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                                      Antimicrobial and Cytotoxicity Potential of Acetamido, 
Amino and Nitrochalcones

Nowakowska et al.   [ 10 ]   and López et al.   [ 11 ]   
reported the antibacterial and antifungal activi-
ties of these compounds.
  Since chalcones are promising from a medical 
perspective, the aim of this study was to synthe-
size chalcone analogues, i. e., amino, acetamido 
and nitrochalcones, and evaluate their antibacte-
rial and antifungal activity against a panel of 
human pathogens, by determining the minimum 
inhibitory concentration (MIC) and, preliminary 
cytotoxicity of the compounds. Also the struc-
ture-activity relationship (QSAR) was evaluated.

    Materials and methods
 ▼
    Synthesis of acetamido, amino and 
nitrochalcones
  4-Nitroacetofenone and 4-aminoacetofenone 
were acquired from commercial source, (Aldrich 
reagents). N-(4-acetylphenyl)acetamide was pre-
pared from a solution of  p -aminoacetophenone 
(2.2 g, 16.27 mmol) in water and stirred at room 
temperature, followed by the addition of acetic 
anhydride (4.1 mL, 43.43 mmol). The reaction 

         Introduction
 ▼
   The chalcone class has a common structural 
framework of 1,3-diphenyl-2-propen-1-one, 
with 2 aromatic rings joined by a 3-carbon α,β-
unsaturated carbonyl system, and constitutes 
one of the major classes of natural products 
belonging to the fl avonoid family   [ 1 ]  .
  Chalcones have been reported as having a range 
of important therapeutic activities, such as anti-
hypertensive and cardiovascular activity, anti-
protozoal, anti-infl ammatory, antidiabetic, nitric 
oxide inhibitory eff ect, anticancer, antiparasitary 
and antimicrobial activities   [ 2            – 6 ]  .
  The antimicrobial activity of chalcones has been 
investigated by a number of researchers. Sato et 
al.   [ 7 ]   report growth inhibitory properties of 
hydroxyl chalcones to  Candida spp  and Nowa-
kowska   [ 5 ]   review the antimicrobial and anti-
infl ammatory activity of chalcones. Tomar et al. 
  [ 8 ]   report the synthesis and antimicrobial activ-
ity of chalcones containing the piperazine or 
2,5-dichlorothiophene moiety. Recently Lahtchev 
et al.   [ 9 ]   reported a mechanistic study on chal-
cones using various yeast strains, as well as, 
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                                      Abstract
 ▼
    Background:     Chalcones constitute one of the 
major classes of natural products belonging to 
the fl avonoid family, and they have been reported 
as having a range of important therapeutic activ-
ities, including some chalcones are eff ective as 
antimicrobial agents. Currently, the search for 
new structures with antimicrobial activity has 
been intensifi ed due to the emergence of many 
strains resistant to antibiotics currently used to 
treat infectious diseases.
    Method:     3 chalcone series (amino, acetamido 
and nitrochalcones) were prepared (23 com-
pounds) and evaluated for their antimicrobial and 

cytotoxic potential. The eff ects of substituents on 
their respective activities also was evaluated.
    Results & Conclusion:     The results showed that 
4 aminochalcones ( 2 ,  4 ,  8, 9 ), 3 acetoamidochal-
cones ( 10 ,  14 ,  18 ) and 3 nitrochalcones ( 20 ,  22 , 
 23 ), exhibited antifungal eff ects. The aminochal-
cones were more toxic than the acetamidochal-
cones, while the nitrochalcones did not present 
any toxic eff ect. It was verifi ed that there seems 
to be structure-activity correlation in some elec-
tron-donating and withdrawing substituents 
groups in rings A and B of the synthetized chal-
cone analogues and its antifungal and cytotoxic 
activity.
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mixture was then heated at refl ux for 2 h. The solution was 
cooled in an ice bath and the resulting crystals were washed 
with cold water and fi ltered under vacuum, giving a yield of 85 % 
of the titer compound.
  All the chalcones were synthesized by addition of 50 % w/v aq. 
NaOH solution (1.5 mL) to a well stirred solution of appropriate 
substituted acetofenone (1.7 mmol) and the appropriate substi-
tuted benzaldehyde (1.7 mmol) in methanol (50 mL). The reac-
tion mixture was stirred overnight at room temperature, 
according to the methodology described previously   [ 12 ]  . The 
mixture was then neutralized with 1 N HCl and the product fi l-
tered and extracted with chloroform. The combined organic lay-
ers was dried (Na 2 SO 4 ), fi ltered and evaporated. The products 
were purifi ed by column chromatography or recrystallization 
from ethyl alcohol or ethyl alcohol/water.

    Chemistry – General experimental procedures
  Melting points were determined with a Microquimica AP-300 
apparatus (Florianópolis, Brazil) and were uncorrected. IR spec-
tra were recorded with a Bomem 100 (Québec, Canadian) on KBr 
disks. The  13 C and  1 H-NMR spectra were recorded on a Brucker 
200 MHz (Karlsruhe, Germany). Elemental analysis was deter-
mined with a Perkin Elmer 2400 (Norwalk, USA). The percent-
ages of C and H were in agreement with the product formula 
(within ± 0.4 % of theoretical values). The compounds were dis-
solved in deuterated solvents from commercial sources with 
TMS as the internal standard. The purity of the synthesized sub-
stances was monitored by thin-layer chromatography (TLC) 
using Sigma (St. Louis, USA) silica pre-coated plastic plates of 
200 μm in thickness with several solvent systems of diff erent 
polarities. Spots were visualized by short-wave UV light and 
iodine vapor. Spectral data (IR,  1 H- and  13 C- NMR) and elemental 
analysis were in good agreement with the structures. The  log P  
values were obtained from the on-line JME molecular editor 
program Molinspiration, courtesy of Peter Ertl of Novartis, avail-
able free on the web site: http://www.molinspiration.com/cgi-
bin/properties.

    Biological assay – Microorganisms
  For the antimicrobial evaluation, strains from the American Type 
Culture Collection (ATCC), Rockville, MD, USA, and CEREMIC (C), 
Centro de Referencia Micológica, Facultad de Ciencias Bioquími-
cas y Farmacéuticas, Rosario, Argentina, and Control Lab (CL), 
Rio de Janeiro, Brazil, were used; Bacteria used were  Bacillus 
cereus  ATCC 14579,  Bacillus subtilis  ATCC 23858,  Enterobacter 
cloacae  ATCC 35030,  Escherichia coli  ATCC 11775,  Proteus mirabi-
lis  ATCC 25933,  Pseudomonas aeruginosa  ATCC 27853,  Salmo-
nella typhimurium  ATCC 14028,  Staphylococcus aureus  ATCC 
6538P,  Staphylococcus saprophyticus  ATCC 35552 and  Strepto-
coccus agalactie  ATCC 13813, and the fungi used were  Aspergillus 
fl avus  ATCC 9170,  Aspergillus fumigatus  ATCC 26934,  Aspergillus 
niger  ATCC 9092,  Rhizopus  sp CL 35,  Microsporum canis  C112, 
 Microsporum gypseum  C115,  Trichophyton mentagrophytes  ATCC 
9972,  Trichophyton rubrum  C137,  Cryptococcus neoformans  
ATCC 32264,  Candida albicans  ATCC 10231 and  Candida krusei  
ATCC 6582.

    Media and inocula
  The bacteria used were cultivated on Mueller-Hinton agar (MHA 
– Difco) at 35 °C for 24 h. Cell suspension in saline (0.86 %) was 
adjusted to give a fi nal concentration of 1.5 × 10 8  cell/mL, stand-
ardized with 0.5 on the McFarland scale (λ = 530 nm)   [ 13 ]  . The 

fungi were cultivated on Sabouraud dextrose agar (SDA – Difco). 
For the fi lamentous fungi, the suspensions were obtained 
according to the reported procedures, and were adjusted to 
between 1.0 × 10 6  and 5.0 × 10 6  spores/mL by microscopic enu-
meration using a hemocytometer   [ 14 ]  . The yeasts were prepared 
according to Pfaller et al.   [ 15 ]  , adjusting the suspension to give a 
fi nal concentration of between 1.0 × 10 6  and 5.0 × 10 6  cell/mL, 
also standardized with 0.5 on the McFarland scale (λ = 530 nm).

    Antimicrobial evaluation
  The minimum inhibitory concentration (MIC) was determined 
for the organisms by the agar dilution method, which was car-
ried out on slants (1 mL). Stock solutions of each compound in 
dimethylsulfoxide (DMSO) was diluted to give serial 2-fold dilu-
tions which were added to each medium (MHA for bacteria and 
SDA for fungi), resulting in 10 diff erent concentrations ranging 
from 10 to 100 μg/mL. Afterwards, a volume of 1 μL of inoculum 
suspension, prepared previously, was inoculated with a sterile 
loop to each slant, with the exception of the sterile control. The 
antibacterial and antifungal agents, vancomycin (Sigma V2002) 
and ketoconazole (Sigma K1003), respectively, were included in 
the assay as positive control. The fi nal concentration of DMSO in 
the assay did not exceed 2 %. A drug-free saline solution (0.86 %) 
was used as a blank control. Each assay was repeated 3 times. 
The slants were incubated at 35 °C for the bacteria and yeasts 
and at 25 °C for the hialohyphomycete and dermatophyte strains. 
MICs were visually recorded at 48 h for yeasts, and at a time 
according to the control fungus growth, for the rest of fungi.

    Cytotoxicity activity
  The brine shrimp lethality test (BST) ( Artemia salina  Leach) was 
used for cytotoxicity determination of the compounds. Dried 
brine shrimp eggs (1 g/L)(Maramar, Arraial do Cabo, RJ, Brazil) 
were placed in artifi cial sea water   [ 16 ]  . The pH was adjusted to 
9.0 using Na 2 CO 3  and incubated at 22–29 °C with strong aera-
tion, under a continuous light regime (2 000 Lux). Approximately 
12 h after hatching the phototropic nauplii were collected for the 
cytotoxicity assay. Serial dilutions were made in the wells of 
96-well microplates in triplicate in 100 μL artifi cial sea water. 
Control wells with DMSO were included in each experiment. A 
suspension of nauplii containing 10 organisms was added to 
each well and the plate covered and incubated at 22–29 °C. The 
toxicity was determined after 24 h of exposure. The numbers of 
survivors were counted. Larvae were considered dead if they did 
not exhibit any internal or external movement during several 
seconds of observation   [ 17 ]  .

    Statistical analysis
  Antimicrobial activity assays were performed in triplicate and 
repeated twice and the arithmetic means of the MIC were calcu-
lated and reported. Cytotoxicity assays were carried out in 
duplicate, and repeated twice for each compound. Lethal dose 
(LC 50 ) values and 95 % confi dence intervals were determined 
from 24 h counts using the probit analysis method decribed by 
Finney   [ 18 ]  . In cases where data were insuffi  cient for this tech-
nique, the dose-response data were transformed into a straight 
line by means of a logic transformation   [ 19 ]  .
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     Results
 ▼
    Chalcone Derivatives
  3 chalcone series were prepared (9 aminochalcones, 9 acetami-
dochalcones and 5 nitrochalcones), resulting in 23 compounds, 
as shown in      ●  ▶     Table 1  . All the compounds were obtained in good 
yields (53–95 %), and were characterized by melting point and 
conventional spectral data. Inspection of the  1 H-NMR spectra 
suggested that the chalcones were geometrically pure and pre-
sented trans confi gurations ( J  = 15–16 Hz).

       Antimicrobial activities
  All the compounds were tested for their growth inhibitory activ-
ity against bacteria, yeast and fi lamentous fungi. The results, 
shown in      ●  ▶     Table 2  , show that antifungal eff ects were obtained 
for the compounds of the 3 series against fi lamentous fungi. In 
contrast, none of the compounds tested was active against the 
bacteria and yeasts.

       Cytotoxicity activities
  The evaluation of the cytotoxicity of the studied chalcones was 
carried out through the BST. Such screening was used to obtain 
some idea of their possible eff ects, since this assay has been con-
sidered a useful tool for preliminary assessment of toxicity 
potential   [ 20 ]  .
  The results showed that the majority of the compounds evalu-
ated were not toxic against  Artemia salina  up to a maximum of 
LC 50  1 000 μg/mL.      ●  ▶     Table 3   shows the compounds with high 
cytotoxicity, like those with values of LC 50  31.25 μg/mL ( 1 ,  2 ,  3 ), 

and LC 50  62.94 μg/mL ( 8 ,  9 ). The aminochalcones, therefore, pre-
sented greater toxic potential than the acetamidochalcones, and 
the nitrochalcones, which did not present any toxic eff ect.

        Discussion
 ▼
   As can be observed from      ●  ▶     Table 2  , the compounds  8 ,  9 ,  14 ,  22  
and  23  presented considerable activity against  A. niger . This 
fungi is considered the most recalcitrant fungus of the fi lamen-
tous pathogen group. On the other hand,  Rhizopus  sp was the 
most resistant fi lamentous fungus to the chalcones tested, 
whereas compounds  2 ,  4 ,  10 ,  18 ,  20  and  22 , showed activity 
against one or more dermatophytes, and the acetamidochalcone 
 10  being the most active, with an MIC value of 20 μg/mL (74 μM). 
Dermatophytes are considered the main organisms responsible 
for onychomicosis   [ 21 ]  . Furthermore, despite the availability of 
new systemic antifungal therapies, nail infections are diffi  cult to 
eradicate, and recurrence is reported in up to 25–40 % of cases 
  [ 22 ]  . It should also be noted that they are diffi  cult to eradicate 
due to the invasion of the tissues with hyphal elements which, if 
not killed, have the ability to regenerate.
  Although the synthesis of the amino, acetamido and nitrochal-
cones present electron-withdrawing and electron-donating sub-
stituent groups, as well as diff erent degrees of lipophilicity ( log 
P ) (     ●  ▶     Table 1  ), the results show that it is not possible to establish 
an eff ective structure-activity relationship with the parameters 
studied.

  Table 1    Structure and physical data of chalcone derivatives.

   

    Code    Substituent in ring    Reaction    Yield    Mp a      log P   

      A    B    time (h)    ( %)    ( o C)    

   Aminochalcones      1     4-NH 2     C 6 H 5     30    52    102.0–103.0    3.26 ± 0.37  
   2     4-NH 2     4-CH 3 OC 6 H 4     11    77    111.5–113.2    3.20 ± 0.38  
   3     4-NH 2     4-CH 3 C 6 H 4     10    82    144.5–145.0    3.72 ± 0.38  
   4     4-NH 2     4-ClC 6 H 4     2.5    77    160.8–162.2    3.78 ± 0.39  
   5     4-NH 2     3,4-ClC 6 H 3     2.5    78    191.1–192.0    4.26 ± 0.41  
   6     4-NH 2     4-NO 2 C 6 H 4     10    88    219.3–219.8    3.03 ± 0.41  
   7     4-NH 2     4-N(CH 3 ) 2 C 6 H 4     2.5    53    182.7–184.9    3.76 ± 0.46  
   8     4-NH 2     Furan-2-yl    2    79    115.2–115.8    2.88 ± 0.39  
   9     4-NH 2     Thiophen-2-yl    10    86    112.5–113.8    3.07 ± 0.56  

   Acetamidochalcones      10     4-NHCOCH 3     C 6 H 5     28    80    161.7–162.2    3.31 ± 0.37  
   11     4-NHCOCH 3     4-CH 3 OC 6 H 4     4    84    206.5–207.0    3.26 ± 0.38  
   12     4-NHCOCH 3     4-CH 3 C 6 H 4     5    79    197.5–199.0    3.77 ± 0.38  
   13     4-NHCOCH 3     4-ClC 6 H 4     2    83    215.0–215.7    3.84 ± 0.39  
   14     4-NHCOCH 3     3,4-ClC 6 H 3     4.5    95    210.4–211.0    4.32 ± 0.41  
   15     4-NHCOCH 3     4-NO 2 C 6 H 4     4.5    89    239.7–241.0    3.09 ± 0.41  
   16     4-NHCOCH 3     4-N(CH 3 ) 2 C 6 H 4     4    72    150.9–151.7    3.82 ± 0.46  
   17     4-NHCOCH 3     Thiophen-2-yl    1    95    118.1–119.0    2.93 ± 0.39  
   18     4-NHCOCH 3     Furan-2-yl    1    90    147.0–149.3    3.13 ± 0.56  

   Nitrochalcones      19     H    4-NO 2 C 6 H 4     2    93    166.3–166.8    3.79 ± 0.40  
   20     4-CH 3 O    4-NO 2 C 6 H 4     4    91    174.4–174.9    3.96 ± 0.41  
   21     4-CH 3     4-NO 2 C 6 H 4     10    65    163.7–165.9    4.25 ± 0.40  
   22     3,4-Cl    4-NO 2 C 6 H 4     10    82    189.6–190.2    5.23 ± 0.42  
   23     4-F    4-NO 2 C 6 H 4     3.5    80    171.7–172.4    4.01 ± 0.47  

   a  Melting points were uncorrected  
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  Compound  10 , acetamidochalcone with a phenyl ring in position 
B, proved to be more active, while its analogous compound  1 , 
aminochalcone, with the same ring in position B, showed no 
activity, suggesting that the amide group in ring A may be con-
tributing to the antifungal eff ect against  M. canis ,  T. mentagro-
phytes  and  T. rubrum .
  On the other hand, regarding the infl uence of the substitute on 
ring A, it was verifi ed that the addition of the amino group ( 1–9 ) 
or acetamido group ( 10–18 ), resulted in reduction of activity, 
while these molecules are comparable with the chalcones with-
out substituent in the ring A. Our results corroborate previous 
studies by López et al.   [ 11 ]  , which reported an interesting struc-
ture-activity correlation in which electron-donating groups 
diminished the antifungal activity.
  Evaluating the nitrochalcones ( 19 – 23 ), it was verifi ed that com-
pounds  22  and  23  with 3,4-chloro, and 4-fl uoro in ring A, respec-
tively, presented MIC values of 80 μg/mL (248 and 294 μM) 
against  A. niger , suggesting the infl uence of an electron-with-
drawing group. Compound 20, with a 4-methoxy group (elec-

tron donating) however, was inactive against  A. niger  but it was 
active against other fungi species ( T. mentagrophytes ).
  Regarding the cytotoxic activity, the evaluation of the physical 
and chemical parameters of the active compounds shows that 
practically all the aminochalcones with an electron-donating 
group in the  p -position in the phenyl substituent of position B, 
as well as the one without a substituent, are highly toxic. Regard-
ing the infl uence of the substituents on ring A, it was observed 
that aminochalcones exhibited a greater degree of toxicity, when 
compared with the other substituents.
  In this series, some infl uence is noted of electronegative groups 
in the phenyl substituent of position B, contributing to the 
decrease in cytotoxicity. Since the displacement of electron den-
sity of this system coupled to substituent group, in the position 
B, decreases the reactivity of the amino group, in ring A, thus 
likely decreasing toxicity.
  Regarding the nitrochalcones, it is interesting to note that the 
nitro group may suggest a possible toxic   [ 23 ]  , and mutagenic 
actions   [ 24 ]  , but in our results, no toxicity against  Artemia salina  

  Table 3    Cytotoxic activity of chalcone compounds on  Artemia salina .   

    Code    Substituent    LC 50  (μg/mL)  

      A    B    (LCL-UCL) a   

   Aminochalcones      1      4-NH 2     C 6 H 5     31.25 (12.65–49.35)  
   2      4-NH 2     4-CH 3 O C 6 H 4     31.25 (12.65–49.35)  
   3      4-NH 2     4-CH 3 C 6 H 4     31.25 (12.65–49.35)  
   8      4-NH 2     Furan-2-yl    62.94 (20.85–82.85)  
   9      4-NH 2     Thiophen-2-yl    62.94 (20.85–82.85)  

   Acetamido-chalcones      10      4-NHCOCH 3     C 6 H 5     98.28 (61.04–143.26)  
   17      4-NHCOCH 3     Thiophen-2-yl    795.49 (153.14–1 437.85)  
   18      4-NHCOCH 3     Furan-2-yl    888.09 (349.86–1 417.69)  

  Lethal concentration 50 % (LC 50 );  a  95 % confi dence limits; Lower confi dence limit (LCL); Upper confi dence limit (UCL)  

  Table 2    Antifungal activity of chalcone compounds against pathogenic fungi.  

 

    Code    Substituent    Minimum Inhibitory Concentration (μg/mL)  

      A    B     A. nig      M. can      M. gyp      T. men      T. rub   

   Aminochalcones      2     4-NH 2     4-CH 3 OC 6 H 4      > 100     > 100     > 100    40     > 100  
   4     4-NH 2     4-ClC 6 H 4      > 100     > 100    100    20    60  
   8     4-NH 2     Furan-2-yl    40     > 100     > 100     > 100     > 100  
   9     4-NH 2     Thiophen-2-yl    80     > 100     > 100     > 100     > 100  

   Acetamido-chalcones      10     4-NHCOCH 3     C 6 H 5      > 100    20     > 100    20    20  
   14     4-NHCOCH 3     3,4-ClC 6 H 3     80     > 100     > 100     > 100     > 100  
   18     4-NHCOCH 3     furanyl     > 100    40     > 100     > 100     > 100  

   Nitro-chalcones      20     4-CH 3 O    4-NO 2 C 6 H 4      > 100     > 100     > 100     > 100    40  
   22     3,4-Cl    4-NO 2 C 6 H 4     80     > 100     > 100     > 100    100  
   23     4-F    4-NO 2 C 6 H 4     80     > 100     > 100     > 100     > 100  
   Keto     –    –    4    8    6    8    3  

  Ketoconazole (Keto); Aspergillus niger (A. nig); Microporum canis (M. can); Microporum gypseum (M. gyp); Trichophyton mentagrophytes (T. men); Trichophyton rubrum 
(T. rub)  
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was observed (CL 50   > 1 000 μg/mL). It is important to mention 
that some clinically used drugs contain a nitroaromatic moiety, 
e. g. nimesulide, fl utamide, tolcapone, nitrofurantoin and others.
  Our results seem to be consistent with those published by Dim-
mock et al.   [ 25 ]   which also evaluated chalcones  1 ,  3 ,  4 ,  5  and  6 , 
and found cytotoxic eff ects for these compounds.
  These results are interesting from a medical point of view, as 
previous studies report a correlation between the cytotoxicity 
activity detected on BST and anticancer activity   [ 23   ,  26 ]  . We 
found this cytotoxic activity for compounds  1 ,  2 ,  3 ,  8 ,  9  and  10 , 
which requires further detailed bioassays in the future, to deter-
mine its specifi c pharmacologic activities.
  In conclusion, 10 chalcone derivatives exhibited antifungal 
eff ects. By contrast, none of the tested compounds was active 
against bacteria and yeasts. Also, 5 aminochalcones were toxic 
on BST, while only one acetamidochalcone was toxic, and 
another 2 presented lightly toxic eff ects. This activity seems to 
be related to the electron-donating group substituent at the 
 p -position in the phenyl substituent of position B. The nitrochal-
cones did not present any toxic eff ect.
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