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Abstract 16 

 17 

Chagas disease (CD) is a serious health problem worldwide, affecting between 6 and 7 18 

million people, especially in Latin America. This tropical disease, caused by the protozoan parasite 19 

Trypanosoma cruzi, can be asymptomatic during the acute phase (first two months of infection), 20 

while in the chronic phase irreversible damages to the heart and/or digestive system develop in 30-21 

40% of those infected. The drugs currently used to treat CD are not always effective and they cause 22 

side effects that lead patients to abandon treatment; therefore, new therapeutic options are required. 23 

In this work, we evaluated the antiparasitic and cytotoxic activity of three antimicrobial peptides 24 

of the dermaseptins (DRS) family (DRS-SP2, DRS-SP4 and DRS-SP5) obtained from the 25 

cutaneous secretion of the frog Agalychnis spurrelli, against the trypomastigote and amastigote 26 

stages of T. cruzi, Tulahuen-β-gal strain, which express β-galactosidase. In conclusion, β-27 
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galactosidase activity measurements, oxidation-reduction of resazurin and electronic microscopy 28 

analysis confirmed that DRS-SP2, DRS-SP4 and DRS-SP5 are capable of lysing both, 29 

extracellular (IC50s 1.26, 2.31 and 19.0, respectively) and intracellular parasites (IC50s 5.85, 28.07 30 

and 14.59, respectively), while the DRS-SP4 has the highest ratio (14.14) between parasite/host 31 

cell cytotoxicity. 32 

Introduction 33 

Trypanosoma cruzi is the causative agent of Chagas disease (CD). This parasite is widely 34 

distributed in Latin America (LA) and CD cases  have also been reported in the United States, 35 

Canada, many European countries, and the Western Pacific (1). Human migration from 36 

impoverished regions in LA to developed countries is believed to be a major factor driving the 37 

globalization of this disease (2). In non-endemic regions, blood transfusions and congenital 38 

transmission increase cases in non-endemic regions are important means of transmission  (2,3).  39 

CD occurs in two distinct phases: acute and chronic. In the acute phase, which takes place 40 

during the first two months post- infection, the available etiological treatment is more likely to be 41 

successful. In the chronic phase, around 30-40% of infected individuals develop irreversible heart 42 

and/or digestive health damages, often resulting in severe disability and death (4).  43 

CD is usually treated with benznidazole (BZN), nifurtimox and fexinidazole, none of 44 

which is completely effective. During the acute phase, BZN is 70-80% effective if it is provided 45 

to children under 12 years of age, in laboratory accidents, and in congenital infection cases (1,5–46 

7). In newborns, BZN is 90% effective during the first year of life (4,5).  47 

In the chronic phase, children are treated in similar fashion as in the acute phase (5,8–10). 48 

However, adults have lower likelihood of recovery (~10%), and antiparasitic drugs are used to 49 
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prevent or reduce the development of more serious forms the disease, such as cardiomyopathy, 50 

and to avoid congenital transmission. Otherwise, both available drugs induce adverse effects, such 51 

as anorexia, weight loss, nausea, vomiting, peripheral neuropathy, leukopenia, insomnia, spasms, 52 

paresthesia, polyneuritis, and convulsive seizures (5,8). 53 

Because of afore mentioned limitations in terms of efficacy and side effects of the currently 54 

available drugs employed to treat CD, it is necessary to develop  new treatments that can be used 55 

in any of the two phases of the disease and that do not cause collateral damage to the patient (5). 56 

In this context, the study of antimicrobial peptides with demonstrated in vitro activity against T. 57 

cruzi could potentially provide insights into novel treatment strategies for CD (11). For example, 58 

AMPs Temporizin and Temporizin-1, that were obtained from Rana temporaria, were found to be 59 

highly toxic against T. cruzi, inducing chromatin condensation, mitochondrial cristae disorder, 60 

kinetoplast disorganization and reservosome swelling, without significant cytotoxicity against 61 

macrophages J774 (12). Additionally, phylloseptins, peptides obtained from the frog species 62 

Phyllomedusa nordestina (13), yielded IC50 of 0.25–0.68 µM values against T. cruzi without 63 

significant cytotoxicity against mammalian cells (13).  64 

 In this study we have analyzed the effects of three different dermaseptins (DRS-SP2, DRS-65 

SP4, DRS-SP5) against T. cruzi, mammalian cells, mammalian cells infected with the parasite. 66 

Dermaseptins are amphipathic polycationic, α-helical molecules, with 28-34 residues in length and 67 

have positive net charge. This family of antimicrobial peptides that are present in the skin 68 

secretions of several tree frogs from the Hylidae family, especially from Agalychnis and 69 

Phyllomedusa genus (24). Previously, these molecules were tested against bacteria (Escherichia 70 

coli ATCC 25922 and Staphylococcus aureus ATCC 25923) and yeast (C. albicans clinical 71 

isolated), showing that DRS-SP2 had bioactivity against both bacteria (minimal inhibitory 72 
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concentration (MIC): 2.67 µM), and also against C. albicans (MIC: 10.70 µM) (25). 73 

Understanding the effects of antimicrobial peptides over T. cruzi and, specially, the mechanisms 74 

by which they alter the parasite´s membrane, may open avenues to search for novel approaches for 75 

parasitological treatment of CD. 76 

Material and Methods  77 

Reagents 78 

 79 

All reagents were purchased from GIBCO (Grand Island, NY, U.S.A) and SIGMA (St. Louis, MO, 80 

U.S.A). 81 

Cell culture 82 

 83 

Monkey kidney cells (LLcMK2) from Macaca mulatta, were maintained in Dulbecco 84 

Modified Eagle's Medium (DMEM) supplemented with 1% penicillin/streptomycin and 10% fetal 85 

bovine serum (FBS) (DMEM 10), at 37 °C with 5% CO2 atmosphere and 98% relative humidity. 86 

Subcultures were performed weekly. 87 

Parasite culture  88 

 89 

 T. cruzi strain Tulahuen (clone C4; +lacZ, hence forth abbreviated Tula β-gal) 90 

trypomastigotes were used to infect LLcMK2 cell cultures.  Monolayers were infected with 5x105 91 

trypomastigotes in 10 ml of DMEM supplemented with 2% FBS, 1% penicillin/streptomycin 92 

(DMEM 2) and incubated for 48 hours at 37 °C with 5% CO2 atmosphere and 98% relative 93 

humidity. Subsequently, the cell monolayer was washed with phosphate-buffered saline (PBS) to 94 

eliminate parasites and 10 ml of DMEM 2 were added. Five days after infection, trypomastigotes 95 

were harvested from the culture to use in the different assays.  96 

 97 
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Antimicrobial peptides dermaseptin 98 

 99 

Synthetic versions of DRS-SP2, DRS-SP4 and DRS-SP5 were produced by BIOMATIK 100 

(Ontario, Canada) with a purity greater than 94% (23). These biomolecules were previously 101 

characterized and sequenced from the total secretion of the Agalychnis spurrelli tree frog and their 102 

antimicrobial activity has been previously described in the literature (23). . 103 

Table 1.  Studied peptides described in Proaño et al. (23) 104 

Synthetic peptide Sequence Molecular 

weight 

Purity (%) Species 

Dermaseptin-SP2 

(DRS-SP2) 

ASWKVFL

KNIGKAAG

KAVLNSVT

DMVNQ-

NH2 

2989.56 97.37% Agalychnis spurrelli 
 

 
 
 
 

Dermaseptin-SP4 

(DRS-SP4)    

SLWSSIKD

MAAAAGR

AALNAVN

GILNP-NH2 

2711.16 96.52% Agalychnis spurrelli 
 

 
 
 
 
 

Dermaseptin-SP5 

(DRS-SP5) 

SLRSSIKD

MAAAAGR

AALNAVN

GIVNP-NH2 

2667.11 94.51% Agalychnis spurrelli 
 

 105 

Assays with T. cruzi trypomastigotes  106 

 107 

Trypomastigotes were suspended in DMEM without phenol or FBS and 1x106 parasites 108 

were dispensed per well, in 96-well plates and exposed to different peptide concentrations (Table 109 

2). Chlorophenol-β-D-galactopyranoside red (CPRG) 500 µM concentration in PBS was filter-110 

sterilized, and 50 µL added to each well. The plate was incubated at 37 °C with 5% CO2 for 4 111 

hours. The absorbance at 490 nm was read at 4 hours in a GloMax microplate reader (Promega). 112 

Tested peptide concentrations are shown in Table 2.  113 
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The Tula-β-gal strain expresses β-galactosidase. Upon parasite lysis, this enzyme catalyzes 114 

CPRG hydrolysis, converting this yellow-orange substrate into the red chromophore chlorophenol 115 

red, yielding a dark red solution (26), whose absorbance can be measured at 490 nm.   Therefore, 116 

parasite lysis upon exposure to the peptides can be quantified by spectrophotometry and employed 117 

to calculate IC50 values for each peptide. 118 

Table 2. Peptide concentrations used for determination of peptide IC50s against trypomastigotes 119 

 120 

 121 

 122 

 123 

 124 

 125 

 126 

 127 

Tests against T. cruzi amastigotes  128 

 129 

LLcMK2 cells (2x104 cells /well) were plated in 96-wells plates and incubated for 24 hours. 130 

Subsequently, the cells were infected with 1x105 parasites for 24 hours in DMEM 2. The 131 

monolayers were washed four times with PBS and infection allowed to proceed for 96 hours. 132 

Both plates were washed twice using PBS, and the concentrations of each peptide 133 

employed for the IC50 calculation were placed in each well as it is detailed on Table 3. 134 

Subsequently, they were incubated for 24 hours with DMEM without phenol red or FBS. After the 135 

incubation time, 50 µL of CPRG solution, containing Triton (0.5%) were added in each well. After 136 

2 hours of incubation, the absorbance was measured at 490 nm in a GloMax microplate reader 137 

(Promega). 138 

Dermaseptin Concentration (µM) 

DRS-SP2 25, 20, 15, 12, 10, 7, 5, 3, 1, 0.5 

DRS-SP4 8.5, 7.5, 6, 4.5, 3, 1.5, 0.5, 0.37, 0.25, 0.12 

DRS-SP5 100, 50, 25, 12.5, 6.25, 3.12, 1.56, 0.78, 0.39, 0.19 
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Table 3. Peptide concentrations used for determination of peptide IC50s against infected cells 139 

 140 

 141 

Cytotoxicity tests on LLcMK2 cells 142 

 143 

RZN reduction occurs due to the activity of the electron transport chain of the LLcMK2 144 

cells; therefore, it is directly correlated to the number of viable cells. The IC50s for mammalian 145 

cell cytotoxicity for each peptide was determined based on RZN reduction.  In a 96-well plate, 146 

2x104 cells/well were seeded in a volume of 200 µL of DMEM-10 and incubated for 24 hours. The 147 

peptides were diluted in 10 two-fold serial dilutions (100 µM to 0.0097 µM, Table 2). 148 

Subsequently, 10 µL of 3 mM resazurin sodium salt (RZN) in PBS were added per well and then 149 

were incubated. The fluorescence was measured after 24 hours, at an excitation wavelength of 150 

530-560 and 590 nm emission wavelength in a GloMax microplate reader (Promega). 151 

Electronic microscopy  152 

 153 

 Suspensions of 2x104 LLcMK2 cells in DMEM without phenol or FBS medium were placed 154 

in a 1.5 ml microtube with 20, 35 or 100 µM DRS-SP 2, 4 or 5, respectively. In addition, for 155 

trypanocidal activity assays, 3 x106 trypomastigotes in 1.5 ml DMEM without phenol or FBS 156 

medium were placed in microtubes with 10, 7.5 or 40 µM DRS-SP 2, 4 or 5, respectively. In both 157 

cases, controls were included where parasites or cells were treated only with DMEM without 158 

phenol or FBS medium. These dermaseptin concentrations were chosen based on the IC50s 159 

Dermaseptin Concentration (µM) 

DRS-SP2 20, 16, 13, 10, 7, 5, 3, 1, 0.5, 0.25 

DRS-SP4 35, 30, 25, 20, 15, 10, 5, 1, 0.5, 0.25 

DRS-SP5 100, 50, 25, 12.5, 6.25, 3.12, 1.56, 0.78, 0.39, 0.19 



16 
 

obtained for each peptide, to ensure parasite lysis and allow for imaging. The tubes were incubated 160 

for 2 hours at 37 °C with 5% CO2 atmosphere and 98% relative humidity. Finally, the tubes were 161 

centrifuged at 860 RCF for 10 minutes, the supernatant was discarded, and each sample was 162 

resuspended with 1 ml of 3% glutaraldehyde. Images were acquired by Scanning Electron 163 

Microscope W filament (SEM) with Schottky filament resolution 1.2 nm at 30kV (Bruker). 164 

Giemsa staining of infected cells 165 

 166 

Three sterile circular coverslips per well were aseptically placed into two 6-wells plates 167 

and 5.5x105 LLcMK2 cells per well were plated. Twenty-four hours later, the cells were infected 168 

with 1.1x106 trypomastigotes per well, and both plates were incubated for 24 hours under the same 169 

conditions. The following day, cells were washed with PBS and 8, 30 or 100 µM DRS-SP 2, 4 or 170 

5, respectively, in DMEM without phenol or FBS medium, finally were added to two replicate 171 

wells. Control wells, cells were only exposed to medium DMEM without phenol or FBS were also 172 

include. Finally, the plates were incubated under the same conditions described previously and a 173 

coverslip was removed from each well at 24h, 48h and 72 hours and fixed with 4% 174 

paraformaldehyde, and stained with Giemsa. 175 

Data analysis  176 

  177 

 The raw data were first processed in Excel and later analyzed on GraphPad Prism, version 178 

9.0. The results were analyzed by non-parametric Mann-Whitney U and Kruskall-Wallis tests 179 

followed by a Duncan post hoc test.  180 

 181 

 182 
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Results 183 

 184 

Trypanocidal activity 185 

 186 

 Trypomastigote lysis was quantified for serial dilutions of each peptide, plotted (Fig 1A) 187 

and IC50s were calculated for each peptide (Table 4). DRS-SP2 displayed the highest lytic median 188 

activity, with significant differences when compared with DRS-SP5 (p= 0.0219, Fig 1B). Electron 189 

microscopy images showed the effects of the peptides over the structure of trypomastigotes treated 190 

(Fig 1C-F). Alterations in the cellular structure of the parasite were visible. Some of the 191 

trypomastigotes treated with DRS-SP4, had lost their flagella at 7.5 µM concentration. Some of 192 

the photos of electronic microscopy show that there are remnants of lysed parasites (Fig 1D-F). 193 
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 194 

Figure 1. Trypanocidal activity of dermaseptins.  A: Figure shows the dose-response of T. cruzi 195 
against the three different dermaseptins (DRS-SP2, DRS-SP4, DRS-SP5). B: Comparison between 196 

IC50 values for studied dermaseptins against T. cruzi. Significant differences between DRS-SP2 197 
and DRS-SP5 found (Kruskal-Wallis test, followed by Dunn post-hoc test.  p= 0.0219). C-F 198 
Representative electron microscopy images. C: Untreated parasite, showing the characteristics of 199 
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the structure of trypomastigotes. Magnification: 91,700X. D:  Trypomastigotes treated with 10 µM 200 
DRS-SP2. Magnification: 30,500X. E: Trypomastigotes treated with 7,5 µM DRS-SP4 lost their 201 

flagellum (white arrow). Magnification: 75,800X.  F: Trypomastigotes treated with 40 µM DRS-202 
SP5. Magnification: 18,700X.  203 

Table 4. Dermaseptin activity in each assay 204 

a DRS-SP5 IC50 is significantly different to the other two dermaseptins tested (p=0.0219, Wilcoxon statistical test). 205 

b DRS-SP4 is significantly different to the other dermaseptins p=0.0219 206 

c Significantly different between each other p= 0.0022 207 

 208 

Effect of dermaseptin against intracellular parasites 209 

 210 

 The dose-response curve against intracellular parasites is shown and Fig 2A and the 211 

corresponding IC50s are displayed in Table 4. Significant differences between DRS-SP2 and DRS-212 

SP4 (p=0.0219) were detected. Fig 2C-F show Giemsa stained cells after treatment with the 213 

peptides. At the concentrations employed (Table 3), the morphology of the peptide-treated host 214 

cells is clearly affected at 24-hours post treatment. However, at 48 hours, host cells recovered from 215 

DRS-SP2 and DRS-SP5 treatment, and a reduced number of infected cells were observed on the 216 

analyzed images. On the other hand, cells treated with DRS-SP4 showed many parasites inside 217 

them at 48 hours on the photos.  218 

DRS-SP Extracellular effect 

IC50 (µM) a 

Intracellular effect 

IC50 (µM) b 

Cytotoxicity  

IC50 (µM) c 

2 1.26 5.855 9.833 

4 2.31 28.07 33.43 

5 19.0 14.59 100 
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 219 

 220 

 221 

Figure 2. Effect of dermaseptins against intracellular parasites and infected cells. LLcMK2 222 
cells were infected and treated with each peptide were stained with Giemsa. Representative images 223 
are shown A: Dose-response curves with each dermaseptin are shown. B: Comparison between 224 
the IC50s.Significant differences between DRS-SP2 and DRS-SP4 (Kruskal-Wallis test, followed 225 
by Dunn post-hoc test. p=0.0219) were found. C-F: Images are showing the Giemsa staining. The 226 
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magnification for all the images is 20 µm. C: Cells with the parasite without any treatment that 227 
correspond to the control. There are parasites inside the cells (white arrows). D: Infected cells 228 

treated with DRS-SP2. Red arrow marks the parasites inside the cells at 72 hours. E: Infected cells 229 
treated with DRS-SP4. There are parasites from 48 hours (white arrow). F: Infected cells treated 230 
with DRS-SP5, and there is one cell with three parasites inside (white arrow). 231 

Cytotoxicity of DRSs over host cells 232 

 233 

 The effect of DRS-SP2, DRS-SP4 and DRS-SP5 over mammalian cells at concentrations 234 

ranging from 100 µM - 0.195 µM was evaluated. Dose response curves were generated (Fig 3) and 235 

IC50s were calculated (Table 4), all peptides presented significant differences between each other 236 

(p<0.0022).  237 

  238 
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 239 

Figure 3. Cytotoxic activity of dermaseptins. LLcMK2 cells were tested against the three 240 
dermaseptins to determinate the IC50. Then, the cells were treated with the IC50 concentration of 241 
each peptide, and then were fixed with 3% glutaraldehyde to see the effect of each peptide with 242 
electron microscopy. The experiment was independently replicated three times. A: Graphic 243 

represents the dose-response of LLcMK2 against the three different dermaseptins (DMS-SP2, 244 
DMS-SP4, DMS-SP5). B: IC50 value comparison for dermaseptins. A Mann-Whitney U-test was 245 
employed to compare DMS-2 vs. DMS-4 p = 0.0022, DMS-SP4 vs. DMS-SP5 p = 0.0022; and 246 
DMS-SP2 vs DMS-SP5 p = 0.0022. C: Untreated cells, showing the characteristics of the structure 247 
of normal cells in DMEM clear. Magnification: 12,500X. D:  Cells treated with DMS-SP2 in 20 248 
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µM concentration and, it not presented changes. Magnification: 10,500X. E: Cells treated with 249 
DMS-SP4 in 35 µM concentration, and it did not present changes.  Magnification: 16,800X.  F: 250 

Cells treated with DMS-SP5 in 100 µM concentration, and it did not present changes. SEM 251 
magnification: 11,800X. 252 

Discussion  253 

 254 

Anuran skin secretions contain a complex assortment of biomolecules, including proteins, 255 

peptides, steroids, alkaloids, and opioids (14), some of which hold  potential biomedical uses. For 256 

example, antimicrobial peptides (AMPs) are biomolecules with a variable number of monomers 257 

comprising from 9 to 100 aminoacids (15). AMPs are present in many organisms, including 258 

bacteria and more complex organisms, such as vertebrates (16). Historically, gramicidin was the 259 

first AMP discovered that was isolated from the bacteria Bacillus sp., and in vivo experiments 260 

using this molecule demonstrated that mice were protected against pneumococcal infections (17). 261 

Another example is pexiganan (MSI 78), which is the first synthetic cationic AMPs 262 

extracted from the African frog species Xenopus laevis, and it possesses in vitro activity against 263 

gram-positive and gram-negative bacteria (18–20). Biogels containing pexiganan in conjunction 264 

with the bacterial antimicrobial peptide nisin, that is a polycyclic peptide antibiotic, and it has been 265 

used as complementary treatment for polymicrobial diabetic foot infections (21).  266 

Drugs currently available for Chagas disease parasitological treatment are limited and 267 

highly toxic, producing strong side effects such as nausea, dizziness, vomiting, etc., which 268 

frequently induce patients to discontinue treatment (5,27). In addition, there is natural resistance 269 

by the parasite to drugs such as benznidazole (BZN) and nifurtimox, resulting in  treatment failure 270 

(28,29). Therefore, it is imperative to identify molecules with antiparasitic potential, which could 271 
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be developed into alternative treatments to control Chagas disease (30,31). We have explored the 272 

effects of novel antimicrobial peptides, specifically dermaseptins, over T. cruzi.  273 

The three dermaseptins analyzed are highly efficient lysing T. cruzi trypomastigotes. 274 

Among them, the DRS-SP2 stands out, since it can lyse the parasite in vitro with an IC50 value as 275 

low as 1,26 µM. DRS-SP4 and DRS-SP5 follow, with IC50 values of 2.31 µM and 19.06 µM 276 

respectively. Other researchers have characterized the effect of other antimicrobial peptides such 277 

as Tachyplesin-I, Clavanin-A, mytilin-A and Penaeidin-3, obtained from aquatic organisms, which 278 

displayed low antiparasitic effects against T. cruzi and Leishmania braziliensis (11). Only 279 

Tachyplesin-I presented antiparasitic activity at 12.5 µM concentration, while in our study, 280 

dermaseptins DRS-SP2 and DRS-SP4 displayed higher activity at lower concentrations (11). 281 

It should be noted that in the aforementioned study and in most other research reports on 282 

the subject, the effect of the peptides or other chemicals is evaluated using epimastigotes,  the 283 

vector-specific life stage of T. cruzi  parasite (11,12,26,32–34). We have studied the effects effect 284 

of dermaseptins over trypomatigotes and amastigotes, which are mammalian-specific life cycle 285 

stages and therefore, relevant for human infection. 286 

Our results show that dermaseptins reduce the number of intracellular parasites developing 287 

in the mammalian host-cell cytoplasm. DRS-SP2 had the best effect, with an IC50 of 5.855 µM, 288 

followed by DRS-SP5 with 14.59 µM and DRS-SP4 with 28.07 µM. The results of the colorimetric 289 

assays are supported by our microscopic studies with Giemsa-stained cells, which showed that the 290 

number of intracellular parasites decreases in the cells treated with DRS-SP2 and DRS-SP5. At 291 

the same time, few intracellular parasites were visible at 72 hours post infection while abundant 292 

intracellular parasites were visible in the control cultures. 293 
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Our electronic microscopy analyses evidenced the lytic effect of the three dermaseptins 294 

over T. cruzi trypomastigotes. Images suggest dermaseptins SP2 and PP5 have cytolytic over 295 

trypomastigotes, and they also seem to cause flagellum shedding. Conversely, SP4 seems to cause 296 

only flagellar alterations. Although additional testing is warranted, similar results were described 297 

by Camila et al. (35), who analyzed the effect of AMP Melittin, obtained from Apis melifera bee-298 

venom, against T. cruzi via electronic microscopy. These researchers found the parasites presented 299 

abnormal conformations of the cellular body and with altered flagellar morphologies (35,36). 300 

Among the mechanisms of action attributed to AMPs is the electrostatic interaction 301 

between the positive charge of peptides with the negative net charges of the cell membrane of the 302 

microorganisms causing their lysis (37–40). According to Proaño et al. (23), the dermaseptins 303 

analyzed in this study present a high net charge and are hydrophobic, and they have a bactericidal 304 

activity because they act on the bacterial membrane. Conversely, the yeast cell structure is 305 

different, and the mechanism of action underlying the dermaseptin antifungal activity could 306 

involve binding to the cell wall; inhibiting of DNA, RNA and protein synthesis; induction of 307 

signaling cascades or metabolic pathways; and production of free radical s(15,17,23,41). Electron 308 

microscopy results corroborate that the activity of dermaseptins is clearly lytic (42). Our results 309 

are consistent with such a mechanism of action for the studied peptides; however, additional 310 

studies are required.  311 

The cytotoxic and anti-T. cruzi activity ratios of DRS-SP2, DRS-SP4 and DRS-SP5 are 312 

7.80, 14.17 and 5.26, respectively, indicating that the peptides are much more lytic towards the 313 

trypomastigotes than to mammalian cells. Comparatively, these rations indicate the studied DRSPs 314 

are more efficient than other peptides reported in the literature at lysing T. cruzi. For example 315 

Penaeidin-3 obtained from Litopenaeus vannamei, has been reported to be only 4 times more 316 
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effective lysing the parasite than erythrocytes (11). Melittin, peptide obtained from Apis mellifera 317 

venom, was shown to be 100% effective on LLcMK2 cells at a concentration of 1,756 µM at 48 318 

hours (35), while the dermaseptins DRS-SP2, DRS-SP4 and DRS-SP5 lost their cytotoxic effect 319 

progressively after 24 hours of treatment. 320 

Conclusions 321 

 322 

We show that DRS-SP2, DRS-SP4 and DRS-SP5 are capable of lysing both extracellular 323 

trypomastigotes and intracellular amastigotes of T. cruzi. Although these DRSs also display lytic 324 

activity against mammalian cells, parasites were more sensitive to them, and parasite/host cell 325 

cytotoxicity ratio ranged from 7.80 for DRS-SP2 to 14.14 for DRS-SP4. The lytic activity against 326 

T. cruzi is stronger than that recorded for other bioactive peptides, such as the DRS-SP2 that at 1.2 327 

µM can kill the 50% of the parasites.  328 

Acknowledgments 329 

  330 

We are grateful to Andrea Vela, Ailín Blasco and Michelle Del Salto for their help in 331 

developing this research project. To the Pontifical Catholic University of Ecuador for providing 332 

funding for the development of this research (project QINV0209-IINV529010100) and likewise 333 

to the University of the Armed Forces (ESPE) for the assistance with the electron microscopy 334 

images. 335 

 336 

 337 

 338 



27 
 

References 339 

 340 

1.  Chagas disease (American trypanosomiasis) [Internet]. [cited 2020 Dec 3]. Available 341 
from: https://www.who.int/health-topics/chagas-disease#tab=tab_1 342 

2.  Pérez-Ayala A, Pérez-Molina JA, Norman F, Navarro M, Monge-Maillo B, Díaz-343 

Menéndez M, et al. Chagas disease in Latin American migrants: A Spanish challenge. 344 
Clin Microbiol Infect. 2011 Jul 1;17(7):1108–13.  345 

3.  Pinto Dias JC. Human chagas disease and migration in the context of globalization: Some 346 
particular aspects [Internet]. Vol. 2013, Journal of Tropical Medicine. Hindawi Limited; 347 

2013 [cited 2020 Dec 11]. Available from: /pmc/articles/PMC3625591/?report=abstract 348 

4.  La enfermedad de Chagas (tripanosomiasis americana) [Internet]. [cited 2020 Dec 3]. 349 
Available from: https://www.who.int/es/news-room/fact-sheets/detail/chagas-disease-350 
(american-trypanosomiasis) 351 

5.  Kawaguchi WH, Cerqueira LB, Fachi MM, Campos ML, Reason IJM, Pontarolo R. 352 

Efficacy and Safety of Chagas Disease Drug Therapy and Treatment Perspectives. In: 353 
Chagas Disease - Basic Investigations and Challenges [Internet]. InTech; 2018 [cited 2020 354 

Dec 11]. Available from: http://dx.doi.org/10.5772/intechopen.74845 355 

6.  Vieira CS, Waniek PJ, Castro DP, Mattos DP, Moreira OC, Azambuja P. Impact of 356 
Trypanosoma cruzi on antimicrobial peptide gene expression and activity in the fat body 357 
and midgut of Rhodnius prolixus. Parasites and Vectors [Internet]. 2016 Mar 1 [cited 2020 358 

Dec 2];9(1). Available from: /pmc/articles/PMC4774030/?report=abstract 359 

7.  Cantey PT, Stramer SL, Townsend RL, Kamel H, Ofafa K, Todd CW, et al. The United 360 

States Trypanosoma cruzi Infection Study: Evidence for vector-borne transmission of the 361 
parasite that causes Chagas disease among United States blood donors. Transfusion. 2012 362 
Sep;52(9):1922–30.  363 

8.  Yoshioka K, Manne-Goehler J, Maguire JH, Reich MR. Access to Chagas disease 364 
treatment in the United States after the regulatory approval of benznidazole. Santiago H da 365 
C, editor. PLoS Negl Trop Dis [Internet]. 2020 Jun 22 [cited 2020 Dec 366 
12];14(6):e0008398. Available from: https://dx.plos.org/10.1371/journal.pntd.0008398 367 

9.  Bern C, Montgomery SP, Herwaldt BL, Rassi A, Marin-Neto JA, Dantas RO, et al. 368 
Evaluation and treatment of chagas disease in the United States: A systematic review 369 

[Internet]. Vol. 298, Journal of the American Medical Association. JAMA; 2007 [cited 370 
2020 Dec 12]. p. 2171–81. Available from: https://pubmed.ncbi.nlm.nih.gov/18000201/ 371 

10.  Morillo CA, Marin-Neto JA, Avezum A, Sosa-Estani S, Rassi A, Rosas F, et al. 372 
Randomized Trial of Benznidazole for Chronic Chagas’ Cardiomyopathy. N Engl J Med 373 
[Internet]. 2015 Oct 30 [cited 2020 Dec 12];373(14):1295–306. Available from: 374 
https://www.nejm.org/doi/full/10.1056/nejmoa1507574 375 

11.  Löfgren SE, Miletti LC, Steindel M, Bachère E, Barracco MA. Trypanocidal and 376 
leishmanicidal activities of different antimicrobial peptides (AMPs) isolated from aquatic 377 
animals. Exp Parasitol. 2008 Feb 1;118(2):197–202.  378 



28 
 

12.  Souza ALA, Faria RX, Calabrese KS, Hardoim DJ, Taniwaki N, Alves LA, et al. 379 
Temporizin and Temporizin-1 Peptides as Novel Candidates for Eliminating 380 

Trypanosoma cruzi. Bhattacharjya S, editor. PLoS One [Internet]. 2016 Jul 6 [cited 2020 381 
Dec 12];11(7):e0157673. Available from: 382 
https://dx.plos.org/10.1371/journal.pone.0157673 383 

13.  Pinto EG, Pimenta DC, Antoniazzi MM, Jared C, Tempone AG. Antimicrobial peptides 384 

isolated from Phyllomedusa nordestina (Amphibia) alter the permeability of plasma 385 
membrane of Leishmania and Trypanosoma cruzi. Exp Parasitol. 2013 Dec 1;135(4):655–386 
60.  387 

14.  Dhatrak NR, Kulkarni MG. Total Synthesis of Endangered Frog Alkaloid 388 
â�˜Epibatidineâ�™, A Potent Analgesic of the Future. Curr Res Drug Discov [Internet]. 389 

2014 Feb 1 [cited 2020 Dec 1];1(2):26–8. Available from: 390 

https://thescipub.com/abstract/crddsp.2014.26.28 391 

15.  Lei J, Sun LC, Huang S, Zhu C, Li P, He J, et al. The antimicrobial peptides and their 392 

potential clinical applications [Internet]. Vol. 11, American Journal of Translational 393 
Research. E-Century Publishing Corporation; 2019 [cited 2020 Dec 1]. p. 3919–31. 394 

Available from: https://www.rcsb.org 395 

16.  Zasloff M. Antimicrobial peptides of multicellular organisms [Internet]. Vol. 415, Nature. 396 
Nature; 2002 [cited 2020 Dec 1]. p. 389–95. Available from: 397 
https://pubmed.ncbi.nlm.nih.gov/11807545/ 398 

17.  Bahar AA, Ren D. Antimicrobial peptides. Pharmaceuticals (Basel) [Internet]. 2013 Nov 399 
28 [cited 2018 Nov 20];6(12):1543–75. Available from: 400 

http://www.ncbi.nlm.nih.gov/pubmed/24287494 401 

18.  Ge Y, MacDonald DL, Holroyd KJ, Thornsberry C, Wexler H, Zasloff M. In vitro 402 
antibacterial properties of pexiganan, an analog of magainin. Antimicrob Agents 403 

Chemother [Internet]. 1999 [cited 2020 Dec 10];43(4):782–8. Available from: 404 
/pmc/articles/PMC89207/?report=abstract 405 

19.  Flamm RK, Rhomberg PR, Simpson KM, Farrell DJ, Sader HS, Jones RN. In vitro 406 
spectrum of pexiganan activity when tested against pathogens from diabetic foot 407 
infections and with selected resistance mechanisms. Antimicrob Agents Chemother 408 

[Internet]. 2015 Mar 1 [cited 2020 Dec 10];59(3):1751–4. Available from: 409 
http://aac.asm.org/ 410 

20.  Lamb HM, Wiseman LR. Pexiganan acetate [Internet]. Vol. 56, Drugs. Drugs; 1998 [cited 411 
2020 Dec 10]. p. 1047–52. Available from: https://pubmed.ncbi.nlm.nih.gov/9878992/ 412 

21.  Gomes D, Santos R, S. Soares R, Reis S, Carvalho S, Rego P, et al. Pexiganan in 413 
Combination with Nisin to Control Polymicrobial Diabetic Foot Infections. Antibiotics 414 
[Internet]. 2020 Mar 20 [cited 2020 Dec 10];9(3):128. Available from: 415 
https://www.mdpi.com/2079-6382/9/3/128 416 

22.  Cuesta S, Gallegos F, Arias J, Pilaquinga F, Blasco-Zúñiga A, Proaño-Bolaños C, et al. 417 
Molecular modeling of four Dermaseptin-related peptides of the gliding tree frog 418 

Agalychnis spurrelli. J Mol Model [Internet]. 2019 Sep 1 [cited 2020 Dec 3];25(9):1–12. 419 



29 
 

Available from: https://doi.org/10.1007/s00894-019-4141-1 420 

23.  Proaño-Bolaños C, Blasco-Zúñiga A, Almeida JR, Wang L, Llumiquinga MA, Rivera M, 421 
et al. Unravelling the Skin Secretion Peptides of the Gliding Leaf Frog, Agalychnis 422 
spurrelli (Hylidae). Biomolecules [Internet]. 2019 Oct 30 [cited 2020 Dec 7];9(11):667. 423 
Available from: https://www.mdpi.com/2218-273X/9/11/667 424 

24.  Bartels EJH, Dekker D, Amiche M. Dermaseptins, multifunctional antimicrobial peptides: 425 
A review of their pharmacology, effectivity, mechanism of action, and possible future 426 
directions. Front Pharmacol [Internet]. 2019 [cited 2020 Dec 3];10. Available from: 427 
/pmc/articles/PMC6901996/?report=abstract 428 

25.  Modelamiento molecular de la dermaseptina SP2 extraída de Agalychnis spurrelli - 429 
Dialnet [Internet]. [cited 2020 Dec 3]. Available from: 430 

https://dialnet.unirioja.es/servlet/articulo?codigo=7113300 431 

26.  Vega C, Rolón M, Martínez-Fernández AR, Escario JA, Gómez-Barrio A. A new 432 
pharmacological screening assay with Trypanosoma cruzi epimastigotes expressing β-433 

galactosidase. Parasitol Res [Internet]. 2005 Mar [cited 2020 Dec 8];95(4):296–8. 434 
Available from: https://pubmed.ncbi.nlm.nih.gov/15682334/ 435 

27.  Rodrigo Fuentes B, Mario Maturana A, Rolando de la Cruz M. Eficacia de nifurtimox 436 
para el tratamiento de pacientes con enfermedad de Chagas crónica [Internet]. Vol. 29, 437 

Revista Chilena de Infectologia. Sociedad Chilena de Infectología; 2012 [cited 2020 Dec 438 
29]. p. 82–6. Available from: www.sochinf.cl 439 

28.  Chevillard C, Nunes JPS, Frade AF, Almeida RR, Pandey RP, Nascimento MS, et al. 440 

Disease Tolerance and Pathogen Resistance Genes May Underlie Trypanosoma cruzi 441 
Persistence and Differential Progression to Chagas Disease Cardiomyopathy. Front 442 

Immunol [Internet]. 2018 Dec 3 [cited 2020 Dec 14];9:2791. Available from: 443 
www.frontiersin.org 444 

29.  Petravicius PO, Costa-Martins AG, Silva MN, Reis-Cunha JL, Bartholomeu DC, Teixeira 445 

MMG, et al. Mapping benznidazole resistance in trypanosomatids and exploring 446 
evolutionary histories of nitroreductases and ABCG transporter protein sequences. Acta 447 
Trop. 2019 Dec 1;200:105161.  448 

30.  Nozaki T, Engel JC, Dvorak JA. Cellular and molecular biological analyses of nifurtimox 449 
resistance in Trypanosoma cruzi. Am J Trop Med Hyg [Internet]. 1996 [cited 2020 Dec 450 
29];55(1):111–7. Available from: https://pubmed.ncbi.nlm.nih.gov/8702014/ 451 

31.  Wyllie S, Foth BJ, Kelner A, Sokolova AY, Berriman M, Fairlamb AH. Nitroheterocyclic 452 

drug resistance mechanisms in Trypanosoma brucei. J Antimicrob Chemother [Internet]. 453 
2016 Mar 1 [cited 2020 Dec 29];71(3):625–34. Available from: 454 
/pmc/articles/PMC4743696/?report=abstract 455 

32.  Canavaci AMC, Bustamante JM, Padilla AM, Perez Brandan CM, Simpson LJ, Xu D, et 456 

al. In Vitro and In Vivo High-Throughput Assays for the Testing of Anti-Trypanosoma 457 
cruzi Compounds. Geary TG, editor. PLoS Negl Trop Dis [Internet]. 2010 Jul 13 [cited 458 
2020 Dec 8];4(7):e740. Available from: https://dx.plos.org/10.1371/journal.pntd.0000740 459 



30 
 

33.  Moreno M, D’ávila DA, Silva MN, Galvão LM, MacEdo AM, Chiari E, et al. 460 
Trypanosoma cruzi benznidazole susceptibility in vitro does not predict the therapeutic 461 

outcome of human Chagas disease. Mem Inst Oswaldo Cruz [Internet]. 2010 [cited 2020 462 
Dec 23];105(7):918–24. Available from: 463 
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0074-464 
02762010000700014&lng=en&nrm=iso&tlng=en 465 

34.  Rolón M, Vega C, Escario JA, Gómez-Barrio A. Development of resazurin microtiter 466 
assay for drug sensibility testing of Trypanosoma cruzi epimastigotes. Parasitol Res 467 
[Internet]. 2006 Jul [cited 2020 Dec 8];99(2):103–7. Available from: 468 
https://pubmed.ncbi.nlm.nih.gov/16506080/ 469 

35.  Adade CM, Oliveira IRS, Pais JAR, Souto-Padrón T. Melittin peptide kills Trypanosoma 470 

cruzi parasites by inducing different cell death pathways. Toxicon. 2013 Jul 1;69:227–39.  471 

36.  Wu Q, Patočka J, Kuča K. Insect antimicrobial peptides, a mini review. Vol. 10, Toxins. 472 
MDPI AG; 2018.  473 

37.  Seyfi R, Kahaki FA, Ebrahimi T, Montazersaheb S, Eyvazi S, Babaeipour V, et al. 474 
Antimicrobial Peptides (AMPs): Roles, Functions and Mechanism of Action [Internet]. 475 
Vol. 26, International Journal of Peptide Research and Therapeutics. Springer; 2020 [cited 476 

2020 Dec 30]. p. 1451–63. Available from: https://doi.org/10.1007/s10989-019-09946-9 477 

38.  Park Y, Hahm KS. Antimicrobial peptides (AMPs): peptide structure and mode of action. 478 
[Internet]. Vol. 38, Journal of biochemistry and molecular biology. J Biochem Mol Biol; 479 

2005 [cited 2020 Dec 30]. p. 507–16. Available from: 480 
https://pubmed.ncbi.nlm.nih.gov/16202228/ 481 

39.  Lee J, Lee DG. Antimicrobial peptides (AMPs) with dual mechanisms: Membrane 482 

disruption and apoptosis. J Microbiol Biotechnol. 2014 Dec 24;25(6):759–64.  483 

40.  Haney EF, Mansour SC, Hancock REW. Antimicrobial peptides: An introduction. In: 484 
Methods in Molecular Biology. Humana Press Inc.; 2017. p. 3–22.  485 

41.  Lei J, Sun LC, Huang S, Zhu C, Li P, He J, et al. The antimicrobial peptides and their 486 

potential clinical applications. Vol. 11, American Journal of Translational Research. E-487 
Century Publishing Corporation; 2019. p. 3919–31.  488 

42.  3M Science Applied to Life. 3M Petrifilm Aerobic Count Plates | 3M Food Safety | 3M 489 
United States [Internet]. 2019 [cited 2019 Mar 3]. p. 1. Available from: 490 

https://www.3m.com/3M/en_US/company-us/all-3m-products/~/AEROBIC-3M-491 
Petrifilm-Aerobic-Count-Plates/?N=5002385+3293785706&rt=rud 492 

 493 


