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Abstract—Dimethoxy- and trimethoxychalcone derivatives, with various patterns of fluorination, were synthesized and evaluated
for their influence on nitric oxide production. Some of them, chalcones 1, 5, 7, 10, 11 and 17, inhibited NO production with an IC50

in the submicromolar range; 17 is especially noteworthy because of its potency (IC50 30 nM). These effects were not the consequence
of a direct inhibitory action on enzyme activity but the inhibition of enzyme expression. # 2002 Elsevier Science Ltd. All rights
reserved.

Introduction

Activated macrophages play a key role in inflammatory
responses and release a variety of mediators, including
nitric oxide (NO).1 NO is a potent vasodilator that
facilitates leukocyte migration2 and formation of
edema, as well as leukocyte activity and cytokine pro-
duction.3 In addition, NO can also react with super-
oxide anion to form peroxynitrite, a potent oxidizing
molecule that contributes to tissue injury during
inflammatory responses.4 Nitric oxide is generated from
l-arginine by nitric oxide synthase (NOS).5 Neuronal
and endothelial NOS are constitutive, calcium-depen-
dent isoforms, whereas the inducible, calcium-indepen-
dent enzyme, inducible nitric oxide synthase (iNOS), is
expressed in many cell types in response to a diverse
range of inflammatory cytokines and bacterial metabo-
lites such as lipopolysaccharide (LPS).6,7 The inherent
activity exhibited by iNOS results in the production of
NO. In this regard, NO can enhance the release of
tumor necrosis factor-a (TNF-a) and interleukin-1b
(IL-1b). Thus, in addition to acting as a powerful effec-
tor molecule mediating the cytotoxic activities of mouse
macrophages, it can play a role in enhancing the
production of a variety of other inflammatory mediators,
and thus can contribute both directly and indirectly to the
immunopathology of macrophage-dependent inflamma-
tion.3,8

We have previously studied several chalcone derivatives
as potential anti-inflammatory agents9�11 and reported
that some of them are able to control NO, superoxide
and PG production in vitro as well as in vivo, having a
potential role in modulating the inflammatory process.
In the present paper, we describe the synthesis and
effects of seventeen dimethoxy- and trimethoxychalcone
derivatives, with various patterns of fluorination, on
NO production in LPS-stimulated murine RAW 264.7.

Chemistry

The general synthetic plan employed to prepare the
chalcone derivatives used the Claisen–Schmidt con-
densation, which has been previously reported.12 As
shown in Tables 1 and 2, a series of six dimethoxy-
chalcone13 (1–6) and eleven trimethoxychalcone14 (7–
17) derivatives were prepared by condensing aromatic
aldehydes and methyl ketones, using solid sodium
hydroxide in methanol at room temperature. In
most cases, the starting materials were commercially
available and the products were always obtained as
the trans-alkene (E-form) as determined by NMR
spectroscopy.12,15

Results and Discussion

Lipopolysaccharide stimulation of RAW 264.7 macro-
phages for 20 h induced iNOS with the consequent gen-
eration of large quantities of NO. As shown in Tables 1
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and 2, under these conditions some of the chalcones tested
inhibited the generation of this mediator at 10mM. The
IC50 values for the inhibition of nitrite accumulation of the
most active (more than 65% inhibition at 10mM) chalcone
derivatives were determined. At the highest concentration
tested (10mM), these compounds did not exert cytotoxic
effects (<5%) during the 20 h incubation period as
indicated by MTT reduction (data not shown).

To determine if the inhibition of nitrite production was
either due to interference with the enzyme induction by
LPS or due to direct action of this compound on NOS
activity, chalcone derivatives were incubated for 2 h
with cells after the induction of the enzyme by LPS. No
significant reduction of nitrite production during these
2 h was observed (data not shown). This suggests that
the inhibition of nitric oxide production by some chal-
cone derivatives in macrophages may occur at the level
of enzyme expression.

Western blot analysis was carried out on lysates of
macrophages obtained as described. LPS induced iNOS
expression which correlated with an increase in nitrite
accumulation in the medium (Fig. 1). The addition of
selected chalcone derivatives (1, 5, 7, 10, 11, 12, 17) and
the reference compound, dexamethasone, reduced iNOS
expression as well as nitrite levels.

From the structure–activity study, the following trends
can be deduced: the trimethoxychalcone derivatives
with a fluoro substituent at position C-40 (14, 17) were
found to be better inhibitors of nitrite production than
with a trifluoromethyl substituent at the same position
(13, 16). The presence of a trifluoromethyl group at C-
20, in dimethoxychalcone as well as in trimethoxy-
chalcone derivatives, is associated with a very potent
inhibition of nitrite accumulation (1, 5, 7, 11). In con-
trast, this substituent is less interesting at position C-30

(8, 12) or C-40 (2, 6, 9, 13, 16). The influence of the tri-
methoxy moiety on the activity depends strongly on the
substitution pattern of the fluorine/CF3 on the benzoyl
portion of the compound and the best two compounds
are 7 and 17.

Compounds that inhibit excess production of NO by
macrophages might be of benefit for the prevention and
treatment of autoimmune diseases, septic shock and
different inflammatory pathologies.

Table 1. Dimethoxychalcone derivatives

Compd Structure % Yield Mp
(�C)a

Nitriteb

(% inhibition)
IC50

(mM)c

1 86 93–95 77.5�3.4** 0.84 (0.46–1.81)

2 73 82–84 46.8�3.5** ND

3 56 115–116 55.7�5.1** ND

4 86 103–105 52.4�2.5** ND

5 84 92–94 99.0�0.5** 0.91 (0.43–1.85)

6 64 88–90 60.1�4.0** ND

Details of the assay procedures are provided.16
aMps are uncorrected.
bResults show mean�SEM of percentages of inhibition at the concentration of 10 mM (n=6). *p<0.05; **p<0.01, Dunnett’s test.
cValues represent the concentration required to produce 50% inhibition of the response, along with the 95% confidence limits. ND, not
determined.

Figure 1. Effect of fluorinated chalcone derivatives (10mM) on iNOS
expression in RAW 264.7 cells. B, normal cells (without LPS); C,
control (with LPS); Dex, dexamethasone.
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Table 2. Trimethoxychalcone derivatives

Compd Structure % Yield Mp
(�C)a

Nitriteb

(% inhibition)
IC50

(mM)c

7 62 153–155 73.7�3.1** 0.28 (0.15–0.47)

8 62 130–131 26.7�1.5 ND

9 56 110–112 49.3�3.5** ND

10 82 108–110 81.7�6.5** 0.64 (0.43–1.12)

11 78 129–130 76.3�5.1** 1.02 (0.81–1.70)

12 72 123–125 75.0�2.6** 1.84 (0.54–1.16)

13 60 156–158 43.6�4.6* ND

14 83 140–142 63.9�1.9** ND

15 61 138–140 59.0�8.7* ND

16 58 228–230 55.8�8.9* ND

17 64 108–109 94.1�1.4** 0.03 (0.02–0.47)

Details of the assay procedures are provided.16
aMps are uncorrected.
bResults show mean�SEM of percentages of inhibition at the concentration of 10 mM (n=6). *p<0.05; **p<0.01, Dunnett’s test.
cValues represent the concentration required to produce 50% inhibition of the response, along with the 95% confidence limits. ND, not
determined.
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