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Abstract: Phytochemical investigation of Azorella madreporica led to the isolation of four known 
compounds and an unknown chalcone. The structure of the new compound was identified by spec-
troscopy, including two-dimensional NMR techniques and comparison with published spectral data. The antioxidant ac-
tivity of chalcone (compound 1) was measured using the 1,2-diphenyl-2-picryl-hydrazyl (DPPH) free radical scaveng-
ing assay, and the bioactivity was evaluated against five bacteria (Mycobacterium smegmatis ATCC 14468, clinical iso-
lates of Staphylococcus aureus, Klebsiella granulomatis, Morganella morganii and Escherichia coli) and four cancer cell 
lines. Docking studies with the tested cancer related proteins revealed nearby values of energy between doxorubicin and 
compound 1. Besides, protein-ligand interactions correlate with these energy values. 
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1. INTRODUCTION 

The word chalcone comes from the Greek chalcos, which 
means bronze. Chalcones and related compounds, also called 
aromatic ketones, form the core of a range of important bio-
molecules. Chalcones share the common structural frame-
work of 1, 3-diphenyl-2-propen-1-one; similar to α,β unsatu-
rated ketone encoded by an ethylene ketone group. As auxo-
chromes, chalcones provide floral pigments, antibiotics, UV 
protectants and insect repellents to plants. Chalcones are 
among others found in heartwood, bark, leaves, fruit and 
roots [1,2], and they are biosynthetic precursors of flavon-
oid/isoflavonoids [3]. Those compounds are easily cycled by 
Michael addition to the α,β double bond, forming a 
flavanone. Interestingly, A and B rings have different energy 
barriers to rotation. Given their relatively simple structure, 
the variety and different form of cycling and widespread 
availability, chalcones are a useful template in the search for 
molecules with therapeutic potential. The simplest chalcone 
can be prepared by aldol condensation between a benzalde-
hyde and an acetophenone using a base as a catalyst [4]. 

Chalcones and their derivatives display a wide array of 
pharmacological activities: anti-inflammatory, antifungal,  
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antimalarial, anti-tumor, anti-microbial, antiviral and anti-
tuberculosis. Moreover, antioxidant, antimitotic, an-
tileishmanial, antiplatelet and anti-cancer potentials have 
been observed [5-12]. The application of “in vitro” assays 
enables to characterize if molecules are promising bioactive 
products. 

In this study, we describe the isolation and the charac-
terization of the biological properties of a new chalcone and 
four known compounds (two diterpenes and two flavonoids), 
using Azorella madreporica, a species of the Tribu Mulinae 
plant, known as a producer of biologically active and unique 
diterpenes, as source [13-15]. 

2. EXPERIMENTAL 

2.1. Chemistry 

2.1.1. General Procedure 
1H-NMR spectra were registered by dissolving the sam-

ples in CDCl3 at 400.13 MHz and for 13C-NMR at 125.03 
MHz in a multidimensional Bruker spectrometer. Chemical 
displacements are expressed as values relative to TMS as an 
internal standard. Bidimensional spectra were obtained using 
standard Bruker software. Purification took place in Merck 
Hitachi equipment using high performance chromatographic 
column (HPCC) of silica gel (Si Ultrasphere 5 μm, 10 - 250 
mm). Columns chromatography were performed over 0.040-
0.063 μm Merck silica gel. Exclusion chromatography was 
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carried out using Sephadex LH-20. UV spectra were meas-
ured in a Shimadzu spectrophotometer, UV-160, using 
CHCl3 as a solvent. IR spectra were measured using NaCl 
tablets in the 500-4000 cm-1 region and were recorded on a 
FT-IR Thermo Nicolet Nexus 670 spectrophotometer, with 
0.125 cm-1 spectral  resolution. Mass spectra were taken in a 
Micromass Q-TOF spectrometer. 

2.1.2. Plant Material 

The plant was gathered at Valle Nevado (Metropolitan 
Region, Chile) in December 2012. A sample of the species 
(No. 3360) was left at the Herbarium of the University of 
Chile’s Faculty of Sciences. 

2.1.3. Extraction and Isolation 

The whole A. madreporica plant (1.1 Kg) was ground 
into a fine powder, which was extracted with n-hexane at 
room temperature. After filtering, the solvent was vacuum 
evaporated at a low temperature producing a rubber (80.0 
g). The concentrated n-hexane was adsorbed on silica gel 
(130.0 g) and fractionated in a column containing silica gel 
(800.0 g), which was eluted using an n-hexane-EtOAc gra-
dient with increasing amounts of EtOAc. The fraction that 
displayed an orange pigment (80.0 mg) was purified using 
HPCC, obtaining 15 mg of a new compound 1. From the 
subsequent fractions, mulin-11,13-dien-20-oic acid, 2 (150 
mg), alpinum isoflavone, 3 (30 mg), 7-acetoxymulin-9,12- 
diene 4 (30 mg) and 4-hydroxylonchochalcone 5 (5 mg) 
were purified. The identification of those compounds were 
made by comparison with authentic samples and with lit-
erature data [16-18]. 

Compound 1. [(E)-4-(5-hydroxy-6-(3-(4-hydroxy-
phenyl)acryloyl)-2-methyl-2H-chromen-2-yl)butan-2-one]. 
An amorphous yellow powder. UV (CHCl3) λmax (log 
ε): 375 (1.32), 283 (1.57 ), 257 (1.07) nm. νmax IR (NaCl): 
3350, 3300, 3051, 3033, 1723 and 1650 cm-1. EIMS m/z 
(rel.int) 378.4 (5), 364.0 (2), 308.0 (10) 147(100). NMR of 
1H and 13C, see Table 1. 

2.2. Biological Activity 

2.2.1. Antimicrobial Activity 

The antibacterial activity of the compounds was studied 
in vitro using the paper disk assay method. Test organisms 
included Mycobacterium smegmatis ATCC 14468, clinical 
isolates of Staphylococcus aureus, Klebsiella granulomatis, 
Morganella morganii and Escherichia coli. Bacterial strains 
were inoculated into LB broth and incubated at 37 °C. After 
18 h of growth, the turbidity was adjusted to a 0.5 McFar-
land standard with sterile saline solution. Standardized bacte-
rial cultures were individually swabbed on the surface of 
Luria-Bertani (LB) agar plates. Sterile filter paper disks 
(Whatman No 1; 6 mm diameter) were impregnated with 
different concentrations of the compounds, placed on the 
agar surface and incubated at 37 °C for 18 h. Disks impreg-
nated with DMSO and broad- spectrum antibiotic were in-
cluded as negative and positive controls respectively. Plates 
were examined for zones of inhibition and the diameter 
(mm) of halos around disks was recorded. The MICs were 
determined by a broth macrodilution method according to 
CLSI guidelines [19]. The bacterial strains were cultured in 

Luria-Bertani (LB) broth supplemented with glycerol (0.4 
%) and Tween 80 (0.05 %). A penicillin/streptomycin solu-
tion was used as positive control and DMSO as negative 
control. The MIC was defined as the lowest concentration of 
compound that inhibits bacterial growth. All the assays were 
carried out in triplicate. 

2.2.2. Free Radical Scavenging Assay (DPPH) 

Samples were dissolved in DMSO to adjust a concentra-
tion of 1 mg/mL and then diluted to prepare serial concentra-
tions for the antioxidant assay. The final concentration of 
DMSO was less than 2%. Reference chemicals were used for 
comparison in all the assays. The scavenging activity was 
estimated using DPPH as the free radical model as per the 
method adapted from Brand-Williams and Molyneux 
[20,21]. Briefly, an aliquot of 1 mL of compound (10, 50 and 
100 μg/mL) and control (2% DMSO final), respectively, 
were mixed with 2 mL of DPPH solution. The mixture was 
shaken vigorously and left to stand at room temperature for 5 
minutes, in darkness. The mixture was measured spectropho-
tometrically at 515 nm. The free radical scavenging activity 
was calculated as a percentage of DPPH decoloration using 
the following equation: 

% scavenging DPPH free radical = 100 × (1-AE/AD) 

where AE, is the absorbance of the solution after adding the 
compound and AD is the absorbance of the blank DPPH 
solution. Quercetin was used as the reference compound. 

2.2.3. Cell Culture 

Colon cell carcinoma RKO cells, breast cancer MCF-7 
cells, prostatic carcinoma PC-3 cells and human astrocytoma 
D384 cells were cultured in RPMI-supplemented medium 
(100 units/mL penicillin G, 100μg/mL streptomycin, 
0.25μg/mL amphotericin B), 2mM L-glutamine with 10% 
fetal bovine serum (FBS, v/v, Invitrogen) in a humidified 
incubator (37°C, 5% CO2). 

2.2.4. Cell Proliferation Analysis 

Cell viability was analyzed using the MTS assay (Invi-
trogen) to assess the viability and/or the metabolic state of 
the cancer cells based on mitochondrial respiratory activity. 
A total of 5 × 103 cells were seeded into each well of 96-
well plates and allowed to adhere for 24h. After 24h, the 
cells were treated with the molecule isolate 50μM. Each 
concentration/assay was performed 3 times in triplicate. 
Negative control cells were treated with DMSO to get the 
final concentration of 0.1% v/v, and doxorubicin 1μM was 
used as a positive control. The cells were then incubated 
with treatments for 48h. After 42h MTS (5 mg/mL) was 
added and cells were further incubated for 4h at 37°C. The 
absorbance was measured at 570 nm against the reference 
wavelength of 650 nm. The percentage of viability was cal-
culated based on the formula: Viability (%) = (absorbance of 
treated cells/absorbance of control cells) x 100%. 

2.3. Molecular Modeling 

All molecular modeling studies were done on an Intel 
core i3 2.53 GHz running on Windows 7. The protein crystal 
structure of Poly (ADP-ribose) polymerase-1 (PDB code: 
1UK1), vascular endothelial growth factor receptor kinase 2 
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Table 1. 1H-NMR, 13C- NMR, COSY and HMBC of compound 1. 

Number 13C 1H COSY HMBC 

1 128.0    

2 and 6 131.0 7.55 (2H, d, J=8.2) 6.88 β’, 4 

3 and 5 116.4 6.88 (2H, d, J=8.2) 7.55 1, 4 

4 158.6    

1’ 114.6    

2’ 161.3    

3’ 109.2    

4’ 160.1    

5’ 108.3 6.32 (1H, d, J=8.8) 7.70 1’, 4’ 

6’ 131.2 7.70 (1H, d, J=8.8) 6.30 4’, β 

2’’ 80.2    

3’’ 126.5 5.46 (1H, d, J=10.2) 6.83 2’’, 3’ 

4’’ 117.6 6.83 (1H, d, J=10.2) 5.46 2’’, 4’ 

5’’ 27.9 1.44 (3H, s)  6’’, 

6’’ 35.8 2.05 and 1.95 2.60 2’’, 3’’ 

7’’ 38.9 2.60 2.05 6’’, 

8’’ 209.1    

9’’ 30.6 2.14 (3H, s)  8’’ 

α 118.1 7.41 (15.4) 7.83 1, β 

β 192.4    

β’ 144.7 7.83 (15.4) 7.41 β, 2’ 

OH - 13.8  3’, 1’, 

 
(PDB code: 1VR2) and DNA topoisomerase II isozyme 
(PDB code: 1ZXM) were downloaded from the Protein Data 
Bank (PDB) [22]. 

Hydrogen atoms were added to the protein using the “add 
hydrogen” option in Autodock Tools and the ligand struc-
tures were built in the same software [23]. The docking pro-
cedure took place using the Autodock vina program. The 
tridimensional figures of the protein-ligand relationship, 
residue interactions and distances were obtained using Py-
Mol [24]. 

3. RESULTS AND DISCUSSION 

3.1. Structure Determination 

Azorella madreporica´s petroleum ether extract was stud-
ied using the usual chromatographic techniques (open col-
umns and high effectiveness chromatography) with Se-
phadex LH-20 and silica gel as a base, carrying out elution 
using blends of petroleum ether and ethyl acetate of increas-
ing polarity. This allowed compound 1 to be isolated as an 
amorphous powder. The ultraviolet spectrum showed ab-
sorptions at λmax 257, 283 and 375 nm. The infrared spec-

trum showed absorptions of the hydroxyl group (3350 cm-1) 
and carbonyl functions (1650 and 1723.9 cm-1). Its molecular 
formula was found using MS and combined analysis of the 
1H and 13C-NMR spectra as well as C23H22O5 (molar mass: 
378.42 Da). The 13C-NMR spectrum confirms the presence 
of 23 carbons, of which 2 are methyl, 8 methines (two sig-
nals which correspond to 2 carbons each), 2 methylenes and 
9 quaternary carbons. Furthermore the existence of two car-
bonyl groups was detected at δ 209.1 and 192.4 ppm, which 
were assigned respectively to an aliphatic ketone and α,β 
unsaturated ketone, the olefinic carbons of which appeared at 
δ 144.7 and 118.1 ppm. In the 1H-NMR spectrum, the double 
bond was confirmed by signals at δ 7.83 (1H, J = 15.4 Hz) 
and 7.41 (1H, J = 15.4 Hz) ppm. The ion fragment at m/z 
147 ([M]+ -C9H7O2), formed by rupture of the C=O-C-1 
bond in the EIMS, confirmed the presence of this fragment. 
The large coupling constant (J= 15.4 Hz) between the Hα 
and Hβ’ signals suggests the E geometry of the double bond 
Cα−Cβ’. The molecule has an aromatic system with para 
substitution, as shown by the double signals from the 13C-
NMR spectrum at δ 131.0 and at 116.4 ppm and by a pair of 
doublets for two hydrogens in the 1H-NMR spectrum at 
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δ 6.88 (2H, J = 8.2 Hz) and 7.55 (2H, J = 8.2 Hz) ppm. An-
other olefinic system showed signals in both types of spec-
trum at δc 117.6 and 126.5 ppm, δH 5.46 (1H, d, J = 10.2Hz) 
and 6.83 (1H, d, J = 10.2 Hz) ppm. Another aromatic AX 
system appeared at δc 108.3 (CH) and 131.2 (CH) ppm and 
δH 6.32 (1H, d, J = 8.8 Hz) and 7.70 (1H, d, J = 8.8 Hz) 
ppm. The two-methylene groups are also coupled, appearing 
at δc 38.9 (CH2) and 35.8 (CH2) and δH 2.60 (2H, m) and 
2.05(1H, m), 1.95 (1H, m) ppm. The presence of a trans-p-
cumaroyl [(2E)-3-(4- hydroxyphenyl)-2-propenoyl] fragment 
was established by observing correlations between H-2/H-6 
and H-3/H-5 and Hα and Hβ’, in the COSY 1H-1H spectrum, 
and also by the corresponding long-range 13C-1H interaction 
observed in the HMBC spectrum (Table 1). Finally, the exis-
tence of a methyl ketone was detected by the signals at δc 
30.6 (CH3) and Z δH 2.14 (s, 3H) ppm, and the other methyl 
group at δc 27.9 ppm and δH 1.44 (s, 3H) ppm is bonded to a 
quaternary carbon (δc 80.2 ppm). The correlation with J2 and 
J3 found by the HMBC pulse program, summarized in Table 
1, leads us to conclude that compound 1 has the structure of 
Fig. (1). To our knowledge, it is the first time this has been 
reported from natural sources. 
 

 

Fig. (1). Structure of compounds isolated from A. madreporica. 

3.2. Biology 

3.2.1. Antibacterial Bioassay 

The MIC results are presented in Table 2 for all com-
pounds against five different bacteria, with penicillin- strep-
tomycin as positive control. The results showed that 7-
acetoxymulin-9,12-diene 4 is active against S. aureus and M. 
smegmatis (ATCC 14468) and mulin-11,13-dien-20-oic acid 
2 is active against K. granulomatis, M. smegmatis (ATCC 
14468) and S. aureus, in decreasing order. Both mulinane 
compounds showed better activity against Gram- positive 
bacteria. The low susceptibility of Gram-negative bacteria to 
plant diterpenoids has been reported [25]. Gram- negative 
bacteria are generally more resistant to antimicrobial sub-
stances. This is related to the presence of an outer- leaflet 
lipopolysaccharide (LPS) which serves as a protective barrier 
against antimicrobial agents [26]. Both compounds exhibited 
similar activity against the fast-growing, non-pathogenic 
organism M. smegmatis. The antimycobacterial activity of 
mulinane compounds has been reported. Thus, compound 2 
showed moderate activity against drug sensitive and drug-
resistant strains of M. tuberculosis [14]. Interestingly, methy-
lated derivatives of this compound showed higher anti-
tuberculosis activity than the parent metabolite [27]. 

In the present work, the alpinum isoflavone did not show 
antibacterial activity. This is in contrast to other studies, 
which have reported that alpinum isoflavone 3 inhibits the 
growth of both Gram-negative and Gram-positive bacteria 
[28,29]. The compound 1 did not show antibacterial activity 
at any of the concentrations tested. This is in disagreement 
with previous reports, which show that natural chalcones and 
chalcone derivatives significantly inhibit the growth of 
Gram-positive [29-32] and Gram-negative organisms 
[33,34]. Perhaps an explanation to this disagreement is that 
in our case clinical isolates were used. Further structural 
modifications of compound 1 and investigations on struc-
ture-activity relationships are in progress in order to improve 
the in vitro antimicrobial activity. 

3.2.3. Free Radical Scavenging Assay (DPPH) 

The trapping activity of the DPPH radical of the com-
pound 1 was determined at 100, 50 and 10 µg/mL, obtaining 

Table 2. Minimum inhibitory concentrations (µg/mL) of compounds isolated from Azorella madreporica against some selected bac-
teria. 

 MIC 

Compound S. aureus M. smegmatis K. granulomatis E. coli M. morganii 

1 - - - - - 

2 33.1 39.0 78.0 - - 

3 - - - - - 

4 49.0 43.8 - - - 

5 - - - - - 

Penicillin streptomycin 15.6 0.49 15.6 - - 
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Table 3. Effect of compound 1 on the growth of human cancer cell lines. 

% of Inhibition ± SEM 
 

Human Cancer Cell Lines Cytotoxicity 

Treatment RKO MCF-7 PC-3 D384 

1 55.5 ± 0.3 42.3 ± 1.1 46.3 ± 1.7 44.5 ±3.7 

Doxorubicin 56.4 ± 2.4 36.1 ± 3.1 47.8 ± 4,7 82.6 ± 1.2 

*Each data is given as the mean and its standard error (SEM) of at least three independent experiments. 

 
trapping percentages of 97.2 ± 1.8; 72.3 ± 2.5 and 44.4 ± 2.2 
% respectively, with an estimated IC50 value of 17.2 ± 1.5 
µg/mL, comparable with quercetin, which has an estimated 
IC50 value of 5.8 ± 0.4 µg/mL. 
 

Table 4. Affinity values (Kcal/mol) for the compounds using 
Autodock Vina. 

 Enzyme 

Compound 1ZXM 1UK1 1VR2 

1 -7.6 -6.8 -7.7 

Doxorubicin -8.6 -7.4 -9.3 

 

Table 5. Calculated polar interactions for the compound 1-

protein complexes expressed in Å. 

Protein Residue 
Organic Function 

Involved 
Distance 

Treonine 738 Carbonyl 8´´ 2.94 

Glutamine 912 Carbonyl 8´´ 2.86 1UK1 

Phenylalanine 744 Carbonyl β 2.96 

Arginine 323 Carbonyl β 2.90 
1ZXM 

Lysine 321 Hydroxyl C-4 2.86 

 
3.2.4. Antitumor Assay 

A viability assay was performed to measure cell prolif-
eration of several human cancer lines at a standard concen-
tration of compound 1 (50 µM). 3-(4,5-dimethylthiazol-2-
yl)-5-(carboxymethoxy-phenyl)-2-(4-sulfophenyl)-2H-
tetrazolium (MTS) assay was conducted for this purpose. 
This is a simple, reliable method to assess cell viability or 
drug toxicity. The ability of live cells to cleave the tetra-
zolian ring and convert it to formazan crystals permits test-
ing tumor cell sensitivity to anticancer agents [35]. 

Compound 1 was assessed for its ability to decrease the 
proliferation of colon, breast and prostate cancer cells. These 
biological models represents some of the most aggressive 
and prevalent manifestations of this disease, which currently 
account for about one in every seven deaths worldwide -
more than HIV/AIDS, tuberculosis and malaria combined 
[36]. Under the conditions of our assays, the viability of 

RKO colon cells treated with compound 1 decreased, show-
ing a comparable effect with the positive control, doxorubi-
cin. A similar effect is observed in breast MCF-7 and pros-
tate PC-3 cells which are valid models to assess new chemo-
preventive agents against cancer [37]. 

Astrocytoma D384 are representative cells involved in 
the brain defense system, serving as a potential first line of 
defense by regulating the volume and composition of ex-
tracellular space. In general, astrocytes, the most abundant 
glial cell types in the brain, are critically involved in main-
taining and regulating the trafficking across the blood brain 
barrier [38]. The apoptosis of primary cultured astrocytes is a 
model for assessing the potential cytotoxic effects of several 
compounds [39] see Table 3. 

In the present study, the astrocyte cell line demonstrated 
a medium tolerance to compound 1. Further studies oriented 
to reduce potential toxic effects are needed, since this com-
pound is a good candidate to develop a chemopreventive 
agent to fight against different cancer types. 

3.3. Molecular Docking Studies 

The resultant antitumor activity of the tested compound 
led us to perform molecular docking studies in order to un-
derstand the ligand-protein interactions. The compound 1 
and doxorubicin were studied using AutoDock vina. This 
program evaluates the affinity energy resulting for each con-
formation of compounds under study. The studied proteins 
form a complex ligand-protein through an electrostatic force, 
like a hydrogen bridge, between the compounds and a resi-
due of protein. The minimal distance between the com-
pounds and the residue of active site is 1 Å. Furthermore, the 
protein crystal structure of Poly (ADP-ribose) polymerase-1, 
vascular endothelial growth factor receptor kinase 2 and 
DNA topoisomerase II isozyme were used. In general, the 
new chalcone and doxorubicin has similar affinities in all 
systems used (Table 4). Thus, with vascular endothelial 
growth factor receptor kinase 2, the compound 1 forms three 
links with residues of the active site: the OH of the p-phenol 
donates a proton to NH from the Cys 919 residue at a dis-
tance of 3.2 Å and two interactions with NH2 of Lys 868, 
one is the α,β unsaturated ketone and the other is the OH in 
C-2’. The distances of these interactions were determined as 
3.2 and 3.1 Å respectively. In the same system, doxorubicin 
has three interactions through the amino and hydroxyl 
groups with the Lys 868 residue, at 3.1 Å in each. Thus, both 
compounds showed interactions with the same residue of 
Lys 868. However, the difference between both compounds 
is the interaction of 1 with Cys 919 residue instead Lys 868 



1748    Current Topics in Medicinal Chemistry, 2015, Vol. 15, No. 17 San-Martín et al. 

residue. These results are shown in Fig. (2). The interactions 
of both compounds and the active site of 1VR2 are found in 
Fig. (3). The results found with the other proteins are sum-
marized in Table 5. These facts may be correlated with the 
antitumoral activity based on the affinity values obtained 
from the different enzyme systems that were used. 
 

 

Fig. (2). Polar interactions of the compound 1 with Cys 919 and Lys 
868 residues in vascular endothelial growth factor receptor kinase 2. 
 

 

Fig. (3). Interactions of 1 and dexorubicin in binding site of 1VR2 
vascular endothelial growth factor receptor kinase 2. 
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