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Abstract
Chalcones are present in a wide variety of plants, having in their structure
two aromatic rings that are linked together by a chain composed of three
carbon atoms with α, β-unsaturated to carbonyl system. Bacteria have
several drug resistance mechanisms, among them the efflux pump; this
mechanism, when active, is able to expel different compounds from inside
bacterial cells. Several efflux pumps have already been identified for
Staphylococcus aureus bacteria, including MepA and NorA. Many chal-
cones have been isolated and identified with various activities, such as
antimicrobial. In view of this, this article aimed to evaluate the antibiotic
modifying effect of chalcone (E)-1-(2-hydroxyphenyl)-3-(3-nitrophenyl)prop-
2-en-1-one against S. aureus carrier of NorA and MepA efflux pump.
Regarding the antibiotic, there was a synergism when associated with
ciprofloxacin in SA-K2068 strain, showing this chalcone as an alternative to
reverse the resistance to this medicine. The physicochemical properties
calculated were fundamental in the description of the predicted pharmacoki-
netic properties. Despite the mutagenic risk caused by the metabolic activa-
tion of nitrochalcone, it is possible to notice a pharmacological principle in a
longer half-life for the performance of biological activities. The compound
has a good bioavailability, as it is highly absorbed in the intestine and easily
transported by plasma proteins, in addition to not presenting neurotoxic,
hepatotoxic, and cardiotoxic damage.

Abbreviations: ADMET, absorption, distribution, metabolism, excretion, and toxicity properties.; ANOVA, analysis of variance; ATP, adenosine triphosphate; BHI,
brain heart infusion; CCCP, carbonyl cyanide m‐chlorophenylhydrazone; CDCl3, chloroform‐d; CPZ, chlorpromazine; DMSO, dimethylsulfoxide; EPI, efflux pump
inhibitors; EtBR, ethidium bromide; hERG, human ether‐à‐go‐go‐go‐related gene; MIC, minimum inhibitory concentration; NMR, nuclear magnetic resonance;
Resazurin, 7‐hydroxy‐10‐oxidophenoxazin‐10‐ium‐3‐one; TLC, thin‐layer chromatography.
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1 | INTRODUCTION

The use of plants for medicinal purposes has been used
for a long time to treat, among other diseases, infectious
diseases. Many of the biological actions of natural prod-
ucts come from their secondary metabolites, including
flavonoids. Both medicinal plants and flavonoids have
already had their biological applications studied in the
literature, presenting several activities, such as antibac-
terial, antidiarrheal, anxiolytic, anticancer, antidepres-
sant, anti-inflammatory, among others [1–6].

Chalcones are present in a wide variety of plants,
having in their structure two aromatic rings that are
linked together by a chain composed of three carbon
atoms with α, β-unsaturated to carbonyl system. They
have important biological activities and participate in
the biosynthesis of secondary metabolites flavonoid as
an intermediary derived from phenylalanine. Many chal-
cones have been isolated and identified with various
activities, such as antimicrobial. Its effects against bac-
teria are given the ability of these compounds to bind
covalently and irreversibly to microbial enzymes [7, 8].

Bacteria have several drug resistance mechanisms,
among them the efflux pump; this mechanism, when
active, is able to expel different compounds from inside
bacterial cells. Several efflux pumps have already been
identified for Staphylococcus aureus bacteria, including
MepA and NorA. The NoraA efflux pump offers resis-
tance, for example, to norfloxacin, ciprofloxacin, which
belong to the fluoroquinolone antibiotic class; this pump
is also resistant to ethidium bromide and quaternary
ammonium compounds [9–11].

The bacterial efflux pumps act on intracellular
communication, pathogenicity, and the elimination of anti-
biotics, making this mechanism an important target for
inhibiting the action of these microorganisms. There are
already reports in the literature regarding the antibacterial
activity of chalcones, where this activity is associated with
the reactivity of α, β-unsaturated ketone function [12–14].

In view of this, this article aimed to evaluate the anti-
biotic modifying effect of chalcone (E)-1-(2-hydroxyphe-
nyl)-3-(3-nitrophenyl)prop-2-en-1-one against S. aureus
carrier of NorA and MepA efflux pump.

2 | MATERIALS AND METHODS

2.1 | Spectroscopic methods

The chemical reagents were purchased from Sigma-
Aldrich. 1H and 13C NMR spectra were obtained using

a Bruker Spectrometer, model Avance DPX-500, oper-
ating at a frequency of 500 MHz for hydrogen and
125 MHz for carbon, respectively. The spectra were
measured in CDCl3, and chemical shifts are reported
as δ values in parts per million (ppm) relative to CDCl3.

2.2 | Synthesis of the chalcone

The compounds 2-hydroxyacetophenone (2 mmol) and
3-nitrobenzaldehyde (2 mmol) were placed in a volu-
metric flask (25 ml). Then 5 ml of ethanolic NaOH
(50%) solution was added and mixed with stirring for
48 h at room temperature. The progress of the reaction
was checked by TLC (n-hexane: ethylacetate, 2:1).
After 48 h, the reaction mixture was neutralized with
dilute HCl (10%) and ice water added. The product was
obtained as a yellow solid filtered under reduced pres-
sure, washed with cold water, and recrystallized from
ethanol (Scheme 1).

2.3 | Substances

The products used to carry out the microbiological
tests were chlorpromazine (CPZ), carbonyl-m-
chlorophenylhydrazone cyanide (CCCP), and ethidium
bromide (EtBr); all substances were purchased by
Sigma Aldrich Co. Ltd. Chalcone (E)-1-(2-hydroxyphe-
nyl)-3-(3-nitrophenyl)prop-2-en-1-one and the antibi-
otics norfloxacin and ciprofloxacin were also used.

Both antibiotics and chalcone were diluted in
dimethylsulfoxide (DMSO) and in sterile water, until a
concentration of 1024 μg/ml. Chlorpromazine (CPZ)
and ethidium bromide (EtBr) were dissolved in distilled
sterile water, while CCCP was dissolved in methanol/
water (1:3, v/v). All substances were diluted to a stan-
dard concentration of 1024 μg/ml.

2.4 | Bacterial strains

The strains used were S. aureus SA 1199B, which
overexpresses NorA and S. aureus SA-K2068, which

SCHEME 1 Preparation of chalcone. (a) NaOH 50% w v�1,
ethanol, room temperature, 48 h
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expresses MepA. The strains were provided by Prof.
S. Gibbons (University of London), kept on blood agar
(Laborat�orios Difco Ltda., Brazil), and grown for 24 h at
37�C in solid Brain Heart Infusion (BHI)-Agar (BHI,
Acumedia Manufacturers Inc.) before experiments.

2.5 | Determination of minimum
inhibitory concentration (MIC)

To perform the determination of the MIC followed the
methodology proposed by Clinical and Laboratory
Standards Institute (CLSI) [15] with modifications.
Before carrying out the tests, the inoculants were
seeded 24 h before the test and then a bacterial drag
of the strains used was diluted in saline, and their tur-
bidity was compared to the MacFarland scale. Subse-
quently, eppendorf tubes were filled with 900 μl of BHI
solution and 100 μl of bacterial inoculum were added.
Then 100 μl of the solution was deposited in a 96-well
microdilution plate. The microdilution was done by
serial dilutions with chalcone until the penultimate
cavity (1:1), the last one being used as growth con-
trol. The concentration of the compound ranged from
512 to 8 μg/ml. Then the plates were taken to the
oven for 24 h at 37�C. After this period, the reading
was done by adding Resazurin (7-hydroxy-
10-oxidophenoxazin-10-ium-3-one). All tests were
done in triplicate.

2.6 | Evaluation of NorA and MepA
efflux pump inhibition

The inhibition of the efflux pump was evaluated accord-
ing to the methodology proposed by Oliveira-Tintino
et al. [16]. In order to observe if the chalcone in study
acts as an inhibitor of the NorA and MepA efflux pump,
a comparison was made between it and the standard
efflux pump inhibitors (EPI) (CPZ and CCCP), evaluat-
ing the ability to reduce the bromide MIC of ethidium
and the antibiotics norfloxacin and ciprofloxacin. To
assess the inhibition of the efflux pump, chalcone and
PPE were used in a subinhibitory concentration
(CIM/8). A bacterial haul of the strains tested was
diluted in saline, corresponding to 0.5 of the McFarland
scale, and then placed in 150 ml eppendorf tubes of
the inoculum, chalcone, and PPE (CIM/8) and com-
pleted with BHI. Then 100 μl of the solution was trans-
ferred to microdilution plates and then serial
microdilution was performed with 100 μl of the antibiotic
or EtBr in serial dilutions (1:1) that ranged from 512 to
0.5 μg/ml. The plates were incubated at 37�C for 24 h
and bacterial growth was evaluated using resazurin.
MIC was defined as the lowest concentration at which
there was inhibition of bacterial growth, both with nor-
floxacin, ciprofloxacin and EtBr. The MIC of the controls

was evaluated using only antibiotic plates and ethidium
bromide. All tests were performed in triplicate.

2.7 | ADMET study

Initially, the nitrochalcone was designed in the molecu-
lar editor Marvin JS, deployed on the ChamAxon ©
online server (https://disco.chemaxon.com/calculators/
demo/plugins/) for the theoretical calculation of the
physicochemical properties of ionization constant
(pKa), lipophilicity (logP), distribution (logD), and polar-
ity (PSA), used as pharmacokinetic descriptors.

Then, the molecule was subjected to a virtual
screening of pharmacokinetic properties of the pkCSM
server similarity test (http://biosig.unimelb.edu.au/
pkcsm/) [17], by the models absorption, distribution,
metabolism, excretion and toxicity (ADMET), following
the applicable domain of the molecular descriptors cal-
culated on the ChamAxon © server.

To emphasize the toxicological profile, the com-
pound was subjected to the similarity test of the
eMolTox online database (http://xundrug.cn/moltox),
relating the nitrochalcone’s molecular fragments to
the toxicological models of mutagenicity and
carcinogenicity, and to Pred-hERG 4.2 tool from the
LabMol online server (http://predherg.labmol.com.br/)
to evaluate cardiotoxic fragments by inhibiting hERG
ion channels.

2.8 | Molecular docking

The NorA protein model was created using the same
procedure as described in Oliveira et al. [18]. The
model was then uploaded to the Molprobity [19] service
for protonation.

For the docking procedure, which was carried out
using the Autodock Vina [20] software, with the grid
box defined as a 80 Å � 80 Å � 80 Å box around the
geometrical center of the model. Partial Gasteiger
charges were added to the protein, and to the ligand
atoms, nonpolar hydrogen atoms were mixed while
all other parameters were kept at their default
values. Docking pose was chosen based on the best
binding score.

2.9 | Statistical analysis

The data were analyzed using a two-way ANOVA test,
using the geometric mean of the triplicates as the cen-
tral data and the standard deviation, using the statistical
program GraphPad Prisma 5.0. Then, a post hoc
Bonferroni test was performed (where P < 0.05 and
P < 0.0001 are considered significant and P > 0.05 is
not significant).
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3 | RESULTS AND DISCUSSION

3.1 | NMR data

In the spectrum of 1H NMR (Figures S1 and S2) you
can see the signals in 7.76 (d, J = 15.5 Hz) and 7.95
(d, J = 16.3 Hz) are attributed to two doublets referring
to the hydrogens α, β unsaturated, whose coupling con-
stant (J) confirms the stereochemistry E of the double
bond. The signals at 7.92 (d, J = 7.2 Hz, H60), 7.48 (t,
J = 7.7 Hz, H40), 7.04 (d, J = 8.3 Hz, H30), and 6.98 (t,
J = 7.6 Hz, H50) refer to aromatic hydrogens in ring
A. While the signals at 8.42 (s, H2), 8.28 (d,
J = 7.3 Hz), 7.53 (t, J = 7.2 Hz), and 7.63(d,
J = 7.9 Hz) refer to the aromatic hydrogens of ring B. In
the 13C NMR spectrum (Figures S3 and S4), there is
the signal referring to carbonyl α, β unsaturated in
193.2. The ketone absorbs in 203.8; however, the pres-
ence of α, β unsaturation causes a displacement to high
field and the probable cause is the displacement of
charge by the benzene ring or by the double bond that
makes the carbonyl carbon less electron deficient. The
olefinic carbons α and β are observed in 142.4 and
123.2, respectively. At 163.8 (C-20), 136.2 (C-40), 129.9

(C-60), 120.4 (C-10), 119.2 (C-30), and 119.2 (C-50),
there are the signals referring to the carbons present in
ring A. While the signals in 148.0 (C-3), 134.7 (C-6),
137.1 (C-1), 125.1 (C-4), 122.6 (C2), and 129.9 (C-5)
refer to ring B carbons (Table 1).

3.2 | Antibacterial and antibiotic
modifying activity

Chalcone (E) -1- (2-hydroxyphenyl) -3- (3-nitrophenyl)
prop-2-en-1-one did not show a direct antibacterial
activity against the S. aureus strains carrying the NorA
and MepA efflux pumps, demonstrated by the MIC
value that was greater than or equal to 1024 μg/ml, thus
presenting an MIC value that is not clinically relevant,
as can be seen in Tables 2 and 3. According to Rios
and Recio [21], an isolated substance has an inhibitory
effect considered satisfactory when it has a MIC value
less than 100 μg/ml.

Regarding the bacterium SA-1199B that overex-
presses the NorA pump, there was a decrease in the
MIC of norfloxacin when used with the pump inhibitors
chlorpromazine and CCCP. However, when chalcone
was used in association with norfloxacin, there was an
antagonism; there was an increase in the MIC of the
antibiotic, requiring a higher concentration of norfloxa-
cin to obtain the same result used alone.

The efflux pump is a bacterial resistance mecha-
nism that consists of expelling substances from its
intracellular medium from the bacterial cell to the
extracellular medium. This mechanism is responsible
for the extrusion of ethidium bromide from the bacterial
intracellular medium, and when this occurs, it is one of
the ways to show that this mechanism is present in the
bacterium. Once there is a reduction in the MIC of ethi-
dium bromide, it can then be suggested that the efflux
pump inhibition is taking place. The reduction in the
MIC of ethidium bromide (BrEt) can be observed when
used together with the chalcone in study, which can be
seen in Figure 1, where there was a 50% reduction
when used concomitantly.

For the bacterium SA-K2068, the antibiotic cipro-
floxacino was used and it was observed that there was
a reduction in the MIC when it was used with the
chalcone (E)-1-(2-hydroxyphenyl)-3-(3-nitrophenyl)
prop-2-en-1-one, thus resulting in synergism, with
results from 25.39842 to 16 μg/ml, that is, 37%, when

TAB LE 1 1H and 13C NMR data of chalcone (E)-1-(2-
hydroxyphenyl)-3-(3-nitrophenyl)prop-2-en-1-one in CDCl3. The
chemical shifts in δC and δH are in ppm

C δC δH
10 120.4

20 163.8

30 118.9 7.04 (d, J = 8.3 Hz)

40 136.2 7.48 (t, J = 7.7 Hz)

50 119.2 6.98 (t, J = 7.6 Hz)

60 129.9 7.92 (d, J = 7.2 Hz)

C=O 193.2

1 137.1

2 122.6 8.42(s)

3 148.0

4 125.1 8.28 (d, J = 7.3 Hz)

5 129.9 7.53 (t, J = 7.2 Hz)

6 134.7 7.63(d, J = 7.9 Hz)

Cα 123.2 7.76 (d, J = 15.5 Hz)

Cβ 142.4 7.95 (d, J = 16.3 Hz)

TAB LE 2 Effect of minimum inhibitory concentration (MIC) in
μg/ml against the strain of S. aureus carrying a NorA efflux pump

Substance SA-1199B

Chalcone ≥1024 μg/ml

Norfloxacin 128 μg/ml

Ethidium bromide 512 μg/ml

TAB L E 3 Effect of minimum inhibitory concentration (MIC) in
μg/ml against the strain of S. aureus with MepA efflux pump

Substance SA-K2068

Chalcone ≥1024 μg/ml

Ciprofloxacin 25.4 μg/ml

Ethidium bromide 32 μg/ml
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used concomitantly. Synergism was also observed
when the CCCP standard inhibitor and the antibiotic
were used. A different result was found when the chal-
cone was associated with etidio bromide, where there
was an antagonism; that is, the MIC of the bromide
increased when used together with chlacone. However,
when bromide was associated with inhibitors of the
standard pump CCCP and chlorpromazine, there was a
reduction in MIC, confirming the presence of an efflux
pump in this bacterium (Figure 2).

In the present work, a synthetic chalcone, an (E)-
1-(2-hydroxyphenyl)-3-(3-nitrophenyl)prop-2-en-1-one,
however, studies demonstrate that both natural
compounds and synthetics are studied and tested
against strains that have an efflux pump resistance
mechanism associated with ethidium bromide and
when these tests reduce bromide MIC, it indicates that
a tested substance acts as an efflux pump inhibitor.
Competition with adenosine triphosphate (ATP) and
energy exhaustion and interference with the proton

gradient caused by natural and/or synthetic com-
pounds are potential mechanisms for inhibiting the
efflux pump. The activated NorA efflux pump expels
ethidium bromide from the intracellular to the extracel-
lular medium; this same process also occurs with
other substances toxic to bacteria, such as antibiotics
[10, 22, 23].

It can be observed in the work of Silva et al. [24],
who also used chalcones that had nitro groups in their
chemical structure, as well as ours; these chalcones
that were used by the author were able to synergisti-
cally modulate the resistance of the bacterial strain
S. aureus 1199B when associated with ethidium
bromide; however, when it associated the chalcone in
study with the antibiotic norfloxacin, it was able to
antagonically modulate; this result corroborates with
the present study.

Studies report that substances that have nitro group
in their molecule, depending on the molecular structure,
can be therapeutic agents with great potential, due to

F I GURE 1 Evaluation of antibiotic and ethidium bromide (EtBr) modification by chalcone against Staphylococcus aureus 1199B. Legend:
Control (C): refers to the antibiotic Norfloxacin on the left and ethidium bromide on the right. Chlorpromazine+ C corresponds to the standard inhibitor
plus the control, be it the antibiotic (left) or ethidium bromide (right). CCCP + C: corresponds to the carbonyl cyanide m-chlorophenylhydrazone
standard inhibitor plus the following controls. 2HAF-3-nitrobenzaldehyde + C: corresponds to the use of chalcone and the respective controls

F I GURE 2 Evaluation of antibiotic and ethidium bromide (EtBr) modification by chalcone against Staphylococcus aureus K2068. Legend:
Control (C): refers to the antibiotic ciprofloxacin on the left and ethidium bromide on the right. Chlorpromazine + C corresponds to the standard
inhibitor plus the control, be it the antibiotic (left) or ethidium bromide (right). CCCP + C: corresponds to the carbonyl cyanide m-
chlorophenylhydrazone standard inhibitor plus the following controls. 2HAF-3-nitrobenzaldehyde + C: corresponds to the use of chalcone and
the respective controls
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the biotransformation of the nitro group, which causes
instability in the membrane structures of many microor-
ganisms [25].

3.3 | ADMET study

Table 4 shows the physicochemical properties used as
molecular descriptors of the pharmacokinetic behavior
of nitrochalcone. These are the properties that
determine the bioavailability of an oral drug candidate:
Ionization constant (pKa), lipophilicity (logP), distribu-
tion coefficient (logD), and polarity (PSA); used in most
deug-like criteria in drug discovery. As an applicable
domain, compounds that are not very lipophilic and
essentially neutral are preferable [26–30].

When analyzing the microspecies of the molecular
system surrounding the nitrochalcone, it is possible to
observe that the calculated pKa value in the order of
6694, associated with the phenolic hydroxyl, indicates
a chemical balance between the neutral species
(microspecie_1) and the ionized species (microspe-
cie_2), which moves towards the predominance of the
ionized species at pH > 6.69, the main microspecies
being at physiological pH (approximately 7.4)
(Figure 3a).

Most of the drug-like rules use the lipophilicity limit
in the order of logP <5, as the ideal lipophilicity range of
candidates for oral drug. Thus, a very lipophilic
compound (logP >5) has a decrease in its bioavailabil-
ity, as it is poorly absorbed in the intestine [28, 31, 32].
Directly related to lipophilicity, the distribution

TAB LE 4 Calculated molecular descriptors in the MarvinSketch software

Molecular descriptor Predicted value Unit Source

Ionization constant 6.694 pKa ChamAxon

Lipophilicity 4.176 logP Consensus

Distribution at pH 7.4 3.408 logD7.4 Consensus

Polar surface area 80.44 Å2 ChemAxon

F I GURE 3 (a) Graph showing the distribution of nitrochalcone microspecies as a function of pH; (b) graph of the variation of the distribution
coefficient (logD) of the nitrochalcone as a function of pH; (c) molecular fragments of mutagenicity: (I) covalent bind with protein by the isolated
alkene; (II) covalent bind with DNA by the quaternary carbon of the benzene bonded to the nitrile group; (III) genotoxic carcinogenicity
mutagenicity; (d)
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coefficient (logD) shows the distribution index of a mol-
ecule at different pH levels. Therefore, logD values at
pH 7.4 greater than 3 are associated with a balance
between lipophilicity and solubility and can provide
information on the absorption and permeability of a
substance [27, 33]. Thus, the calculated value of logP
in the order of 4176 suggests that the compound is not
very lipophilic, meeting the standards established for
good absorption. The graph in Figure 3b shows the var-
iation of the distribution coefficient as a function of the
pH variation, where it is possible to observe that the
reached logD value at pH 7.4 in the order of 3408 sug-
gests that the nitrochalcone is slightly permeable
(Table 4). Due to the fact that the chalcone in study is
considered a low lipophilic substance, this can be
associated with the fact that it does not have a direct
antibacterial action, since it hinders its passage through
the bacterial plasma membrane.

Thus, it is verifiable that in the pharmacokinetic pre-
diction the compound has moderate permeability in
colon adenocarcinoma cells (Caco-2), with a logPapp
value in the order of 0.872 (in 10�6 cm/s), with human
intestinal absorption (HIA) > 90%. In addition, the com-
pound is a substrate for intestinal P-glycoprotein, result-
ing in a moderate volume of distribution (VD), with
logVDss rated at �0.031, following an order of 0.71 L/
kg < VDss < 2.81 L/kg, with 100% of the bioavailable
fraction bound to plasma proteins. The compound is
poorly permeable in the blood–brain barrier (BBB), with
a logBB value of �0.111, which suggests that the

compound is poorly distributed in the brain and with
little activity in the central nervous system (CNS)
(Table 5).

Metabolism and toxicological effects by oral admin-
istration of a drug candidate can be assessed by pre-
dicting activity with cytochrome P450 (CYP450)
isoenzymes. Among the main precursors of phase I
drug metabolism, CYP1A2 is responsible for molecular
biotransformations by metabolic activation, while
CYP3A4 is responsible for redox reactions, constituting
more water-soluble compounds and susceptible to
excretion [34–38]. Despite inhibitions to CYP1A2,

TAB LE 5 Predicted pharmacokinetic properties by the ADMET models of pkCSM server

Property Model name Predicted value Unit

Absorption Caco2 permeability 0.872 Numeric (logPapp in 10�6 cm/s)

Absorption Intestinal absorption (human) 91.586 Numeric (% absorbed)

Absorption P-glycoprotein substrate Yes Categorical (yes/no)

Absorption P-glycoprotein I inhibitor No Categorical (yes/no)

Distribution VDss (human) �0.031 Numeric (log L/kg)

Distribution Fraction unbound (human) 0 Numeric (Fu)

Distribution BBB permeability �0.111 Numeric (logBB)

Distribution CNS permeability �2.092 Numeric (logPS)

Metabolism CYP2D6 substrate No Categorical (yes/no)

Metabolism CYP3A4 substrate Yes Categorical (yes/no)

Metabolism CYP1A2 inhibitor Yes Categorical (yes/no)

Metabolism CYP2C19 inhibitor Yes Categorical (yes/no)

Metabolism CYP2C9 inhibitor Yes Categorical (yes/no)

Metabolism CYP2D6 inhibitor No Categorical (yes/no)

Metabolism CYP3A4 inhibitor No Categorical (yes/no)

Excretion Total Clearance 0.105 Numeric (log ml/min/kg)

Toxicity AMES toxicity Yes Categorical (yes/no)

Toxicity hERG I inhibitor No Categorical (yes/no)

Toxicity Oral Rat Acute Toxicity (LD50) 3.11 Numeric (mol/kg)

Toxicity Hepatotoxicity No Categorical (yes/no)

F I GURE 4 The two nitrochalcone microspecies (microspecies
1 in pink, 2 in blue) docked to the binding site of a NorA model
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CYP2C9, and CYP2C19, nitrochalcone is a potential
substrate for CYP3A4, which means that the acute oral
dose assessed at 3.11 mol/kg does not present a risk
of hepatotoxicity or cardiotoxic risk, with renal elimina-
tion assessed at 0.105 log ml/min/kg.

Mutagenic activity is detectable in predictions to
determine irreversible activity in proteins and DNA
structures. It is possible to determine this activity

induced by molecular fragments [39–41]. The toxicolog-
ical prediction showed that the unsaturation of the nitro-
chalcone aliphatic chain has an electrophilic potential
to form a covalent bond with biological receptors, while
the quaternary carbon of benzene linked to the nitrile
group has the potential to intercalate in DNA structures,
resulting in mutagenic toxicity. In addition, the reso-
nance effect between the isolated alkene and the

F I GURE 5 A 2D protein-ligand
interaction diagram of microspecies
1 docked on the binding site of the NorA
model

F I GURE 6 A 2D protein-ligand
interaction diagram of of microspecies
2 docked on the binding site of the NorA
model
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carbonyl in the aliphatic chain can result in mutagenic-
ity of genotoxic carcinogenicity. The toxic fragments
can be seen in Figure 3c.

In addition, cardiotoxic activity can be determined
by inhibiting the hERG ion transport channel (human
Ether-à-go-go-go-Related Gene). Molecular fragments
may have biological activity for this toxicity model
[40, 41]. With the prediction, it is possible to observe
that the neutral species of the nitrochalcone (microspe-
cies_1) has negative contributions from the carbonyl
and hydroxyl groups (pink region), but that does not
overlap the positive contributions (green region). When
the ionized species of the molecule (microspecie_2) is
evaluated, the generated charge forms a nucleophilic
region that does not present inhibitory activity of the
hERG channels that, with a 60% reliability degree of
the predictive test, does not present a cardiotoxic risk
(Figure 1d).

3.4 | Molecular Doking

As previously discussed, at physiological pH, there are
two microspecies of the nitrochalcone. We carried out
two docking essays on the NorA model, one for each
microspecies. The best pose of each microspecie
docked on the binding site of the NorA model can be
seen in Figure 4. Both microspecies bind to the same
region of the binding site and both act as Gln51 through
a hydrogen bond. The nitro group of both species also
make close contacts with residue Ser337, Met338,
Gly339, and Asn340. Hydrogen bonding appears to be
a common feature of NorA inhibiting chalcones. On the
other hand, the loss of the hydroxyl proton on micro-
specie 2 changes the positioning of the hydroxyphenyl
ring and its interaction with the protein. Thus, while
microspecies 1 interacts with residues Asn137,
Ser138, and Gly139, microspecie 2 does not. Both,
however, appear to bind to the binding site of the NorA
model and could act as competitor inhibitors of the
efflux pump. A 2D diagram depicting these protein–
ligand interactions can be seen as Figures 5 and 6.

4 | CONCLUSIONS

Bacterial resistance to traditionally used drugs has
been growing in an exacerbated way and thus the
search for potential products that can reverse this
resistance becomes increasingly necessary, and these
products may be natural, semisynthetic, or synthetic.
In this sense, chalcone (E)-1-(2-hydroxyphenyl)-
3-(3-nitrophenyl)prop-2-en-1-one, a synthetic sub-
stance, showed results against the strains of S. aureus
that carry the NorA and MepA. Synergistically when
associated with ethidium bromide against strain SA-
1199B carrying the NorA Pump and synergistic

modulation with the antibiotic ciprofloxacin against
strain SA-K2068, this way the chalcone is being studied
as a possible alternative for reversing resistance to this.
However, new tests are needed to better evaluate its
effect. The physicochemical properties calculated were
fundamental in the description of the predicted pharma-
cokinetic properties, despite the mutagenic risk caused
by the metabolic.

ACKNOWLEDGEMENT
The authors thank Fundação Cearense de Apoio ao
Desenvolvimento Científico e Tecnol�ogico (Funcap),
Coordenação de Aperfeiçoamento de Pessoal de Nível
Superior, and Conselho Nacional de Desenvolvimento
Científico e Tecnol�ogico for financial support and schol-
arship. Alexandre Magno Rodrigues Teixeira acknowl-
edges the financial support from the CNPq (Grant#:
305719/2018-1). Carlos Emidio Sampaio Nogueira
acknowledges financial support from the PQ-BPI/
FUNCAP (Grant#: BP4-00172-00065.01.01/20). Hélcio
Silva dos Santos acknowledges financial support
from the PQ-BPI/FUNCAP (Grant#: BP4-0172-
00075.01.00/20), and the authors thank Northeastern
Center for the Application and Use of Nuclear Magnetic
Resonance (CENAUREMN).

CONFLICT OF INTEREST
The authors have no conflict of interest.

AUTHOR CONTRIBUTION
Methodology And Writing: Janaína Esmeraldo Rocha.
Methodology: Thiago Sampaio de Freitas - Jayze da
Cunha Xavier - Raimundo Luiz Silva Pereira. Supervis-
ing: Carlos Emídio Sampaio Nogueira - Paulo Nogueira
Bandeira - Alexandre Magno Rodrigues Teixeira -
Hélcio Silva dos Santos. Resources: M�arcia Machado
Marinho - Leilane Gomes Rodrigues - Emmanuel Silva
Marinho. Software: Bruna Caroline Gonçalves Vascon-
celos de Lacerda - Edlane Martins de Andrade. Valida-
tion And Supervising: Francisco Nascimento Pereira
Junior - Henrique Douglas Melo Coutinho.

ORCID
Henrique D. M. Coutinho https://orcid.org/0000-0002-

6634-4207

REFERENCES
1. Fern�andez J, Silv�an B, Entrialgo-Cadierno R, et al. Antiprolifera-

tive and palliative activity of flavonoids in colorectal cancer.
Biomed Pharmacother. 2021;143:112241. doi:10.1016/j.biopha.
2021.112241

2. Sinan KI, Akpulat U, Aldahish AA, et al. LC-MS/HRMS analysis,
anti-cancer, anti-enzymatic and anti- oxidant effects of Boerha-
via diffusa extracts: a potential raw material for functional appli-
cations. Antioxidants (Basel). 2021;10(12):2003. doi:10.3390/
antiox10122003

NITRO CHALCONE AGAINST EFFLUX PUMPS 171



3. Jahan I, Khan MF, Sayeed MA, et al. Neuropharmacological
and antidiarrheal potentials of Duabanga grandiflora (DC.) Walp.
Stem bark and prospective ligand-receptor interactions of its
bioactive lead molecules. Curr Issues Mol Biol. 2022;44(5):
2335-2349. doi:10.3390/cimb44050159

4. Freitas MA, Vasconcelos A, Gonçalves ECD, et al. Involvement
of opioid system and TRPM8/TRPA1 channels in the antinoci-
ceptive effect of Spirulina platensis. Biomolecules. 2021;11(4):
592. doi:10.3390/biom11040592

5. Hossain S, Urbi Z, Karuniawati H, et al. Andrographis paniculata
(Burm. f.) Wall. Ex Nees: an updated review of phytochemistry,
antimicrobial pharmacology, and clinical safety and efficacy. Life
(Basel). 2021;11(4):348.

6. Fahad FI, Barua N, Islam MS, et al. Investigation of the pharma-
cological properties of Lepidagathis hyalina Nees through exper-
imental approaches. Life (Basel). 2021;11(3):180. doi:10.3390/
life11030180

7. Chavan BB, Gadekar AS, Mehta PP, Vawhall PK, Kolsure AK,
Chabukswar AR. Synthesis and medicinal significance of
chalcones—a review. Asian Journal of Biomedical and Pharma-
ceutical Sciences. 2016;6:1-7.

8. Rozmer Z, Perjési P. Naturally occurring chalcones and their
biological activities. Phytochemistry Reviews. 2016;15(1):87-
120. doi:10.1007/s11101-014-9387-8

9. Costa SS, Viveiros Amaral ML, Couto I. Multidrug efflux pumps
in Staphylococcus aureus: an update. Open Microbiol. 2013;
7(1):59-71. doi:10.2174/1874285801307010059

10. Tintino SR, Oliveira-Tintino CDM, Campina FF, et al. Evaluation
of the tannic acid inhibitory effect against the NorA efflux pump
of Staphylococcus aureus. Microb Pathog. 2016;97:9-13. doi:10.
1016/j.micpath.2016.04.003

11. Kaatz GW, Seo SM, Ruble CA. Mechanisms of fluoroquinolone
resistance in Staphylococcus aureus. J Infect Dis. 1991;163(5):
1080-1086. doi:10.1093/infdis/163.5.1080

12. Blanco P, Hernando-Amado S, Reales-Calderon J, et al. Bacte-
rial multidrug efflux pumps: much more than antibiotic resistance
determinants. Microorganisms. 2016;4(1):14. doi:10.3390/
microorganisms4010014

13. L�opez SN, Castelli MV, Zacchino SA, et al. In vitro antifungal
evaluation and structure-activity relationships of a new series of
chalcones derivatives and synthetic analogues, with inhibitory
properties against polymers of the fungal cell wall. Bioorg Med
Chem. 2001;9(8):1999-2013. doi:10.1016/S0968-0896(01)
00116-X

14. Yazdan SK, Sagar V, Shaik AB. Chemical and biological poten-
tials of chalcones: a review. Organic & Medicinal Chemistry.
2015;1(1):20-28. doi:10.19080/OMCIJ.2015.01.555553

15. CLSI. (2015). Performance Standards for Antimicrobial Suscep-
tibility Testing; Twenty-Second Informational Supplement Clini-
cal and Laboratory Standards Institute CLSI. I Document
M100-S16CLSI, Wayne, PA, 2015;32:184.

16. Oliveira-Tintino CDM, Tintino SR, Limaverde PW, et al. Inhibition
of the essential oil from Chenopodium ambrosioides L. and
α-terpinene on the NorA efflux-pump of Staphylococcus aureus.
Food Chem. 2018;262:72-77. doi:10.1016/j.foodchem.2018.
04.040

17. Pires DEV, Blundell TL, Ascher DB. pkCSM: predicting small-
molecule pharmacokinetic and toxicity properties using graph-
based signatures. J Med Chem. 2015;58(9):4066-4072. doi:10.
1021/acs.jmedchem.5b00104

18. Oliveira MM, Santos HS, Coutinho HDM, et al. Spectroscopic
characterization and efflux pump modulation of a thiophene cur-
cumin derivative. J Mol Struct. 2020;1215:128291. doi:10.1016/j.
molstruc.2020.128291

19. Chen VB, Arendall WB III, Headd JJ, et al. MolProbity: all-atom
structure validation for macromolecular crystallography. Acta
Crystallogr. 2010;D66(1):12-21. doi:10.1107/S090744
4909042073

20. Trott O, Olson AJ. Software news and update AutoDock Vina:
improving the speed and accuracy of docking with a new scoring
function, efficient optimization, and multithreading. J Comput
Chem. 2010;31(2):455-461. doi:10.1002/jcc.21334

21. Rios JL, Recio MC. Medicinal plants and antimicrobial activity.
J Ethnopharmacol. 2005;100(1-2):80-84. doi:10.1016/j.jep.2005.
04.025

22. Tintino SR, Oliveira-Tintino CDM, Campina FF, et al. Tannic acid
affects the phenotype of Staphylococcus aureus resistant to tet-
racycline and erythromycin by inhibition of efflux pumps. Bioorg
Chem. 2017;74:197-200. doi:10.1016/j.bioorg.2017.08.004

23. Banerjee A, Majumder P, Sanyal S, et al. The DNA intercalators
ethidium bromide and propidium iodide also bind to core his-
tones. FEBS Open Bio. 2014;4(1):251-259. doi:10.1016/j.fob.
2014.02.006

24. Silva PT, Freitas TS, Sena DM, et al. Structural, vibrational and
electrochemical analysis and antibacterial potential of isomeric
chalcones derived from natural acetophenone. Appl Sci. 2020;
10(14):4713. doi:10.3390/app10144713

25. Parr RG, Szentp�aly LV, Liu S. Electrophilicity index. J am Chem
Soc. 1999;121(9):1922-1924. doi:10.1021/ja983494x

26. De Lange EC, Ravenstijn PGM, Groenendaal D, Steeg TJV.
Toward the prediction of CNS drug-effect profiles in physiologi-
cal and pathological conditions using microdialysis and
mechanism-based pharmacokinetic-pharmacodynamic model-
ing. AAPS j. 2005;7(3):E532-E543. doi:10.1208/aapsj070354

27. Hay T, Jones R, Beaumont K, Kemp M. Modulation of the parti-
tion coefficient between octanol and buffer at pH 7.4 and pKa to
achieve the optimum balance of blood clearance and volume of
distribution for a series of tetrahydropyran histamine type
3 receptor antagonists. Drug Metab Dispos. 2009;37(9):1864-
1870. doi:10.1124/dmd.109.027888

28. Lipinski CA. Lead- and drug-like compounds: the rule-of-five rev-
olution. Drug Discov Today Technol. 2004;1(4):337-341. doi:10.
1016/j.ddtec.2004.11.007

29. Perisic-Janjic N, Kaliszan R, Wiczling P, Milosevic N,
Uscumlic G, Banjac N. Reversed-phase TLC and HPLC reten-
tion data in correlation studies with in silico molecular descriptors
and druglikeness properties of newly synthesized anticonvulsant
succinimide derivatives. Mol Pharm. 2011;8(2):555-563. doi:10.
1021/mp100373d

30. Veber DF, Johnson SR, Cheng HY, Smith BR, Ward KW,
Kopple KD. Molecular properties that influence the oral bioavail-
ability of drug candidates. J Med Chem. 2002;2615-2623(12):
2615-2623. doi:10.1021/jm020017n

31. Ghose AK, Viswanadhan VN, Wendoloski JJ. A knowledge-
based approach in designing combinatorial or medicinal
chemistry libraries for drug discovery. 1. A qualitative and quanti-
tative characterization of known drug databases. J Comb Chem.
1999;1(1):55-68. doi:10.1021/cc9800071

32. Muegge I. Selection criteria for drug-like compounds. Med Res
Rev. 2003;23(3):302-321. doi:10.1002/med.10041

33. Fichert T, Yazdanian M, Proudfoot JR. A structure-permeability
study of small drug-like molecules. Bioorganic and Medicinal
Chemistry Letters. 2003;13(4):719-722. doi:10.1016/S0960-
894X(02)01035-1

34. Azeredo FJ, Costa TD, Uchoa FDT. Papel da Glicoproteína-P
na Farmacocinética P-glycoprotein role on drug pharmacokinet-
ics and interactions. Braz J Pharm Sci. 2009;90:321-326.

35. Eitrich T, Kless A, Druska C, Meyer W, Grotendorst J. Classifica-
tion of highly unbalanced CYP450 data of drugs using cost sen-
sitive machine learning techniques. J Chem Inf Model. 2007;
47(1):92-103. doi:10.1021/ci6002619

36. Matal J, Matuskova Z, Tunkova A, Anzenbacherova E,
Anzenbacher P. Porcine CYP2A19, CYP2E1 and CYP1A2
forms are responsible for skatole biotransformation in the
reconstituted system. Neuroendocrinology Letters. 2009;30:
36-40.

172 ROCHA ET AL.



37. Terkeltaub RA, Furst DE, Digiacinto JL, Kook KA, Davis MW.
Novel evidence-based colchicine dose-reduction algorithm to
predict and prevent colchicine toxicity in the presence of cyto-
chrome P450 3A4/P-glycoprotein inhibitors. Arthritis Rheum.
2011;63(8):2226-2237. doi:10.1002/art.30389

38. Zahno A, Brecht K, Morand R, et al. The role of CYP3A4 in
amiodarone-associated toxicity on HepG2 cells. Biochem Phar-
macol. 2011;81(3):432-441. doi:10.1016/j.bcp.2010.11.002

39. Ames BN, Gurney EG, Miller JA, Bartsch H. Carcinogens as
frameshift mutagens: metabolites and derivatives of
2-acetylaminofluorene and other aromatic amine carcinogens.
Proceedings of the National Academy of Sciences. 1072(69):
3128-3132.

40. Hakimelahi GH, Khodarahmi GA. The identification of toxico-
phores for the prediction of mutagenicity, hepatotoxicity and car-
diotoxicity. Journal of the Iranian Chemical Society. 2005;2(4):
244-267. doi:10.1007/BF03245929

41. Khan MF, Nahar N, Rashid RB, Chowdhury A, Rashid MA.
Computational investigations of physicochemical, pharmacoki-
netic, toxicological properties and molecular docking of betulinic
acid, a constituent of Corypha taliera (Roxb.) with phospholipase
A2 (PLA2). BMC Complement Altern Med. 2018;18(1):48. doi:
10.1186/s12906-018-2116-x

SUPPORTING INFORMATION
Additional supporting information can be found online
in the Supporting Information section at the end of this
article.

How to cite this article: Rocha JE, de
Freitas TS, Xavier JC, et al. ADMET study,
spectroscopic characterization and effect of
synthetic nitro chalcone in combination with
norfloxacin, ciprofloxacin, and ethidium bromide
against Staphylococcus aureus efflux pumps.
Fundam Clin Pharmacol. 2023;37(1):163‐173.
doi:10.1111/fcp.12830

NITRO CHALCONE AGAINST EFFLUX PUMPS 173


