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Abstract: Herein, we used a photosensitizing agent and red organic light-emitting diodes (OLEDs)
against two strains of Leishmania amazonensis amastigotes, including a drug-resistant line. OLEDs
are promising wearable light sources for photodynamic therapy of cutaneous leishmaniasis. © 2022
The Author(s)

1. Introduction

Flexible organic light-emitting diodes (OLEDs) hold promising wearable applications since they are thinner and weigh
less than LEDs and can be easily adapted to human skin [1]. Thus, OLEDs are ideal for photodynamic therapy (PDT)
by light bandages for ambulatory care [2]. Herein, we explored the use of OLEDs to inactivate wild-type (WT) and
miltefosine-resistant (MF) amastigotes of Leishmania amazonensis. Indeed, Leishmania protozoa are dimorphic
parasites that live extra (promastigotes) and intracellular (amastigotes) [3]. Thus, amastigotes are the parasite forms
that persist in the infected host [4]. We also evaluated cytotoxicity on mammalian cells to measure the selectivity
index (SI), once parasites dwell inside macrophages.

2. Material and Methods

Firstly, miltefosine cytotoxicity on macrophages was performed by the addition of serial dilutions of the drug (0-500
uM) for 48 h. For the PDT cytotoxicity, 1,9-dimethyl-methylene blue (DMMB, 0-3000 nM) was incubated for 10 min
to allow the photosensitizer uptake. Then, cells were irradiated using a red OLED (671 + 140 nm) at an irradiance of
6.5 mW/cm?. Cell viability was measured by MTT assay. Thereafter, intracellular parasites were treated with either
miltefosine (0-50 uM) or DMMB (0-750 nM)-PDT with OLEDs delivering 8 J/cm? for approximately 20 min.
Following 48 h, parasites were quantified using optical microscopy. Results were determined by counting 100 cells
per coverslip and expressed as the infection index, calculated by the percentage of infected macrophages x mean
amastigotes number per macrophage.

3. Results

Our results showed that DMMB-PDT effectively reduced the number of intracellular parasites in both strains of L.

amazonensis without promoting cytotoxic effects on mammalian cells, whereas miltefosine was able to kill only the
WT cell line (Figs. 1 and 2).
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Fig. 1. (A) DMMB-PDT (0-750 nM) at 8 J/cm* and (B) miltefosine (0 to 50 uM) on intracellular amastigotes of L. amazonensis WT and MFR.
“a” represents statistically significant differences between WT control and treated groups. “b” denotes statistically significant differences between
MER control and treated groups. “c” denotes statistically significant differences between PDT WT and PDT MFR. (p < 0.05).
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Fig.2. Macrophages treated with increasing concentrations of DMMB at a radiant exposure of 8 J/cm”. Mean values + SEM.
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Fig. 3. Infection index of WT and MFR L. amazonensis treated with DMMB-PDT at 8 J/cm®. Mean values = SEM. The half-maximal effective
concentration (ECso) of DMMB is nearly 52 and 77 nM for the WT and MFR, respectively.

The selectivity index (SI), i.e., the ratio that measures the window between macrophages cytotoxicity (Fig. 2) and
antiparasitic activity of the treatment (Fig. 3) is shown in Table 1. For WT L. amazonensis, PDT Sl is about 3 times
higher than that for miltefosine. For resistant amastigotes, PDT SI is more than 15-fold higher compared to miltefosine.

These data suggest DMMB-PDT is a safe antiparasitic therapy.

Table 1. Selectivity index of intracellular amastigotes of WT and MFR L. amazonensis treated with miltefosine and
DMMB-PDT at 8 J/cm?.

Miltefosine WT Miltefosine MFR PDT WT PDT MFR

Selectivity index 7.76 >0.92 22.59 15.32

4. Conclusion

These findings demonstrate the great potential of OLEDs as new wearable light sources for ambulatory treatment of
cutaneous leishmaniasis by DMMB-PDT. Besides, DMMB-PDT could be used to fight resistant parasites.
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