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Abstract

Calcium carbonate (CaCOs;) exhibits a variety of crystalline phases, including the anhydrous crystalline polymorphs calcite,
aragonite, and vaterite. Developing porous calcium carbonate microparticles in the vaterite phase for the encapsulation of
methylene blue (MB) as a photosensitizer (PS) for use in photodynamic therapy (PDT) was the goal of this investigation.
Using an adsorption approach, the PS was integrated into the CaCO; microparticles. The vaterite microparticles were char-
acterized by scanning electron microscopy (SEM) and steady-state techniques. The trypan blue exclusion method was used
to measure the biological activity of macrophages infected with Leishmania braziliensis in vitro. The vaterite microparticles
produced are highly porous, non-aggregated, and uniform in size. After encapsulation, the MB-loaded microparticles kept
their photophysical characteristics. The carriers that were captured allowed for dye localization inside the cells. The results
obtained in this study indicated that the MB-loaded vaterite microparticles show promising photodynamic activity in mac-

rophages infected with Leishmania braziliensis.
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1 Introduction

Leishmaniasis is a neglected tropical disease brought on by
Leishmania spp. protozoan infection. There are 14 million
instances of human leishmaniasis worldwide, and 350 mil-
lion people are at risk of contracting the disease [1-3].

The most common cause of cutaneous leishmaniasis in
Brazil, characterized by the emergence of skin ulcers, is
Leishmania braziliensis. Mucocutaneous leishmaniasis, a
crippling form of leishmaniasis accompanied by severe face
tissue loss, is brought on by the metastasis of L. braziliensis
to the oro-nasopharyngeal cavity [4, 5].

Antimonials, pentamidine, and amphotericin B, which are
toxic and need monitoring of the patient and occasionally
hospitalization during treatment, are still used in traditional
medicine [6].
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All the antileishmanial medications now on the market
have certain drawbacks or side effects. The parasite has
become resistant to costly chemotherapy medicines. Most
developing nations’ clinical misuse of drugs has been a sig-
nificant factor in the spread of leishmaniasis resistance [7].

Photodynamic therapy (PDT) is a potential alternative
treatment. Thus, a search for other options is essential [8, 9].
Reactive oxidant species (ROS), such as excited states, free
radicals, and strong oxidants, are produced by the electronic
stimulation of a photosensitive molecule (photosensitizer,
PS), such as methylene blue (MB) [10].

One of the promising fields for level for better control
of infectious diseases that have been steadily expanding is
nanomedicine, which keeps up optimism for more accurate
diagnostic tools and more effective drug delivery for a range
of contagious disorders [11, 12]. Therefore, the association
of PDT with novel therapeutic nano-medicine approaches is
of particular significance [13, 14].

So far, various nanoparticulate systems, such as
liposomes, nanoemulsions, polymeric nanoparticles, and
inorganic systems, have been studied for their leishmanicidal
properties [15-18].
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Nature has large amounts of CaCO;, which can be found
in calcite, aragonite, and vaterite, among other forms [19].
Due to their high cell biocompatibility, calcium carbonate
nanocomposite has recently received much interest [20,
21].

In Ref. [22], the authors evaluated the cytotoxicity of
benznidazole-loaded calcium carbonate nanoparticles
on Trypanosoma cruzi strain Y. In Ref. [23], the authors
found that the solubility of the antiparasitic drugs praziqu-
antel with calcium carbonate increased in an acid medium.
However, the cytotoxicity study did not reveal cell death
in HTC116 cells.

To the best of our knowledge, there are no reports in the
literature on using calcium carbonate microparticles in the
vaterite phase to assess photoactivity in Leishmania strains
applying PDT protocols.

Thus, this study aimed to evaluate the effect of photo-
dynamic therapy on the viability of macrophages infected
with Leishmania braziliensis using methylene blue encap-
sulated in calcium carbonate microparticles in the vater-
ite phase. The microparticulate system's physicochemical
properties were also analyzed to characterize the system.

2 Experiment
2.1 Materials

Anhydrous calcium chloride (CaCl,), anhydrous sodium
carbonate (Na,COj3), sodium poly (styrene sulfonate)
(PSS, Mw ~ 70 KDa), trypan blue, and methylene blue
were purchased from Sigma—Aldrich (St. Louis). DAPI
(40,6-diamidino-2-phenylindole, dihydrochloride) was
purchased from Thermofisher—ProLongTM. Organic sol-
vents in the analytical grade were purchased from Synth
(Brazil) and used as received.

Fig. 1 Vaterite microparticles
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2.2 Particle preparation

The production of vaterite CaCOj5 particles was realized
by a chemical precipitation methodology using PSS as an
additive [24, 25] with some modifications. To best prepare
the vaterite CaCO, microparticles, 0.2 mol.L™! of Na,CO,
(pH=11.2) and 0.5 mol.L™! of CaCl, (pH=6.7) solutions
were mechanically stirred at high speed for 15 min in an
ultra-turrax setup. This reaction typically took place in the
presence of a 1% polycarboxylate-type superplasticizer. The
residue was vigorously stirred before being filtered off, thor-
oughly rinsed with clear water, and dried in the air.

0.8 g of dried vaterite CaCO; microparticles were soaked
in 10 mL MB to load the MB. The suspension was then
brought to equilibrium after 24 h of gentle stirring. The MB-
loaded vaterite CaCO; microparticles were then collected by
centrifugation, cleaned with ethanol to remove the MB that
had adhered to the outside of them, and dried in a vacuum
oven at 50 °C to completely evaporate the solvent from the
impregnated materials (Fig. 1).

2.3 Morphology characterization

The morphologies of the samples were observed on a field
emission scanning electron microscopy (SEM) using the
EVO-MAI10 equipment (Zeiss, Germany) (voltage 25 kV,
secondary electron images). For this purpose, the samples
were mounted on adhesive carbon paper, fixed with colloidal
gold, and metalized with gold.

2.4 X-ray diffraction (XRD)

To better understand the crystalline phases of calcium car-
bonate produced, X-ray diffraction (XRD) research was car-
ried out. The XRD spectra were captured using an XRD
6000 diffractometer from (Shimadzu Instruments, Japan)
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using a Ni-filtered Cu K-« radiation source at a scan speed
of 2°.min-1 and a k value of 1.54439 A.

2.5 Thermogravimetric analysis (TGA)

The thermal properties of vaterite microparticles were
assessed using an STA 449 F3 Jupiter® (NETZSCH) ana-
lyzer with a heating rate of 10 °C min™' using a temperature
range of 25 to 800 °C under a nitrogen atmosphere.

2.6 Differential scanning calorimetry (DSC)

DSC was carried out using an STA 449 F3 Jupiter®
(NETZSCH) analyzer. The experiments used platinum cru-
cibles in an argon atmosphere with a heating rate of 10 °C
min~!. The accuracy of sample mass measurement was
11.031 mg, and the accuracy in temperature measurement
was 0.1 °C.

2.7 Brunauer-Emmett-Teller (BET) analysis

Using a NOVA 220e analyzer (Quantachrome, United
States) and the physical gas adsorption method, the calcium
carbonate particles’ specific surface area and the particle
pores' size distribution were measured. The specified param-
eters were then calculated using specialized software built
into the analyzer. The adsorption isotherm was obtained
after a sample of the examined material underwent prelimi-
nary degassing in a vacuum for 5 days at 35 °C. The absorb-
ate used was nitrogen. The specific surface areas were deter-
mined using the Brunauera—Emmeta—Teller (BET) method.
The Barrett—Joyner—Halenda (BJH) approach was used to
define the size distribution of pores.

2.8 Fourier transform infrared (FT-IR) spectroscopy.

Fourier transform infrared spectroscopy (FTIR) was
recorded on a Spectrum Spotlight 400 with Fourier Trans-
form (FT-IR), attenuated total reflectance (ATR) technology
from PerkinElmer, in the range of 450—-4000 cm™! with a
spectral resolution of 4 cm™! in transmittance mode with 32
scans at a controlled temperature at 20 °C.

2.9 Spectroscopic studies in the UV-visible

The data analysis allowed for the evaluation of the spectro-
scopic properties in both the steady state of the MB encap-
sulated in the vaterite microparticles and in the absence of
the nanostructured system. The readings were taken with
the Cary 50 spectrophotometer. These analyses allowed for
the derivation of the calibration curve for MB at various
concentrations and the confirmation of any changes in the

spectrum profile of the bioactive chemical when delivered
to the encapsulating system.

2.9.1 Determination of incorporation efficiency (%IE)

Their weighed quantity was dissolved in an aqueous ethyl-
enediaminetetracetic acid solution to estimate the MB mass
put into CaCOj; containers (EDTA, 0.2 M). At 668 nm, cor-
responding to the maximum absorption wavelength (max)
of MB, absorbance intensity was measured to represent the
concentration of MB in the solution.

The incorporation efficiency (%IE) of containers was esti-
mated according to Eq. 1:

m(MBloaded)

%IE =
‘ m(particles)

x 100% (D

where m (MB-loaded) is the weight of MB incorporated
into vaterite microparticles, and (m particles) is the weight
of vaterite microparticles.

3 Invitro experiments
3.1 Cell cultures

The macrophage line was maintained in DMEM (Dulbec-
co's Modified Eagle's Medium) medium supplemented with
10% Fetal Bovine Serum, 1% Penicillin/Streptomycin solu-
tion, and placed in a culture oven at 37 °C with 5% CO,.
The medium was changed every 2 days or according to cell
metabolism.

The strain of Leishmania braziliensis (M2904) was
maintained in LIT medium (Liver infusion tryptose) sup-
plemented with 10% Fetal Bovine Serum, 2.5 mg.mL~! of
hemin, 2% of sterile urine, and 1% of Penicillin/Streptomy-
cin Solution, in a growth oven at 26 °C, and maintenance
spikes were performed weekly, after determining the loga-
rithmic growth phase of each strain.

3.1.1 Internalization of MB-loaded vaterite microparticles

The J774 macrophage line was adhered to round coverslips,
at a concentration of 1x 10> cells, in 24-well plates and
kept in an oven at 37 °C and 5% ambient CO, overnight in
DMEM medium. After this period, the infection was per-
formed with promastigotes of Leishmania braziliensis in
the stationary phase, in the ratio of 10:1, and incubated at
37 °C for the infection process. After that, the medium was
removed and added to MB-loaded vaterite microparticles
at concentrations of 0.6 and 3.0 pg.mL~" and kept at 37 °C
for 1 h. The PS was removed, and the samples were washed
twice with PBS (phosphate buffer saline). Coverslips were
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removed from the plate and mounted with Prolong Gold
antifading mounting medium with DAPI. All processing was
performed in the dark, and the slides were examined in a
confocal microscope LSM 700 Zeiss (Aexc. DAPI: 405 nm,
Aexc. PS: 488 nm).

3.1.2 Analysis of cell viability of parasites by the exclusion
method with trypan blue

The following groups were used for viability tests: dark con-
trol, MB-loaded vaterite microparticles at concentrations 0.6
and 3.0 ug.mL ™', and only vaterite microparticles at concen-
trations 0.6 and 3.0 pg.mL~'. The irradiated groups were:
LED and PDT with MB-loaded vaterite microparticles at
concentrations 0.6 and 3.0 ug.mL~" and only vaterite micro-
particles at concentrations 0.6 and 3.0 ug.mL ", In addition,
free methylene blue was also tested at concentrations of 500,
250, 125, and 62.5 ug.mL~!. The irradiation process was
carried out in biotable BioPDI IrradLed (660 nm, 46mW.
cm™?) at a dose of 10 J.cm™2.

For this, the cells were plated and infected, as described
above. After infection, the medium was removed, and PBS
was added to the Control and LED groups. Next, MB-loaded
vaterite microparticles and vaterite microparticles at the
above concentrations and incubated them for 1 h at 37 °C.
After this process, the wells were washed with PBS, and
the PDT protocol was performed for the irradiated groups.

After 24 h, the medium was removed, and Trypan Blue
was added at a concentration of 0.2% and incubated for
5 min. After this period, Trypan was removed, PBS was
added, and images of cells were captured in 10 random
fields. Live and dead cells were counted using ImageJ soft-
ware. The assays were performed in quintuplicates in two
separate assays.

3.1.3 Statistical analysis

All tests were performed in quintuplicates, and all data
were submitted to ANOVA, followed by the Turkey test.
Microsoft Excel was used to generate the charts. All data
are expressed as the mean + standard deviation (SD) of three
independent experiments. A probability p value < 0.05 was
considered significant in this study.

4 Results and discussion
4.1 Morphology characterization

This study used a chemical precipitation methodology using
PSS as an additive to prepare almost monodispersed vater-
ite microparticles from aqueous solutions in the presence
of Na,COj; and CaCl, at room temperature. This method
can successfully synthesize almost monodispersed vaterite
microspheres (Fig. 2).

Figures 2a, b show SEM images of the produced CaCO;,
and SEM observations indicate that the obtained products
are spherical with smooth surfaces, and their diameters are
around 5 pm.

4.2 X-ray diffraction (XRD)

Calcium carbonate can be found in three stable polymorphic
forms, calcite, aragonite, and vaterite, which have rhombo-
hedral, orthorhombic, and hexagonal crystalline structures.

The qualitative analysis performed by XRD diffraction in
samples synthesized by the chemical precipitation method
is presented in Fig. 3.

This assay proved that the method is efficient for obtain-
ing calcium carbonate microparticles in vaterite form. In the

UNIVAP IP&D

Fig.2 Vaterite microparticles scanning electron microscopy: a overview of the microparticulate system formed; b detailing of the vaterite

microparticle formed
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result obtained, intermediate phases of unstabilized vaterite
with an orthorhombic crystalline structure were observed,
in addition to calcium carbonate in a metastable phase with
a monoclinic crystalline form. These present phases indicate
that the synthetic reaction of formation of the stable vaterite
phase still needs to be completed giving rise to such inter-
mediate compounds.

Even though the quantitative analysis by the method
applied for the XRD tests is not the most appropriate, the
low intensity of the peaks of the intermediate phases, when
compared to the intensity of hexagonal vaterite, suggests a
small amount of these intermediate phases. In addition, the
stabilized hexagonal phase differs preferably in families {1
02} and {1 1 0}, while the middle stages differ in different
planes. However, for the application studied in this work,
the presence of other polymorphic forms does not imply
the impossibility of applying the material as a modified
drug release system, since the morphology of the particles
obtained, regardless of the crystalline habit, is presented in
the spherical form as observed by SEM (Fig. 2).

4.3 Thermogravimetric analysis (TGA)
and differential scanning calorimetry (DSC)

The sample’s profile at high temperatures and its mass loss
can be assessed using TGA and DSC analyses (Fig. 4a, b,
respectively).

w
o

20

In the TGA analysis, the synthesized sample showed
two significant peaks of mass loss, shown (Fig. 4a), the first
at approximately 145 °C and the second at approximately
764 °C. Ref. [26] states that the first mass loss is attributed to
removing water physically adsorbed on CaCOj;. In Ref. [27],
the authors complement the analysis of the event, attribut-
ing the mass loss to the presence of additives in the CaCO;
formulation. The second point of mass loss is described by
Ref. [28] because of the CaCO; decomposition process.

The DSC analysis results (Fig. 4b) show a predominance
of endothermic events. The only exothermic event present
in the sample can be explained according to Ref. [29] by the
sample crystallization process. The occurrence of the other
endothermic peaks can be attributed to the transformation
processes of the sample and the evaporation processes of the
water present [30].

4.4 Brunauer-Emmett-Teller (BET) analysis

An essential characteristic of CaCO; microparticles is poros-
ity, because it results in a high surface area, which is crucial
for adsorption and desorption processes and drugs in drug
delivery systems. Therefore, the Brunauer—-Emmett—Teller
(BET) method of adsorption/desorption of nitrogen was
applied (Fig. 5) to determine this property in the particles
obtained. The results showed that the effective distribution
of the average diameter of the pores of CaCO; particles
(mean diameter of 5 pm) is 58.4 +0.2 nm, which implies a
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specific surface area estimated by the BET method is 34.6
mz.g_l.

The wide pore size distribution may be related to the
different crystalline habits identified in X-ray diffraction
characterization. For example, the hexagonal phase found,
according to ICDD-JCPDS no. 00-025-0127, presents a
unit cell volume of 749.99 0.106 pm® which results in lower
atomic packaging factors when compared to volumes pre-
sented by phases with monoclinic structures ICDD-JCPDS
no. 00-029-0305) and orthorhombic (ICDD-JCPDS no.
01-074-1867), 239.57 0.106 pm® and 250.41.106 pm?,
respectively.

Vaterite-based porous crystalline calcium carbonate
microspheres were created in Ref. [31]. They had a signifi-
cant amount of porosity due to their large specific surface
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area of 16 m%.g~!, determined by nitrogen absorption/des-
orption isotherms. The prospect of employing vaterite with
a high specific surface area as a drug delivery material has
been suggested by recent investigations [32-34].

4.5 Fourier transform infrared (FT-IR) spectroscopy

Fourier transform-infrared (FTIR) spectroscopy was used to
investigate the nature of photosensitizer incorporation into
vaterite microparticles. Figure 6 shows the FTIR spectra of
vaterite microparticles, free MB, and vaterite microparticles
loaded with MB.

As shown in Fig. 6, the FTIR spectrum of the MB-loaded
CaCO; microparticles shows the characteristic bands of cal-
cium carbonate and MB absorption without the presence of
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Fig.6 FTIR spectrum
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any additional vibration modes. The significant contribu-
tions in the FTIR spectrum were centered at 1088 cm™! and
874 cm™!, which match the bands of the calcium carbonate
vaterite polymorph [35]. In the range of 16501595 cm™!,
MB has assignments of CN (center and lateral) antisym-
metric stretching + CC stretching + CH bending in plane
(ring), and at 1070 cm™ indicates a sulfur vibration C-S—C
[36-38]. Comparing the pure methylene blue spectrum
and MB-loaded CaCO; microparticles shows a shift in
1038-1070 cm™! and in 1376-1390 cm™!, representing
the interactions of the molecules in the microenvironment
[37]. As aresult, there were no discernible new bands in the
spectrum, and the IR spectrum of the MB-loaded vaterite
microparticles demonstrates that the CaCO; adsorption had
a physical nature. Apart from that, the adsorption of ibu-
profen into the porous CaCO; microparticles, Ref. [39] also
explains this behavior.

4.6 Spectroscopic studies in the UV-visible

The absorbance data of vaterite microparticles encapsulated
with methylene blue were compared to the data of methylene
blue in free form, without the microparticles' association
(Fig. 7).

Strong Q-bands in the visible area are seen in every
spectrum, and peaks for MB at 658 nm occur as expected.

T T T
3000 2000 1000

Wavenumbers (cm™?)

No change in the maximum absorption at the Q-band can
be seen, indicating that the photosensitizer was mostly in
a monomeric state inside the microparticles with no aggre-
gation. A similar MB spectrum in a monomeric state was
described by Fernandez-Pérez & Gregorio Marban [40].
The authors analyzed the self-aggregation of MB in water
beyond the dimeric form.

As can be seen in ethanol in Fig. 8a, the chemical dis-
played monomeric behavior in the investigated concentra-
tion range (from 0.2 mol.L~! to 4.0 mol.L™1).

The least square regression demonstrated excellent cor-
relation for the spectrophotometric approach (r=0.99366),
and the straight-line equation was absorbance =0.04917.
[MB concentration, in mol.L™!]+ 0.03607 (Fig. 8b).
A satisfactory loading efficiency of (83.8% +1,1) was
attained. Ref. [41] developed an approach to the prepa-
ration of nanoscale particles based on CaCO; by copre-
cipitation technique for encapsulation with an anticancer
drug (DOXorubicin). The authors describe that the nano-
particulate system retained more than 75% of the loaded
drug within the nanocomposite. This property may ensure
high selectivity of drug distribution in the context of a
site-activated therapy.
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4.7 Internalization of MB-loaded vaterite After 1 h of interaction, the internalization of the photo-

microparticles

Confocal fluorescence microscopy was used to evaluate
the internalization of the photosensitive microparticu-
late system using the biological model of macrophages
infected with Leishmania braziliensis (Fig. 9).

@ Springer

sensitizer was observed in both tested concentrations, being
more intense visually in the highest concentration (3.0 pg.
mL™!). By analyzing the images, it is possible to follow that
PS is in the cytoplasm of both cells, macrophages, and leish-
mania. It is well-known that PS's composition and chemi-
cal structure affect both its internalization and intracellular
location [42].



Photochemical & Photobiological Sciences (2023) 22:1977-1989

1985

Fig. 9 Confocal fluorescence microscopy showing the photosensitizer
inside the macrophages and protozoa of Leishmania braziliensis, in
red, indicated by the arrow. The genetic material was marked with

4.8 Analysis of cell viability of parasites
by the exclusion method with trypan blue

Methylene Blue is a widely used dye for Photodynamic
Therapy, with previously described leishmanicidal activ-
ity and the ability to internalize and affect Leishmania pro-
mastigotes inside the macrophage [43—46]. Data showing
the interaction of free MB in pure macrophages and mac-
rophages infected with Leishmania were added, indicating
that MB in high concentrations is toxic in the dark for mac-
rophages, infected or not, but at concentrations of 125 pg.
mL ™! and 62, 5 ug.mL ™" after irradiation there was complete
inactivation (Fig. 10).

Fig. 10 Evaluation of the 120
viability of free or infected
macrophages with Leishmania

DAPI, showing the nucleus of the cells (arrowhead). A The concen-
tration of 3.0 ug.mL~!, B Concentration of 0.6 ug.mL.™

After the incubation with the MB-loaded vaterite micro-
particles was observed alterations in the mitochondrial
activity of infected cells presented a significant reduction
in the mitochondrial activity when compared with the con-
trol group (p <0.01) (Fig. 11).

The viability test showed that although the groups that
received treatment had their mitochondrial activity sub-
stantially disrupted, the viability was not impaired the
same way in the groups kept in the dark. The present study
also demonstrates that the encapsulation process reduces
the concentration of MB necessary to reduce the viability
of infected macrophages.

braziliensis after incubation 100
with MB at concentrations of f{?
500, 250, 125 and 62.5 ug.mL™! <> 80
(p<0.01) g
=S * *
=
Q
3 — S—
20
0
1774 1774 + L. 1774 1774 + L.
braziliensis braziliensis
Dark Irradiated
mControl m500pug/mL m250 ug/mL W125ug/mL  m62.5ug/mL
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Fig. 11 Impact of different tests 120
on the viability of macrophages

infected with Leishmania brazil-

iensis. A significant difference L]

DARK GROUP

PDT GROUP

between the PDT groups with
MB-loaded vaterite micropar-
ticles 3.0 and 0.6 ug.mL ™" and
the dark control (p <0.01)

Cell Viability (%)

control 3.0

vaterite

microparticles

(ng-mL*)

Ref. [47] studied macrophages infected with L. amazon-
ensis and L. braziliensis using various phthalocyanines,
and they noted different response patterns of the infected
macrophages. Compared to L. braziliensis-infected mac-
rophages, L. amazonensis-infected macrophages were more
responsive to treatment in the presence of zinc phthalocya-
nine (ZnPc), whereas L. braziliensis-infected macrophages
were more responsive to treatment in the presence of
tetraminophthalocyanine zinc (PcZn4NH?2) [39]. In addi-
tion, the aluminum phthalocyanine tetrasulfonate (AlPcS4)
treatment used 10 umol.L ™! and 10 J.cm™2 to lower viability
by 90% in L. braziliensis while only reducing it by roughly
70% in L. major, demonstrated that L. braziliensis strains are
more vulnerable to other PDT methods.

Methylene Blue is a widely used dye for Photodynamic
Therapy, with previously described leishmanicidal activity
and the ability to internalize and affect Leishmania promas-
tigotes inside the macrophage [43, 44]. Its effect was previ-
ously demonstrated in free promastigotes of different spe-
cies, such as Leishmania major and Leishmania braziliensis,
in vitro, having presented the impact on the mitochondrial
activity and on the viability and morphology of the parasites.
Low MB toxicity was demonstrated in promastigotes after
1 h of interaction and kept in the dark. However, after irra-
diation with 10 J/cm?, the viability was significantly altered
[47]. Furthermore, studies with Fourier Transform Infrared
Spectroscopy (FT-IR) after PDT with MB showed that both
species, L. braziliensis, and L. major, present biochemical
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changes after PDT with MB, such as increased lipids and
proteins [48, 49].

In Reference [44], the antiparasitic effect of PDT with
MB was analyzed in macrophages infected with Leish-
mania braziliensis and treated with MB at a concentration
of 12.5 ugl.mL™", and irradiated with 8.4 J/cm* (660 nm,
40 mW), observing reduced infection rate in groups treated
with PDT.

These data indicate that although MB is viable for use
in the inactivation of macrophages infected with PDT, the
encapsulation process reduces the concentration of PS nec-
essary to obtain macrophage inactivation. This behavior is
interesting for future clinical application, aiming to treat
cutaneous lesions of leishmaniasis.

5 Conclusion

Vaterite microparticles are templates for encapsulating
methylene blue, a photosensitizing compound in photody-
namic therapy protocols. The microparticulate system was
characterized by techniques, such as XRD, BET, and SEM.
As demonstrated by FTIR, MB is incorporated in vaterite
microparticles by physical adsorption. Confocal fluores-
cence microscopy showed the photosensitizer inside the
macrophages and protozoa of Leishmania braziliensis. The
exclusion test with Trypan Blue showed that PDT with the
compound MB-loaded vaterite microparticles significantly
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reduced the viability of infected cells. Based on the results
obtained, it is expected that vaterite microparticles encap-
sulated with MB can be promising adjuvant in the leishma-
niasis treatment based on the application of PDT protocols,
contributing to the scientific and technological development
of science with a potential degree of innovation and impact
on society.
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