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Introduction
Cutaneous leishmaniasis (CL) is a zoonotic disease 
characterized by skin and mucosal involvement.1 Over 
the past 5 years, there were more than 1 million new cases 
of the disease, distributed on several continents with an 
incidence of 90% of cases in the Americas, Central Asia, 
and the Middle East.2 Brazil is one of the 6 countries 
that contribute more than two-thirds of the CL cases 
worldwide.3

Treatment of CL is mainly based on pentavalent 
antimonials such as meglumine antimoniate. However, 
these drugs give rise to various adverse effects that limit 
their use. The main adverse effect is the action on the 
cardiovascular system and can also lead to kidney and 
pancreatic failures, in which case the treatment should 
be discontinued.1 Given the difficulties encountered in 
the treatment of CL, it is important to search for new 
alternatives for treatment. The photodynamic therapy 
(PDT) is the therapeutic modality that has stood out and 
shown good results.4-8

PDT is based on the use of a photosensitizer that when 

irradiated with light at a suitable wavelength, releases 
reactive oxygen species (ROS) that induce cell death.9,10 
Several substances can be used as a photosensitizer, 
such as colorants, including natural pigments and dyes. 
The leishmanicidal potential of substances such as 
methylene blue11 and toluidine blue,6 phthalocyanines5 
and uroporphyrin12 have been demonstrated. The 
xanthene rose bengal B (RB), and its derivatives methyl 
ester (RBMET), and butyl ester (RBBUT) have favorable 
characteristics for use in PDT. To our knowledge, there are 
no reports of leishmanicidal activity of these xanthenes. 
Therefore, the aim of this study was to evaluate the 
leishmanicidal activity of RB and its esters derivatives, 
irradiated with LED as light source.

Methods
Illumination System
Illumination system was fixed on a surface so that the 
entire area of the plate was illuminated uniformly. The 
LED emission spectrum was obtained in a Varian-Cary 
Eclipse spectrofluorometer (Agilent Technologies, USA) 
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and the light potencies were measured by a Handheld 
Laser Power Meter (Edmund Optics Inc., USA). This 
illumination system was positioned at 2 cm under the 96-
well plate (Figure 1).

Assay on Promastigotes and Intracellular Amastigotes
Promastigotes of Leishmania amazonensis (MHOM/
BR/1977/LTB0016) were cultured in RPMI 1640 (Gibco, 
New York, NY, USA) pH 6.8 supplemented with 10% 
fetal calf serum, containing 100 IU/mL penicillin G and 
0.1 mg/mL of streptomycin, until the exponential growth 
phase. For the evaluation of leishmanicidal activity, 
different concentrations of RB (370 mM) (Neon, São 
Paulo, Brazil) and its derivatives RBMET (122.5 mM) and 
RBBUT (56 mM) were diluted in twofold in 96-well plates 
and incubated with 4×107 L. amazonensis promastigotes/
mL. The plates were incubated at 25°C for 30 minutes 
and after that, the plates were illuminated for 30 minutes 
with the illumination system under conditions described 
above. As controls, untreated promastigotes were used, 
treated and not lighted. After incubation at 25°C for 24, 
48 and 72 hours, cell viability was measured by the XTT 
reduction method.13 The inhibitory concentration of 50% 
of the parasites (IC50) was calculated by linear regression 
equation.13 Peritoneal macrophages BALB/c mice were 
infected with L. amazonensis promastigotes (6 parasites/
macrophage) as in Honda et al.14 Photosensitizers RBMET 
(8. 7 mM) and RBBUT (17.2 mM) were diluted in twofold, 
the protocol of incubation and illumination was the same 
as described above.

Cytotoxicity on Macrophages
Before the treatment, macrophages from cell line J774.A1 
were cultured in RPMI 1640 (Gibco, New York, NY, USA) 
pH 7.6 supplemented with 10% fetal calf serum, containing 
100 IU/mL penicillin G and 0.1 mg/mL of streptomycin. 
For the cytotoxicity assay J774.A1 macrophages were 
cultured in 96-well plates (5×104 macrophages/well) for 
48 hours at 37°C with 5% CO2. After, RBMET (226 mM) 
and RBBUT (228 mM) were diluted in twofold and added 
to the wells. The lighting protocol was the same as used 

Figure 1. Illumination System. It was composed of surface 
mounted diode (SMD) LED (575 nm/1.66 mW/cm-2).

Figure 2. Antileishmanial Activity of Ester Derivatives of Rose 
Bengal B. Percentage of death after 24, 48 and 72 hours of 
Leishmania amazonensis promastigotes after incubation with 
RBMET or RBBUT for 30 minutes in the dark and illuminated 
for 30 minutes with LED SMD white. RBMET, rose bengal methyl 
ester; RBBUT, rosa bengal butyl ester. *P < 0.05 in relation to the 
treated and not illuminated group. #P < 0.05 compared to control 
that only was illuminated.

 

0
10
20
30
40
50
60
70
80
90

100

122.5 61.25 30.6 15.3 7.6 3.8 1.91 0.95 0.47 0.23 0.11 0.05

Pe
rc

en
ta

ge
 o

f d
ea

th

RBMET (µM)

RBMET
24 h after illumination
48 h after illumination
72 h after illumination
24 h without illumination
48 h without illumination
72 h without illumination

 

0
10
20
30
40
50
60
70
80
90

100

56 28 14 7 3.5 1.75 0.875 0.43 0.21 0.1 0.05 0.02

Pe
rc

en
ta

ge
 o

f d
ea

th

RBBUT (µM)

RBBUT
24 h with illumination
48 h with illumination
72 h with illumination
24 h without illumination
48 h without illumination
72 h without illumination

in antileishmanial assays. After the treatment, the plates 
were incubated for 24 hours at 37°C with 5% CO2 and cell 
viability was measured by the XTT reduction method. 
The 50% cytotoxic concentration (CC50) was calculated 
by the linear regression equation. The selectivity index 
(SI) was calculated as the ratio CC50/IC50.

Statistical Analysis
Statistical analysis was performed using Statistica 12.0 
(StatSoft, Tulsam OK, USA) software, considering the 
significance level of 5%. The normal distribution of the 
data was verified by the Shapiro-Wilk’s W. The results of 
absorbance were analyzed using the Mann-Whitney U 
test.

Results 
In PDT, the RBMET and RBBUT presented leishmanicidal 
activity to promastigotes (Figure 2), while the RB did not. 
The activity was only observed when photosensitizer was 
illuminated (P < 0.05). The illumination in the absence of 
photosensitizer did not result in leishmanicidal activity 
(P < 0.05).
The RBMET was effective at concentrations of 7.6 μM to 
122.5 μM (24 hours), the 3.8 μM to 122.5 μM (48 hours) 
and the 1.9 μM to 122.5 μM (72 hours). The RBBUT 
presented leishmanicidal activity at the concentration of 
56 µM in the 3 intervals analyzed.
The IC50 of the RBMET was 9.83 μM, 4.72 μM and 3.31μM 
for 24, 48 and 72 hours, respectively. For the RBBUT, the 
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IC50 was 45.08 μM, 49.00 μM, and 47.80 μM for 24, 48 and 
72 hours, respectively (Table 1).
The RBMET and RBBUT, in the evaluated concentrations, 
have led to lysis of macrophages and consequently it 
was not possible to evaluate the activity for intracellular 
amastigotes (Figure 3).
PDT with RBMET and RBBUT was cytotoxic to 
J774.A1 macrophages. Toxicity was greater when the 
photosensitizer was illuminated (P < 0.05), however, also 
exhibited high cell death in the absence of light. There was 
no difference between illuminated and not illuminated 
controls (P > 0.05). The CC50 for PDT of RBMET was 3.44 
μM and for the RBBUT was 3.50 μM. The selectivity index 
to RBMET and RBBUT were 0.34 and 0.07, respectively.

Discussion
The photosensitizers RBMET and RBBUT under LED 
light have activity against L. amazonensis. The IC50 

for RBMET (9.83 μM) approximate the IC50 against L. 
amazonensis for amphotericin B (14.9 μM and 6.1 μM) 
found by Miranda et al,15 and Almeida et al,16 respectively. 
In contrast, to the IC50 for RBBUT (45.08 μM) which was 
higher than the amphotericin B. 
However, these 2 photosensitizers were toxic to J774.A1 
and mice peritoneal macrophages, but the CC50 value 
found for RBMET and RBBUT were similar to CC50 found 
by Cabanillas et al,17 for amphotericin B. They reported 
that a 4.3 μM concentration of this drug was able to kill 
50% of peritoneal macrophages from BALB/c mice. On 
the other hand, pentamidine showed to be less toxic to 
macrophages compared to these photosensitizers.18,19

Consequently, RBMET and RBBUT presented low 
selectivity index. Reference drugs have selectivity index 
higher than photosensitizers in question. Garcia et al20 
reported that the SI for pentamidine is 32, according 
to Cabanillas et al17 the SI is 29 for amphotericin B and 

Table 1.  IC50, CC50 and Selectivity Index Values of the Rose Bengal Methyl Ester and Rose Bengal Butyl Ester 24 Hours of Treatment

Xanthenes Chemical Structure IC50 (µM) CC50 (µM) SI
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IC50 inhibitory concentration for 50% of protozoa; CC50 cytotoxic concentration for 50% of J774.A1 macrophages; SI, selectivity index 
obtained by the ratio CC50.LD50; RBMET, rose bengal methyl ester; RBBUT, rose bengal butyl ester. 
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Figure 3. Peritoneal Macrophages of BALB/c Mice Infected With Leishmania amazonensis Promastigotes (6 Parasites/Macrophages). (A) 
Infected and illuminated control; (B and C) Treatment with RBMET 4.33 μM and 2.16 μM respectively; (D and E) Treatment with RBBUT 
4.28 μM and 2.14 μM respectively; (F) Infected and not illuminated control. The slides were observed at ×1000 magnification.
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for Dutra et al21 it is 7.16. Despite it, the low selectivity 
index found for the RBMET, and RBBUT may not be a 
limitation for their use in PDT. Since the PDT is applied 
on the lesion, it may even contribute to the destruction 
of infected cells, increasing parasite exposure to PDT 
action. Studies show that bengal B when illuminated by 
a light source with a specific wavelength helps in healing 
without causing toxicity.22,23 There are no studies like this 
with the esters derived from the RBMET and RBBUT, but 
we believe that they can behave similarly.
In contrast, the RB did not present antileishmanial 
activity. This result can be rationally explained by the 
fact that RB is dianionic while RBMET and RBBUT are 
monoanionic at aqueous physiological pH. The charges of 
RB turn this compound highly hydrophilic thus showing 
low interaction to biomembranes while the RBMET and 
RBBBUT are hydrophobic due to their low charge which 
increases the affinity to cells. Furthermore, the presence 
of more hydrophobic radicals (alkyl groups) in the 
RBMET and RBBUT can have facilitated their interaction 
with the cell membrane. The use of the pharmaceutical 
formulations can be an alternative to improve the 
photodynamic activity of these photosensitizers mainly 
RB. 

Conclusion
PDT stands out as an alternative for the treatment of 
CL. It presents the advantage of topical administration, 
reducing the discomfort and adverse side effects to the 
patient. Our results show that RBMET and RBBUT under 
LED light have activity against L. amazonensis, thus, the 
RBMET and RBBUT are promising candidates for use as 
photosensitizers in PDT, to treat LC. Therefore, studies 
of absorption and toxicity in topical use of RBMET and 
RBBUT should be conducted to evaluate their potential 
use in the treatment of CL.
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