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In order to discover novel small vasodilatory molecules for potential use in the treatment of vascular dis-
ease, we tested the vasodilatation effect of two types of synthetic curcumin mimics, amide type (3) and
sulfonyl amide type (4), upon the basilar artery of rabbits. In general, the sulfonyl amide type mimic (4) is
more potent than the amide type (3). Curcumin (1) and compounds 12 and 20 effectively dilated the bas-
ilar artery of white rabbits.

Crown Copyright © 2009 Published by Elsevier Ltd. All rights reserved.

Curcumin, a chemopreventive and chemotherapeutic natural
product (diferuloyl methane, 1), isolated from the root of Curcuma
longa L., suppresses, retards, or reverses carcinogenesis.! Curcumin
also has antiinflammatory, antioxidant, antiviral, and anti-infec-
tious activities and wound-healing properties.?

We have previously reported that pyridine- and thiophene-
linked symmetrical bis-alkynyl curcumin derivatives (2) effectively
inhibit the proliferation and tube formation of human umbilical
vein endothelial cells (HUVECs).> We have also found that various
curcumin mimics (3) with asymmetric units possessing the alkyl
amide and the aryl amide functional groups have an antiangiogen-
esis effect* and a multidrug resistance (MDR) reversal activity.>®
The results of our researches on curcumin mimics to discover the
diverse biological activities of curcumin indicate that it is a poten-
tial leading natural product for potential use in drugs (Fig. 1).

Recently, vascular diseases, including hypertension, stroke, sub-
arachnoid hemorrhage, and Alzheimer’s disease, have become pub-
lic health challenges; hence, there is a very urgent need to develop
modulators that control vascular tone in order to treat these dis-
eases.”® In particular, vasoconstriction of the basilar artery exerts

* Corresponding authors. Tel.: +82 33 649 7454; fax: +82 33 641 1074 (W.-S.S.
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a negative effect on the brain’s blood supply and blood pressure
in physiological and pathophysiological conditions.® Therefore, it
is important to develop vasodilatory molecules with low toxicity
profiles for clinical use.'®

During our search for vasoactive molecules from a natural prod-
uct with a low toxicity, we reported, for the first time, that the sar-
gahydroquinoic acid purified from the brown alga Sargassum
micracanthum, shows a selective 10-fold greater vasodilatation ef-
fect on the basilar artery than on the carotid artery of white rab-
bits.!! Moreover, previous reports have stated that our promising
lead compound, curcumin (1), showed a relaxant effect on porcine
coronary arterial ring segments'? and isolated rat aorta.!®
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Scheme 1. Synthesis of novel curcumin mimics with the sulfonyl units including the various alkyl and aryl groups. Yield for 7, 45%; 8, 20%; 9, 19%; 10, 15%; 11, 66%; 12, 74%;
13, 76%; 14, 55%; 15, 67%; 16, 67%; 17, 68%; 18, 66%; 19, 80%; 20, 60%; 21, 50%; 22, 40%.

We assumed that the search for natural lead molecules using a
specific screening system and the preparation of a synthetic library
of such molecules are very effective methods for drug develop-
ment. Hence, we tested the vasodilatation effect of previously de-
scribed asymmetric alkyl or aryl amide curcumin mimics (3)* and
newly synthesized sulfonyl curcumin mimics (4) upon the basilar
artery of rabbits. We discovered that some asymmetric alkyl or aryl
amide curcumin derivatives (3) show a vasodilatation effect, and
that a novel type of curcumin mimics with various sulfonyl groups
(4) dilate the basilar arteries of rabbits more effectively. In this re-
port, we describe the method for synthesizing effective sulfonyl
curcumin mimics and their vasodilatation effects.

The curcumin mimics with a substituted sulfonyl group were
prepared as shown in Scheme 1. The reaction of 4-hydroxy-3-
methoxybenzaldehyde (5) with 3-acetylaniline (6) in the
presence of a basic catalyst (40% KOH) in ethanol at room
temperature for 10h produced 1-(3-aminophenyl)-3-(4-hydro-
xy-3-methoxyphenyl) propenone (7) through flash column chro-
matography (CHCl3/CH3;0H =97/3) on silica gel.>'* This amine
(7) was dissolved in a 1:1 mixture solution of dioxane and
H,0, cooled to 0 °C (ice bath), and reacted with each of a variety
of sulfonyl chlorides, with stirring, for 5-7 h at 0°C. After the
solvent was removed under reduced pressure, chromatography
was performed (CHCl3/MeOH =95/5) on silica gel to afford the
desired library of sulfonamides (8-22).!> The yields of synthetic
curcumin mimics with the alkyl sulfonyl group (8-10) were
slightly low, but those of aromatic amide products (11-22) were
moderate. The 'H, '3C NMR, and GC/MS spectra of all curcumin
mimics (8-22) were identified to study the relationship between
structural modification and the vasodilatation effect on the bas-
ilar arteries of the rabbits.!®
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In order to evaluate the vasodilatation effect on the basilar
arteries of rabbits, we tested synthetic curcumin mimics in the
organ bath system.!”2° To begin with, to examine whether cur-
cumin and our curcumin mimics exert a dilatation effect on the
basilar arteries of white rabbits, we used a single concentration
of 10 uM of the candidate compounds; the results are summa-
rized in Table 1. When treated under high-K* concentrations
(50 mM), the basilar arteries isometrically contracted by an in-
crease in intracellular Ca®" concentration ([Ca®'];), and a steady
state was reached within 20 min. First, when the natural lead
compound, that is, curcumin (1), was applied to the pre-con-

Table 1
Vasodilatation potency of curcumin mimics, including types 3 and 4 on depolariza-
tion-induced constriction of rabbit basilar artery of the rabbit

Compound Effective percentage Compound Effective percentage
(%) at 10 uM (%) at 10 uM
1 58.4 (+6.4) 18 4.2 (£2.2)
7 8.3 (+2.2) 19 30.2 (¢4.8)
8 4.2 (£2.8) 20 99.4 (+0.4)
9 42.3 (+4.7) 21 37.3 (£6.4)
10 8.4 (+3.6) 22 36.1 (£3.3)
11 40.4 (£5.7) 23 20.6 (+3.7)
12 93.4 (£3.8) 24 32.3 (+4.2)
13 71.8 (+6.4) 25 22.5 (+4.6)
14 26.4 (+4.4) 26 27.9 (¢2.7)
15 76.7 (+5.2) 27 41.7 (£5.2)
16 65.8 (¥5.3) 28 27.1 (+4.6)
17 52.3 (¢4.5)

2 Values are means of three experiments; standard deviation is shown within
parentheses.
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Figure 2. Vasodilatation effects of curcumin and synthetic curcumin mimics with an aromatic ring on depolarization-induced vasoconstriction of the rabbit basilar artery.
Representative normalized traces were acquired by a single application of curcumin 1 (A) and compounds 12 (B) and 20 (C) in log scale concentration (10~ 10°, 10~4° M)
for 40 min after pre-contraction with high K* (50 mM), and the effect reached a stationary phase (20 min). The vasodilatation efficacy was plotted as a function of the log scale

concentration of curcumin (1) and the other compounds (12 and 20), and the curves were fitted using the Hill equation, E =

(1 + ECso/[compound]™)~ ). The estimated ECsq

values of curcumin (1) and the other compounds (12 and 20) are 7.48 + 0.28, 5.58 + 0.64, and 2.78 + 0.33 pM, respectively. Data are represented as mean * SD (n = 4).
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tracted with high-K* concentration (50 mM) of the basilar artery,
the curcumin slightly dilated the basilar artery at the concentra-
tion of 10 uM. Although the effect was not sufficiently strong to
consider the use of this compound as a vasodilatory drug, we
could confirm that it is very useful to use curcumin mimics as
the lead structure for the development of vasodilatative drugs.
In the case of asymmetric alkyl or aryl amide curcumin mimics,
the result was unsatisfactory, that is, only six compounds dilated
the basilar artery slightly, by about 30%.2° Finally, using the or-
gan bath system, we discovered that some molecules of the cur-
cumin mimics with various sulfonyl groups exhibited a strong
vasodilatation effect on the basilar arteries of rabbits. In particu-
lar, compounds 12 and 20 caused efficient dilatation of the bas-
ilar artery by almost 100% at the concentration of 10 puM.
Although the structure-activity relationship revealed by the pre-
liminary results is more or less vague, curcumin mimics possess-
ing the chlorobenzene sulfonyl group, such as 12 and 20, have
shown a strong dilatation effect.

The serial application of curcumin (1) and compounds 12 and
20 induced vasodilatation of the basilar arteries in a concentra-
tion-dependent manner. As shown in Figure 2, the curve fittings
of the concentration-response relationship determined based on
the Hill equation confirmed that the concentration required for
half maximal dilatation (ECsg) of curcumin (1) and compounds
12 and 20 for the basilar artery were 7.48 + 0.28, 5.58 + 0.64, and
2.78 £ 0.33 UM (n = 4), respectively. These results indicated that
curcumin mimics, especially compounds 12 and 20, exerted a more
effective and rapid dilatation effect on the basilar artery than cur-
cumin at an equimolar concentration.

In conclusion, in order to discover efficient vasodilatory mole-
cules for the treatment of vascular diseases, including hyperten-
sion, stroke, subarachnoid hemorrhage, and Alzheimer's disease,
we synthesized a library of curcumin mimics by a simple aldol
reaction and amide or sulfonyl amide addition, and then tested
the library. Curcumin (1), a natural product, was found to exert a
dilation effect on the basilar arteries of rabbits. In addition, curcu-
min mimics with various sulfonyl groups are more potent than
those possessing amide groups. In particular, compounds 12 and
20 were found to be strong vasodilatory molecules and are now
are being tested in an in vivo study for their potential use in the
treatment of strokes.
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. Structure of asymmetric alkyl or aryl amide curcumin mimics with weak

vasodilatation effect on the basilar artery of the rabbits.
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