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ABSTRACT

The effect of intralesional treatment (IL) with Procaine
and Dibucaine was compared with standard dosages of
Glucantime® administered intramuscularly (IM) to attain clinical
and parasitological cures in skin lesions in outbred male
hamsters infected with Leishmania (Viannia) braziliensis.
Results revealed that all drugs tested reduced significantly
(P<0.01) average lesion sizes in experimental animals when
compared with those untreated. Local treatment with dibucaine
was as clinically efficient as systemic Glucantime®, and more
successful for clinical resolution than with procaine. Viable
amastigotes were detected in nodules and/or scars in 100% of
the evaluated hamsters 75-165 days after the end of the
treatment ended, using smears, conventional histopathology,
culture in NNN medium and the indirect immunoperoxidase
method, suggesting that measurement of lesion sizes is not a
valid criterion for evaluating the chemotherapeutic efficiency in
experimental CL. The therapeutic clinic effectiveness of local
anesthetics appeared to be associated with their half-life times
as well as their lipid solubility. Preliminarily, these results
appeared to support the inclusion of “cainic” local anesthetics
as part of the alternative armamentarium in the treatment of
animal and human cutaneous leishmaniasis (CL).

Key words: Leishmania (Viannia) braziliensis, cutaneous
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RESUMEN

Se compara el efecto terapéutico de los anestésicos lo-
cales “caínicos” Procaína y Dibucaína administrados intralesio-
nalmente (IL), con el del tratamiento intramuscular (IM) con-
vencional con Glucantime®, para lograr la cura clínica y parasi-
tológica sobre lesiones dérmicas en la base de la cola de
hámsters machos heterocigotos experimentalmente infectados
con 4 x 103 amastigotes de Leishmania (Viannia) braziliensis.
Los resultados revelaron que todas las drogas ensayadas re-
ducen significativamente (P<0,01) los tamaños promedio de
las lesiones granulomatosas, cuando se comparan con los ani-
males controles sin tratamiento. El tratamiento local con la Di-
bucaína fue tan eficaz clínicamente como el Glucantime® ad-
ministrado sistémicamente, y tuvo mejor eficacia para la reso-
lución clínica de las lesiones que la Procaína IL. Se detectó la
presencia de amastigotes viables en nódulos granulomatosos
o cicatrices en la totalidad de los hámsters evaluados, des-
pués de 75-165 días de haberse finalizado los tratamientos,
mediante los métodos de frotis directo, histopatología conven-
cional, medios de cultivo (NNN) y la técnica de la inmunopero-
xidasa, lo que sugiere que la medición de las lesiones cutá-
neas por sí solo no es un método totalmente confiable y válido
para evaluar la eficacia quimioterapéutica en la LC experimen-
tal. La eficiencia clínica de los anestésicos locales parece es-
tar relacionada con sus tiempos de vida media y lipofilia relati-
va. De una manera preliminar, estos resultados parecieran
apoyar la inclusión de los anestésicos locales “caínicos” como
parte del armamentarium alternativo para el tratamiento de las
LC animal y humana.

Palabras clave: Leishmania (Viannia) braziliensis, leishmania-
sis cutánea, hámster, procaína, dibucaína.
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INTRODUCTION

Cutaneous leishmaniasis (CL) is currently a world wide
spread parasitic diasease [32]. The current therapy schedule of
CL is based mainly on pentavalent antimonial (Sbv) compounds,
such as meglumine antimoniate solution (Glucantime®) and so-
dium stibogluconate (Pentostam®) [33]. Despite those are suc-
cessfully applied drugs, the treatment of CL still is far from ideal
being considered [11, 33]. In fact, many patients could exhibit
arthralgia, renal, heart, liver and pancreas disorder, depending
upon dosage, drug batching and race [3, 5, 33]. In addition, anti-
monials are expensive and of difficult administration, especially
when administered intramuscularly (IM) for long term [8]. In
those cases of first line treatment failure, alternative drugs such
as pentamidine and amphotericine B among others, are used [5,
21]. Nevertheless, these chemotherapeutic agents could also
exhibit similar side effects as those of Sbv [23].

As an attempt to reduce the need of large amounts of
parenterally antimonials, the World Health Organization [33]
recommended intralesional treatment (IL) of CL, especially with
Sb, being already applied successfully by several authors [13,
17, 28]. Of interest has been the use by Yépez and Scorza
[34], in Venezuelan patients of a chemotherapeutic scheme
based upon local injections of Glucantime®, its mixture with 1%
lidocaine or the local anesthetic alone. This therapeutic
scheme resulted in clinical resolution levels between 98 to
100%. In subsequent works, Yépez et al. [35] and Bendezú [2],
have settled experimental basis in vivo and in vitro, respec-
tively, confirming efficacy of lidocaine on Leishmania parasites.
In fact, in the first cited work, Yepez et al. [35], the authors
found that this local anesthetic reduced significantly the aver-
age lesion size in hamsters experimentally infected with L. (V.)
braziliensis, when compared to the untreated group. In addi-
tion, Bendezú [2] using promastigotes and amastigotes cul-
tures of L. (L.) mexicana and L. (V.) braziliensis reported leish-
manicidal action doses-dependent with this “cainic” anesthetic.

Due to successfully trials carried out with application of
IL lidocaine, it was proposed assaying locally other two “cainic”
local anesthetics, procaine and dibucaine with lower and
higher lipohilic activities than lidocaine, respectively, as an at-
tempt to compare their leishmanicidal action to attain clinical
and parasitological cure with that of Glucantime® IM in cutane-
ous lesions experimentally produced in male hamsters by in-
oculation with L. (V.) braziliensis.

MATERIALS AND METHODS

Parasites

Leishmania (Viannia) braziliensis MHOM/V/82/ZC. This
strain was isolated from human case of CL at Trujillo city, Tru-
jillo state, Venezuela, and has been maintained by continuous
passages in male hamsters. It’s identification was made with

monoclonal antibodies and enzyme electrophoresis by Dr. N.
Saravia at CIDEIM, Cali, Colombia.

Animals and experimental infections

Outbred male hamsters, 8 to 12 weeks old, weighing ca.
100 – 120 g were inoculated subcutaneously in the base of the
tail with 0.1 mL 0.85 saline containing 4 x 103 amastigotes,
which were obtained from hind pad lesions of outbred male
hamsters.

Drugs

N-methyl glucamine antimoniate (Glucantime®, Specia)
was manufactured by Rhone Poulenc, France, and 1% pro-
caine (hydrochloride form) by Rincon Laboratories, Venezuela.
3% dibucaine (hydrochloride form) was prepared and kindly
supplied by Faculty of Pharmacy, University of Los Andes,
Venezuela.

Protocol for drug therapy

Chemotherapeutical trials were assayed in hamsters in-
fected with L. (V.) braziliensis, with intralesional (IL) injections
of procaine and dibucaine and comparing their therapeutic ac-
tivities with lesions and amastigotes of a group of hamsters in-
tramuscularly (IM) injected with Glucantime® (standard or posi-
tive control), and another one with no treatment (untreated or
negative control). In all trials, initiation of treatment schedules
took place at about two months after inoculation when leishma-
nial nodules exhibited sizes (diameters) of 6-8 mm. The control
group (13 non treated hamsters) received daily IM injections of
sterile 0.85 saline for 80 days; the systemic or standard group
(N= 13) was treated with daily IM injection of 80 mg/Kg of Glu-
cantime® for 20 days, in maximum of 4 series, 10 days rest be-
tween series. Two other groups of 14 animals each one had lo-
cal treatment with weekly intralesional infiltrations for 7 weeks,
receiving 8 mg/Kg of procaine and dibucaine, respectively.

Evaluation of treatments

After the first drug infiltration, the clinical evaluation of
treatments was monitored weekly, during 24 weeks, by follow-
ing the development of diameter of dermal lesions with a cali-
per. Two animals of each experimental group were randomly
selected 75-195 days after cessation of treatment and killed
with ether to assess parasitological cure by smears, conven-
tional histopathology, culturing and the immunoperoxidase indi-
rect method. Peripheral blood samples and biopsies of skin le-
sion, liver and spleen were taken for culturing in NNN medium.
At the same time, additional biopsies and smears were also
taken from leishmanial skin lesions. For conventional histopa-
thological studies and the immunoperoxidase staining, biop-
sied tissues were fixed in 10% formaldehyde, embedded in
paraffin and stained with the giemsa-colophonium method pro-
posed by Bray and Garhnam [4] and the methodology de-
scribed by Sells and Burton [27], respectively.
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Statistical analysis

Kruskal-Wallis one way analysis of variance and multiple
comparison tests were used to determine the significance of
the results.

RESULTS AND DISCUSSION

Outbred male hamstes inoculated in the base of the tail
with 4 x 103 amastigotes of L. (V.) braziliensis developed pal-
pable nodules at about 30-60 days post-inoculation. No spon-
taneous healing or recovery from infection was observed in
any animals. In untreated hamsters, lesion grew progressively
to reach maximum average diameters (X= 28.6 mm ± 8.2) at
16 weeks of clinical evaluation (FIG. 1), producing from 15-20
weeks post-infection, detecting viable amastigotes in granulo-
matous dermal lesions, TABLES I and II.

Hamsters parenterally treated with Glucantime® showed
a rapid decrease in average lesion diameters (FIG. 1). This de-
crease persisted for up to 18 weeks, with a maximum mean le-
sion diameter of 6.7 mm ± 2.9. After treatment was stopped, le-
sions slowly increased again although averaging only reached
up to 8.8 mm ± 7.6 at the end of the measuring period, with 3
hamsters clinically cured. Statistical significance (P< 0.001)
was obtained when evolution of mean lesion diameters be-
tween antimonial systemic regimen and non-treated animals
were compared. 75 days after cessation of treatment, parasi-
tological evaluation of two hamsters clinically cured with Sbv

systemic regimen revealed viable amastigotes in their scar le-
sions, as shown in TABLES I and II.

During and after the procaine infiltration (7 and 17
weeks, respectively), mean lesion diameters were significantly
inhibited when compared with those non-treated hamsters
(P< 0.01) (FIG. 1). Nevertheless, lesion size average increased
progressively, no healing clinically any animal and dying 3 of
them since 13 weeks post-treatment. At the end of period of
clinical observations, lesion diameters reached average of 20.1
mm ± 4.4. Statistical comparison between procaine treatment
and systemic antimonial regimen, revealed significance
differences (P< 0.01), suggesting that Sbv schedule was more
efficient in clinical improvement than anesthetic regimen. Para-
sitological studies revealed that two animals evaluated 165
days post-treatment, both had viable amastigotes in granulo-
matous dermal lesions, as indicated in TABLES I and II.

As shown in FIG. 1, after the first local infiltration, mean
lesion diameters were strikingly inhibited by dibucaine regimen,
reaching averages between 2.8 mm and 5.6 mm during 6
months of clinical evaluation. 9 animals showed complete heal-
ing of their dermal lesions. Statistical comparison of mean le-
sion diameters between dibucaine treatment and non-treated
hamsters revealed significant differences (P< 0.01). When the
anesthetic regimen and the systemic antimonial treatment
were compared, statistical analysis showed no significant dif-

ferences (P> 0.05) in reducing lesion diameters, suggesting
that dibucaine treatment was as clinically efficient as the anti-
monial regimen. In addition, statistical comparison between
both anesthetic schedules revealed that IL dibucaine was more
efficient than procaine treatment for reducing lesion sizes
(P< 0.01). Parasitological evaluation 141 days post treatment
of two hamsters clinically cured, showed viable amastigotes in
their scar lesions (TABLES I and II).

It´s a well documented fact that local anesthetics have
antibactericidal [1, 19] and antimicotic activity [25]. Regarding
the leishmaniases, before and after Yépez and Scorza [34] im-
plemented clinical use of lidocaine for the chemotherapeutical
treatment of CL, several workers have used it so far as a “pla-
cebo”, thus contributing to a lack of recognition of its
anti-Leishmania action [9, 22, 31]. The experimental results re-
ported in this paper, are a strong confirmation of part the clini-
cal findings previously reported by Yepez and Scorza [34], as
of the experimental ones in vivo of Yepez et al. [35] and in vitro
of Bendezu [2], after demonstrating that 7 weekly intralesional
injections (8 mg/Kg) of the “cainic” local anesthetics procaine
and dibucaine significantly reduced the mean lesion diameters
of the hamsters infected with L. (V.) braziliensis amastigotes.
In the light of our knowledge, this is the first experience on the
use of procaine and dibucaine in the experimental CL, and the
second, in addition to lidocaine [2, 35], in the treatment of ex-
perimental and clinical CL with anesthetics tertiary amines.
Nevertheless, in addition to our previous trials with lidocaine
[35], the clinical effects of these drugs are differentials. In fact,
administration schedule of dibucaine had better clinical effec-
tiveness than the remaining anesthetic ones, being able to be
cured 9 out of 14 hamsters studied. Although not observed sta-
tistically significant differences between procaine schedule
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FIGURE 1. EFFECT OF TREATMENT WITH PROCAINE AND
DIBUCAINE IL AND SYSTEMIC GLUCANTIME® ON THE
DEVELOPMENT OF LESIONS IN THE BASE OF THE TAIL OF
OUTBRED MALE HAMSTERS INOCULATED WITH 4X103

AMASTIGOTES OF Leishmania (V.) braziliensis. BAR
INDICATES LOCAL ANESTHETICS ADMINISTRATION TIME.
ARROWS INDICATE ANTIMONIAL ADMINISTRATION TIME.



when was compared with that of lidocaine [34], their clinical ef-
fects regarding non-treated hamsters were significant.

The therapeutic efficiency observed with the 3 local an-
esthetics studied both by Yépez et al. [35] and in the present
work, appeared to be associated with their half-life times as
well as to their hidrophobicity degree or lipid solubility. In fact,
this is suggested since the aminoester local anesthetics, like
procaine, are known to be rapidly hydrolyzed by plasma cholin-
esterase [18]. By contrast, aminoamide local anesthetics such
as lidocaine and dibucaine are slowly metabolized by liver mi-
crosomal enzymes, being relatively slower for dibucaine [18].
Concerning hidrophobicity (i.e, lipophilic affinity), dibucaine is
considerably more lipid soluble than lidocaine and procaine,
which displays the lowest lipid solubility of all them, due to its
strongly basic properties [18, 24, 29].

Amphiphilic molecules, such as local anesthetics, are
known to be modifiers of biological membrane functions [10].
Most studies suggest that anesthetic molecules interact with
membrane proteins. Nevertheless, there is a long- standing de-
bate as to whether their effects on membranous enzymes were
indirect resulting from lipid perturbation, or rather to direct inter-
actions of anesthetics with proteins [14, 29]. In a previous work
for studying the action of lidocaine on L. (V) braziliensis ultra-
structure [35], we have taken in to account the Tarba and Cra-
cium [29] approach, who sustain that the Transmission Electron

Microscopy (TEM) can be used, at least qualitatively, for pro-
viding information regarding the relationships between fine
structure and physiological effects of local anesthetics on cells.
Thus, in such paper we speculated that the primary action site
of lidocaine was located on the amastigote plasma membrane
and its subpelicular microtubules, as judging by disruption and
morphologic alterations detected in these structures by means
of TEM. In this same sense, we have obtained similar ultra-
structural results by injecting procaine and dibucaine into
granulomatous dermal lesions of hamsters [6]. Therefore, one
can not rule out the possibility that these structures are the
main targets of the “cainic” local anesthetics assayed on leish-
manial parasites. Likewise, local anesthetics might interfere with
Leishmania mitochondrial metabolism, by inhibition of the respi-
ration and uncoupling of oxidative phosphorylation, as has been
extensively found in other cellular models [20, 29], and also ap-
pears to be supported by consistent disruption and morphologic
alteration detected by us on the fine structure of leishmania
kinetoplast-mitochondrion and mitochondria in hamsters [6, 35].

In spite of Ercoli and Coelho [12] and Hanson et al. [16]
recommend measuring size of lesions as a valid criterion for
evaluating anti-Leishmania drugs, the results obtained in the
present study strongly suggest that such a criterion is far from
being considered fully reliable in the hamster model, as judging
by detection of viable amastigotes in 100% animals 75-165
days after treatment. These observations confirm our previous
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TABLE I
DETECTION OF Leishmania (V.) braziliensis

IN GRANULOMATOUS AND/OR CICATRICIAL LESIONS IN THE BASE OF THE TAIL OF MALE HAMSTERS AFTER
TREATMENT WITH PROCAINE AND DIBUCAINE IL, AND GLUCANTIME® IM, BY SMEARS, CONVENTIONAL

HISTOPATHOLOGY AND THE IMMUNOPEROXIDASE METHOD

Hamsters Group
Days

post-treatment
Hamsters (N° positive / N° examined

Smears Histopathology Immunoperoxidase

Untreated – 2/2 2/2 2/2

Procaine IL 165 2/2 2/2 2/2

Dibucaine IL* 141 2/2 2/2 2/2

Glucantime® IM* 75 2/2 2/2 2/2

*Hamsters clinically cured.

TABLE II
DETECTION OF Leishmania (V.) braziliensis BY CULTURING IN NNN MEDIA OF PERIPHERAL BLOOD AND BIOPSIES OF

CICATRICIAL AND/OR GRANULOMATOUS LESIONS (THE BASE OF THE TAIL), LIVER AND SPLEEN OF MALE HAMSTERS
AFTER TREATMENT WITH PROCAINE AND DIBUCAINE IL AND GLUCANTIME® IM

Hamsters Group Days post-treatment Hamsters (N° positive  / N° examined

Lesion Liver Blood Spleen

Untreated – 2/2 0/2 0/2 0/2

Procaine IL 165 0/2 0/2 0/2 0/2

Dibucaine IL* 141 0/2 0/2 0/2 0/2

Glucantime® IM* 75 1/2 0/2 0/2 0/2

* Hamsters clinically cured.



trials [7, 35], as well as those of Travi et al. [30], in the Viannia
species-hamster model, which were also detected amastigotes
in scars or other tissues several days after cessation of drug
application. Furthermore, similar observations have been docu-
mented by several workers in patients that showed clinical
resolution of their dermal lesions, after chemotherapy or immu-
notherapy applications [15, 26]. These aforementioned findings
have important clinic-epidemiological implications, due to those
individuals, including any susceptible animals, with unsuccess-
fully parasitological cured scar lesions could eveotually exhibit
recidivans with a possible mucosal involment and its subse-
quent clinical complications and increasing cost of treatment.
Likewise, these patients, or animals, might be considered po-
tentially as intradomiciliar reservoir of Leishmania parasites.

Encouraged by the preliminary clinical evidences with
lidocaine of Yépez and Scorza [34], and based on experimen-
tal results previously reported [2, 35] and those in the present
paper, we suggest the use of intralesional application of
“cainic” anesthetics as potential alternative therapy in the treat-
ment of animal and human CL, with mild effects and signifi-
cantly lower costs, which is very important due to scarcity and
high cost of antimonial drugs for endemically exposed popula-
tions in developing countries.

CONCLUSIONS

– Procaine and Dibucaine reduced significantly average le-
sion sizes in comparison with non treated hamsters.

– Dibucaine schedule was as clinically efficient as syste-
mic antimonial regimen, and more successful than Pro-
caine one.

– Therapeutic efficacy of local anesthetics seemed to be
related with their half life times and their lipid solubility.

– Measuring lesion size appeared not to be a valid criterion
for evaluating chemotherapeutic efficacy in experimental
CL, as judging by finding of viable amastigotes in all eva-
luated animals 75-165 post-treatment.

– Local anesthetics should be considered as potential alter-
native drugs for the treatment of animal and human CL.
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