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A total of 30 chalcone analogues was synthesized via a base catalyzed Claisen Schmidt condensation and
screened for their in vitro antibacterial activity against Methicillin-sensitive Staphylococcus aureus
(MSSA) and Methicillin-resistant Staphylococcus aureus (MRSA) alone or in combination with non beta-
lactam antibiotics namely ciprofloxacin, chloramphenicol, erythromycin, vancomycin, doxycycline and
gentamicin. In the checkerboard technique, fractional inhibitory concentration indices (FICI) show that
the following combinations like ciprofloxacin with 25 (40-bromo-2-hydroxychalcone); doxycycline with
21 (4-hydroxychalcone); doxycycline with 25; and doxycycline with 4 (20,2-dihydroxychalcone) were
synergistic against MRSA. In term SAR study, the relationship between chalcone structure and their anti-
bacterial activity against S. aureus and synergy with tested antibiotics were discussed. Possible mecha-
nisms for antibacterial activity of chalcones alone as well as the synergistic effect in combinations
were proposed by molecular modeling studies, respectively. Combinations of chalcones with conven-
tional antibiotics could be an effective alternative in the treatment of infection caused by MRSA.

� 2012 Elsevier Ltd. All rights reserved.
Currently, more and more pathogenetic bacterial species have
been appearing to be resistant to different antibiotics used.1 The
world are facing with antibiotic-resistant bacteria and there are
several new antibiotics are accepted each year to help repel the
infectious diseases. However, it takes much time and high cost to
issue a new antibiotic. Hence, a new trend today is to coordinate
the existing antibiotics with antimicrobial agents available in nat-
ure as effective combinations against bacteria. Moreover, using
natural products also help to diminish the toxicity of the drugs
when they are used on humans.2

Methicillin-resistant Staphylococcus aureus (MRSA), a poten-
tially life-threatening pathogen including pneumonia and cSSSI
(complicated skin and skin structure infections), has led to an
increasing need for new novel antibiotics for both community-
acquired and hospital-acquired bacterial infections. Key antibiotics
to treat MRSA are vancomycin, linezolid, daptomycin and tigecy-
cline.3a Agents currently recommended for the treatment of MRSA
cSSSi include vancomycin, linezolid, daptomycin, tigecycline,
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telavancin.3b For MRSA pneumonia, approved antimicrobials are
vancomycin and linezolid in the USA, and vancomycin, linezolid,
teicoplanin and quinupristin/dalfopristin in Europe.3c,d Currently,
pathogens resistant to vancomycin, the centred drug for serious
infections due to MRSA, are gradually reported.3 The problems of
resistant Gram-positive bacteria such as S. aureus (SA) highlight
the urgent need for new drugs with new modes of action or com-
bination of conventional antibiotic and suitable chemical agents to
treat infections caused by resistant human pathogens.

Chalcone is an open-chain flavonoid with a,b-unsaturated car-
bonyl group and is one of the important compound groups of flavo-
noid derived from nature.4 Thousands of chalcone derivatives are
synthesized in chemical laboratories, up to date. Both natural
and synthetic chalcones posses a wide variety of pharmacological
activities like antimicrobial,5 anti-cancer,6 anti-tuberculosis,7

anti-inflammatory,8 antioxidant,9 and so on. Recently, numerous
studies confirm that the activity against MRSA of flavonoid deriva-
tives is generally weak, but when they are in combinations with
some antibiotics, they could contribute to increase antibacterial
activity of antibiotics used together or to restore the effect of sep-
arate invalid antibiotics. This result shows significant contributions
of flavonoid on increasing or recovering the effectiveness of spe-
cific antibiotics.10
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Scheme 1. Synthesis of chalcone analogues via Claisen Schmidt conventional
condensation.
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In present study, a total of 30 chalcone analogues with different
substituents in A and B rings was synthesized and tested for their
anti Methicillin-sensitive Staphylococcus aureus (MSSA) and MRSA
activity alone and in combination with several conventional
antibiotics.

Chalcone derivatives with high purity were synthesized via Cla-
isen–Schmidt condensation (Scheme 1).11 Thus, the appropriate
commercially available aryl aldehydes were reacted with substi-
tuted acetophenones in methanol/KOH at room temperature for
several hours.12–15 This process afforded the desired chalcones
(1–30) with average yield of 45–79% as listed in Table 1.

The purity of products was checked by TLC on silica gel plates.
The 1H NMR spectrum of synthesized chalcones displayed two
doublets at d 6.2–8.0 ppm with characteristic coupling constant
(J) of 15–16 Hz, which confirms the formation of chalcones (pos-
sessing a a,b -unsaturated ketone).16 This higher coupling constant
value indicates all synthetic compounds were geometrically pure
and were exclusively trans (E) isomers.

Preliminarily identifying antibacterial activity of test antibiotics
confirmed that all test antibiotics which had the diameters of
Table 1
Chemical structures of synthesized chalcone analogues and antibacterial activity

(E) chalco

1'
2'

3'
4'

5'
6'

O

A

Compound Formula A ring structure

C2

1 C15H12O2 OH H
2 C15H11 ClO2 H
3 C15H10Cl2O2 H
4 C15H12O3 OH
5 C16H14O3 H
6 C16H14O3 OCH3

7 C17H16O4 OCH3

8 C17H16O4 H
9 C18H18O5 H
10 C16H14O3 OHH3CO H
11 C16H13ClO3 H
12 C16H12Cl2O3 H
13 C17H16O4 H
14 C18H18O5 OCH3

15 C18H18O5 H
16 C19H20O6 H
17 C15H12O H
18 C16H14O2 OCH3

19 C16H14O2 H
20 C15H12O3 OH
21 C15H12O2 H
22 C17H16O3 OCH3

23 C17H16O3 H
24 C15H11BrO Br H
25 C15H11BrO2 OH
26 C17H15BrO3 OCH3

27 C17H15BrO3 H
28 C16H13BrO2 OCH3

29 C16H13BrO2 H
30 C16H13BrO2 H
antimicrobial circles within the limits following professional docu-
mentation (Clinical Laboratory Standards Institute, CLSI)17 meet
the requirements to use in the test (Table 1 and Table 2).18–21 Re-
sults on determining antibacterial susceptibility of test substances
showed that of thirty synthesized chalcone analogues, four com-
pounds like 4, 20, 21 and 25 were found to be in the range of weak
to moderate against two test strains of MRSA and MSSA. The others
were inactive both MSSA as well as MRSA.

Results on determining antibacterial coordination ability of test
substances and antibiotics showed that of thirty synthesized chal-
cone analogues, only four active compounds exhibited positive
interaction with antibiotics like gentamicin (with 4), doxycycline
(with 4, 20, and 25), ciprofloxacin (with 4).22,23 Surprisingly, chal-
cone 20 and 25 showed positive interaction in combination with
ciprofloxacin only on MRSA but not on MSSA. It means that genta-
micin exhibited positively interaction with only chalcone 4, mean-
while, ciprofloxacin and doxycycline demonstrated positive
interactions with almost above mentioned chalcones. Conversely,
some gram-positive antibiotics like clindamycin, erythromycin
and vancomycin showed negative interactions with all tested chal-
cones (Table 3). It was also noted that chloramphenicol a broad-
spectrum antibiotic did not have any interaction with synthesized
chalcones.

Antibacterial interactions were determined using the Checker-
board method as previously described.24,25 The results of quantita-
tively determining antibacterial coordination ability proved that
combinations between antibiotics and chalcone derivatives (4,
20, 21, and 25) were predominantly synergistic. Among 14 tested
ne

2
3

4

5
6

B

Substituents in B ring Isolated yield (%) Ref.

C3 C4 C5

H H H 46 12
H Cl H 78 13
Cl Cl H 82 13
H H H 56 14
H OCH3 H 59 12
H H H 58 12
H OCH3 H 54 12
OCH3 OCH3 H 57 12
OCH3 OCH3 OCH3 53 12
H H H 61 12
H Cl H 76 12
Cl Cl H 79 12
H OCH3 H 55 12
H OCH3 H 51 12
OCH3 OCH3 H 49 12
OCH3 OCH3 OCH3 48 12
H H H 42 12
H H H 48 12
H OCH3 H 52 12
H H H 47 12
H OH H 49 12
OCH3 H H 54 13
OCH3 OCH3 H 58 13
H H H 62 14a
H H H 66 14b
OCH3 H H 51 14c
OCH3 OCH3 H 57 14c
H H H 63 14d
OCH3 H H 65 14e
H OCH3 H 62 14c
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combinations in which six were carried out on MSSA and eight
were carried out on MRSA.

The combination of doxycycline with compound 4 had the most
synergistic effect against both MSSA and MRSA, in which the rates
in increasing susceptibility of bacteria with doxycycline were eight
to sixteenfold, respectively. In such combinations, the MICs of
doxycycline against MSSA and MRSA were very low about 0.125
and 0.25 lg/mL, respectively. Other combinations, pair of doxycy-
cline with compound 20 was synergistic against both MSSA and
MRSA, meanwhile, pair of doxycycline with compound 25 was only
additive against MRSA but not effective with MSSA. Ciprofloxacin
showed positive interaction with all four chalcones 4, 20, 21 and
25, in which of six tested combinations, one was indifferent, two
were additive and the last four were synergistic effect against SA
(Table 4). The combinations of ciprofloxacin with 4 and 21, respec-
tively were demonstrated significantly synergism against MRSA
with very low MICs (0.0625 lg/mL) for ciprofloxacin in both
combinations. The rates in increasing susceptibility of MRSA with
ciprofloxacin were eight-fold.

From the results of bioactivities, some preliminary remarks on
structure–activity relationship can be drawn as follow: (i) a free
hydroxyl group in position(s) 2 and/or 4 of B ring appears to be
very important to anti-MRSA activity alone or in combination with
antibiotics (4 vs 6; 20 vs 18; 21 vs 19 and 25 vs 28); (ii) in the
opposite, a free hydroxyl group in position 20 of A ring, like 20-
hydroxychalcone analogues (1–9) seems to be unnecessary; (iii)
methylation to hydroxyl group might also be responsible for the
abolishment in the anti SA activity; (iv) chlorine substitution
seems to be unnecessary for the anti SA activity.
Table 2
In vitro antibacterial activity of synthesized chalcone and test antibiotics by disc diffusion

Compoundsa MSSA

Zone of inhibition (mm) MICs (l

4 14 64
20 11 32
21 10 64
25 13 32
Vancomycin 17 4
Doxycycline 27 8
Ciprofloxacin 27 0.25
Gentamicin 27 1
Chloramphenicol 25 ND
Clindamycin 24 ND
Erythromycin 25 ND

(�): not inhibition at test concentrations: erythromycin at 15 lg/disc; clindamycin at 2
ND = not determined.

a Other chalcones: not inhibition at tested concentration of 256 lg/mL.

Table 3
Qualitative determination of the interaction between the synthesized chalcones and know

Antibiotic

4 20

MRSA MSSA MRSA

Vancomycin + + �
Doxycycline + + +
Ciprofloxacin � � �
Gentamicin � � �
Chloramphenicol + + +
Clindamycin � � �
Erythromycin � � �

(+): positive interaction; (�): negative interaction.
The chalcone derivatives such as 3-hydroxy-40-methoxy-chal-
cone was found to act by damaging the cell wall of SA which clearly
similar to the observed mechanism of a well-known cell mem-
brane permeabilizer, polymyxin B, a cationic peptide antibiotic
shows 78–82% membrane damaging activity against SA.26 Hence,
our synthesized chalcones which have the same structures could
effect on SA and MRSA by damaging the bacterial cell wall in the
presence of chalcones alone.

Recently, the use of efflux pump inhibitors (EPIs) may be a pow-
erful strategy to overcome transporter-mediated bacterial multi-
drug resistance and also tumor cell multidrug resistance.27,28

Drug efflux transporter has attracted considerable interest also
with respect to its role in absorption-distribution and elimination
of drugs. Multidrug resistance efflux pumps are recognized as an
important component of resistance in both Gram-positive and
Gram-negative bacteria.29 Tariquidar and elacridar, the third-gen-
eration P-glycoprotein inhibitors in clinical development, have po-
tent inhibitory effect against certain bacterial efflux pumps in vitro
and indicated the potency overcome bacterial multidrug resistance
towards ciprofloxacin by increasing intracellular drug concentra-
tion.29 Tariquidar had no intrinsic activity against any strain tested
but tariqudar (as elacridar) showed dose-dependently increased
susceptibility towards ciprofloxacin and resulted in a 10-fold
reduction of the ciprofloxacin MIC in SA.29 In cancer cell, flavonoids
were reported as bifunctional modulators binding to a site partly
overlap the ATP site and vicinal hydrophobic region interacting
with the cytosolic domain of P-glycoprotein (P-gp or ABCB1).30

Moreover, flavonoids are considered as the potent inhibitors of
mouse and human P-gp targeting the nucleotide binding domain
method and diameter of zone of inhibition (mm)

MRSA

g/ml) Zone of inhibition (mm) MICs (lg/ml)

14 64
11 64
9 32
13 64
16 8
27 4
21 0.5
23 4
26 ND
— ND
— ND

lg/disc.

n-antibiotics

Synthesized chalcones

21 25

MSSA MRSA MSSA MRSA MSSA

� � � � �
+ � � + +
� � � � �
� � � � �
� + + + �
� � � � �
� � � � �



Table 4
Antibacterial results from the combinations between synthesized chalcones and known-antibiotics

Mixa MSSA ATCC 25923 MRSA ATCC 43300

MICs (lg/mL) FICI Interpretation Increasing rate (fold)b

Antibiotic/chalcone
MICs (lg/mL) FICI Interpretation Increasing rate (fold)b

Antibiotic/chalcone
Alone Mixa Alone Mixa

4 64 8 0.25 Synergy 8/8 64 2 0.15 Synergy 16/8
Doxy 1 0.125 4 0.25
4 64 64 1.5 Indifference 2/1 64 32 0.62 Additive 8/2
Cipro 0.25 0.125 0.5 0.0625
4 64 1 0.36 Synergy 4/64 64 16 0.50 Synergy 4/4
Genta 1 0.25 4 1
20 32 2 0.31 Synergy 4/16 64 2 0.15 Synergy 16/32
Doxy 1 0.25 4 0.25
20 ND ND 64 32 0.75 Additive 4/2
Cipro ND ND 0.5 0.125
21 64 4 0.31 Synergy 4/16 32 4 0.25 Synergy 8/8
Cipro 0.25 0.0625 0.5 0.0625
25 32 4 0.37 Synergy 4/8 64 8 0.62 Additive 4/8
Doxy 1 0.25 4 1
25 ND ND 64 2 0.28 Synergy 4/32
Cipro ND ND 0.5 0.125

ND = not determined. Genta: gentamicin; Doxy: doxycycline; Chloram: chloramphenicol; Vanco: vancomycin; Cipro: ciprofloxacin; Clin: clindamycin; Ery: erythromycin.
a Mix = Combination.
b Rate in increasing antibacterial activity of antibiotic/chalcone in combination compared to that of in alone (fold).

Figure 1. Docked alignment of ADP (gray carbon) and chalcones 4, 20, 21, 25 (green
carbon) within the nucleotide binding domain (Sav1866 of S. aureus) generated by
MOE docking. Colors of other atoms are red (oxygen), blue (nitrogen), and magenta
(phosphorus).

Figure 2. Docked conformation of chalcone 25 (green carbon) in ADP binding site of Sav
and multi-drug transporter Sav1866 is also showed. A ring of 25 interacts with Tyr349
(magenta dotted lines) with Thr382. In lower side C-E, 2D ligand-interactions between
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(NBD).30 Activity of chalcones increased susceptibility towards non
beta-lactam antibiotics may be explained by the inhibitory of
efflux pump. To get insight the interaction of chalcones and mul-
ti-drug transporter Sav1866 of SA, molecular docking studies are
performed. The X-ray structure of the multi-drug transporter
Sav1866 of SA in complex with adenosine-50-diphosphate ADP
(pdb code: 2hyd, resolution: 3.00 Å) was used for molecular dock-
ing study.31 The ligands, 4, 20, 21, and 25 were flexibly docked
into the NBD of Sav1866, respectively, by using the MOE dock
program.32,33 The multi-drug transporter Sav1866-bound confor-
mation of those chalcones are partially overlapped with ADP posi-
tion with A ring superimposed onto the adenine and B ring
positioned in the space of ribose of ADP (Fig. 1). Compounds 4,
20, 21, and 25 also showed the p–p stacking between A ring and
Tyr349 that similar observed of purine ring of adenosine in the
1866 of S. aureus (A). In right side (B), 2D ligand-interactions between this chalcone
by p- p stacking and hydrogen presented in B ring contributed the hydrogen bond
this chalcones 4, 20, 21 and Sav1866 are indicated, respectively.
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active site. Moreover, B rings of docked chalcones formed various
hydrogen bonds with Thr382 and Gly377 (Fig. 2). Recently, the
combination between in silico approach (docking, 3D-QSAR) and
experimental results indicated the important amino acid in NBD
crucial for flavonoids derivatives interacted with human P-gp bind-
ing affinity30 and this hydrophobic site is related to NBD of
Sav1866 of S. aureus. The resulting tight interactions between
chalcones4, 20, 21, 25 and Sav1866 may used to explain and would
be related to the synergistic mechanism on non beta-lactam
antibiotics.

In the previous reports, the NorA efflux pump in SA extrudes a
variety of structurally unrelated antibacterial like berberine, an
cationic antimicrobial, from bacterial cells.2b,34 Hence, a test com-
bined activity between berbeine and a synthetic chalcone against
MRSA may be a positive proof to prove the above proposed hypoth-
esis. Resulting from our experiments indicated that synergistic ef-
fect was obtained for the combination of chalcone 21 and
berberine. The MIC values of berberine decreased in 32-fold from
128 lg/mL (berberine alone) to 4 lg/mL (berberine with chalcone
21). However, the proposed mechanism of synergistic activity of
chalcones still needs more experiments to confirm. Since flavo-
noids have potential without toxicity, this class of drugs is promis-
ing for future applications in infectious diseases as well as in tumor
diseases.

In conclusion, the present investigation has clearly shown that
certain hydroxylated chalcone derivatives moderately inhibited
against MSSA and MRSA activities when using alone and they
proved to have significantly synergistic effect with non beta-
lactam antibiotics against MRSA. These potential analogues are
20,2-dihydroxychalcone (4); 2-hydroxychalcone (20); 4-hydroxy-
chalcone (21) and 40-bromo-2-hydroxychalcone (25). The potential
combinations such as (i) ciprofloxacin with 4-hydroxy-chalcone
(21); (ii) ciprofloxacin with 40-bromo-2-hydroxychalcone (25);
(iii) doxycycline with 40-bromo-2-hydroxychalcone (25); (iv)
doxycycline with 20,2-dihydroxychalcone (4) and (v) gentamicin
with 20,2-dihydroxychalcone (4) could be investigated further to
achieve new combinations in treatment infectious diseases caused
by MRSA. Related to the antibacterial mechanisms, our synthesized
chalcones could effect on SA and MRSA by damaging the bacterial
cell wall. Possible mechanism for the synergistic effect of chalcones
in combinations with non-beta-lactam antibiotics were also pro-
posed as the efflux pump inhibitors and discussed via molecular
docking studies.
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