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Chalcones belong to a class of a,-unsaturated aromatic ketones which occur abundantly
in nature, especially in plants. They are promising and interesting compounds due to their
vast applications in pharmaceuticals, agriculture and industry. Several studies have shown
that these compounds exert important biological activities in different experimental models.
The present work deals with the antinociceptive activity, evaluated against the writhing test,
of three series of chalcone-like compounds obtained by the Claisen-Schmidt condensation,
using different aldehydes and substituted acetophenones. The results reveal that the com-
pounds synthesized show a significant antinociceptive effect compared with nonsteroidal
drugs such as aspirin, paracetamol and diclofenac. They also show that the electronic demand

of the substituents is the dominant factor of the biological activity.
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Introduction

The present work deals with the antinociceptive
activity, evaluated against the writhing test, of
three series of chalcone-like compounds obtained
by the Claisen-Schmidt condensation, using differ-
ent aldehydes and substituted acetophenones. The
Claisen-Schmidt reaction has been used to synthe-
size carbonyl compounds due to the operational
simplicity, easy work-up, good yield and eco-
friendly nature (Thirunarayanan, 2007). This reac-
tion is very useful for the formation of carbon-
carbon bonds in the synthesis of chalcones.

Chalcones consist of a group of compounds
which exhibit promising biological activities (Pop-
ova et al., 2001; Ni et al., 2004; Yunes et al., 2006).
In plants, chalcones are precursors of flavones
(Dewick, 1997; Usman et al., 2006), i.e. com-
pounds which are abundant in edible plants
(Achanta et al., 2006). The chemical structure of
chalcones (1,3-diphenyl-2-propen-1-ones) consists
of two aromatic rings joined by a three-carbon
a,fB-unsaturated carbonyl system (Corréa et al.,
2001).

Previous studies carried out by our research
group have revealed that some simple synthetic
chalcones, including those derived from natural

products, like xanthoxyline (Boeck et al., 2000),
exhibit a pronounced antinociceptive effect on
mice in the writhing test. We have verified that the
introduction of different substituent groups in the
chalcone aromatic rings causes drastic changes in
the measured biological activity. This behaviour
may be explained by the involvement of electronic
and steric parameters (Corréa et al., 2001; Cam-
pos-Buzzi et al., 2007).

Material and Methods
General chemical procedures

The chalcone-like compounds were synthesized
by an adaptation of the general method of the
Claisen-Schmidt condensation (Corréa et al., 2001;
Pinto et al., 2000; Mamolo et al., 1999; Batovska et
al., 2007; Campos-Buzzi et al., 2007).

The method foresees an equimolar mixture of
benzaldehydes and acetophenones dissolved in
water and ethanol, in the presence of 10 % sodium
hydroxide. The solution was kept under mechani-
cal stirring for 24 h or until the point at which it
was no longer possible to stir the mixture (due to
product precipitation). In order to confirm the ef-
fective termination of the reaction, the product
formation was analyzed by thin layer chromato-
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graphy. The products were percolated and washed
several times with cold distilled water, until the
wash waters presented a neutral pH value. The
isolated products were dried under reduced pres-
sure in the presence of phosphorus pentoxide. In
some cases, depending on the nature of the sub-
stratum, it was necessary to use higher energy con-
ditions, through the heating of the reactional mix-
ture with a reflux apparatus. In cases where there
was no precipitation, the mixture was submitted
to an extraction process with various solvents. The
solutions obtained were dried with anhydrous
magnesium sulfate, and solvent was evaporated
under reduced pressure. All solids obtained were
purified, where necessary, by the usual methods
such as recrystallization or column chromatogra-
phy on SiO, eluted with gradients of hexane/ethyl
acetate. The solvents and reagents were purchased
from Sigma-Aldrich® Co. (St. Louis, MO, USA)
and Merck® KGaA (Darmstadt, Germany).

The compounds obtained, in all the series, were
characterized by their melting point using a Micro-
Quimica APF-01 apparatus (Micro-Quimica, Flo-
rianépolis, SC, Brazil) and were uncorrected. Mi-
croanalysis (CHN) was performed with a Perkin
Elmer PE 2400 Series I CHNS/O analyzer (Per-
kin-Elmer, Norwalk, CT, USA). Additional char-
acterization was performed by Fourier transform
infrared (FT-IR) spectroscopy using a BOMEM-
MB 100 spectrometer (BOMEM, St. Jean Bap-
tiste, QB, Canada) with KBr disks, and 'H and 3C
nuclear magnetic resonance spectroscopy using a
Bruker AC-300 apparatus (Bruker, Karlsruhe,
Germany). The compounds were dissolved in deu-
terated solvents with tetramethylsilane (TMS) as
the internal standard.

Physicochemical and NMR data for the 21 ana-
logues can be obtained by directly contacting the
authors.

All derivatives 1-21 were synthesized according
to the general method described above and also
displayed in Fig. 1.

Cinnamaldehyde series (compounds 1 to 7)

(2EAE)-1,5-(Diphenyl)-penta-2,4-dien-1-one (1);
(2E AE)-1-(3,4-dichlorophenyl)-5-phenyl-penta-2.4-
dien-1-one (2); (2E,4E)-1-(4-methylphenyl)-5-
phenyl-penta-2,4-dien-1-one (3); (2E,4E)-1-(4-
methoxy-phenyl)-5-phenyl-penta-2,4-dien-1-one
(4); (2E AE)-1-(4-nitrophenyl)-5-phenyl-penta-2,4-
dien-1-one (5); (2E,4E)-1-(4-bromophenyl)-5-
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phenyl-penta-2,4-dien-1-one (6); (2E,4E)-1-(4-
chlorophenyl)-5-phenyl-penta-2,4-dien-1-one (7).

2-Pyridine carboxaldehyde series
(compounds 8 to 14)

(2E)-1-(Phenyl)-3-pyridin-2-yl-propenone (8);
(2E)-1-(3,4-dichlorophenyl)-3-pyridin-2-yl-pro-
penone (9); (2E)-1-(4-methylphenyl)-3-pyridin-
2-yl-propenone (10); (2E)-1-(4-methoxyphenyl)-
3-pyridin-2-yl-propenone (11); (2E)-1-(4-nitro-
phenyl)-3-pyridin-2-yl-propenone (12); (2E)-1-(4-
bromophenyl)-3-pyridin-2-yl-propenone (13);
(2E)-1-(4-chlorophenyl)-3-pyridin-2-yl-propeno-
ne (14).

Salicylaldehyde series (compounds 15 to 21)

(2E)-1-(Phenyl)-3-(2-hydroxyphenyl)-propen-1-
one (15); (2E)-1-(3,4-dichlorophenyl)-3-(2-hydro-
xyphenyl)-propen-1-one (16); (2E)-1-(4-methyl-
phenyl)-3-(2-hydroxyphenyl)-propen-1-one (17);
(2E)-1-(4-methoxyphenyl)-3-(2-hydroxyphenyl)-
propen-1-one (18); (2E)-1-(4-nitrophenyl)-3-(2-
hydroxyphenyl)-propen-1-one (19); (2E)-1-(4-
bromophenyl)-3-(2-hydroxyphenyl)-propen-1-one
(20); (2E)-1-(4-chlorophenyl)-3-(2-hydroxyphenyl)-
propen-1-one (21).

Animals

Male Swiss mice (25-35g) were used, housed
at (22 £ 2) °C under a 12 h light/12 h dark cycle,
with access to food and water ad libitum. The ex-
periments were performed during the light phase
of the cycle. The animals were acclimatized to the
laboratory for at least 2 h before testing, and were
used only once throughout the experiments. All
the experiments reported in this study were car-
ried out in accordance with the current guidelines
for the care of laboratory animals and the ethical
guidelines for investigations of experimental pain
in conscious animals (Zimmerman, 1983).

Acetic acid-induced writhing

Abdominal constriction was induced in mice by
intraperitoneal injection of acetic acid (0.6 %), as
described by Collier et al. (1968) with minor modi-
fications (Campos-Buzzi et al., 2002, 2007; Costa
et al., 2007). The animals were pre-treated intra-
peritoneally with all the studied compounds (1 to
600 umol/kg, 30 min before). The reference drugs
were tested in the same manner. The control ani-
mals received a similar volume of saline solution
(10 mL/kg). The number of abdominal constric-
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tions (full extension of both hind paws) was cumu-
latively counted over a period of 20 min. Antinoci-
ceptive activity was expressed as the reduction in
the number of abdominal constrictions between
the control animals and the mice pre-treated with
the compounds.

Statistical analysis

The biological results are presented as
mean + S.E.M., except for the IDsq values (the
dose of each tested compound reducing the noci-
ceptive response by 50 %, relative to the control
value), which are reported as geometric means, ac-
companied by their respective 95 % confidence
limits. The IDs, values were determined by linear
regression from individual experiments using the
GraphPad® software (San Diego, CA, USA). The
statistical significance of the differences for the
comparison between the groups and the control
was detected by ANOVA, followed by Dunnett’s
multiple comparison test. P-values of less than 0.05
(P < 0.05) were considered indicative of signifi-
cance. The graph with multiple scatter fits shown in
Fig. 2 was produced using the software Sigmaplot®
10.0 (Systat Software Inc., San Jose, CA, USA).

Results and Discussion

This work presents the antinociceptive effects
on mice in the writhing test of some chalcone-like
compounds (1-21) that were obtained by the Clai-
sen-Schmidt condensation of cinnamaldehyde, 2-
pyridine carboxaldehyde and salicylaldehyde with
acetophenones (Fig. 1).

The majority of the synthesized compounds was
obtained with good yields, and all of them were
satisfactorily characterized by spectroscopic tech-
niques (*H and '3C NMR and FT-IR spectros-
copy) and microanalysis. The compounds that pre-
sented small yields were those which were difficult
to isolate from the reactional mixture.

The derivatives of 2-pyridine carboxaldehyde, 8—
14, were obtained in markedly slower reactions. The
isolated products were purified by column chroma-
tography, due to the presence of impurities, which
were not eliminated by recrystallization techniques.

The hydroxylated chalcones derived from sa-
licylaldehyde, 15-21, were obtained in reactions
that required more energetic conditions. In these
compounds, the increased electron density of the
aromatic ring due to the p-hydroxy group de-
creases the carbon eletrophilicity of the carbonyl
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X =H; 3,4-Cl, ; 4-CH;; 4-OCH; ; 4-NO, ; 4-Br ; 4-Cl

Fig. 1. Synthesis of chalcone-like compounds.

group, making it difficult for the carbanion to at-
tack the eletrophilic centre.

The chalcone molecule is easily recognizable by
FT-IR spectroscopy due to the presence of charac-
teristic functional groups, like carbonyl, and the
conjugated olefinic unsaturation. In the NMR
spectra, the main contribution is the recognition
of the molecular stereochemistry, since all the syn-
thesized compounds present the coupling constant
(/) from olefinic hydrogen (H,-Hg) coupling, situ-
ated in the range of 15-16 Hz, that indicates E
configuration (Pavia et al., 1996; Ram et al., 2000).

The antinociceptive potential of all the com-
pounds and some reference drugs was determined
using the writhing test in mice. In this assay the
maximum inhibition (MI), promoted by the syn-
thesized compounds, was determined by means of
the algic impulse obtained through the induction
of abdominal constrictions promoted by diluted
acetic acid. The inhibitory dose of 50 % of the no-
ciceptive response, relative to the control value
(IDsy), was also determined (Tables I-1II).

Although the writhing test is a nonspecific model
(e.g anticholinergic and antihistaminic and other
agents show activity), it is widely used for analgesic
screening. It involves local peritoneal receptors
(cholinergic and histamine receptors) and the acetyl-
choline and histamine mediators which are generally
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Table 1. Effect of compounds 1 to 7 and the reference drugs in the writhing test using intraperitoneal injection of

diluted acetic acid (0.6 %) in mice.

Compound X o IDsq [uMm] log 1/IDs, MI (%)
1 H 0.00 27.60 (33.80- 23.30) 4.56 92 £2.0
2 3,4-Cl, 0.52 10.80 (17.30— 5.40) 4.97 100

3 4-CH; -0.14 3430 (47.40— 23.10) 4.46 88 £ 4.0
4 4-OCH; -0.28 52.20 (66.70— 38.40) 4.28 82+ 1.0
5 4-NO, 0.81 12.30 (15.80— 9.70) 4.91 98 +2.0
6 4-Br 0.26 17.60 (28.90— 8.00) 4.75 96 + 4.0
7 4-C1 0.23 16.75 (29.60— 9.80) 4.78 96 £ 2.0
Aspirin® - - 13320 (73.00-243.10) - 83 +£2.0
Paracetamol® - - 125.00 (104.00—150.00) - 88 + 1.0
Diclofenac® - - 38.00 (29.50— 49.00) - 93 +7.0

2 Acetyl salicylic acid (A.A.S.), 2-(acetyloxy) benzoic acid.
® Acetaminophen, N-(4-hydroxyphenyl) acetamide.
¢ Sodium diclofenac, sodium {2-[(2,6-dichlorophenyl)amino]|phenyl} acetate.

Table II. Effect of compounds 8 to 14 and the reference drugs in the writhing test using intraperitoneal injection of

diluted acetic acid (0.6 %) in mice.

0]
\ N
= X
=
X
Compound X o IDsg [uMm] log 1/IDs5q MI (%)
8 H 0.00 36.60 (31.00— 43.40) 4.44 89 £ 1.0
9 3,4-Cl, 0.52 2220 (19.30- 26.40) 4.65 94 £ 2.0
10 4-CHj; -0.14 51.00 (45.30— 58.00) 4.29 80 £ 2.0
11 4-OCH; -0.28 64.30 (61.60— 69.00) 4.19 83 £20
12 4-NO, 0.81 26.90 (22.30— 32.40) 4.57 92 £4.0
13 4-Br 0.26 33.70 (21.60- 47.30) 4.47 86 £ 4.0
14 4-C1 0.23 31.80 (22.75- 43.28) 4.50 92 £2.0
Aspirin - - 133.20 (73.00-243.10) - 83 £2.0
Paracetamol - - 125.00 (104.00-150.00) - 88 + 1.0
Diclofenac - - 38.00 (29.50— 49.00) - 93 £7.0

related to prostanoids by the increase of the levels of
PGE2 and PGF2a in peritoneal fluids, as well as to
products of lipoxygenase (Vongtau et al., 2004).

The results summarized in Tables I-III reveal
that the compounds synthesized show a significant
antinociceptive effect when compared with non-
steroidal drugs such as aspirin, paracetamol and

diclofenac, based on the acetic acid-induced ab-
dominal contortion model. All the synthesized
compounds were more potent than aspirin and
paracetamol; for example, compounds 2 and §
were more than ten times more potent than these
two drugs. Regarding diclofenac, just five of the
twenty-one derivatives prepared showed lower po-
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Table III. Effect of compounds 15 to 21 and the reference drugs in the writhing test using intraperitoneal injection

of diluted acetic acid (0.6 %) in mice.

OH

Q)

X
Compound X o ID5, [uMm] log 1/1Ds, MI (%)
15 H 0.00 34.30 (22.30- 47.80) 4.46 90 + 3.0
16 3,4-Cl, 0.52 16.70 (8.300— 27.10) 4.78 97 £ 1.0
17 4-CH; -0.14 48.20 (42.20- 56.30) 4.32 84 £ 2.0
18 4-OCH; -0.28 64.00 (56.50- 73.10) 419 8220
19 4-NO? 0.81 19.00 (15.10- 23.80) 4.72 89 + 4.0
20 4-Br 0.26 24.70 (18.60- 31.90) 4.61 95 £3.0
21 4-Cl 0.23 28.10 (22.13- 34.80) 4.55 94 £ 1.0
Aspirin - - 133.20 (73.00-243.10) - 83+ 2.0
Paracetamol - - 125.00 (104.00—-150.00) - 88 + 1.0
Diclofenac - - 38.00 (29.50- 49.00) - 93 £ 7.0

tency: compounds 4, 10, 11, 17 and 18. Structural
observation of these compounds shows that they
have electron-donor substituents in common: 4-
CHj; (in compounds 10 and 17) and 4-OCHj; (in
compounds 4, 11 and 18).

In terms of effectiveness, the results show that
most of the synthesized compounds presented the
same maximum inhibition ranges as those ob-
served for the standard drugs. The three series
highlight, in particular, compounds 2, 9 and 16,
which showed greater effectiveness than the three
reference drugs and have, in common, an electron-
withdrawing substituent (3,4-Cl,).

Analyzing the data displayed in Tables I-III
and despite the reduced number of compounds in
each series, it is clear that the electronic demand
of the substituents is the dominant factor for the
activity. This can be better verified by the graph in
Fig. 2, which correlates the biological activity
(log 1/IDsgy) with the physicochemical parameter
(Hammett constant o). This graph shows that the
three series exhibit the same behaviour.

Additionally, the structure-activity relationship
indications can be analyzed by Topliss’ criteria.
This manual method, which consists of a nonstatis-
tical and noncomputerized model, is based on the
synthesis of five derivatives which contain the sub-
stituents: H, 4-Cl, 3,4-Cl,, 4-CHj3 and 4-OCHjs;. The
compounds thus substituted were chosen because
they are easy to obtain synthetically and they
present varied sterical and electronic characteris-

tics. The results of the biological activity tests were
analyzed according to the parameters mt (hydro-
phobic constant), 0 (Hammett constant), E (steric
effect), and m - 0; m—20; m-30; ®+0, ... (- and
o-related). A proposed potency order for various
parameter dependencies (Table IV) is compared
with the quantitative sequential order of biological
activity of the five derivatives synthesized. At this
point, the method identifies which structural pa-
rameters are involved in obtaining the biological
effect (Topliss, 1977; Rando et al., 2002; Yunes et
al., 2002; Costa, et al., 2007).

In the present work, the three series showed de-
pendency on the same parameter, according to the
criteria defined by Topliss. It is the Hammett con-
stant o, which is directly linked to the property of
molecular electronic demand (Table V).

The conclusion, based on Topliss’ manual method,
is according to what is observed in Fig. 2, which cor-
relates log 1/IDs with 0, and shows the same behav-
iour occurring in the three proposed series.

The next step in this work will be to test a larger
series of these chalcone-like compounds, with a
wider chemical diversity, including other deriva-
tives proposed by Topliss (proposed derivatives in
the other steps of the manual method), as well as
a quantitative evaluation of the structure-activity
relationship. Another objective will be to evaluate
the “drugability” of these compounds through
Lipinski’s parameters (Lipinski et al., 2001; Rando
et al., 2002; Keller et al., 2006).
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Fig. 2. Biological activity (log 1/IDs,) versus Hammett constant (o) for the three chalcone-like compound series.

Table IV. Topliss’ potency order for various parameter dependencies (Topliss, 1977).

Substituent Parameters

7 27 — m2 o -0 nT+0 2w -0 T—-0 n-20 mw-30 E}
3,4-Cl, 1 1-2 1 5 1 1 1-2 3-4 5 2-5
4-Cl 2 1-2 2 4 2 2-3 3 3-4 3-4 2-5
4-CH; 3 3 4 2 3 2-3 1-2 1 1 2-5
4-OCH; 4-5 4-5 5 1 5 4 4 2 2 2-5
H 4-5 4-5 3 3 4 5 5 5 3-4 1
2 Unfavourable steric effect from 4-substitution.
Table V. Observed potency order for the three synthesized compound series.
Substituent Potency order

Cinnamaldehyde series 2-Pyridine carboxaldehyde series Salicylaldehyde series

3,4-Cl, 1 1 1
4-Cl 2 2 2
4-CH;3 4 4 4
4-OCH; 5 5 5
H 3 3 3
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