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The growing resistance of microorganisms to antibiotics has been considered as a global public

health problem. Therefore, the search for novel antimicrobial drugs, chemically unrelated to
the presently used antibiotics, is urgently needed. Our group has recently characterized a new
family of antimicrobial peptides – phylloseptins – isolated from the skin secretion of the South
American amphibian Phyllomedusa hypochondrialis, which showed a strong antimicrobial

effect against Gram-positive and Gram-negative bacteria. We now investigate the in vivo
toxicity of synthetic phylloseptin-1 (PS-1) toward bone marrow, liver, spleen, kidney and lung
after endovenous administration to Swiss mice of a bolus dose of 4 mg/kg. Genotoxicity was

evaluated by quantifying erythrocyte micronuclei. PS-1-treated mice showed no alteration in
the histology of liver, spleen, kidney and lung, as well as of blood biochemistry, as compared
to normal controls. Cytotoxicity tests, evaluated either by blood cytometry or bone marrow

polychromatophilic erythrocyte index, revealed no deleterious effect of PS-1. Moreover, the
peptide showed no toxicity towards bone marrow erythrocytes. We concluded that, in a
concentration ten times over that providing antimicrobial effect, synthetic PS-1 showed no in
vivo toxicity.

KEY WORDS: phylloseptin-1; antimicrobial peptide; Phyllomedusa hypochondrialis; cytotoxicity;
genotoxicity; mouse.

INTRODUCTION

The growing emergence of resistance of micro-
organisms to antibiotics throughout the world, due
to massive use and the occurrence of strongly
selective environments for pathogens, such as the
hospitals, lead the World Health Organization
(WHO) to consider this phenomenon as a major
public health problem (WHO, 2000). Therefore, the
development of novel products or strategies became
a central issue in the fight against pathogens (Black
and Hodgson, 2005). In the last decades over 500
peptides with antimicrobial activity have been de-
scribed (see http://aps.unmc.edu/AP/main.php),
some of them were isolated from amphibians
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(Vanhoye et al., 2003). These animals are found to
produce abundant active substances (Brand et al.,
2002; Leite et al., 2005), ranging from biogenic
amines, complex alkaloids, and antimicrobial pep-
tides related to self-defence (Cunha Filho et al.,
2005; Silva, 2004).

It is well established that antimicrobial peptides
from amphibians are produced and stored in
cutaneous granular glands, and are continuously
released by holocrine mechanisms (Chen et al.,
2003, 2005). These natural antimicrobial peptides
confer protection against microorganisms, not only
in the absence of a clonally based immune system,
like in insects, but also in higher organisms, as an
immediate host response to infections, well before
the adaptive immune system is activated (Apponyi
et al., 2004; Hancock and Diamond, 2000). These
molecules are chemically unrelated to conventional
antibiotics, making unlikely the emergence of cross-
resistant microorganisms. Moreover, amphibian-
derived antimicrobial peptides act directly on target
cells by increasing membrane permeability in a way
that does not appear to depend on specific recep-
tors (Ambroggio et al., 2005; Matsuzaki, 1999; Pe-
schel, 2002), and that is not affected by the
resistance mechanisms presented by a growing
number of pathogens towards antibiotics (Stark
et al., 2002).

Several bioactive substances have been isolated
from the skin secretions of amphibians belonging to
the genus Phyllomedusa (subfamily Phyllomedusi-
nae), which include dermaseptins (Brand et al.,
2002; Krugliak et al., 2000; Mor et al., 1991; Shiri
et al., 2002). Recently, our group identified a new
family of six antimicrobial peptides called phyllo-
septins (PS) from the cutaneous secretion of Phyl-
lomedusa hypochondrialis. The members of this
family present activity against bacteria and fungi at
micromolar concentrations (Leite et al., 2005). One
of these is phylloseptin-1 (PS-1), a 19 amino-acid-
cationic peptide of 2016.14 Da, with amphiphilic
properties, which showed a strong antimicrobial
effect against Gram-positive and Gram-negative
bacteria, and presented no significant hemolytic
activity (<0.6% at the MIC range) to mammalian
erythrocytes (Leite et al., 2005). The aim of the
present study was to evaluate the toxicity of syn-
thetic PS-1 in an in vivo model, an essential step
towards its possible future use in humans.

MATERIAL AND METHODS

Phylloseptin-1 Solid Phase Synthesis

Amidated PS-1 (FLSLIPHAINAVSAIAKHN-NH2) was

synthesized on a Pioneer Synthesis System from Applied Biosys-

tems (California, USA) (Merrifield, 1963). Fmoc amino acids and

Fmoc-PALpoly (ethyleneglycol)-polystyrene (FmocPAL-PEG-PS)

resin were purchased from Applied Biosystems (California, USA).

A preparative C18 column Vydac 218 TP 1022 (Columbia, MD) on

an HPLC system (Shimadzu Corporation, Kyoto, Japan) was used

for purifying the product. Molecular mass and sample purity were

checked by a Voyager DE MALDI-TOF/MS (PerSeptive Biosys-

tems, Framingham, MA, USA) and MALDI TOF-TOF MS

ULTRAFLEX II (Bruker Daltonics, Bremen, Germany).

Animals

Female adult Swiss mice (n = 8), weighing 35–40 g, obtained

from the Centro Universitário de Brası́lia Animal House, received

endovenously a bolus dose of PS-1 (4 mg/kg, a concentration 10-

fold over its antimicrobial dose) in 100 lL of 0.9% NaCl solution,

while the control group was treated with the same volume of the

diluent. In the experiments on genotoxicity, mice were endove-

nously treated with a bolus dose of cyclophosphamide (33 mg/kg),

a drug known for its clastogenic effect (Colvin and Chabner, 1990),

and used as the positive control group. The animals were killed by

ether inhalation after 24 h to 14 days, and several biological tests

were performed using standard techniques. During the duration of

experiments, mice were maintained at 12 h dark/light cycles, con-

trolled temperature (23 �C), and received balanced food and water

ad libitum.

Cytotoxicity Assays

Toxicity of PS-1 to blood cells was evaluated by quantification

of total and differential peripheral blood leucocytes collected after

treatment (24 h up to 14 days), or by the polychromatophilic bone

marrow erythrocyte index (24 or 48 h). Blood was collected in

syringes previously treated with EDTA, and leucometry and leuc-

ogram were performed by standard techniques (Brillard and

Mcdaniel, 1985). Bone marrow cells were collected from the femur,

after cutting its extremities, with fetal calf serum, mechanically

disrupted, distended on glass slide, fixed with absolute methanol,

and stained with 15% Giemsa solution in phosphate-buffered saline

pH 7.2. The polychromatophilic erythrocyte index (Bolliger, 2004)

was calculated by assessing the ratio between polychromatophilic

and normochromatophilic erythrocytes after examining 1000 cells.

Genotoxicity Assay

The possible clastogenic effect of PS-1 was investigated by

quantifying the total number of micronuclei in 1000 bone marrow

polychromatophilic or normochromatophilic erythrocytes. Mice

were divided into three groups of eight animals and received, by

endovenous route, either a bolus dose of 4 mg/kg of PS-1 (test

group), or 33 mg/kg of cyclophosphamide (Enduxan�, Brasil)
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(positive control group), or 0.9% NaCl solution (negative control

group). The animals were killed 24 or 48 h after treatment, and

bone marrow cells were collected, processed and examined as

previously described.

Biochemical Analysis

The possible toxicity of PS-1 towards kidney and liver was

evaluated by assessing the serum concentrations of urea, creatinine,

aspartate aminotransferase (AST) and alanine-aminotransferase

(ALT) (Moura, 1982). Groups of eight mice were treated with

100 lL of either PS-1 (4 mg/kg) or 0.9% NaCl solution and killed

after 24 or 48 h. The analyses were made using the spectrophoto-

metric system ADVIA 1650 (Bayer Corporation, Diagnostics

Division, Tarrytown, USA).

Histopathological Analysis

Small fragments of liver, spleen, kidney and lung were col-

lected and processed for histopathology following standard tech-

niques (Clark, 1980), stained with hematoxylin and eosin and

analysed by light microscopy. Photomicrographs were performed

with a Sony Cyber shot camera model DSC-P72 of 3.2 megapixels

(Tokio, Japan).

Statistical Analysis

The Kolmogorov–Smirnov test was used to evaluate the nor-

mality of the variables distribution, and the Kruskal–Wallis test

followed by Dunn’s method, to compare multiple unrelated non-

normal samples (Glantz, 1992). Differences with a two-tailed value

of p<0.05 were considered statistically significant. The SigmaStat

software (Jandel Scientific, San Rafael, CA) was used for statistical

tests and the Microcal� Origin 6.0� software package (Microcal

Software Inc., 1999) was employed for the graphic representations.

RESULTS

The determination of the LD50 of PS-1, with
purity of 99.9%, the dose able to kill 50% of the
animals, is a usual step for toxicity studies. We
administered doses from 4 to 32 mg/kg of PS-1 to
mice. This last concentration is equivalent 80-fold
over that able to provide in vitro antimicrobial effects
(�4 lM). However, even at this high concentration,
the peptide caused no death of injected animals or
any morphological alterations (data not shown).

Endovenously administered PS-1 caused, in the
time window used, no significant alteration in the
total number of mouse peripheral blood leucocytes,
as compared to the control group treated with 0.9%
NaCl solution. This finding indicates that the peptide
caused no in vivo inflammatory effect (Table I).

Erythrocyte toxicity, evaluated from the bone
marrow polychromatophilic erythrocyte index,
showed no in vivo effect of PS-1 when compared to
that of the control group (Fig. 1). To evaluation of a
possible clastogenic effect of PS-1 we utilized bone
marrow immature erythrocytes. Both 24 and 48 h
after treatment of mice with PS-1, the total number of
micronuclei in erythrocytes were comparable to that
of control mice treated with 0.9% NaCl solution
(Dunn’s method, p>0.05), and lower than that
caused by cyclophosphamide, a drug with known
clastogenic effect (Fig. 2).

The evaluation of serum concentration of urea
and creatinine gives a trusted indication of overall
kidney function because, since these substances are
normally filtered and excreted by the organ, an
increased in their serum levels reflects a decline in the
glomerular filtration rate. PS-1-treated mice showed
serum levels of urea and creatinine comparable to
those of the control group treated with 0.9% NaCl
solution (Dunn’s method, p>0.05), which indicates
no toxicity of PS-1 to the kidney (Fig. 3).

AST and ALT are cytosolic enzymes found in
cells of several tissues, especially hepatocytes and
muscle cells. These enzymes are released from dam-
aged cells and are considered as useful tools for the
diagnosis and monitoring of cell injury (Moura,
1982). We found that serum concentrations of AST
and ALT in mice treated with PS-1 were comparable
to those detected in control mice treated with 0.9%
NaCl solution (Dunn’s method, p>0.05), which
indicates the toxicity absence of the peptide to liver
and muscle cells (Fig. 4).

The histopathological evaluation of liver, spleen,
kidney and lung by microscopy revealed no
morphological alteration in mice treated with PS-1 in
comparison to the control group treated with 0.9%
NaCl (Fig. 5).

DISCUSSION

The results of the present investigation clearly
indicate that, at a concentration 10-fold higher than
that in which it presents an antimicrobial effect, en-
dovenously administered PS-1 caused no detected
toxic effect in mice, confirming the findings of Leite
et al. (2005), using an in vitro system. At the same
single concentration Ownby et al. (1997) have dem-
onstrated the myotoxic effect of mellitin by dorso-
lateral injection on mice.
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The inability to determine the LD50 concentration
of PS-1, even after treating mice with a dose 80-fold
over its MIC, indicated no or very low toxicity
(undetectable by morphology). After a systematic
investigation of a single dose (10-fold higher than
MIC), no quantitative or qualitative alteration was
found in blood leucocytes, or in biochemical param-
eters of liver and kidney damage. These findings were
confirmed by the absence of microscopic alterations
of these organs. The examination of bone marrow
cells is a sensitive way to detect cytotoxicity. In nor-
mal situations, the proportion of polychromatophilic
to normochromatophilic erythrocytes in this organ is
1:1 (Rabelo-Gay, 1991). PS-1-treated mice presented

an average of 50% of polychromatophilic erythro-
cytes, which indicates an absence of toxicity in this
system.

Micronuclei are small fragments of chromatin
formed when the nucleus of erythrocytes is expelled
from the cell during its maturation (Evans, 1997). An
increase in the number of micronuclei indicates
chromosome injury (Schmid, 1975). In our study, PS-
1 caused no effect on the number of erythrocyte mi-
cronuclei (Fig. 2), which indicates an absence of
genotoxicity.

The remarkable feature of PS-1 to kill bacteria
and fungi (Leite et al., 2005) but not mammalian cells
is shared with other antimicrobial peptides, including

Table I. Effects of phylloseptin-1 (PS-1), endovenously administered to mice (n = 8), on the number and categories of peripheral blood
leucocytes (cells/lL)

Time Treatment

Leucocytes (�102) Lymphocytes (�102) Neutrophils (�102) Monocytes (�102) Eosinophils (x102)
Median Median Median Median Median
(25–75%) (25–75%) (25–75%) (25–75%) (25–75%)

24 h Saline 72 (65–79) 56 (50–63) 7 (5–9) 6 (5–10) 0.8 (0.3–1)
PS-1 82 (67–106) 60 (45–76) 6 (2–1) 9 (3–16) 1 (1–2)

48 h Saline 66 (58–70) 54 (50–59) 5 (4–6) 2 (2–4) 0.3 (0–0.7)
PS-1 65 (61–69) 57 (54–61) 3 (2–6) 1 (1–2) 0.1 (0–0.3)

7 days Saline 69 (64–75) 54 (50–65) 5 (4–7) 7 (3–8) 0.3 (0.3–0.9)
PS-1 68 (64–79) 54 (49–67) 5 (3–6) 8 (6–10) 1 (0.4–1)

14 days Saline 75 (60–91) 66 (55–77) 5 (3–8) 7 (5–8) 1 (0–0.9)
PS-1 86 (70–94) 71 (53–79) 9 (7–10) 4 (3–8) 1 (0–0.6)

The time windows varied from 24 h to 14 days after a bolus dose of 4 mg/kg of PS-1 or 0.9% NaCl solution (Saline). The differences between
groups were analysed by the Kruskal–Wallis test, followed by Dunn’s method for multiple comparisons. No difference between groups was
found.

Fig. 1. The effects of endovenously administered phylloseptin-1 (PS-1) on bone marrow polychromatophilic erythrocytes 24 and 48 h after
injection. Mice (n = 8) were treated with a bolus dose of PS-1 (4 mg/kg), or 33 mg/kg cyclophosphamide (Cy), or 0.9% NaCl solution (Sal).
Median, upper and lower quartiles and extreme values are shown. The effects of treatments were evaluated by the Kruskal–Wallis test,
followed by Dunn’s method for multiple comparisons. No statistical difference between PS-1 and control groups was found.
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cecropins (Steiner et al., 1981), magainins (Andrès
and Dimarcq, 2004), and dermaseptins (Krugliak
et al., 2000). These peptides vary considerably in their
chain length and structure, but have cationic prop-
erties in common. This feature could explain the
selectivity of these antimicrobial peptides towards
microorganisms, which usually are more negatively
charged than mammalian cells (Sitaram and Nagaraj,
1999). This selectivity also depends on the charac-
teristics of the amino acid sequence of the peptide,
including the hydrophobic moment, isoelectric point
and helicicity, as shown by Blondelle and Houghten
(1991).

As suggested by Leite et al. (2005) the first
target of PS-1 is the anionic plasma membrane of
microorganisms. The association resulting in severe
membrane alteration leads progressively to in-
creased permeability and cell lysis. The absence of
detectable toxicity of PS-1 to mouse cells and tis-
sues could reflect its low interaction with cell
plasma membrane, due to a high content of cat-
ionic lipids as cholesterol (Goluszko and Nowicki,
2005; Tomasinsig et al., 2006). Our findings indicate
that the low selectivity of PS-1 to mammalian cell
membranes is an important feature for explaining
its low toxicity.

Fig. 2. Effect of phylloseptin-1 (PS-1) on Swiss mice (n = 8) following endovenous administration on the total micronuclei of 1000 bone
marrow polychromatophilic or normochromatophilic erythrocytes after 24 h (a) or 48 h (b). Mice were treated with a bolus dose of 4 mg/kg
of PS-1, or 33 mg/kg cyclophosphamide (Cy), or 0.9% NaCl solution (Sal). Median, upper and lower quartiles and extreme values are shown.
The effects of the drug were evaluated by the Kruskal–Wallis test, followed by Dunn’s method for multiple comparisons. While Cy caused an
increase in polychromatophilic (24 and 48 h, both p = 0.001) and normochromatophilic erythrocytes (48 h, p = 0.001), no statistical
difference was found between PS-1 and control groups.

Fig. 3. Effect of phylloseptin-1 (PS-1) (4 mg/kg), or 0.9% NaCl solution (Sal), endovenously administered to Swiss mice (n = 8), on blood
urea (a), and creatinine (b) concentrations, 24 or 48 h after injection. Median, upper and lower quartiles are shown. The results were evaluated
by the Kruskal–Wallis test, followed by the Dunn’s method for multiple comparisons, and showed no statistical difference between PS-1
treated and control mice.
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The broad-spectrum activity of antimicrobial
peptides produced by amphibians and the enor-
mous variability of these animals in nature make
them important potential source of antibiotics for
human use. We have previously showed that PS-1
is active against Gram-positive and Gram-negative
bacteria, and displayed no toxic effect in an in vitro
system (Leite et al., 2005). We now show, in an in
vivo model, no evidence of toxicity for PS-1, using

a concentration 10-fold over that providing anti-
microbial effect. The use of a single dose is an
accepted procedure for preliminary toxicity tests of
new compounds in animals, according to the WHO
Manual of Good Laboratory Practices (WHO,
2001).

These findings may provide novel templates
from which new compounds may be developed to
widen the strategies for the treatment of infections,

Fig. 4. Effect of phylloseptin-1 (PS-1) (4 mg/kg), or 0.9% NaCl solution (Sal), endovenously administered to Swiss mice (n = 8) on aspartate-
aminotransferase (a), and alanine-aminotransferase (b) concentrations, 24 or 48 h after injection. Median, upper and lower quartiles are
shown. Results were tested by the Kruskal–Wallis test, followed by the Dunn’s method to multiple comparisons, and showed no statistical
differences between PS-1 treated and control mice.

Fig. 5. Comparison between the histology of liver (a), spleen (b), kidney (c), and lung (d) from mice treated with phylloseptin-1, and the
equivalent organs from mice treated with 0.9% saline solution (e--h). All pictures refer to mice killed 7 days after treatment. Light microscopy
evaluation of these organs showed no detectable morphological changes between the two groups. Hematoxilin and eosin staining, used with
100� magnification.
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particularly those caused by pathogens resistant to
conventional antimicrobial agents. Our present
results represent a step forward a possible future use
of PS-1 in humans and animals.

ACKNOWLEDGMENTS

This work was supported by the Brazilian Conselho Nacional

de Desenvolvimento Cientı́fico e Tecnológico. We are grateful to

Centro Universitário de Brası́lia (UniCEUB) for the donation of

the mice used in this research.

REFERENCES

Ambroggio, E. E., Separovic, F., Bowie, J. H., Fidelio, G. D. and

Bagatolli, L. A.: 2005, Biophys. J. 89, 1874–1881.

Andrès, E. and Dimarcq, J. L.: 2004, Rev. Med. Interne 25, 629–

635.

Apponyi, M. A., Pukala, T. L., Brinkworth, C. S., Maselli, V. M.,

Bowie, J. H., Tyler, M. J., Booker, G. W., Wallace, J. C.,

Carver, J. A., Separovic, F., Doyle, J. and Llewellyn, L. E.:

2004, Peptides 25, 1035–1054.

Black, M. T. and Hodgson, J.: 2005, Adv. Drug Deliv. Rev. 57,

1528–1538.

Blondelle, S. E. and Houghten, R. A.: 1991, Biochemistry 30, 4671–

4678.

Brand, G. D., Leite, J. R. S. A., Silva, L. P., Albuquerque, S.,

Prates, M. V., Azevedo, R. B., Carregaro, V., Silva, J. S., Sá,
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