October 1993 issuC of the JOtUI(NAI for 
additional informal ion.- rure II. Thiers. AMl. Associate Editmor 
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