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Abstract Bioactive phytocompounds are studied by several
bioactivities demonstrated, as their cytotoxic effects. The aim
of this work was to evaluate the phytochemical profile, the
toxic effect using the Drosophila melanogaster animal model
and the anti-inflammatory and antimicrobial effect of the
Alternanthera brasiliana (EEAB) ethanol extract. The phyto-
chemical profile was performed using HPLC. The cytotoxic
effect was evaluated in vivo using D. melanogaster. The anti-
inflammatory effect was determined by neurogenic and
antiedematogenic assays, and the antimicrobial activity was
assayed using a microdilution method to determine the mini-
mum inhibitory concentration (MIC) of the EEAB alone and
in association with antibiotics. The main compound identified
on the EEAB was luteolin (1.93%). Its cytotoxic effect was

demonstrated after 24 h in the concentrations of 10, 20 and
40 mg/mL. The extract demonstrated an antiedematogenic
effect, with a reduction of the edema between 35.57 and
64.17%. The MIC of the extract was ≥1.024 μg/mL, thus
being considered clinically irrelevant. However, when the
EEAB was associated with gentamicin, a synergism against
all bacterial strains assayed was observed: Staphylococcus
aureus (SA10), Escherichia coli (EC06) and Pseudomonas
aeruginosa (PA24). Due to these results, the EEAB demon-
strated a low toxicity in vivo and anti-inflammatory and syn-
ergistic activities. These are promising results, mainly against
microbial pathogens, and the compounds identified can be a
source of carbon backbones for the discovery and creation of
new drugs.
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Introduction

The capacity of an organism to feel pain is due to a signal from
the central nervous system informing the organism that an
aggressive process which poses a risk to its physical integrity
exists (Usunoff et al. 2006). A collection of reactions aimed at
the adaptation of the psychophysiological, autonomic, motor
and objective mechanisms are triggered to separate the organ-
ism from the causative agent of pain. Pain perception is also
known as nociception, and is therefore an individual percep-
tion alert or sensation of pain (Tracey and Mantyh 2007). Pain
is directly linked to inflammatory processes, and it is impor-
tant to highlight that inflammatory processes can be associated
with bacterial infections (Yoshikai 2001; Chiu et al. 2013).

In the last years, the production of efficient drugs for the
control of bacterial infections revolutionized medical treatment
reducing mortality caused by microbial infections (Gafter-Gvili
et al. 2005). However, the dissemination of the use of antibi-
otics has also prompted bacteria to develop diverse defence
mechanisms against commercially available antibacterial
agents, leading to the development of bacterial resistance
(Okeke et al. 2005). The bacterial resistance phenomenon is
linked to diverse antibiotics and chemotherapeutic agents, im-
posing serious limitations to the treatment of bacterial infections
thus representing a great public health problem (Levy and
Marshall 2004; Zankari et al. 2012). Various microorganisms
can cause infectious processes in humans, and become resistant
to drugs currently available in the market, which can be
highlighted as Escherichia coli, Pseudomonas aeruginosa and
Staphylococcus aureus (De Kraker et al. 2011).

Many sc i en t i f i c s tud i e s a r e a s soc i a t ed wi th
ethnopharmacological research aimed at proving the therapeutic
properties of many popularly used medicinal plants, as antibac-
terial and anti-inflammatory (Souza et al. 2014; De Carvalho
Nilo Bitu et al. 2015; Ferreira Júnior et al. 2016). Therefore, these
serve as a starting point for the development of future medicines
to be released on the market (Heinrich 2013; David et al. 2015).

In popular medicine, the therapeutic use of natural products
and isolating compounds for various diseases has been dem-
onstrated, and some properties are present in the genus
Alternanthera, such as analgesic and anti-inflammatory (de
Santana Aquino et al. 2015; Rodrigues et al. 2016); in the
treatment of infections (Ogundare and Oladejo 2014; Trapp
et al. 2015); in disorders of the gastrointestinal tract (Garín-
Aguilar et al. 2014) or antihyperglycaemic metabolic disease
(Hossain et al. 2014); anticancer (Firdhouse and Lalitha
2013), antiasthma and antidiarrhoea properties (Kumar and
Sanjib 2013; Fathima et al. 2016); for the treatment of skin

injuries (Barua et al. 2013b) and other uses present in folk
medicine (Hundiwale Jogendra et al. 2012).

Within medicinal plants, we can highlight those of the genus
Alternanthera; these cover a wide diversity of species which
possess widely distributed representatives throughout the world
(Iamonico and Sánchez-Del Pino 2016). Some species belong-
ing to this genus are used for therapeutic ends presenting di-
verse biological activities that have already been proven and
previously cited. However, among the species of this genus,
the species Alternanthera brasiliana, a herbaceous plant, stands
out (Duarte and Debur 2004), known as Bpenicillin^ and
Bterramycin^, BDoril^, BPerpétua^ and BPerpétua do mato^
(Silva et al. 2015). This plant presents importance in popular
medicine as therapeutic potential used for diverse diseases as
wound healing (Barua et al. 2012, 2013b), antiviral (Lagrota
et al. 1994), analgesic and antinociceptive (De Souza et al.
1998; Barua et al. 2009), anxiolytic and anticonvulsant (Barua
et al. 2013a), antimicrobial (Pereira et al. 2007; Silva et al.
2010), antitumoral (Samudrala et al. 2014), anti-inflammatory
(Kumar et al. 2014; Shivashankar et al. 2017) and others.

In this manner, the present study aims to characterize the
phytochemical profile of the ethanolic extract from
A. brasiliana leaves (EEAB) and to evaluate its antinociceptive
and antiedematogenic action in mice as well as its antibacterial
activity and its antibiotic modulatory activity against
multiresistant bacterial strains and evaluate the toxicity of the
extract in a Drosophila melanogaster model.

Materials and methods

Alternanthera brasiliana (L.) Kuntze botanical material

The A. brasiliana (L.) Kuntze botanical material was collected
at 09:00 ± 00:30 h from the Botanical Garden of the Research
Laboratory of Natural Products—LPPN, Regional University
of Cariri—URCA, Crato, CE, Brazil (coordinates: 07° 14′
19.2″ S latitude and 39° 24′ 52.8″ longitude W. of
Greenwich). The botanical identification of exsiccates from
A. brasiliana (L.) Kuntze, Amaranthaceae family, was per-
formed by Profa. Dra. Maria Arlene Pessoa da Silva, and a
voucher was deposited at the Caririense Dárdano de Andrade-
Lima Herbarium of the Regional University of Cariri—
URCA under the number 10.936.

Preparation of the ethanolic extract

To prepare the extract, leaves were collected and perforated in
pieces of approximately 1 cm2,whichwere submerged in ethanol
for 72 h at room temperature; after that period, these were filtered
and concentrated in a rotary evaporator (model Q-344B-Quimis,
Brazil) for evaporation of the ethanol. The dehydration was car-
ried out in a water bath (model Q214M2—Quimis, Brazil); once
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concentrated and frozen at −20 °C, the extract was lyophilized
and conditioned in an amber glass and stored in a freezer. The
ethanolic extract yield was 0.95%.

Identification of the constituents through HPLC-DAD

All chemicals were of analytical grade. Methanol, acetic acid,
gallic acid, caffeic acid and chlorogenic acid were purchased
from Merck (Darmstadt, Germany). Orientin, quercetin,
vitexin, luteolin and apigenin were acquired from Sigma
Chemical Co. (St. Louis, MO, USA). High-performance liq-
uid chromatography (HPLC-DAD) was performed with a
Shimadzu Prominence Autosampler (SIL-20A) HPLC system
(Shimadzu, Kyoto, Japan), equipped with Shimadzu LC-
20AT reciprocating pumps connected to a DGU 20A5
degasser with a CBM 20A integrator, SPD-M20A diode array
detector and LC solution 1.22 SP1 software.

Reverse phase chromatographic analyses were carried
out under gradient conditions using C18 column
(4.6 mm × 250 mm) packed with 5-μm-diameter parti-
cles; the mobile phase was water containing 2% acetic
acid (A) and methanol (B), and the composition gradi-
ent was 5% (B) for 2 min; 25% (B) until 10 min and
40, 50, 60, 70 and 80% (B) every 10 min, following
the method described by Barbosa Filho et al. (2014)
with slight modifications. Rifocina ethanolic extract
and mobile phase were filtered through a 0.45-μm
membrane filter (Millipore) and then degassed by ultra-
sonic bath prior to use; the extract was analysed at a
concentration of 10 mg/mL. The flow rate was 0.6 mL/
min, and the injection volume was 50 μL. The sample
and mobile phase were filtered through a 0.45-μm
membrane filter (Millipore) and then degassed by ultra-
sonic bath prior to use. Stock solutions of standard ref-
erences were prepared in the HPLC mobile phase at a
concentration range of 0.025–0.300 mg/mL for orientin,
quercetin, vitexin, luteolin and apigenin, and 0.035–
0.300 mg/mL for gallic, caffeic and chlorogenic acids.

Quantification was carried out by integration of the peaks
using the external standard method, at 271 nm for gallic acid,
325 nm for chlorogenic and caffeic acids, 337 nm for vitexin
and 366 for quercetin, orientin, luteolin and apigenin. The
chromatography peaks were confirmed by comparing its re-
tention time with those of reference standards and by DAD
spectra (200 to 600 nm). Calibration curve for gallic acid was
Y = 12,708x + 1345.9 (r = 0.9999), for caffeic acid
Y = 11,867x + 1274.6 (r = 0.9995), for chlorogenic acid
Y = 13,095x + 1351.9 (r = 0.9998), for vitexin
Y = 11,968x + 1193.5 (r = 0.9999), for quercetin
Y = 12,756x + 1178.6 (r = 0.9997), for orientin
Y = 13,256x + 1275.2 (r = 0.9996), for luteolin
Y = 11,528x + 1345.8 (r = 0.9999) and for apigenin
Y = 12,509x + 1185.5 (r = 0.9998). All chromatography

operations were carried out at ambient temperature and in
triplicate. LOD and LOQ were calculated based on the stan-
dard deviation of the responses and the slope using three in-
dependent analytical curves, as defined by Boligon et al.
(2013). LOD and LOQ were calculated as 3.3 and 10 σ/S,
respectively, where σ is the standard deviation of the response
and S is the slope of the calibration curve.

Drosophila stock and culture

D. melanogaster (Harwich strain) was obtained from the
National Species Stock Center, Bowling Green, OH. The flies
were grown in 2.5 × 6.5-cm2 glass bottles containing 5 mL of
standardmedium (1%w/v brewer’s yeast; 2%w/v sucrose; 1%
w/v powdered milk; 1% w/v agar; 0.08% v/w Nipagin) at con-
stant temperature and humidity (25 ± 1 °C and 60% relative
humidity, respectively). All experiments were performed with
the same strain.

A. brasiliana ethanolic extract exposure
and D. melanogaster assays

Exposure of flies to the ethanolic extract was performed as
described: 20 adult flies (males and females) were placed in
330-cm3 flasks containing a filter paper soaked in 1% sucrose
in distilled water at the bottom. The flasks received the fol-
lowing treatments: 1% sucrose (control) and 10, 20 and
40μgmL−1 ethanol extract. Survival readings of the flies were
made at 3, 6, 12, 24 and 48 h. The results are presented as
percentage (%) of live flies (mean ± SEM) obtained from three
independent experiments.

Locomotor assay

The locomotor capacity was evaluated by following the neg-
ative geotaxis behaviour as described by Coulom and Birman
(24) with some modifications. Twenty adult flies (1–4 days
old; both genders) were exposed to the ethanolic extract as
detailed above. After completion of the treatment, flies were
immobilized on ice for 1–2 min and placed separately in ver-
tical glass columns (length, 25 cm; diameter, 1.5 cm). After
30 min recovery, flies were gently tapped to the bottom of the
column and the number of flies that reached 8 cm of the
column (top) and flies that remained below this mark
(bottom) were registered. The assays were repeated five times
for each fly. Results are presented as number of flies on top
(mean ± SEM) obtained from three independent experiments.

Animals used in the experiment

The present study was submitted to the Animal Experimentation
andUseCommittee (CEUA) of the Regional University of Cariri
(URCA) and approved under the protocol number 15/2012.
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During the in vivo tests, mice of theMus musculus strain of the
Swiss line of both sexes, with an average age of 3 months,
weighing between 25 and 30 g were used. Fifteen mice were
housed per cage and kept in a vivarium at URCA, in an environ-
ment with a temperature of 22 and 23 °C in a 12-h light/dark
cycle, with free access to potable water and food ad libitum.

Antinociceptive and antiedematogenic activity: formalin
test

The mice were divided in treatment groups with the ex-
tract at the doses of 25, 50 and 100 mg/kg, 0.9% saline
solution and 10 mg/kg indomethacin, all administered
orally. The mice were then injected with 20 μL of 2.5%
formalin in the sub-plantar region of the right paw, then
placed individually under an inverted glass funnel for sub-
sequent observation. The time elapsed in seconds of paw
licking during the initial (0–5 min) and late (15–30 min)
phases after induction of the phlogistic agent was regis-
tered (Hunskaar and Hole 1987; Tjølsen et al. 1992).

Bacterial strains

The MDR strains used were E. coli 06, P. aeruginosa 24 and
S. aureus 10. The strains were maintained on blood agar base
(Difco Laboratories Ltd., Brazil) slants, and prior to use, the
cells were grown overnight at 37 °C in Heart Infusion Agar
(HIA) slants (Difco) (Table 1).

Drugs

The antibiotic was dissolved in sterile water (concentration of
1024μg/mL). Gentamicin was used as the antibiotic, obtained
from Sigma Chemical Co., St. Louis, USA. Stock solutions
were prepared in 1 mL of 10 mg/mL DMSO, after which they
were diluted to 1024 μg/mL in distilled water. The antibiotics
were prepared according to the CLSI et al. (2008) guidelines.

Antibacterial activity test by minimal inhibitory
concentration

The minimal inhibitory concentration (MIC) of the extract
was determined in a microdilution assay utilizing a 100 μL
inoculum suspended in saline solution, 0.5 of the McFarland
scale, which was added to brain heart infusion (BHI) in
Eppendorf. Afterwards, these were transferred to 96-well mi-
crotiter plates and serial dilution of each substance was per-
formed with concentrations ranging from 0.5 to 512 μg/mL
(1:1). The plates were incubated at 37 °C for 24 h, and bacte-
rial growth was assessed by the use of resazurin. TheMICwas
defined as the lowest concentration in which no growth can be
observed, according to (NCCLS 2015). Antibacterial assays

were performed in triplicates, and results were expressed as an
average of replicates.

Evaluation of the modification of antibiotic activity

To verify the potentiation of the action of the antibiotics
against multiresistant strains, a sub-inhibitory concentration
of the vegetal extract was used. A 100-μL sample of a solution
containing inoculums, suspended in saline solution, 0.5 of the
McFarland scale, was added to brain heart infusion (BHI) in
Eppendorf. Afterwards, these were transferred to 96-well mi-
crotiter plates and 100 μL of antimicrobial drug serial dilu-
tions were performed (1:1). The plates were incubated at
37 °C for 24 h, and bacterial growth was assessed by the use
of resazurin. The MIC was defined with antibiotic concentra-
tions ranging between 0.6 and 2500μg/mL. The controls were
performed using the MIC of antibiotics alone. Antibacterial
assays were performed in triplicates, and the results were
expressed as an average of replicates.

Statistical analysis of microbiological results

For microbiological assay, the results of the tests were
analysed in triplicates and expressed as the geometric mean.
Others assay the results of the analyses which were based on
the mean and its corresponding mean ± error standard of the
mean (S.E.M.). All statistical analysis was applied using one-
way ANOVA or two-way ANOVA followed by Tukey test or
Bonferroni’s post hoc test, respectively, using the software
GraphPad Prism 5.0., and p values <0.05 were considered
significant differences.

Results

HPLC analysis

The A. brasiliana ethanolic extract HPLC profile was also
acquired, where the analysis is shown in Fig. 1. The
A. brasiliana sample extracts contain other minor compounds
in addition to gallic acid (retention time (tR) 10.85 min, peak
1), chlorogenic acid (tR = 22.07 min, peak 2), caffeic acid
(tR = 24.98 min, peak 3), orientin (tR = 35.46 min, peak 4),
vitexin (tR = 39.95 min, peak 5), quercetin (tR = 48.17 min,
peak 6), luteolin (tR = 54.83 min, peak 7) and apigenin
(tR = 59.74 min, peak 8) (Table 2).

Drosophila melanogaster toxicological assays

Results of the in vivo toxicity test inD. melanogaster demon-
strated that mortality differed significantly from the control
only after 24 h of exposure without a dose-dependent
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response. However, this exposure up to 48 h was not sufficient
to kill more than 50% of the flies (Fig. 2).

Antinociceptive and antiedematogenic activity

In the first phase of the experimental evaluation, which repre-
sents the neurogenic phase of the edematogenic process, the
extract was not significantly effective in any of the tested
concentration doses, in comparison with the control group.
In the second phase of the experiment, characteristic of the
inflammatory phase, the extract, at the doses of 25, 50 and
100 mg/kg, was capable of significantly reducing the
edematogenic process by 35.57, 64.67 and 64.17%, respec-
tively (Fig. 3).

Antibacterial activity and antibiotic modifying activity

Regarding the antibacterial activity of the ethanolic extract
from A. brasiliana leaves, the minimum inhibitory concentra-
tion was verified as ≥1024 μg/mL. This is being considered
clinically irrelevant. However, in the antibiotic modulatory
activity against gentamicin, a synergistic effect was verified,
with the association reducing the MIC in all the tested strains
when compared to the control (Fig. 4).

Discussion

The A. brasiliana extract presents diverse biological activities
which have been proven, among which are analgesic activity
(De Souza et al. 1998; Hossain et al. 2014), anti-inflammatory
(Kumar et al. 2014; Shivashankar et al. 2017) and antiviral
activity (Lagrota et al. 1994), and the application of ointments
made from the A. brasiliana ethanolic extract which provided
effective wound healing (Barua et al. 2012, 2013b) can be
cited. The previously cited results corroborate with the results
obtained in this study as both show the pharmacological po-
tential of this plant, and because they mainly point to an anti-
inflammatory potential that this plant possesses.

D. melanogaster has been used for toxicity assays, as an
alternative method to the use of animals, and it has become an
excellent alternative model for several assays (Rand 2010;
Tiwari et al. 2011). The results showed low toxicity of this
extract and demonstrates a potential in pharmacological appli-
cation with evidence of dual therapeutic benefit with anti-
inflammatory effect and antibiotic modulatory activity.

The formalin test employed in this study is a behav-
ioural experiment used to evaluate the efficacy of the

Table 1 Origin and profile of
resistance of bacteria Bacteria Origin Profile of resistance

Escherichia coli 06 (EC
06)

Urine Cefal, Cefale, Cefad, Ceft, Cefep, Amp

Pseudomonas aeruginosa
24 (PA 24)

Noze Cefep, Ctz, Imi, Cip, Ptz, Lev, Mer, Ami

Staphylococcus aureus 10
(SA 10)

Perianal
region

Cefad, Cefal, Cefale, Oxa, Pen, Amp, Moxi, Cip, Lev, Amp-Sul,
Amoxi/Cla, Eri, Clar, Azi, Clin

Cefal cephalotine, Cefale cephalexin, Cefad cefadroxil, Ceft ceftriaxone, Cefep cephepime, Ctz ceftazidime, Imi
imipenem,Cip ciprofloxacin, Ptz piperacillin-tazobactam, Lev levofloxacin,Mermeropenem, Ami amikacin,Oxa
oxacillin, Pen penicillin, Amp ampicillin, Moxi moxifloxacin, Amp-Sul ampicillin-sulbactam, Amoxi/Cla
amoxicillin-clavulanic acid, Eri erythromycin, Clar clarithromycin, Azi azithromycin, Clin clindamycin, R
resistente

Table 2 Phenolic and flavonoid composition of A. brasiliana ethanolic
extract

Compounds A. brasiliana ethanolic extract LOD LOQ

mg/mL % μg/mL μg/mL

Gallic acid 2.78 ± 0.03a 0.27 0.011 0.037

Chlorogenic acid 0.64 ± 0.01b 0.06 0.025 0.083

Caffeic acid 2.35 ± 0.02c 0.23 0.009 0.029

Orientin 9.81 ± 0.01d 0.98 0.018 0.059

Vitexin 8.07 ± 0.03e 0.80 0.027 0.091

Quercetin 8.65 ± 0.01e 0.86 0.030 0.099

Luteolin 19.37 ± 0.02f 1.93 0.015 0.048

Apigenin 9.98 ± 0.03d 0.99 0.024 0.079

Results are expressed as mean ± S.E. of three determinations. Averages
followed by different letters differ by Tukey test at p < 0.01

LOD limit of detection, LOQ limit of quantification

Fig. 1 High-performance liquid chromatography phenolic and flavonoid
profile ofA. brasiliana ethanolic extract. Gallic acid (peak 1), chlorogenic
acid (peak 2), caffeic acid (peak 3), orientin (peak 4), vitexin (peak 5),
quercetin (peak 6), luteolin (peak 7) and apigenin (peak 8)
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antinociceptive and anti-inflammatory action of the test-
ed agent. The first phase of the experiment corresponds
to the neurogenic phase which is related to the direct
stimulation of C-type afferent nociceptive fibres and the
release of nitric oxide, substance P and excitatory amino
acids. The second phase corresponds to the 15- to 30-
min period after the induction of the phlogistic agent
and is characterized with pain of an inflammatory origin
which is involved with the stimulation and release of
pro-inflammatory mediators, such as bradykinin, hista-
mine, prostaglandins and serotonin (Tjølsen et al.
1992; Coderre et al. 2013).

The chemical constitution of the extract pointed to flavonoids
luteolin, apigenin, orientin and vitexin, as the main compounds
present. Luteolin is a known compound that has proven action in
the reduction of nitric oxide production, in addition to increasing
the expression of nitric oxide-inhibiting enzymes. This com-
pound can promote the suppression of pro-inflammatory cyto-
kine expression and inhibition of theNFκBpathway, Akt and the
mitogen-activated protein kinase (MAPK) pathway. (Ziyan et al.
2007; Seelinger et al. 2008). The flavone apigenin demonstrated
inflammatory actions by suppressing COX-2 and NFκB path-
way and significantly inhibited liberation of inflammatory

cytokines, such as interleukin-6 (IL-6), IL-1β and tumour necro-
sis factor-α (TNF-α) through modulating multiple intracellular
signalling pathways (Wang et al. 2014; Zhang et al. 2014).
Orientin suppressed LPS-induced membrane disruption, migra-
tion of monocytes, expression of cell adhesion molecules
(CAMs) and inhibition of cytokines as TNF-α level and IL-6
(Lam et al. 2016). Anti-inflammatory effects of vitexin may also
be related to the inactivation of transduction ways such as p38,
ERK1/2 and JNK signalling pathways and inhibition of cyto-
kines (He et al. 2016). Thus, the interaction of these compounds
with each other may be acting in amodulatorymanner in relation
to the anti-inflammatory action described in the present work,
validating the potential anti-inflammatory already elucidated in
other experiments.

It is known that inflammation can be due to infectious
processes caused by various microorganisms, especially bac-
teria. The bacteria E. coli, P. aeruginosa and S. aureus are the
cause of many inflammatory processes in humans, mainly
when individuals acquire doors which allow the entry of this
organism in previously sterile locations in the organism
(Medzhitov 2008). In addition, the problem becomes bigger
if infections that generate inflammation come from bacteria
that are multiresistant to various antibiotics (Sartor 2008).
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A group of antibiotics for which several bacteria acquire re-
sistance are the aminoglycosides. These kill the bacteria by
inhibiting the synthesis of proteins that bind to RNA16S and
alter the integrity of the bacterial cell membrane in sensitive
strains. Before entering the cell, the aminoglycosides bind elec-
trostatically to negatively charged residues on the outer mem-
brane of Gram-negative bacteria in a passive transport in the
non-energy-dependent process. After its diffusion through pore
channels in the external membrane, these move towards the peri-
plasmic space. Now, the transport across the cytoplasmic mem-
brane requires metabolic energy from the electron transport sys-
tem of an oxygen-dependent process (Shakil et al. 2008).

Therefore, in general term there are four mechanisms of
action by which bacteria acquire resistance to aminoglycosides:
(a) deactivation of aminoglycosides by N-acetylation,
adenylation or O-phosphorylation; (b) reduction of the amino-
glycoside intracellular concentration through changes in the
outer membrane permeability or decreased internal membrane
transport or active efflux; (c) targeted mutations in the 30S
ribosomal subunit and (d) methylation of the aminoglycoside-
binding site. In the case of aminoglycoside deactivation, the
action is caused by phosphotransferase, acetyltransferase and
nucleotidyltransferase (Shakil et al. 2008). All the strains used
in this study are resistant to a diverse group of antibiotics, in-
cluding aminoglycosides. It is possible that multiple secondary
metabolites of the extract have acted in one/some of the steps of
the aminoglycoside action mentioned above.

The A. brasiliana extract presents in its composition luteolin,
apigenin and orientin as major phenolic compounds which can
interfere in the mechanisms of resistance previously mentioned.
However, antibacterial mechanisms of action of various flavo-
noids can be variant actions as inhibition of nucleic acid synthe-
sis, DNA gyrase, was inhibited by apigenin. It was also was
found that quercetin binds to the GyrB subunit of the E. coli
DNAgyrase and inhibits the enzyme’s ATPase activity

(Ohemeng et al. 1993). For example, the B ring of flavonoids
may play a role in the intercalation or hydrogen bonding of the
stacking of nucleic acid bases and this may explain the inhibitory
action on DNA and RNA synthesis (Mori et al. 1987). Other
mechanisms of action are inhibition of cytoplasmic membrane
function; numerous observations were obtained in complex ex-
perimental settings indirectly indicating interactions with efflux
transporters, as ABC transporters, with flavonoids (Morris and
Zhang 2006). Flavonoids may also be interfering with energy
metabolism in a similar way to respiratory-inhibiting antibiotics
(Haraguchi et al. 1998).

Several studies conclude that the extract from A. brasiliana
leaves possess activity against bacteria (Pereira et al. 2007;
Silva et al. 2010; Trapp et al. 2015). The study by Pereira
et al. (2007) shows the action of the ethanol extract and dichlo-
romethane, ethyl acetate and butane fractions, against various
strains such as P. aeruginosa, E. coli and S. aureus. This study
was carried out by the broth microdilution method. In all of the
assays, the MIC was greater than 1000 μg/mL; similar to our
results, this did not show clinical relevance. With respect to the
synergistic activity verified in the association with antibiotics,
this is the first study that performs this type of association of the
extract from A. brasiliana leaves with antibiotics, and as men-
tioned earlier, the results were significant. However, there are
several studies on extracts with the same polarity of the solvent
and similar chemical constituents, which showed their capacity
to increase the action of antibiotics.

Conclusion

The A. brasiliana (L.) Kuntze ethanolic extract demonstrated
low toxicity in the D. melanogaster model. An antinociceptive
activity of central origin was not found; however, a pronounced

A) B) C)

Fig. 4 Effect of ethanolic extract of Alternanthera brasiliana (L.)
Kuntze, associated with gentamicin against strain of a Staphylococcus
aureus, b Escherichia coli, and c Pseudomonas aeruginosa. Values

represent the geometric mean ± standard error of the mean (S.E.M). t
test. a1p < 0.05 vs gentamicin. a3p < 0.001 vs gentamicin. ns no
significant
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antiedematogenic activity was demonstrated, suggesting a pos-
sible anti-inflammatory activity to be elucidated by other stud-
ies. With regards to the antibiotic modifying activity, the results
have shown to be promising in view of the synergistic effect
presented against multiresistant strains; however, new in vivo
studies are needed to better evidence the mechanisms of action.

Compliance with ethical standards The present study was submitted
to the Animal Experimentation and Use Committee (CEUA) of the
Regional University of Cariri (URCA) and approved under the protocol
number 15/2012.
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