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Universitária, Recife, PE 50670-901, Brazil

4São Camilo School, 102 Visconde de Itaborai Street, Amaralina, Salvador, BA 41900-000, Brazil
5National Institute of Optics and Photonics, University of São Paulo, 400 Trabalhador Sancarlense Ave, São Carlos, SP
13560-970, Brazil

Background and Objective: Cutaneous and mucocuta-
neous leishmaniasis are diseases characterized by skin or
mucosal manifestations. In the new world, Leishmania
braziliensis is the main etiological agent of cutaneous
leishmaniasis, condition that may evolve to the mucocuta-
neous form. The therapeutic arsenal routinely employed
to treat infected patients is unsatisfactory, especially for
pentavalent antimonials, treatment recommended by the
WHO, as they are often highly toxic, poorly tolerated and
of variable effectiveness. This work aimed to evaluate in
vitro the effectiveness of photodynamic antimicrobial che-
motherapy as a new approach for the treatment of
leishmaniasis.
Materials and Methods: A laser (l ¼ 660 nm, 40 mW,
4.2 J/cm2, and 8.4 J/cm2, CW) associated to phenothia-
zine’s derivatives (5 and 10 mg/ml, toluidine blue O, meth-
ylene blue, or phenothiazine) on the promastigote forms
of L. braziliensis in a single session. Samples were re-
moved and analyzed in a hemocytometer 72 hours after
PACT and viability of the parasites was assessed in
quadruplicates.
Results: An important decrease in the number of viable
parasites on all treated groups in comparison to their con-
trols was observed as all tested compounds lead to signifi-
cant parasite lethality being the highest lethality
achieved with 10 mg/ml of TBO. No lethality was observed
on groups treated with laser or with any of the compounds
separately.
Conclusions: TBO presented higher parasite lethality in
comparison to MB with impressive reduction from 1 hour
to 5 minutes of pre-incubation time. Lasers Surg. Med.
44:850–855, 2012. � 2012 Wiley Periodicals, Inc.
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INTRODUCTION

Leishmaniasis are protozoan parasitic infections trans-
mitted to mammals, including humans, by phlebotomine
sandflies and clinically classified in three forms: visceral,
cutaneous, and mucocutaneous [1]. Leishmaniasis threat-
ens about 350 million people in 88 countries worldwide
and 12 million people are believed to be currently
infected, with about 1–2 million estimated new cases oc-
curring every year [2].
Cutaneous leishmaniasis is mainly caused by Leish-

mania major in the old world and by Leishmania amazo-
nensis or Leishmania braziliensis in the Americas, in
particular in Brazil [2–4]. L. braziliensis is the etiologic
agent of American cutaneous leishmaniasis (ACL), which
is characterized by its chronicity and the possibility to me-
tastasize leading to the mucocutaneous clinical form [5].
Current treatment for leishmaniasis relies mainly on

chemotherapy, as no efficient vaccine is available. Penta-
valent antimonials meglumine antimoniate and sodium
stibogluconate have been considered the first option of
treatment of leishmaniasis since the 1940s [1,6]. Ampho-
tericin B is the second drug of choice when there is
no response to treatment with antimonials or when it is
not possible to use it. The efficacy of pentamidine, the
third drug of choice, is less well known. Pentavalent
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antimonials are expensive, toxic many organs. Further-
more, the administration of antimonials is forbidden in
many situations such as during both pregnancy and lacta-
tion, in very small children, in case of hypersensitivity to
the drugs, and in people suffering from certain chronic
diseases [7,8]. Several side effects from use of these com-
pounds may be found elsewhere in the literature [2].
Recently, photodynamic antimicrobial chemotherapy

(PACT) has been studied for the treatment of leishmania-
sis [9–11]. PACT is a potentially applicable, safe, and
affordable option for treating patients suffering from
many conditions being an attractive option to the use of
conventional antimicrobial chemotherapy [12]. PACT
neither induces resistant strains nor demands multiple
sessions of treatment [13,14].
Phenothiazines, nitrogen-, and sulfur-containing tricyclic

compounds, are known for over a 100 years. Up to now over
5,000 phenothiazine’s derivatives have been obtained and
this class of organic compounds became extremely impor-
tant due to their varied biological and chemical properties.
Recent reports dealt with promising anticancer, antibacte-
rial, antiplasmid, multidrug resistance (MDR) reversal
activities, and potential treatment in Alzheimer’s and
Creutzfeldt–Jakob diseases of classical phenothiazines [15].
Phenothiazines are relatively inexpensive, widely available,
well-tolerated, and non-toxic compounds. New phenothia-
zines exhibit promising antibacterial, antifungal, antican-
cer, antiviral, anti-inflammatory, antimalarial, antifilarial,
trypanocidal, anticonvulsant, analgesic, immunosuppres-
sive, and multidrug resistance reversal properties [15].
The present investigation aimed to evaluate the

effectiveness of PACT against the promastigote form of
L. braziliensis, as a new approach to therapy against
human cutaneous leishmaniasis.

MATERIALS AND METHODS

Chemicals

MB and TBO were purchased from Sigma–Aldrich
Corporation (Milwaukee, WI). Three compounds were
used: MB, TBO, and a 1:1 mixture of MB þ TBO, here
named as phenothiazine–MB–TBO. The stock solutions
were diluted in distilled water (10 or 20 mg/ml).

Culture Promastigote Forms

L. braziliensis promastigotes (strain MHOM/BR/01/
BA788—cultivated and maintained by the Integrated
Laboratory of Microbiology and immunoregulation) were
cultivated in Schneider’s Insect Medium (Sigma Chemical
Co., St. Louis, MO) supplemented with 20% heat-inactivated
fetal bovine serum (Gibco, Carlsbad, CA), L-glutamine
(2 mM), penicillin (100 U/ml), streptomycin (100 mg/ml) at
268C (Thermostat cabinets—LS Scientific, Ikeja, Lagos,
Nigeria) for 5–7 days when the parasites reached the
stationary-phase. After reaching the stationary-phase,
the culture was sedimented by centrifugation (5810 R,
Eppendorf, Hamburg, Germany, 10 minutes, 48C, 4,000 rpm),
suspended in 1 ml of the same medium and quantified in a
Neubauer chamber (LO—Laboroptik GmbH, Friedrichsdorf,

Germany) with the aid of a microscope (Nikon Eclipse
E200, Melville, NY). Enough medium was added in order
to adjust the parasitic concentration to 2 � 106 promastigotes/
ml [4].

Leishmanicidal Activity Against
Promastigotes Forms

The determination of the leishmanicidal activity was
performed in 96-well plates (Tesplate 96F—TPP, Zoll-
strasse, Trasadingen, Switzerland). The compounds were
tested in quadruplicate in two concentrations 5 or 10 mg/ml.
The parasitic concentration in the wells was that of
2 � 106 promastigotes/ml. A negative control was per-
formed with four wells containing only parasites and the
incubation medium. After 72 hours of incubation at 268C,
10 ml of each well was diluted in 90 ml of the PBS and the
parasites were quantified in a Neubauer chamber. The
data obtained from this quantification were plotted in a
graph using Microsoft Excel and the values of the lethality
of the treated groups were obtained through the difference
in percentage of viable parasites in the groups treated with
the amount of viable parasites in the control group.

Photodynamic Antimicrobial
Chemotherapy (PACT)

Metacyclic promastigotes were pre-incubated during ei-
ther 5 or 60 minutes, in darkness, with the different con-
centrations of the photosensitizers in Schneider’s
Drosophila medium (pH 7.2) with 10% FBS in 96-well
plates. After pre-incubation each well was irradiated with
a diode laser which has a semiconductor active medium
InGaAlP (l ¼ 660 nm, 40 mW, 4.2 J/cm2, CW, TwinFlex�,
MMOptics, São Carlos, São Paulo, Brazil). After 72 hours
of incubation at 268C, 10 ml of each well was diluted in
90 ml of the formaline 10% and the parasites were quanti-
fied in a Neubauer chamber. The data obtained from this
quantification were plotted in a graph using Microsoft Ex-
cel and the values of the lethality of the treated groups
were obtained through the difference in percentage of
viable parasites in the groups treated with the amount of
viable parasites in the control group. Four protocols were
carried out: I, pre-incubation of 5 and 2 minutes of irradia-
tion (4.2 J/cm2); II, pre-incubation of 5 and 4 minutes of
irradiation (8.4 J/cm2); III, pre-incubation of 60 and
2 minutes of irradiation (4.2 J/cm2); and IV, pre-incubation
of 60 and 4 minutes of irradiation (8.4 J/cm2).

Crystal Violet Toxicity Assay

In order to assess the toxicity of certain phenothiazines
concentrations to human cells, we made a crystal violet
toxicity assay from macrophages derived from peripheral
blood mononuclear cells (PBMC). PBMC were obtained
from blood bags processed with buffy coat, donated from
the local hemocenter (Fundação de Hematologia e Hemo-
terapia da Bahia), by a gradient centrifugation on Ficoll-
Hypaque (GE Healthcare, Uppsala, Sweden) at 1,500 rpm
with room temperature. The PBMC collected were then
washed with PBS following centrifugations at 1,400,
1,300, and 1,200 rpm. For macrophage differentiation,
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the PBMC remaining were disposed in a 96-well dish with
200 ml of RPMI (LGCBIO, Cotia, SP, Brazil) with 10%
inactivated AB human serum (Sigma Chemical Co.), at
concentration of 105 PBMC/ml, remaining for 7 days with
exchanging half of the media at every 2 days. One day
after photochemotherapy, the culture media was removed
from the wells (Tesplate 96F—TPP, Zollstrasse, Trasadin-
gen, Switzerland) and 100 ml of methanol was added and
the plate, and incubated for 20 minutes at room tempera-
ture (258C). Methanol was then removed from the wells,
being added 50 ml of crystal violet dye (0.5% crystal violet,
20% methanol, 80% dH2O, Sigma–Aldrich Corporation,
Milwaukee, WI) followed by incubation for 10 minutes at
room temperature. After that period, the dye was re-
moved and the wells washed twice with tap water, fol-
lowed by TWO immersions of the plate in a beaker filled
with tap water. To extract de dye from the cells, 100 ml of
Sorenson’s buffer (SDS) was added in the wells and the
plate was incubated in a rotate shaker for 30 minutes. An
ELISA—SpectraMax 190 Microplate Reader� (Sunny-
vale, CA) plate reader was used for the absorbance mea-
surement at wavelength of 540 nm.

Statistical Analysis

The data was analyzed using the Minitab15 software
(Minitab, Belo Horizonte, MG, Brazil). Significance level
was fixed in 5%.

RESULTS

From crystal violet toxicity assay, we observed that MB
and TBO presented a very similar pattern of toxicity.
When compared to control group, both have a trend to de-
crease the cells viability along with concentration increas-
ing, although this effect was showed to be significant only
at 20 mg/ml. Thus, concentrations below these levels were
chosen from both phenotiazines for PACT assays.

The overall analysis showed that, the use of energy den-
sity of 4.2 J/cm2 achieved the best results of lethality
when using incubation time of 5 minutes and using either
10 mg/ml of TBO or MB–TBO. When the incubation time
was increased to 60 minutes, all compounds are similarly
effective, independent of the energy density used. So the
use of either 10 mg/ml of TBO or MB–TBO during
5 minutes prior irradiation with 4.2 J/cm2, l ¼ 660 nm
laser light was the most efficient protocol (Table 1).

DISCUSSION

According to the WHO, leishmaniasis is among the six
most important tropical diseases, affecting around 12 mil-
lion people in 88 countries [16]. Chemotherapy remains
the most effective control measure for this disease. The
therapeutic arsenal routinely employed to treat patients
with leishmaniasis is limited and unsatisfactory. For cu-
taneous leishmaniasis, pentavalent antimonials (sodium
stibogluconate or meglumine antimoniate) are the first
line therapeutic scheme recommended by the WHO, the
second drug of choice (amphotericin B) and the third drug
of choice is pentamidine. All of these medications are par-
enterally administered and may result in mild to severe
side effects. These compounds are highly toxic, poorly tol-
erated, require long-term treatment and their effective-
ness highly variable [17–19].
Pentavalent antimonials may cause hyperamylasemia,

ECG abnormalities, bone marrow suppression and hepa-
totoxicity, as well as constitutional symptoms, such as
myalgia, arthralgia, headache, fever, nausea, vomiting,
and pain at the site of drug application, when adminis-
tered intramuscularly. Amphotericin B may result in ane-
mia, cardiac and nephrotoxic effects, hypokalemia, and
constitutional side effects, such as nausea, vomiting, phle-
bitis, shivering, and fever, which sometimes require the
interruption of treatment. Pentamidine is known for its
cardiac toxicity, nephrotoxicity, hypotension, hypoglyce-
mia, but the major concern is the possibility of develop-
ment of diabetes mellitus [19].
Antimicrobial chemotherapy (PACT) which may also be

called photosensitization lethal laser (PLL), based on topi-
cal or systemic non-toxic dye sensitive to light irradiation
followed by at low doses with visible light of appropriate
wavelength [20]. The photodynamic inactivation can be
performed in a localized way, different from photodynam-
ic therapy against cancer, where the compound photosen-
sitizer is usually injected into the bloodstream and
accumulates in the tumor, photodynamic inactivation
may be made by local employment in the area of the pho-
tosensitizer infected by topical application, instillation, or
interstitial injection [21].
In the presence of oxygen found in the cells, photosensi-

tizer (FS) enabled can react with molecules in their neigh-
borhood by electron transfer or hydrogen, leading to

TABLE 1. Percentage Lethality for Each Parameter Tested (Photosensitizer, Photosensitizer Concentration,

Incubation Time, and Energy Density).

Photosensitizer (mg/ml)

Incubation time (minutes)/energy density (J/cm2)

5/4.2 (%) 5/8.4 (%) 60/4.2 (%) 60/8.4 (%)

MB (5) 95.72 93.89 98.51 95.59

TBO (5) 97.71 92.59 98.58 97.11

MB–TBO (5) 97.00 93.89 98.34 96.67

MB (10) 97.91 92.59 98.31 96.67

TBO (10) 99.24 93.15 98.31 97.11

MB–TBO (10) 98.50 93.33 98.38 98.33
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production of free radicals (type I reaction) or by energy
transfer to oxygen, leading to production of singlet oxygen
(type II reaction). Both paths may lead to cell death and
the destruction of diseased tissue [22–24].
Reagent oxygen species (ROS) simultaneously attack

multiple molecules of varied properties. PACT is consid-
ered to have the potential to circumvent drug-resistance
that is common to both infectious and non-infectious dis-
eases. PACT should not cause resistance to the drugs
used and deserves special attention as a new strategy to
circumvent this so common problem encountered in the
chemotherapy of some diseases [25].
The light sources can be used to bring the excitement of

photosensitizing molecules, such as pulsed light, lights in-
coherent, xenon lamp, among others, all with specific fil-
ters that let you select the wavelength with greater
penetration in tissues and of maximum absorption of the
drug [26,27]. The radiation used often is provided by a
laser system, which are preferably employed because they
have specific characteristics that differ from the light as
being monochromatic, coherent and collimated [28].
MB and TBO are photosensitizing phenothiazine ac-

cepted at the practice medical and demonstrated in stud-
ies in literature. Exhibit intense absorption of 600–
660 nm, region of the spectrum useful in PACT to be in
the ‘‘therapeutic window’’ required for efficient penetra-
tion of light in tissues [29,30]. Although its properties
physical and chemical are similar the efficiency photody-
namic of compounds, varies between the several microor-
ganisms [23]. The use of staining agents such as MB and
TBO in the analysis of the pathology of the microbial dis-
eased state is well established, as mentioned above [31].
The phenothiazine dye toluidine blue O (TBO) is a het-

erocyclic aromatic colorant soluble in water or alcohol,
which absorbs strongly in the region of the ultraviolet–
visible. A photosensitizing agent that is very effective in
inactivating pathogenic organisms. TBO is a phenothia-
zine analogous to MB with minimal structural differen-
ces. It has been widely used in biological staining,
especially in hematology [31]. TBO is a phenothiazine dye
that interacts with biological molecules and mediators.
Previous studies have demonstrated the high ability of
TBO molecules to bind to DNA. DNA is an important tar-
get in the phenothiazinium dye photosensitized biological
damage, and guanine residues. Resonance light scatter-
ing spectra of TBO in the presence of DNA indicated that
TBO could aggregate along DNA surface [23].
TBO in solution is playing a highly active role in the

light-mediated killing of the cells. There are two possible
explanations for this observation. First, it may be due to
the light-mediated extracellular generation of ROS (par-
ticularly singlet oxygen) that may diffuse itself into the
cell producing damage cell death. The second explanation
is that the first part of the photodynamic inactivation—
PDI process produces some damage at the cell surface
that allows more TBO molecules present in solution to
bind and/or penetrate the cell and therefore increasing
the potency of the PDI process. The finding that there was
a significant dependence of killing on cell density also

implies that there is binding or interaction of the cells
with a limited concentration of some species and that this
occurs whether or not the PS is washed out from the cell
suspension [23].

The methylene blue (MB) has shown to be an effective
broad-spectrum photoantimicrobial agent [32]. Due to the
hydrophilic nature of the outer cell membrane, MB acts
leading both to a lack of activity against intracellular tar-
gets as membrane photodamage, hemolysis, etc. MB is a
long established biological dye and has been known as a
photoantimicrobial since 1928. The antiprotozoal activity
of MB includes both African and American trypanosomia-
sis and leishmaniasis. The continuing use of MB as a lead
compound for antimalarial research underlines its activi-
ty against Plasmodium spp. [33].

The electronically excited MB molecule is relatively sta-
ble and can undergo an electronic rearrangement. The ex-
cited form is known as an excited triplet state and it is
this that facilitates photodynamic action. A relatively
long-lived excited triplet state allows the excited MB mol-
ecule to pass on the excitational energy to other mole-
cules. Direct interaction with adjacent molecules leads to
electron transfer or hydrogen abstraction and the forma-
tion of radical species. This is known as Type I photosen-
sitization, and with membrane-related molecules leads to
the formation of lipid hydroperoxides and thus to mem-
brane damage [22]. If the excited triplet state molecule
interacts directly with oxygen, the excitational energy is
transferred causing the formation of a highly reactive spe-
cies, singlet oxygen. Formed in situ within a cellular envi-
ronment, singlet oxygen is highly toxic on account of its
oxidizing activity, although it has a very short lifetime
and will decay to the ground state (non-toxic triplet oxy-
gen) within microseconds. Singlet oxygen-mediated
photosensitization is known as the Type II pathway [34].

Phenothiazines possess great affinity by trypanosomati-
des [35–37]. Trypanothione and trypanothione reductase
(TryR)-based redox metabolism found in Leishmania sp.
and other trypanosomatides exemplify the unique fea-
tures of this group of organisms. Its absence in mammali-
an hosts, together with the sensitivity of trypanosomes
against oxidative stress, makes this enzyme a unique tar-
get for exploitation for potential antileishmanial chemo-
therapeutics [34,38–40]. Trypanothione reductase (TR)
was irreversibly inhibited phenothiazine derivatives. The
inactivation of TR depends on (a) of incubation with the
phenothiazine derivatives (b) the free radicals formed (c)
and the concentration and structure of phenothiazine
derivatives [38].

Another enzyme found in Leishmania sp., is the super-
oxide dismutase (SOD) SOD has its mechanism of action
involved in anti-oxidant enzymes which catalyze the dis-
mutation of O2

� to H2O2 and O2 protecting catalase and
peroxidase against inhibition by O2

�, which can be de-
rived from the phenothiazine [41,42].

Based on this knowledge about the actions of phenothi-
azine derivatives on structures and enzymes of Leishman-
ia, we can better understand why the choice of some
works of PACT with MB [43,44].
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Other advantages of PACT are: the procedure can be
repeated several times if necessary, since no toxic effects
and is usually non-invasive. In addition, due to its low
risk, can be used in people who are elderly or frail to un-
dergo other surgery. The main side effect is sensitization
to light, which is circumvented by avoiding exposure to
sunlight and interior light too intense for a period of up to
6 weeks depending on the photosensitizer [45].

Because of its ability to interact at a more internal MB,
we decided to evaluate the TBO, individually and com-
bined with MB for comparison with results previously
available in the literature with MB. Our results showed
that TBO really stands out when compared to MB. The
contribution that this work can also provide for new re-
search PACT with Leishmania, especially L. braziliensis,
which is in respect to the parameters used in the irradia-
tion for stimulation of the compounds used together with
the low concentration of photosensitizers.

The concentrations used were well below those consid-
ered toxic based on toxicity test with crystal violet, giving
us greater security to work and to modify the concentra-
tions without causing problems cytotoxicity. Another
point worth highlighting in this work is the total time for
which the technique is carried out. We conducted four ex-
perimental periods, one where the child understands the
pre-incubation of 5 minutes with 2 minutes of irradiation,
a total of 7 minutes of dealing with a dose of 4.2 J/cm2.
Already the longest period includes a pre-incubation of
60 minutes with 4 minutes of irradiation, totaling
64 minutes of procedure and a dose of 8.4 J/cm2. As there
was no statistical difference of the best concentration,
10 mg/ml of TBO compared the times of pre-incubation of
5 or 60 minutes, we suggest that among these possibilities
tested at work, the best procedure would be to use 10 mg/
ml of TBO irradiated by a laser device with a dose of
4.2 J/cm2. In this procedure, we have less time with great-
er lethality.
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