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Abstract

Fluorescent and colorimetric reporter genes are valuable tools for drug screening models, since
microscopy is labor intensive and subject to observer variation. In this work, we propose a
fluorimetric method for drug screening using red fluorescent parasites. Fluorescent Leishmania
amazonensis were developed after transfection with integration plasmids containing either red
(RFP) or green fluorescent protein (GFP) genes. After transfection, wild-type (LaWT) and
transfected (LaGFP and LaRFP) parasites were subjected to flow cytometry, macrophage
infection, and tests of susceptibility to current antileishmanial agents and propranolol derivatives
previously shown to be active against 7rypanosoma cruzi. Flow cytometry analysis discriminated
LaWT from LaRFP and LaGFP parasites, without affecting cell size or granulosity. With
microscopy, transfection with antibiotic resistant genes was not shown to affect macrophage
infectivity and susceptibility to amphotericin B and propranolol derivatives. Retention of
fluorescence remained in the intracellular amastigotes in both LaGFP and LaRFP transfectants.
However, detection of intracellular RFP parasites was only achieved in the fluorimeter. Murine
BALB/c macrophages were infected with LaRFP parasites, exposed to standard (meglumine
antimoniate, amphotericin B, Miltefosine, and allopurinol) and tested molecules. Although it was
possible to determine 1Csq values for 4 propranolol derivatives (1, 2b, 3, and 4b), all compounds
were considered inactive. This study is the first to develop a fluorimetric drug screening test for L.
amazonensis RFP. The fluorimetric test was comparable to microscopy with the advantage of
being faster and not requiring manual counting.
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1. Introduction

Leishmaniasis is an infectious disease caused by the protozoa Lershmania and presenting a
spectrum of clinical manifestations. It is widely distributed in 88 countries in Africa,
Southern Europe, Central and South America, the Middle East, and Asia. Lefshmania
(Lelshmanid) amazonensis, a dermotropic species, is the etiologic agent of cutaneous
leishmaniasis (CL) and diffuse cutaneous leishmaniasis (DCL) (Bittencourt et al., 1989).
The latter is a chronic, progressive, polyparasitic variant exhibiting disseminated
nonulcerative skin lesions (Desjeux, 2004).

Despite control methods, leishmaniasis cases have been increasingly reported in many urban
areas (Gontijo and Melo, 2004). Factors involved in this expansion may include the lack of a
vaccine, the adaptation of vectors and reservoirs to human environments, ineffective drug
treatments, and the therapeutic failures (Croft et al., 2006a). Leishmania amazonensis is
often associated with drug resistance, and conventional treatments may involve
immunotherapy (Convit et al., 1989). In the Americas, for over 6 decades, parenteral
administration of pentavalent antimonials (Sb-V), sodium stibogluconate (Pentostam®,
GlaxoSmithKline, UK), and meglumine antimoniate (Glucantime®, Sanofi, Brazil) has been
used for treating leishmaniasis. In India, where resistance to antimonials is common, other
available chemotherapeutic agents include amphotericin B and pentamidine (Croft et al.,
2006b; Mishra et al., 2007). However, the high toxicity and the lack of safe oral drugs
underline the need for new antileishmanial treatments.

For many years, the classic microscopic method (Berman and Lee, 1984) has been used for
screening compounds for efficacy against intracellular amastigote forms of Leishmania.
Although it is labor intensive and cannot be automated, direct counting assay enables
determination of the percent of infected cells and the number of amastigotes per cell. Half
inhibitory concentration (ICsp) values can be ascertained either by monitoring reduction in
the mean percent of infected macrophages or by the mean reduction in the number of
amastigotes per macrophage. This method requires well-trained personnel and is subject to
individual observer variation (Sereno et al., 2007). More importantly, intra- and interspecies
variations in susceptibility may occur (Croft et al., 2006b). For example, Leishmania
donovani (Old World) is more susceptible to Miltefosine® (Sigma, St. Louis, MO, USA)
than are New World species (Leishmania infantum, L. amazonensis, L. (Viannia)
braziliensis, and L. (V.) guyanensis) (De Morais-Teixeira et al., 2011). The development of
a semi-automated method using fluorescent parasites could more rapidly detect inter- and
perhaps intraspecies variations.

Many efforts have been dedicated to the development of drug screening procedures to
increase performance, efficacy, and reliability compared to the labor-intensive microscopy.
These may include use of green fluorescent protein (GFP), bioluminescent (firefly
luciferase), and colorimetric (chloramphenicol acetyl transferase, B-galactosidase and
alkaline phosphatase) reporters (Dube et al., 2009; Gupta, 2011; Lang et al., 2005; Sereno et
al., 2007). Emerging technologies using bioluminescent imaging have been adapted for the
study of host-Leishmania chemotherapy. Consistent with this idea, 3 recent reports proposed
the use of high-throughput screening (HTS) methods using Leishmania (De Muylder et al.,
2011; Sharlow et al., 2010; Siqueira-Neto et al., 2010). Fluorescent reporter genes are
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promising tools for chemotherapeutic screening methods. They encode proteins in which
expression is quantifiable and distinguishable from endogenous cell background. Other
advantages include low cost, sensitivity, rapidity, no radioactivity, potential for bioimaging,
higher efficiency, low toxicity, no substrate required, no need for permeabilization and
fixation of cells, no additional steps required, and easy detection in a fluorimeter or by flow
cytometry (Dube et al., 2009; Mehta et al., 2010; Varela et al., 2009).

In Leishmania, GFP parasites have been developed for Leishmania major (Bolhassani et al.,
2011; Kram et al., 2008; MiRlitz et al., 2000; Plock et al., 2001), Leishmania donovani,
(Kaur et al., 2010; Singh and Dube, 2004; Singh et al., 2009) Leishmania infantum,
(Bolhassani et al., 2011; Kamau et al., 2001) Leishmania mexicana (Mif3litz et al., 2000),
and L. amazonensis (Boeck et al., 2006; Chan et al., 2003; Costa et al., 2011; Demicheli et
al., 2004; Mehta et al., 2008; Mehta et al., 2010; Okuno et al., 2003). Although red
fluorescent protein (RFP) parasites of L. majorhave been developed (Ng et al., 2008), no
chemotherapeutic method is available using those transfectants. However,
chemotherapeutics employing RFP parasites have been produced for Trypanosoma brucei
(Gibson et al., 2008; Peacock et al., 2007), Trypanosoma cruzi (DaRocha et al., 2004;
Guevara et al., 2005; Pires et al., 2008), and Plasmodium berghei (Frevert et al., 2005).
Although these parasites could be readily used for many purposes in cell biology, their
biological fitness has not been properly assessed.

In this work, we generated transgenic L. amazonensis stably expressing GFP and/or RFP
and compared their biological fitness to wild-type (WT) parasites. Subsequently, a host cell-
based screening test using murine macrophages infected with LaRFP was conducted.
Although both transfectants produced significant fluorescent signals in vitro, only LaRFP
intracellular parasites were reliably detected by the fluorimeter. The intracellular detection
of fluorescently viable Leishmania amastigote forms provides a more accurate approach for
drug screening tests. This test was reproducible, in comparison to microscopy.

2. Material and methods

2.1. Mammalian cells and parasite strain

Animals were kept in the Animal Facility of the Centro de Pesquisas René Rachou/
FIOCRUZ in strict accordance with the Guide for the Care and Use of Experimental
Animals (Olfert et al., 1993). The procedures were approved by the Internal Ethics
Committee in Animal Experimentation (CEUA) of Fundacéo Oswaldo Cruz (FIO-CRUZ),
Brazil (Protocol L-042/08). Mice were euthanized with CO, in an induction chamber prior
to macrophage removal. The cell lineage Hep G2 A16 was derived from a human
hepatocellular carcinoma cell line HepG2 (ATCC HB-8065) and obtained from the America
Type Culture Collection line (ATCC) (Darlington et al., 1987). The World Health
Organization (WHO) reference strain Leishmania (Leishmania) amazonensis (IFLA/BR/
1967/PH8) was used in this work. The strain was typed as previously described (Rocha et
al., 2010). To ensure infectivity, parasites were continuously passaged in BALB/c mice
(Mus musculus) prior to isolation of amastigotes from foot-pad lesions. Those forms were
differentiated from promastigotes and grown at 25 °C in M199 medium (Sigma, St. Louis,
MO, USA) supplemented with 10% heat-inactivated fetal calf serum (Cultilab, Campinas,
Brazil), 40 mmol/L Hepes (Amresco, Solon, OH, USA), 0.1 mmol/L adenine (Sigma, St.
Louis, MO, USA), 0.0005% hemin (Sigma), 0.0002% biotin (Sigma), 50 U/mL penicillin
(Invitrogen, Carlsbad, CA, USA), and 50 mg/mL streptomycin (Invitrogen) (Soares et al.,
2002). Parasites were seeded in triplicate (1 x 10° cells/mL), and growth curves of LaWT,
LaGFP, and LaRFP parasites determined daily using a Beckman Coulter Counter (Beckman
Coulter, Brea, CA, USA) until cells reached a stationary phase (>4.0 x 107 cells/mL).
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2.2. Transfection

Leishmania amazonensis parasites were transfected with the constructs pIR1Phleo-GFP+(a)
(sense) (B-5793) and pIR1SAT-LUC(a) DsRed2(b) (B5947) (Ng et al., 2008) containing
GFP and RFP genes, respectively. The integrated constructs were linearized using Swal
prior to electroporation with 5-10 pg of DNA. Promastigotes in logarithmic phase (2 x 108
cells) were centrifuged at 2100 x g for 10 min. The pellet was resuspended in Cytomix
buffer (120 mmol/L KCI; 0.15 mmol/L CaCl,; 10 mmol/L K;HPOg4; 25 mmol/L Hepes; 2
mmol/L EDTA,; and 5 mmol/L MgCl,; pH 7.6) and washed twice in the same buffer. The
parasites were electroporated in 500 pL of cytomix in 4-mm gap cuvettes (BTX, Holliwton,
MA, USA) at 1500 V, 25 pF (2 pulses between 10 s) (Robinson and Beverley, 2003) (with
modifications, we used 10 pg/mL instead of 100 pg/mL of nourseothricin). Parasites were
kept in M199 without antibiotics for 24 h. For selection, parasites were centrifuged and
plated in semi-solid Noble aga (1%) in M199 medium containing phleomycin (10 pg/mL)
(Sigma) and nourseothricin (SAT) (10 pg/mL) (Sigma) for GFP and RFP constructs,
respectively. Colonies were selected and seeded in liquid M199 medium supplemented with
fetal bovine serum (FBS) (Cultilab) (Ha et al., 1996). Live fluorescent promastigotes and
intracellular amastigotes were placed on a slide for examination using a fluorescent
microscope (Zeiss, Thornwood, NY, USA). LaGFP parasites were detected with an
excitation wavelength of 490-494 nm and emission of LP 515 nm. LaRFP parasites were
exposed to an excitation wavelength of BP546/12 nm and emission of LP590 nm. The
acquired images were stored for AxioCam MRC electronically.

2.3. Flow cytometry analyses

To evaluate whether transfection affected the morphology of the cells, LaWT, LaGFP, and
LaRFP L. amazonensis (1 x 10%/mL) were compared by flow cytometry. Measures were
performed on a BD FACSCalibur flow cytometer (Becton Dickinson, Mountain View, CA,
USA). Fluorescence, size (forward scatter—FSC-H), and granulosity (side scatter—SSC-H)
of LaWT, LaGFP, and LaRFP parasites were visualized using FL1 and FL2 modes. Twenty
thousand events were obtained for each preparation (Ha et al., 1996). FlowJo software 7.6.4
(Tree Star, Ashland, OR, USA) was used for data analysis.

2.4. Optical microscopy analyses

To evaluate whether transfection affected macrophage infectivity and susceptibility to tested
molecules, WT, GFP, and RFP clones were compared microscopically (Berman and Lee,
1984). BALB/c mice were injected intraperitoneally with 2 mL of 3% sodium thioglycollate
medium (Merck, Darmstad, Germany). Thioglycollate-elicited peritoneal macrophages were
removed by peritoneal washing with RPMI 1640 (Sigma, St. Louis, MO, USA) and enriched
by plastic adherence for 18 h. Cells (2 x 10° cells/well) were cultured in RPMI 1640
(Sigma),2 mmol/L glutamine (Sigma),50 U/mL of penicillin (Invitrogen), and 50 pg/mL
streptomycin (Invitrogen) on 13-mm sterile glass coverslips (500 pL/well) (37 °C, 5% CO,).
Promastigote forms (LaWT, LaGFP, and LaRFP) in stationary phase (2 x 108/well) were
used for macrophage infection (ratio 1:10 macrophage/parasite). Plates were incubated for
4-5h at 37 °C in 5% CO,. Noninternalized free-floating parasites were removed prior to
drug exposure (Pinheiro et al., 2011). Macrophage infection (%) among LaWT, LaGFP, and
LaRFP parasites was compared after 24 and 72 h.

In the microscopy test, propranolol derivatives and allopurinol were 2-fold serially diluted
with RPMI 1640 medium supplemented with 10% FBS at final concentrations of 50 — 3.12
pg/mL. Amphotericin B (a reference antileishmanial drug) was used at 2-fold decreasing
concentrations of 1 — 0.062 ug/mL. Meglumine antimoniate (Glucantime®) was used at 2-
fold decreasing concentrations of 2000 — 3.2 pg/mL. Hexadecylphosphocholine
(Miltefosine) was used at 2-fold decreasing concentrations of 10 — 0.016 pg/mL. Infected
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macrophages were exposed to the compounds daily for 3 consecutive days. Fresh
compounds were added each day. After this period, coverslips were collected, stained with
Panoptic (Laborclin, Pinhais, Brazil), and subsequently mounted with Entellan® (Merck,
Darmstadt, Germany) on glass slides. Negative controls included only infected macrophages
and medium. Incubations were tested in duplicate in 2 independent experiments. After the
determination of 1C5q values, data were transformed in micromoles per liter (umol/L).

2.5. Spectrofluorometric analyses

Macrophages were obtained as described above and plated in dark 96-well plates with clear
well bottoms (Corning, New York, NY, USA) in RPMI 1640 medium supplemented with
5% FBS (37 °C,5%CO,) In order to evaluate fluorescence, LaGFP promastigotes were
incubated with macrophages (2 x 10%/well) for 5 h (MOI 10:1) (Fig. 6A). On the other hand,
LaRFP parasites were incubated with different macrophage concentrations (10 — 1 x 10°
cells/well) using also MOI (10:1) in order to determine the best viable cell concentration
prior to drug tests.

The concentration of 2 x 10° macrophages, which was the same as for the microscopy
method, enabled parasite detection (~20,000 relative fluorescence units [RFUs]) and was
chosen for the experiments (Fig. 6B). The optimal emission/excitation wavelengths were
determined after a screening spectrum ranging from 350 to 750 nm (Fig. 6C). Initially, our
standardization experiments using the fluorimeter used the same drug concentrations as the
microscopy test (50 — 3.12 pg/mL). However, it was necessary to increase the
concentrations (to 500 pug/mL) in order to obtain 1Cgq curves. Propranolol derivatives and
amphotericin B were 5-fold diluted (500 — 0.8 and 5 — 0.008 pg/mL, respectively).
Meglumine antimoniate and allopurinol were also 5-fold diluted (2000 — 16 pg/mL), and
Miltefosine was 5-fold diluted (50 — 0.016 ug/mL). Infected macrophages were exposed
daily to the compounds for 3 consecutive days (freshly added each day), and analysis was
performed after 72 h. Each dose of propranolol derivatives and control drugs was tested in
triplicate in at least 2 experiments. The negative control included uninfected macrophages,
and positive controls consisted of LaRFP- and LaGFP-infected macrophages. After the
determination of ICsq values, the data were transformed in micromoles per liter. The optimal
wavelengths for LaRFP were 560 nm (excitation) and 620 nm (emission) (Fig. 6C), and for
LaGFP were 472 and 512 nm, respectively (not shown). RFUs were determined in the
fluorimeter (SpectraMaxM5, Molecular Devices, Sunnyvale, CA, USA).

Inhibition of parasite growth was calculated from the percent of infected macrophages (100
cells) and RFU values using microscopy and the fluorescence method, respectively. The
values were used for plotting curves and calculation of I1Cgq values using MicroCal Origin
software (MicroCal, Northampton, MA, USA) (Pinheiro et al., 2011). ICsq values above 10
pmol/L were considered inactive using L. donovani as reference (Nwaka and Hudson,
2006).

2.6. Cytotoxicity assay and selective index

Cytotoxicity was determined using the MTT method (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl tetrazolium bromide) (Sigma) in the hepatoma cell lineage Hep G2 A16. Cells
were kept in RPMI medium supplemented with 10% FBS, and confluent monolayers were
trypsinized, washed in RPMI, and transferred to tissue culture plate 96 well (4 x104 cells/
well). Active compounds and amphotericin B in the same conditions described for
microscopy were incubated with the cells (37 °C, 5% COo, 24 h). Colorimetric reaction was
developed following incubation with MTT (37 °C, 4 h) and addition of acidified isopropanol
(Denizot and Lang, 1986). The reaction was read spectrophotometrically (Spectramax M5)
with a 570-nm filter and a background of 670 nm. Incubations were tested in triplicate in 2
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independent experiments. The minimum dose that killed 50% of the cells (MLDs5g) was
determined (Madureira et al., 2002), and the values were plotted to generate dose-response
curves as described above. The selective indexes (SI) were calculated using the MLD5q/ICsq
ratios (loset et al., 2009; Nwaka and Hudson, 2006).

2.7. Statistical analyses

Statistical analyses were conducted using GraphPad Prism 5.0 software (Graph Prism, San
Diego, CA, USA). The Shapiro-Wilk test was used to test the null hypothesis that the data
were sampled from a Gaussian distribution (Shapiro and Wilk, 1965). The Pvalue (P>
0.05) showed that the data did not deviate from Gaussian distribution. For this reason,
analysis of variance and Tukey's multiple comparison test were used.

2.8. Chemistry

3. Results
3.1. Fitness

The propranolol derivatives were prepared using a standard synthetic methodology (Ing and
Ormerod, 1952; Kaiser et al., 1977). The propranolol derivatives 2a, 3, 4a, 5a, 5c, and 5d
were isolated as the free base. The compounds 2a, 4a, and 5a were converted to the
corresponding hydrochloride 1, 2b, and 5b and oxalate (4b) salts prior to biological testing

(Fig. 1).

of transfected Leishmania

Leishmania amazonensis transfections with GFP and RFP were confirmed by direct
microscopy in both promastigotes and amastigotes (Fig. 2). To verify parasite fitness,
growth curves and infectivity were evaluated. No differences were observed in parasite
densities among LaWT, LaGFP, and LaRFP in M199 medium (P> 0.05, Tukey) (Fig. 3A).
Infectivity for all strains was above 85% after 24 h and 89% after 72 h (Fig. 3B). Parasites
were analyzed by flow cytometry for size (FSC) and granulosity (SSC), and the
morphometric profiles were similar amongst the isolates (Fig. 4A—C). Fluorescence clearly
discriminated LaGFP/LaRFP parasites from LaWT (Fig. 4D and E). These results
demonstrated that transfected parasites could be differentiated from LaWT by fluorescence
alone.

3.2. Susceptibility evaluation using the classic microscopic test

Transfection with GFP and RFP proteins also included the insertion of resistance genes
phleomycin and nourseothrycin, respectively. To assess their influence on the resistance to
amphotericin B and propranolol derivatives, LaGFP and LaRFP parasites were compared to
LaWT using microscopy (Table 1). All propranolol derivatives were inactive against the
parasite (ICsg > 10 pmol/L) (Fig. 5) (Table 1). The ICs5q values obtained for control drugs
(amphotericin B, meglumine antimoniate, and Miltefosine), and 1, 2b, 3, and 4 were
compared among groups (LaWT x LaGFP, WT x LaRFP, and LaGFP x LaRFP). With the
exception of meglumine antimoniate and 4b, statistical analysis did not reveal significant
differences among groups (£ > 0.05) (Table 1). Overall, transfection with GFP or RFP
plasmids containing antibiotic resistance genes did not result in cross-resistance with the
tested molecules.

3.3. In vitro fluorimetric test

Since transfected fluorescent parasites were comparable to LaWT with respect to biological
fitness (growth curve, macrophage infection, morphology, and drug susceptibility), the next
step was to standardize an in vitro drug screening test. Although LaGFP intracellular
parasites could be easily seen under fluorescence microscopy (Fig. 2D), the RFUs of those
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parasites were indistinguishable from LaWT and from uninfected macrophages (Fig. 6A).
LaGFP promastigotes could be detected in the fluorimeter at concentrations above 1 x 107
cells (50,000 RFUs) (data not shown). LaRFP could be distinguished from LaWT and
uninfected macrophages. The concentration of 2 x 105 macrophages was chosen since it was
the concentration used for the microscopy method and enabled the detection of LaRFP
parasites (~20,000 RFUs) (Fig. 6B). After screening, the optimal excitation/emission
wavelengths of 560/620 were determined (Fig. 6C). For this reason only, LaRFP parasites
were tested for in vitro assays in the fluorimeter. Seven LaRFP clones were obtained and
evaluated for infection and fluorescence. No substantial differences were observed among
the tested clones, and a single clone was selected for subsequent experiments. To analyze
fluorescence persistence during infection, infected macrophages were observed at 5, 24, 48,
and 72 h post-infection (Table 2). Maximum fluorescence detection was observed 5 h post-
infection (33,000 RFUs). After 24 h, a decrease (~40%) was seen, consistent with parasite
killing by the macrophage. After 24 h, fluorescence stabilized at approximately 4-5-fold the
control. Negative control (background) represented by uninfected macrophages remained
constant during the course of the experiment. These data confirmed the use of LaRFP
parasites as a model for a fluorescent drug screening test.

As expected, all antileishmanial control drugs (except allopurinol) were active against L.
amazonensis. Comparing the microscopy test and the fluorimetric test, all antileishmanial
reference drugs showed similar 1Csq values (P> 0.05, ftest) (Fig. 7A — D). Again, none of
the propranolol derivatives tested was found active with the fluorimeter (1C5¢ >10 mol/L)
(Table 3). Selective indices for meglumine antimoniate and Miltefosine observed with
microscopy were similar to those found using fluorimetry. For amphotericin B, the value
calculated with the microscopic method was 2-fold that in the fluorimeter (Table 4) (Fig.
7A). These data indicate that the fluorimetric test is comparable to the microscopy assay.

4. Discussion

The absence of research and development for new medicines targeting tropical diseases has
become a global concern. The search for new drugs, drug combinations, and protocols
against tropical and neglected diseases has recently been stimulated (Chirac and Torreele,
2006; Moran et al., 2009). There is no available vaccine for leishmaniases, and vector/
reservoir control has limitations. Current control measures are based on patient treatment.
Leishmaniasis chemotherapy is hindered by occurrence of side effects, treatment failure due
to parasite resistance, HIV co-infection, and the need for intravenous administration (Croft
et al., 2006a,b). A search for new chemotherapeutic compounds and methods of screening
potential drugs against Leishmaniais warranted (Alvar et al., 2006; Sereno et al., 2007).

Three recent reports have described high-throughput methods providing a more efficient
way to identify candidate anti-parasitic compounds against Leishmania (De Muylder et al.,
2011; Sharlow et al., 2010; Siqueira-Neto et al., 2010). An important advantage of those
methods is their capability of screening a high number of compounds in promastigotes and
in intracellular and axenic amastigotes. Our method requires no nuclear staining such as
DAPI (De Muylder et al., 2011), Drag5 (Siqueira-Neto et al., 2010), or celltiter blue reagent
(Sharlow et al., 2010). Since the plasmid is stably integrated, it is not necessary to keep the
parasites in the presence of the selection antibiotic. More importantly, our method allows
analysis concomitant with that of the host cell. Although our method could be considered
medium throughput, it has the advantage of being less costly than the automated image
system. A plate reader is more accessible and does not require sophisticated image
capturing, analysis software, and expensive maintenance. Ours and the 3 above-mentioned
HTS methods are summarized in Table 5. Here, it was described for the first time that
transfection did not affect LaGFP or LaRFP parasite fitness in any parameter studied. It was
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shown that LaGFP parasites were not suitable for fluorimetry, whereas RFP L. amazonensis
(LaRFP) were successfully detected. Many recent studies have determined the activity of
chemical- or plant-derived compounds against L. amazonensis (Aguiar et al., 2010; Garcia
et al., 2010; Junior et al., 2010; Khouri et al., 2010; Pinheiro et al., 2011; Souza-Fagundes et
al., 2010). Although I1Cgq values could be determined for compounds 1, 2b, 3, and 4b using
both assessed methods, none of our 10 propranolol derivatives was considered active (ICgg
>10 wmol/L) (loset et al., 2009). It is important to point out that the cut-off value was
established for L. donovani, an Old World viscerotropic species. However, for the
dermotropic and viscerotropic New World species, the value may vary. For example, with
the reference drug Miltefosine, 1Csq values for L. amazonensis, L. infantum, L. braziliensis,
and L. guyanensis were 19-fold that of L. donovani (De Morais-Teixeira et al., 2011).

With flow cytometry, LaGFP parasites could be detected in both amastigotes and
promastigotes (Bolhassani et al., 2011; Siqueira-Neto et al., 2010); hence not only LaGFP,
but also LaRFP parasites, could be distinguished from LaWT using this technique. This
could only be achieved with LaGFP after macrophage lysis as previously demonstrated
using a spectrofluorimeter (Costa et al., 2011). One of the main advantages of using LaRFP
is the elimination of the lysis step. In our model, the macrophage green background
fluorescence was a determinant in hindering fluorimeter detection of LaGFP parasites.
Similar to our data, LaGFP promastigote detection was also observed by Boeck et al. (2006).
However, those authors achieved intracellular detection of episomal LaGFP parasites and
this may be due to differences in the wavelengths used (435 nm excitation/538 nm
emission).

However, in the fluorimeter, LaGFP parasites could not be distinguished from infected or
uninfected LaWT macrophages (Fig. 6A). This can be attributed to the slight green
background fluorescence in mouse macrophages (Fig. 2B). In our study, only LaGFP
promastigotes could be detected in the fluorimeter in numbers above 1 x 107 cells (data not
shown).

Transfection did not affect parasite morphology (Figs. 2 and 4), growth curves (Fig. 3), and
infectivity in mouse (data not shown). The possibility of cross-resistance with the antibiotics
used during selection is a concern when using transfected parasites. By using stable
integrated plasmids, the requirement for selective drugs is avoided. With the exception of 2
molecules (Table 3), transfection did not affect drug susceptibility in either LaGFP or
LaRFP parasites. However, these exceptions are likely to be due to variations in the
microscopy method.

Preliminary results using propranolol have shown activity against trypomastigote forms of
Trypanosoma cruzi (Hammond et al., 1984). Ten new propranolol derivatives were
evaluated for their in vitro activity against intracellular amastigote forms of L. amazonensis
using both microscopic and fluorimetric assays. All proved inactive by both methods.

This is the first description of a fluorimetric drug screening test for L. amazonensis using
LaRFP parasites. This procedure was faster, suitable for medium throughput, accessible, and
was comparable to microscopy with minimal modifications. Transfection of the parasites
with GFP or RFP genes did not affect parasite biological fitness.
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5a.R = piperidyl
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5d.R = morpholinyl, X= OMe

Propranolol and synthetic derivatives tested for antileishmanial activity. (A) Basic structure
of phenoxypropanolamine analogues. (B) Structure after simplification of naphthalene ring.

Inserted radicals are represented below each structure.
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Promastigotes Intracellular amastigotes
A1 '

B1

Fig. 2.

Fluorescent and bright field images of L. (L.) amazonensis transfected with green and red
fluorescent proteins (LaGFP and LaRFP). Al and B1) Differential interference contrast
(DIC); A2 and B2)wild-type (WT) promastigotes and amastigotes (filter LP515). C1 and
D1) DIC; C2 and D2) LaGFP promastigotes and amastigotes (filter LP515). E1 and F1)
DIC; E2 and F2; LaRFP promastigotes and amastigotes (filter LP590). Scale bar = 10 pm.
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Fig. 3.

Growth curves and macrophage infectivity of LaWT and transfected (LaGFP and LaRFP) L.
amazonensis. (A) Leishmania amazonensis parasites were grown in M199 medium and
counts determined daily (initial concentration of 1 x 10%/mL). (B) Macrophage infectivity
(%) was determined at 24 and 72 h post-infection.
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Flow cytometry analyses of WT and transfected (LaGFP and LaRFP) L. amazonensis. (A—
C) Analyses of size (forward scatter—FSC-H) and granulosity (side scatter—SSC-H) of L.
amazonensis promastigotes WT, LaGFP, and LaRFP, respectively. (D and E) Fluorescence
comparison between WT (black line), LaGFP (green line) in FL1 and LaRFP (red line) in

FL2.
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Fig. 5.

Dose-response curves of tested molecules against intracellular L. amazonensis in the
microscopy test. (A—C) Half inhibitory concentration (ICsg) of amphotericin B; (D-F) ICsq
of propranolol derivative 3; WT, wild type; LaGFP, transfected parasites with green
fluorescent protein; LaRFP, transfected parasites with red fluorescent protein. Curves were
obtained using MicroCal Origin Software. Results are a representation of 1 experiment.
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Fig. 6.

Evaluation of infected macrophage (M@) with LaWT and fluorescent parasites (LaGFP and
LaRFP) in the fluorimeter. (A) Macrophages (concentration2 x10%/well) containing LaWT
and LaGFP parasites (excitation/emission of 472/512 nm). (B) Macrophages containing
LaWT and LaRFP parasites (excitation/emission of 560/620 nm). (C) Wavelength spectra to
determine the best excitation/emission (red/blue lines) values for LaRFP intracellular
parasites in relation to uninfected macrophages (RFP/M®).
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Dose-response curves of tested molecules against intracellular L. (L.) amazonensis in the
fluorimetric test. ICsq of amphotericin B (A), meglumine antimoniate (B), Miltefosine (C),
and molecule 1 (D) against intracellular L. (L.) amazonensis transfected with red fluorescent
protein (LaRFP). Curves were obtained using MicroCal Origin Software. Results are a

representation of 1 experiment.
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In vitro antileishmanial activity (umol/L) of tested compounds against WT and transfected (LaGFP and

Table 1

LaRFP) L. amazonensis in the microscopy test.

I Csp (emol/L )&

wTb LaGFPC  LarFPd
Amphotericin B 0.1+0.0 04+01 0.16+0.02
Meglumine antimoniate 1133 + 246 NDE€ 552 +18.38
Miltefosine 76+0.8 NDE 9.3+0.1
Allopurinol >250 NDE€ >250
1 32.3+10.0 292+7.0 46.6x3.2
2a >250 >250 >250
2b 59.0+19.5 419%44 g3g.o357
3 80.5+19.8 91.3+7.0 86.0+9.2
4a 210.5+97.7 >250 >250
4b 563+37.1 292+50 1392+320f
5a >250 >250 >250
5b >250 >250 >250
5¢c >250 >250 >250
5d >250 >250 >250

aIC5o = Half-maximal inhibitory response.

bWT = Wild type.

c . . .
LaGFP = Parasites transfected with green fluorescent protein.

a . . .
LaRFP = Parasites transfected with red fluorescent protein.

eND = Not determined.

fVaIues are statistically higher < 0.05, Tukey test).
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Table 2

Evaluation of fluorescence persistence (RFUSs) in macrophages (M@) infected with L. amazonensis RFP
(LaRFP) parasites according to time (h).

5 24 48 72

M@ 3195 + 1037 2297 + 203 3029 + 1036 2236 + 537
M@ + LaRFP 33093 £5226 19368 +2806 16162 +2480 11654 +1988
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Evaluation of in vitro antileishmanial activity (umol/L) of tested compounds against L. amazonensis

Table 3

transfected with red fluorescent protein (LaRFP).

Microscopy method®  Fluorimetric method®

Amphotericin B 0.16 +0.02 0.31+0.16
Meglumine antimoniate 552 + 18.38 460 + 351
Miltefosine 9.3+0.1 9.0+5.0
Allopurinol >250 >250

1 46.6 +3.2 197.5+39.9
2a >250 >250

2b 83.9+235 180.6 +5.0
3 86.0+9.2 301.5+£17.0
4a >250 >250

4b 139.2+32.0 283.8£83.9
5a >250 >250

5b >250 >250

5c >250 >250

5d >250 >250

la\/alues obtained for LaRFP parasites in Table 1 for comparison.
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Table 4

Comparison of cytotoxicity and selective indexes of active substances in the microscopy and fluorimetric
tests.

Cytotoxicity (wmol/L)  Selectiveindex (SI)&

ML DgP Microscopy  Fluorimeter
Amphotericin B 92.2+29.8 595 294
Meglumine antimoniate 48451 + 17355 88 105
Miltefosine 166.9 + 45.3 18 19

aBased on the MLD5/IC5 ratios.

bMLD50 = The minimum lethal dose that killed 50% of the cells in pmol/L.

Diagn Microbiol Infect Dis. Author manuscript; available in PMC 2013 August 05.



Page 24

Rocha et al.

sisuauozewr 7 sabeydoloew auLny sak/sa A @1001seWE JeIn|jadenu| ON 90U30SaIoN|S d4Y S1N
0T0Z “'[e 18 MojIeyS “ds eruewysta OU/SBA aj0bnsewold SIA uabeay an|g 18N 1|19 S1H
OU/SBA aj06nsewe o1uaxy (VSN ‘IM ‘uosipeln ‘ebawold) o|9-18)1 11190
TdHL sak/sa A @1001seWE JeIn|jadenu| (Joxpew WNQ) IdVa
1102 (sousdsBUILINIOIN-d 1Y)
“Ie 18 JapjAn 8@ 1uenouop 7 OU/SBA aj06nsewold saA (VSN ‘IM ‘uosipely ‘ebawold) o|9-18) 11190 S1H
1uenouop Jofew 7 TdHL sak/sa A @1001seWE JeIn|jadenu| (19x1eW WNQ) sbeig
0102 (wvsn
““e 19 019N-eJ18nbIS Jofew -7 OU/SBA aj06nsewold SAA  ‘OW ‘sinoT 1S ‘ewbiS) 1{es WNIPoS UlLINZesay S1H
1B soy/ure sis
a1se Jed Aue safpsare lisgns Buiues Jos
Q0ue JoJoy 910905 1O 1S0H 01 Aujigeoiddy abess aise fed 1o} peaN adAysesAfeuy j0adA]
zIupLLYSIa T 1surebe sjodoload Bulusalos Bnup Jo Arewwing
g 9|qel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Diagn Microbiol Infect Dis. Author manuscript; available in PMC 2013 August 05.



