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ABSTRACT

This study aimed to further investigate the cytotoxicity against tumor cell lines and several bacterial strains
of Annona squamosa and its mode of action. Methanol extracts of A. squamosa leaves (ASL) and seeds
(ASS) were used. ASL showed significant antibacterial activity against S. aureus, K. pneumoniae and
E. faecalis with MIC values of 78, 78 and 39 pg/mL respectively. Moreover, ASL exhibited significant
biofilm disruption, rapid time dependent kinetics of bacterial killing, increased membrane permeability
and significantly reduced the cell numbers and viability. Regarding the cytotoxicity against tumor cell
lines, ASS was more active against Jurkat and MCF-7 cells, with CI, 1.1 and 2.1 pg/mL, respectively.
ASL showed promising activity against Jurkat and HL60, with CI, 4.2 and 6.4 pg/mL, respectively.
Both extracts showed lower activity against VERO cells and reduced the clonogenic survival at higher
concentrations (IC,)) to MCF-7 and HCT-116 lineages. The alkaloids anonaine, asimilobine, corypalmine,
liriodenine nornuciferine and reticuline were identified in extracts by UPLC-ESI-MS/MS analysis. This
study reinforced that 4. squamosa presents a remarkable phytomedicinal potential and revealed that its
antimicrobial mechanism of action is related to bacterial membrane destabilization.
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INTRODUCTION

Although the use of medicinal plants is an ancient
practice, nowadays it is still considered the main
strategy to treat several diseases in a variety of

Correspondence to: Rodrigo Luiz Fabri
E-mail: rodrigo.fabri@ufjf.edu.br

ethnic groups and communities in many countries
(Sharma and Kumar 2011). In this context, the
ethnopharmacology has contributed significantly to
the studies aimed to evaluate the biological effects
of medicinal plants, corroborating the practice of
herbal traditional medicine (Coutinho et al. 2004,
Oliveira et al. 2004). It is estimated that medicinal
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plants are used as the primary health care by 80%
of the population in developing countries (Brasil
2006, Rosa et al. 2011). Besides, many studies have
demonstrated that natural products continue to play
a highly significant role in the drug discovery and
development process (Newman and Cragg 2010).

In the recent years, the frequency of microbial
resistance and its association with serious
infectious diseases have increased gradually, so
that the search for new therapeutic tools is needed
(Padua et al. 2013). A classical example of an
emergent microorganism is methicillin resistant
Staphylococcus aureus (MRSA), which is virtually
resistant to all antibiotics, except for vancomycin
(Rossi 2011). Not less important, cancer, caused by
disorders on cell proliferation, is the second leading
cause of death in the world, the first in developed
countries, and its mortality will probably continue
to increase in the next years (Brandao et al. 2010,
Jemal et al. 2011). However, the drugs currently
available to treat those conditions presenta variety of
side effects and are not effective in many situations.
Therefore, much attention has been given to plant
extracts and their isolated compounds in the search
for new therapeutic agents (Almeida et al. 2005,
Gurib-Fakim 20006).

The Annonaceae family consists of
approximately 120 genera which have tropical and
subtropical distribution worldwide (Joly 1979).
According to Fouque (1972), this family is native to
tropical America. The species Annona squamosa L.
is cultivated in tropical South and Central America,
and occasionally in Florida. The fruits are commonly
used as food, as they are considered an important
source of vitamin C and minerals, including
potassium, calcium and phosphorus (Gupta et al.
2005). In traditional medicine, the leaves, seeds and
fruits of this species are considered as antidiarrheal,
antitumor, antimicrobial and anthelmintic remedies
(Lorenzi and Matos 2002, Rieser et al. 2004).
Some phytochemical and pharmacological studies
of A. squamosa seeds, including hypoglycemic,
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antiovulatory and insecticidal activities had been
reported (Fouque 1972, Vohora et al. 1975)

Rahman et al. (2005) showed the antibacterial
activity of four different extracts of A. squamosa
seeds and Kotkar et al. (2002) reported the
antimicrobial activity of flavonoids isolated from
the seeds. However, these activities were evaluated
only by preliminary tests, such as agar diffusion
method. In addition, some studies have reported the
cytotoxic activity of 4. squamosa seeds extracts,
however, the biological activities of the leaves are
less studied (Pandey and Barve 2011). Thus, the
aims of the present study were to further investigate
the cytotoxic actions and antibacterial activity of
A. squamosa seeds and leaves, and to evaluate
whether its antimicrobial mechanism of action is
related to bacterial membrane destabilization. Also
the chemical characterization of alkaloids from
the extracts was performed by UPLC-ESI-MS/MS
analysis.

MATERIALS AND METHODS

PLANT MATERIAL

Annona squamosa L. leaves and seeds were
collected in Recreio, Minas Gerais State, Brazil,
in March, 2011. The plant was identified by Dr.
Luciana Moreira Chedier from Federal University
of Juiz de Fora. A voucher specimen (CESJ 46005)
was deposited at the Herbarium Leopoldo Krieger
of Federal University of Juiz de Fora.

PREPARATION OF THE EXTRACTS

Oven dried (40 °C for two days) and powdered
leaves and seeds of the plant (6.5 g and 3.3 g,
respectively) were extracted by static maceration
with methanol (5 x 200 ml) for five days at room
temperature. The solvent was evaporated using
a rotatory evaporator (40 °C) to produce the
methanolic extracts with yield to 6.6% and 11.4%,
respectively for leaves (ASL) and seeds (ASS). The
extracts were kept in tightly stoppered bottles under
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refrigeration until used for the biological testing
and chemical analysis.

UPLC-ESI-MS/MS ANALYSIS

ASL and ASS were analyzed on an Acquity UPLC
system (Waters®, Milford, MA, USA) using a
UPLC column (2.1 x 50 mm, 1.7 pum particle
size) at a temperature of 30 °C. A gradient of (A)
deionized purified water with 1% formic acid and
(B) methanol (Tedia®, Brazil) starting with 20%
B and ramping to 100% B at 5 min, holding to
5.50 min, then returning to initial conditions and
re-equilibrating at 7 min. Detection in positive ion
modes was achieved on an Acquity TQD mass
spectrometer (Micromass Waters®, Milford, MA,
USA) with capillary voltage-3,000 V, Cone-30 V,
source temperature 150 °C; desolvation temperature
350 °C. In the identification of the detected
compounds, the chromatographic retention time
(co-injection of the standards method) and the MS/
MS data and spectrums of the standard compounds
were compared with retention time and spectrums
of the extract for confirmation. Previously, the ion
of interest was subjected to MS/MS analysis to
make sure that the m/z corresponded to the same
compound as the standard by direct insertion
mass spectrometry with electrospray ionization
in positive ion mode (ESI-MS/MS). The analyses
were carried out at least in triplicate.

MICROBIAL STRAINS

The samples were evaluated against a panel of
micro-organisms, Staphylococcus aureus (ATCC
6538), Enterobacter aerogenes (ATCC 13048),
Enterobacter cloacae (ATCC 23355), Klebsiella
pneumoniae (ATCC 4552), Pseudomonas
aeruginosa (ATCC 9027), Bacillus cereus (ATCC
14579), Enterococcus faecalis (ATCC 19433),
Shigella dysenteriae (ATCC 13313), Escherichia
coli (ATCC 10536), Salmonella typhimurium
(ATCC 13311), and Salmonella choleraesuis

(ATCC 10708). These strains were cultured
overnight at 37 °C in Mueller Hinton agar (MHA).

SERIAL DIUTION ASSAY FOR DETERMINATION
OF THE MINIMAL INHIBITORY CONCENTRATION
(MIC)

The minimal inhibitory concentration (MIC)
of each sample was determined by using broth
microdilution techniques as described by CLSI
(2010). MIC values were determined in Mueller
Hinton broth (MHB). Bacteria were cultured
overnight at 37 °C for 24 h in Mueller Hinton Agar
(MHA). Samples stock solutions were two-fold
diluted from 5000 to 2.5 ug/mL (final volume = 80
uL) and a final DMSO concentration 1%. Then,
100 uL of MHB were added onto microplates.
Finally, 20 uL of 10° CFU/mL (according to
McFarland turbidity standards) of standardized
bacterial suspensions were inoculated onto
microplates and the test was performed in a volume
of 200 pl. Plates were incubated at 37 °C for 24h.
The same tests were performed simultaneously
for growth control (MHB + bacteria) and sterility
control (MHB + extract). Chloramphenicol (500
to 0.24 ug/mL) was used as positive control. The
MIC values were calculated as the highest dilution
showing complete inhibition of tested strain. The
analyses were performed in duplicate. Extracts
with MIC values < 100 pg/mL were considered
significantly active (Kuete 2010).

MINIMUM BACTERICIDAL CONCENTRATION
(MBC)

The MBC of the plant extracts was determined
by a modification of the method of Spencer and
Spencer (2004). Samples (10 pL) were taken from
plates with no visible growth in the MIC assay and
inoculated on freshly prepared Mueller-Hinton
agar plates, and later incubated at 37 °C for 24 h.
The MBC was taken as the concentration of the
extract that did not show any growth on a new set
of agar plates.
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EFFECT ON ESTABLISHED BIOFILMS

The effect on established biofilms was verified
as described by Nostro et al. (2007) with some
modifications. S. aureus (ATCC 6538), K.
pneumoniae (ATCC 4552) and E. faecalis (ATCC
19433) strains were grown as biofilms using TSB
with 1% glucose in 96 well polystyrene microtitre
plates for 24 h at 37 °C. Then the planktonic-phase
cells were gently removed, the wells were washed
three times with PBS pH 7.4 and filled with 200 pL
twofold dilutions of ASL, ranging from the MIC
to a 4-fold dilution of the MIC. The plates were
incubated for 24 h at 37 °C. The optical density at
492 nm was measured at time 0 and after incubation
for 24 h. Chloramphenicol and ciprofloxacin (MIC
values) were used as positive controls. Biofilm
control consisting of TSB medium and inoculum
was included. The experiment was carried out
in triplicate. The percentage of inhibition of the
established biofilm was defined as follows: {(mean
40, Of treated well)
/ mean OD,,, of control well} x 100.

oD, of control well - mean OD

BACTERIAL KILLING ASSAY

ASL was tested to determine the time-kill kinetics
for S. aureus (ATCC 6538), K. pneumoniae (ATCC
4552)and E. faecalis (ATCC 19433) strains. Freshly
grown bacterial strains about 10° cells/mL in saline
were inoculated in tubes of Mueller Hinton broth
supplemented with different concentrations of ASL
(MIC, 0.5MIC and 0.25MIC values) at 37 °C and
optical density at 600 nm was recorded at 2, 4, 6, 8
and 24 h. Graphs were plotted based on variations
in turbidity along the hours of incubation. This
obtained growth rate was studied for any signs of
bactericidal effects of ASL. Chloramphenicol and
ciprofloxacin (MIC values) were used as positive
controls. Bacterial strains inoculated in MHB and
ASL vehicle served as control of bacterial growth.
The experiment was carried out in triplicate (Datta
etal. 2011).
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OUTER MEMBRANE PERMEABILITY

Outermembrane (OM) permeability was determined
according to the method described by Hao et al.
(2009), with some modifications. The strains used
were K. pneumoniae (ATCC 4552) and E. faecalis
(ATCC 19433). Briefly, overnight cultures (5x10’
CFU/mL) were inoculated into Mueller-Hinton
broth containing ASL alone and the hydrophobic
antibiotic erythromycin concentrations ranging
from 0.1 to 20 ug/mL with or without ASL (MIC
value). The media were then added to sterilized 96-
well microplates and incubated at 35 °C for 24 h.
The growths of bacteria were measured at 450 nm
using a spectrophotometer.

NUCLEOTIDE LEAKAGE

The experiment was performed according to Tang et
al. (2008) with some modifications. The overnight
culture of S. aureus (ATCC 6538), K. pneumoniae
(ATCC 4552) and E. faecalis (ATCC 19433) at 37
°C was washed and resuspended in 10 mM PBS
(pH 7.4), reaching the final density of about 10°
cells/mL. Strains were incubated with ASL (MIC
value) for different times (2, 4, 6 and 8 h); strains
incubated with 10 mM PBS (pH 7.4) were used as
control. Following incubation, the cell suspensions
were centrifuged at 10,000 rpm for 10 min and the
supernatants were then diluted appropriately and
the optical density at 260 nm was recorded at room
temperature (25 °C). The experiment was carried
out in triplicate.

BACTERIA QUANTIFICATION

Bacteria enumeration was performed in
cytocentrifugation preparations as previously
described by Silva et al. (2014). Bacterial strains
of S. aureus (ATCC 6538), K. pneumoniae (ATCC
4552) and E. faecalis (ATCC 19433) in saline
were inoculated in tubes contained Mueller Hinton
broth (MHB) and ASL (MIC value). Control was
inoculated in MHB and ASL vehicle. Treated and
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control cultures, in triplicate, were incubated at 35
°C for 24 h. Samples were diluted 10 times (1mL) in
saline, fixed with free-particle 37% formaldehyde
(0.2 um filtered) to a final concentration of 2%,
stained with DAPI (final concentration 0.01 pg/
mL) and placed in mega funnels (Shandon Mega
funnel, Thermo, UK) for immediate centrifugation
in a cytocentrifuge (Shandon Cytospin 4, Thermo,
United Kingdom), at 452 g at high acceleration for
10 min. Acceleration and speed were established as
the procedures for medical microbiology provided
by the Cytospin manufacturer manual. Analyses
were performed on a fluorescence microscope (BX-
60, Olympus, Melville, NY, USA) and U-MWU2
filter (330-385 nm excitation wavelengths).
Bacteria numbers were determined by counting
20 random fields at 1,000x magnification using
an ocular grid. The final count was determined by
multiplying by the dilution factor (10x).

BACTERIA VIABILITY

For evaluation of bacteria viability, freshly grown
bacterial strains of S. aureus (ATCC 6538), K.
pneumoniae (ATCC 4552) and E. faecalis (ATCC
19433) in saline were inoculated in tubes containing
MHB and ASL (MIC value) and incubate at 35 °C
for 24 h. Bacterial strains inoculated in MHB and
ASL vehicle were used as control. Bacterial samples
(diluted 10 times in saline) were stained with the
LIVE/DEAD BacLight kit (Molecular Probes)
which enable differentiation between bacteria with
intact and damaged cell membranes (Boulos et al.
1999, Freese et al. 2006). This kit contains a mixture
offluorescent stains (SYTO 9 and propidium iodide)
that differ both in their spectral characteristics and
their ability to penetrate healthy bacterial cell
membranes. SYTO 9 stains viable cells whereas
propidium iodide stains non-viable cells. Bacteria
were stained by adding 1 mL of each sample to 3
pL of BacLight. In the dark, samples were placed in
megafunnels (Shandon Mega funnel, Thermo, UK)

for immediate centrifugation in a cytocentrifuge as
described above. Samples were prepared by using
regular slides without any coating. Analyses were
performed on a fluorescence microscope (BX-60,
Olympus, Melville, NY, USA) using U-MWB
filter (450-480 nm excitation wavelengths) which
allows simultaneous visualization of both markers.
Bacteria were directly counted in 10 random fields
using an ocular grid at 1,000x magnification and
the average percentage of live/dead bacteria was
established for each slide sampled.

HUMAN TUMOR CELL LINES

Four human tumor cell lines were used, Jurkat
(human immortalized line of T lymphocyte), HL60
(human promyelocytic leukemia), MCF-7 (breast
cancer) and HCT-116 (colorectal carcinoma). The
VERO lineage (African green monkey kidney
cells) was used as a model of non tumor cells. All
lineages were maintained in the logarithmic phase
of growth in RPMI 1640 or D-MEM supplemented
with 100 IU/mL penicillin and 100 pg/mL
streptomycin enriched with 2 mM of L-glutamine.
Leukemia cells were cultured in RPMI and 10%
of fetal bovine serum. The adherent cells were
maintained in D-MEM enriched with 5% of fetal
bovine serum. All cultures were maintained at 37
°C in a humidified incubator with 5% CO, and 95%
air. The media were changed twice weekly and the
cells were regularly examined. All cell lines were
used until 20 passages.

EVALUATION OF CYTOTOXIC EFFECT AGAINST
HUMAN TUMOR CELL LINES

Tumor cell lines (Jurkat, HL60, MCF-7 and HCT)
were inoculated at 1 x 10* cells (MCF-7, HCT-
116 and VERO), 5 x 104 cells (HL60) and 1 x
10° cells (Jurkat) per well. The plates were pre-
incubated for 24 h at 37 °C to allow adaptation of
cells prior to the addition of the test compounds.
ASL and ASS were dissolved in dimethyl sulfoxide
(DMSO) prior to dilution. The half maximal
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effective dose (ED,)) was determined over a range
of concentrations (nonserial six dilutions: from 50
to 1.5 pg/mL). All cell cultures were incubated in
a 5% CO,/95% air-humidified atmosphere at 37
°C for 48 h. Negative control included treatment
with 0.5% DMSO. Cell viability was estimated by
measuring the rate of mitochondrial reduction of
tetrazolium—dye (MTT). All samples were tested
in triplicate, in three independent experiments
(Monks et al. 1991). The cytotoxicity of etoposide
and doxorubicin were evaluated under the same
experimental conditions as positive controls.

DNA FRAGMENTATION ASSAY

Cell cycle status and quantification of DNA
fragmentation (hypodiploid DNA-content) were
performed by propidium iodide (PI) staining
according to Ricardi and Nicolleti (2006). Cells
were treated with the samples at 20 pg/mL in
a 5% CO,/95% air-humidified atmosphere at 37
°C for 24 h. After samples incubation, the cells
were centrifuged and ressuspended in hypotonic
fluorochrome solution — HFS (50 pg/mL PI in
0.1% sodium citrate plus 0.1% Triton X-100). The
samples in HFS were incubated at 4 °C during 4 h
and immediately analyzed by flow cytometry. The
PI fluorescence of 20,000 individual nuclei was
measured using a FACScalibur flow cytometer.
Data were analyzed by FlowJo® software (TreeStar
Inc).

CLONOGENIC CELL SURVIVL ASSAY

Brief, MCF-7 and HCT-116 cells were seeded in
six-well plates at density of 400 cells in 2mL of
medium per well. After 6 h, cells were treated
with vehicle (0.5% DMSO) and the extracts at the
concentrations of IC, or at higher concentrations of
their respective IC,, values (i.e. the concentration
at which cell viability was inhibited 90%). While
it is traditional to use IC, values for comparative
purposes in toxicity studies, previous studies
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have shown that IC,, not IC,, values are more
predictive of clinically important levels of drug
exposure in patients. The IC, values for each
extract-concentration curve from MTT assays
was calculated as described previously (Volpe and
Warren 2013). The ASL was tested at 11 and 100
ug/mL, both to MCF-7 and HCT-116. The ASS
was evaluated against MCF-7 at concentrations
of 2 and 18 pg/mL. After 24h, the medium was
replaced to stop the treatment and replaced by 4
mL by fresh medium. After 14 days, cells were
stained with crystal violet and colonies up to 50
cells were counted. Plating efficiency, surviving
fraction and colony mean size were determined for
each condition (Franken et al. 2006).

STATISTICAL ANALYSIS

The IC,;, and IC, values for cytotoxicity activity
were determined using Prism 5.0® (GraphPad
Software Inc.). Data were presented as median and
95% confidence interval. Statistical differences
between the treatments and the control were
evaluated by ANOVA test. Each data point
represented mean = SD from at least two
independent experiments performed in duplicate.
Statistical differences between the treatments
and the control were evaluated by ANOVA test
followed by Bonferroni (P > 0.05).

RESULTS AND DISCUSSION

UPLC-ESI-MS/MS ANALYSIS

For better global positioning of any herbal drug,
it is important to generate chemoprofiling data on
the basis of maximum available number of markers
for the extract (Fabri et al. 2013). For this reason,
the chromatogram profiles for ASL and ASS were
performed and are shown in Fig. 1 and Table 1.

A. squamosa and other plants from the genus
are well known by the presence of acetogenins,
which have been reported as potent antimicrobial
and cytotoxic compounds. Almost 30 acetogenins
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TABLE I
Compounds identified in the Annona squamosa extracts by UPLC-ESI-MS/MS analysis.
Compounds Retention time (min) M+ H]" (m/z) . MS-MS ions References
in positive ion mode
ASS* ASL?

Anonaine 2.98 2.98 266 266— 266 Da Cruz et al. 2011
Asimilobine 2.30 2.32 268 268— 251, 236,219, 191 Da Cruz et al. 2011
Corypalmine 2.16 - 342 342— 342 Simeo6n et al. 1990
Liriodenine - 3.36 276 276— 276 Da Cruz et al. 2011
Nornuciferine 2.88 2.88 282 282— 282 Costa et al. 2010

Reticuline 1.68 171 330 3307295, 195 175, 131, Costa et al. 2010

*ASS — methanolic extract of Annona squamosa seeds, ASL — methanolic extract of Annona squamosa leaves; -: compound not

detected.
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Figure 1 - Chromatograph of the methanolic extracts from Annona squamosa (a) seeds (ASS) and (b) leaves (ASL) analyzed by
UPLC-ESI-MS/MS. The assignments for identified compounds (time of retention and MS/MS spectra) are based on comparisons
with the corresponding isolated standards. (1) reticuline, (2) corypalmine, (3) asimilobine, (4) nornuciferine, (5) anonaine, (6)

liriodenine.

were already isolated from this species (Pandey
and Barve 2011). To identify other chemical
constituents which could be possibly related to
these activities, we investigated the alkaloid profile
of ASS and ASL by UPLC-ESI-MS/MS analysis.
Four alkaloids were identified in both extract
as anonaine, asimilobine, nornuciferine, and
reticuline. Liriodenine and corypalmine were also
found in ASL and ASS, respectively (Fig. 2).
Several biological activities were already
described for many of these alkaloids, which may
be considered as markers for Annonaceae, as they
were isolated from several species of this family

(Costa et al. 2013, Li et al. 2003, Silva et al. 2014).
It is well known the cytotoxic and antimicrobial
activities of anonaine (Costa et al. 2010, Li et
al. 2003, Paulo et al. 1992, Villar et al. 1987),
asimilobine (Costa et al. 2013,Woo et al. 1995),
liriodenine (Hufford 2011, Hsieh et al. 2005, Woo
et al. 1997), nornuciferine (Marti et al. 2013), and
reticuline (Orhan et al. 2007, Suresh et al. 2012,
Tsai et al. 1989). The mechanism of action of these
compounds are not well described in the literature,
however Chen et al. (2011) reported that anonaine
induces DNA damage, activation of caspase 3, 7, 8
and 9, and poly ADP ribose polymerase cleavage.
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Figure 2 - Chemical structures of the compounds identified in the Annona squamosa extracts.

Thus, the chromatographic analysis strongly
suggested that the compounds above mentioned
may be involved in the bioactivity found for A.
squamosa extracts.

ANTIMICROBIAL ACTIVITY

The MIC results suggested that ASL had a broad
spectrum of antibacterial activity as it was effective
against both Gram-negative and Gram-positive
bacteria, being more active against S. aureus, K.
pneumoniae and E. faecalis with MIC values of 78,
78 and 39 pg/mL, respectively (Table II). For S.
aureus, the MIC value was bactericidal (MBC/MIC
= 1), and for K. pneumoniae and E. faecalis, it was
bacteriostatic (MBC/MIC # 1). ASS presented no
antibacterial activity, which contradicted the results
found by others studies (Rahman et al. 2005, Kotkar
etal. 2011, Pandey et al. 2011).

Hospitals and other healthcare facilities are
ecological environments in which various micro-
organisms are present interacting with each other by
plasmids exchanges. This environment contributes
to the emergence of microbial resistance, which
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is a typical example of evolution in response to
a strong selective pressure (Almeida et al. 2012,
Galan et al. 2013). Furthermore, the extensive and
inappropriate use of antibiotics associated with
the steady stream of patients and clinical staff,
the increase of immunocompromised patients, the
delay in diagnosis, and, in some cases, the poor
hygiene conditions, favor the increased of bacterial
(Guimaraes et al. 2010).

In this context, Staphylococcus aureus is
considered an important pathogen in human
disease, as the infections caused by this agent have
severe consequences, more often in hospitalized
patients as it is the most common cause of
infections associated with medical devices and
nosocomial infections. The therapy has become a
major health problem, as S. aureus is a strongly
multiresistant micro-organism, in part due to its
ability to form biofilms (Kluytmans et al. 1997,
Periasamy et al. 2012). Enterococcus faecalis is
also a medically important bacterium, as it is a
common opportunistic pathogen in nosocomial
infections, and possess a remarkable antibiotic
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TABLE 11
Antibacterial activity of Annona squamosa.
ASL ASS Chloramphenicol  Ciprofloxacin
MIC MBC MBC/MIC MIC MBC MBC/MIC MIC MIC
Skin pathogen
Staphylococcus
aureus ATCC 6538 78 78 1 625 2500 4 12.5 0.39
Urinary pathogens
Enterobacter
aerogenes 1250 1250 1 5000 >5000 - 25.0 0.20
ATCC 13048
Enterobacter cloacae
ATCC 23355 625 625 1 2500  >5000 - 12.5 0.20
Respiratory pathogens
Klebsiella
pneumoniae 78 156 2 1250  >5000 - 12.5 12.5
ATCC 4552
Pseudomonas
aeruginosa 1250 5000 4 5000  >5000 - 25.0 3.13
ATCC 9027
Gastrointestinal pathogens
Bacillus cereus
ATCC 14579 1250 1250 1 5000  >5000 - 3.13 0.20
Enterococcus faecalis
ATCC 19433 39 78 2 313 5000 16 6.25 1.56
Shigella dysenteriae
ATCC 13313 625 625 1 2500  >5000 - 25.0 0.78
Escherichia coli
ATCC 10536 1250 1250 1 5000  >5000 - 3.13 0.20
Salmonella
typhimurium 1250 2500 2 5000  >5000 - 1.56 0.20
ATCC 13311
Salmonella
choleraesuis 1250 5000 4 5000  >5000 - 3.13 0.39
ATCC 10708

ASL — methanol extract of Annona squamosa leaves; ASS — methanol extract of Annona squamosa seeds; Values in pg/ml. (-) not

calculated.

resistance, which is commonly transferred to S.
aureus and Listeria species (Shankar et al. 2012).
Klebsiella pneumoniae is the most common
cause of community and hospital infections
after Escherichia coli (Dong et al. 2012). This
pathogen is the causative agent of 80% of the
community-acquired pyogenic liver abscess,

an important emerging infectious disease, in
which K. pneumoniae strains are endowed with
a hypermucoid phenotype, serum resistance, and
resistance to phagocytosis (Hsieh et al. 2012).

As ASL was more effective against S. aureus,
K. pneumoniae and E. faecalis, these bacteria were
chosen as targets to study the ASL activity on

An Acad Bras Cienc (2017) 89 (3 Suppl.)



2062 NiCOLAS C.C. PINTO et al.

established biofilms and bacterial killing. It was
also evaluated whether its antibacterial action is
related to membrane destabilization.

The study of microbial biofilms has received
significant attention over the past decades (Dheepa
et al. 2011). Biofilm is defined as an assemblage of
microbial cells that is associated with a surface and
enclosed in an extracellular matrix principally of
polysaccharide material (Donlan 2002). Biofilm-
associated organisms are fundamentally different
from populations of suspended cells. The interest
of researchers to study biofilms is mainly due to
the fact that the ability of bacteria to form biofilms
causes serious difficulties for antimicrobial therapy.
Bacterial cells in biofilms are extremely resistant to
treatment with antibiotics and other drugs as well
as to the immune response of the host organism.
Biofilms of pathogenic bacteria on medical devices,
including catheters or lenses, can cause chronic
infections (Bjarnsholt 2013, Plyuta et al. 2013).
The importance of biofilm is well recognized in
medical, environmental, and industrial contexts
(Stepanovic et al. 2007).

In this context, the ability of the ASL to disrupt
pre-formed biofilms of S. aureus, K. pneumoniae
and E. faecalis was tested at the MIC, 0.5MIC and
0.25MIC (Fig. 3). Biofilm disruption at MIC and
0.5MIC was significantly effective for S. aureus
and K. pneumoniae when compared to positive
controls (Fig. 3a, b). In these concentrations, the
inhibition was about 95% and 80% for S. aureus,
80% and 65% for K. pneumoniae, respectively.

The growth inhibitory action (time-kill
kinetics) of ASL was tested on the same bacterial
strains over a period of 24 h, in three different
concentrations (MIC, 0.5MIC and 0.25MIC
values) and it was compared with the life cycle of
the bacteria without the extract treatment (Fig. 4).

For S. aureus, all concentrations inhibited
the growth cycle curve when compared with the
untreated control. The bacteria showed a moderate
growth in the concentration of ASL 0.125MIC
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(Fig. 4a). Similar results were also found for E.
faecalis (Fig. 4c). The growth inhibitory action of
ASL on K. pneumoniae was tested in a similar way,
and it was observed that the bacterial life cycle
was forced into the death phase since the 4™ hour
of treatment. In other concentrations the bacterial
growth was increased, but this growth was lower
than the untreated control (Fig. 4b).

ASL exhibited rapid time dependent kinetics
of the bacterial killing for both Gram negative and
Gram positive bacteria, mainly at the MIC value.
Antibacterial agents that display rapid kinetics of
bacterial killing can potentially contain infection
with greater rapidity than those that exhibit slow
killing kinetics. A time-dependent bactericidal
effect takes place when the concentration of the
antibacterial exceeds the MIC for the micro-
organism while concentration-dependent
bactericidal effect occurs when an antibiotic has
a high concentration at the binding site for it to
eliminate the micro-organism (Anantharaman et
al. 2010).

Due to the variety of bacterial targets,
several models
antibacterial action of drugs have been described
in the literature. In this sense, OM permeability

for studying the mode of

and nucleotide leakage were chosen to clarify the
mode of action of ASL, which are associated with
damages to bacterial membranes (Hao et al. 2009).
The bacterial cell wall is a rigid structure that
covers the cytoplasmic membrane and gives shape
to the bacteria. In the Gram-positive bacteria,
the cell wall is thick consisting of several layers
of peptidoglycan and surface glycopolymers as
teichoic acids. In the Gram-negative bacteria,
the cell wall is relatively thin and is composed
of a single layer of peptidoglycan, lipoproteins,
lipopolysaccharides, and OM. The OM acts
as a molecular barrier that prevents the loss of
intracellular proteins, and restricts the access of
hydrolytic enzymes and some drugs, particularly
hydrophobic antibiotics (Silva-Junior et al. 2014).
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The ability of ASL to permeabilize the
outer membrane of K. pneumoniae and E.
faecalis was determined by a synergistic growth
inhibition assay in association with hydrophobic
antibiotic erythromycin. Erythromycin is typical
representative of the large group of hydrophobic
antibacterial agents against which the OM of
Gram-negative cell wall is known to be an
effective permeability barrier. These antibiotics
do not effectively permeate the intact OM of
Gram-negative bacteria but cross the OM of the
certain OM-defective mutants as well as the OM
damaged by chelators or polycations (Viljanen et
al. 1990). Accordingly, this antibiotic was chosen
to be probe to detect the OM permeability increase
induced by ASL. The effective synergism between
the hydrophobic antibiotic and ASL was evident in
Fig. 5. The results indicated that ASL increased the
outer membrane permeabilization in tested bacteria,
exhibiting synergic effect with erythromycin.

DNA and RNA are also released and can
be quantified by monitoring the absorbance at
260 nm, as these nucleotides possess strong UV
absorption at this wavelength. The nucleotide
leakage test showed that cytoplasmic membrane
permeability was increased by ASL, mainly against
Gram-negative bacteria, which caused the efflux
of nucleotides from the intracellular compartment
(Fig. 6). However, it was not possible to clarify
how exactly ASL interacted with the cytoplasmic
membrane components and led to the leakage
of nucleotides. Several possible molecular
mechanisms have been proposed to explain the
interaction between antibacterial drugs and the
cytoplasmic membrane, including the formation
of pores, solubilization of membrane proteins, and
changes in the structure/function of the membrane
phospholipid bilayer (Silva-Junior et al. 2014).

Next, to confirm a bacteriostatic/bactericidal
effect of ASL, we performed two additional
approaches. First, the number of bacteria was
quantified after staining with DAPI (Fig. 7a). Our
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results revealed that ASL had a significant impact
on the bacterial abundance when compared to the
controls, leading to a reduction in the bacterial
growth of 25% 44% and 44% for S. aureus, K.
pneumoniae and E. faecalis, respectively (Fig.
7a). This reduction is likely associated with a
bacteriostatic effect of the ASL extract. Second, to
assess bacterial membrane damage, we performed
a quantitative analysis of viable and non-viable
organisms using a fluorescent cell viability probe
(Live/Dead® BacLight), which enables direct
identification of loss of the plasma membrane
integrity. Individual imaging of bacteria is
valuable to recognize bacterial viability and their
physiological functions at single-cell level (Joux
and Lebaron 2000). Cells with damaged membranes
are unable to maintain an electrochemical potential
and are considered as dead. Our cytocentrifuge
preparations enabled a clear imaging of live
(green)/dead (red) bacteria in both ASL-treated
and control cultures. Quantitative results showed
that the ASL treatment (MIC value for 24h) of S.
aureus, K. pneumoniae and E. faecalis induced
an increase in the percentage of dead cells (26%,
15% and 27%, respectively) compared to untreated
controls (Fig. 7b, c¢). This bactericidal effect was
also demonstrated when Baclight was used as a cell
viability marker in other studies after plant-extract
treatments (You et al. 2013, Abdullah et al. 2014).
Altogether, these results indicate that the effect of
ASL on S. aureus was predominantly bactericidal,
with similar percentages of both dead cells (26%)
and reduced bacterial numbers (25%), while its
effect on K. pneumoniae and E. faecalis is probably
both bacteriostatic and bactericidal, corroborating
the data showed in table III.

CYTOTOXIC ACTIVITY

Natural products are a promising source of
anticancer agents. At least 60% of anticancer
drugs have natural origin, including plants, marine
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TABLE III
In vitro cytotoxicity and selectivity index of Annona squamosa extracts.
Cell lines

Samples Vero HL60 Jurkat MCEF-7 HCT-116

IC,;' IC,;* SI° IC,;' SI® Ic,;' SI® Ic,;’ S’
ASS® 72.3 (56.6 - 93.9) 5.6(2.1-14.8) 12.9 1.1(0.1-10.2) 65.7 2.1(0.2-16.4) 34.4 >100 -
ASL* 43.5(11.4 - 166.1) 42(2.0-9.6) 10.4 6.4(2.2-18.7) 6.8 11.0 (5.1 - 23.9) 4.0 15.2(7.4 -30.9) 2.8
Etoposide* >100 0.3 (0.2-0.5) - 1.5(0.5-4.3) - >100 - >100 -
Doxorubicin® 6.4 (2.7-12.1) 0.6(0.2-1.5) 107  0.4(0.1-4.5) 16 0.5 (0.1-9.4) 128 18(04-79) 36

‘Data are presented otherwise specified as mean median and 95% confidence interval (in parentheses) of IC_ (ng/mL and uM for
samples andpositive controls, respectively); "Selectivity index (SI) values were calculated using the ratio: SI = IC,, non tumoral
cell/IC, cancerous cells; “ASS — methanolic extract of Annona squamosa seeds; ASL — methanolic extract of Annona squamosa

leaves; *Positive controls; (-) not tested.
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organisms and microorganisms (Newman and
Cragg 2012, Brandao et al. 2010, Mendes et al.
2010).

In this study, it was evaluated the
antiproliferative potential of ASS and ASL by MTT
assay against non-tumor (VERO), leukemia (Jurkat
and HL60), breast cancer (MCF-7), and colorectal
cancer (HCT-116) cell lines (Table III). The results
showed that ASS was more active against Jurkat
and MCF-7 cells, with CI, 1.1 and 2.1 pg/mL,
respectively. ASL showed promising activity
against Jurkat and HL60, with CI, 6.4. and 4.2
pg/mL, respectively. Both extracts showed lower
activity against VERO cells (Table III).

The selectivity index (SI) indicates the
selective effects of the extracts against cancer cells
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versus non-tumor cells (Prayong et al. 2008). The SI
values lower than 2 indicate general toxicity of the
pure compound (Syarifah etal. 2011). According to
the Table III, both extracts showed high selectivity
with SI> 3, except for ASS against HCT-116, which
is inactive against this lineage (Mahavorasirikul
et al. 2010). ASS was more selective than ASL
for HL60, Jurkat and MCF-7 cells, being most
significant and promising for Jurkat and MCF-7
with SI of 65.7 and 34.4, respectively. Syarifah et
al. (2011) report that plant extracts with selectivity
index higher than 3 can be considered as selective.
Therefore, ASS and ASL presented reasonable
selectivity and are very promissory as source of

new anticancer compounds.
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Cancer, which includes the colorectal cancer
and the promyelocytic leukemia, is a relevant
public health problem, so the investments to
prevent and perform early detection of this
disease, and to identify new chemotherapeutic
agents that are capable to increase the patients
survival, are strongly required (Siegel et al. 2015).
Leukemia is a malignant neoplasm characterized
by abnormal differentiation of myelocytic cells,
and it is associated with a hemorrhagic syndrome
(Prevedello and Sagrillo 2008). The survival of
patients with leukemia, generally, is influenced by
the patient possibilities to buy or have access to the

medications, which contributes to the considerable
variations in development and non development
countries (Quaglia et al. 2013). The cytotoxic
activity of A. squamosa reported in this study and
the lack of activity against VERO cells may be
relevant in the search of new anticancer therapeutic
tools, especially those with minor adverse effects
caused by the cytotoxicity for non-tumor cells.
Many chemotherapeutic strategies interfere
with important steps in cell cycle progression,
such as DNA replication and repair. They may
act as DNA polymerase inhibitors, topoisomerase
inhibitors, or DNA alkylating agents preventing
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cancer progression and inducing apoptosis as a
secondary effect (Li et al. 2003). For this reason,
it was also investigated if the cytotoxic effects
found for ASL and ASS were associated with their
potential to induce cell death by apoptosis. The
method described by Ricardi and Nicolleti (20006)
is based on the principle that the apoptotic cells,
among other typical features, are characterized by
DNA fragmentation and, consequently, by the loss
of nuclear DNA content. Apoptotic nuclei appear
as a broad hypodiploid DNA peak which was easily
distinguished from the narrow cluster of cells
with normal (diploid) DNA content. This simple
and reproducible method should prove useful for
assessing the apoptosis of specific cell populations
in heterogeneous tissues.

The results clearly demonstrated that ASS
and ASL induced an increase of subdiploid DNA
content (DNA fragmentation) in all cells when
compared to the control (0.5% DMSO), which
suggested that these compounds activated the
apoptosis pathway. This cytotoxic effect was more
significant for HL60 and HCT-116 cell lines, when
compared to the reference drugs (Fig. 8).

The clonogenic assay has been used to detect
cells that have retained the capacity for producing
a large number of progeny after treatments that can
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cause cell reproductive death as a result of damage
to chromosomes and apoptosis (Afef et al. 2013).
Moreover, the clonogenic assay is commonly used
for monitoring the efficacy and for determining the
effects of cytotoxic agents and other anti-cancer
therapeutics on colony forming ability, in different
cell lines (Rafehietal. 2011). For clonogenic assays,
two concentrations of extracts were evaluated (IC
and 1C,)) using two susceptible lineages (MCF-7
and HCT-116). Theresults (Fig. 9), showed that both
extracts totally reduced the clonogenic survival at
higher concentrations (IC ) to the two lineages in
comparison with untreated control (0.5% DMSO),
which was taken as 100 percent colony forming
ability. ASS presented the best efficacy to decrease
colony forming ability comparing with ASL against
MCF-7 cells. ASS reduced almost all colonies at 18
ug/mL (IC , value). This same effect was observed
for ASL only at 100 pg/mL(concentration 5.5 times
smaller). Moreover, ASL demonstrated similar
effect against HCT-116 cells and MCF-7 at 11 pg/
mL (at IC, values).

CONCLUSIONS

This study corroborates to the ethnopharmacological
uses of Annona squamosa, and reinforced that
this plant presents a remarkable phytomedicinal
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potential, especially in terms of antitumor and
antimicrobial activities. Besides, the further
investigation on its antimicrobial activity revealed
that the mechanism of action of the chemical
constituents of the leaves is related to bacterial
membrane destabilizationinduction. Itisnoteworthy
to mention that 4. squamosa is commonly used as
food, which supports further studies to evaluate
whether the ingestion of this plant may be useful to
prevent cancer development or bacterial infections.
Some compounds with cytotoxic and antimicrobial
activities documented in the literature were detected

in the bioactive samples of 4. squamosa, such as
anonaine, asimilobine, lirioderine, nornuciferine
and reticuline. However, further investigations (in
vitro and in vivo) are necessary to understand the
toxicity and efficacy toward a clinical employment

of A. squamosa extracts or isolated compounds.
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