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ABSTRACT

The lipoxygenases (LOX) are a family of non-heme iron-containing dioxygenases which catalyze the stereospecific insertion of molecular oxygen into
arachidonic acid, leading to hydroxy derivatives as end products. In this work, we studied the behavior of seven isoflavans on 15-soybean lipoxygenases (15-
sLOX), comparing them with the known inhibitors quercetin and 3, 4-dihydroxybenzoic acid. Four of the seven investigated isoflavans showed IC, values smaller
than 50 uM, being more potent than quercetin or 3, 4-dihydroxybenzoic acid. Besides a catecholic pattern, the presence of an aromatic ring B seems to confer
additional activity to these compounds, a result which was rationalized by docking studies of these isoflavanss into the enzyme binding site.
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INTRODUCTION

The lipoxygenases (LOX) are a family of non-heme iron-containing
dioxygenases which catalyze the stereospecific insertion of molecular oxygen
into arachidonic acid [1], are classified with respect to their positional
specificity of arachidonic acid oxygenation and are referred to as 5-, 8-, 12- and
15-LOX [2,3]. The biological properties of human lipoxygenases (hLOX) have
been extensively studied due to their involvement in several diseases including
bronchial asthma, allergic rhinitis, inflammatory, skin diseases, rheumatoid
arthritis (5-hLOX) [4], cancer, osteoporosis and cardiovascular diseases
prostatic cancer and asthma (15-hLOX) [5] and breast cancer and psoriasis
(12-hLOX) [6, 7].

The search for new LOX inhibitors has led to the synthesis and evaluation
of a series of 3-aryl-3,4-dihydro-2-H-1-benzopyran or isoflavans derivatives
in our laboratories [8]. Some of these compounds were found to exhibit
interesting activities as inhibitors of soybean lipoxygenase-1 (sLOX); their
IC,, values were comparable with those of other good lipoxygenase inhibitors
like caffeic or benzoic acid derivatives [9, 10]. Is important to mention that
15-soybean lipoxygenase (15-sLOX) may be used as a model for 15-hLOX,
due to their similarity in structures and mechanism [11]. In the present work,
we assayed the activities of seven isoflavanss, by measuring their IC, values
as in vitro inhibitors of 15-sLOX , and docked them into the active site of the
enzyme, relating the obtained activities with structural features present in these
molecules.

MATERIALS AND METHODS

Melting points were recorded on a capillary Microthermal instrument,
and were not corrected. Kinetics was run with a diode-array Scinco S-3100
spectrophotometer. All starting materials were commercially available
(Aldrich), with purity higher than 98%, and were used without further
purification. The enzyme 15-sLOX (15-lipoxygenase soybean-P1) was
purchased from Cayman Chemical.

Isoflavans 1a-1d, 2, 3a and 3b were prepared following a procedure
reported previously [8]: after a Houben-Hoesch reaction of the appropriate
phenol with a benzyl cyanide and HCI/ZnCl, in dry ethyl ether, the resulting
hydroxylketone was cyclized to the isoflavones using MeSO,CI/DMF in the
presence of BF,.Et,0. Reduction of the obtained isoflavone through catalytic
hydrogenation with Pd/C (10%) in acetic acid formed the corresponding
isoflavans. In this way, the following isoflavans were prepared: 1a, m.p.101°C,
lit.[12] m.p. 102°C; 1b, m.p.162°C, lit.[8] m.p. 162°C; 1¢, m.p.163°C, lit.[8]
m.p. 164°C; 1d, m.p.153°C , lit.[12] m.p. 153°C, 2, m.p.160°C, lit.[12] m.p.
159°C; 3a, mp.130°C, lit.[13] m.p. 131°C; 3b, m.p.95°C, lit.[8] m.p. 96°C

Kinetics and IC_ assay

IC,, values for all compounds were obtained in buffer 25 mM Hepes (pH
7.5) with 0.01% Triton X-100 for 15-sLOX and arachidonic acid as substrate
(10uM). Enzyme rates were determined by monitoring the formation of
hydroperoxyeicosatetraenoic acid (HPETE) at 234 nm with a Scinco S-3100
spectrophotometer at 25 + 0.1 °C. The inhibitors (1 mg/mL in DMSO) were
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added to the buffered substrate and the reaction was initiated by addition of
the enzyme 15-sLOX (2 pL). Control rates were measured using the same
volume of DMSO as the volume of inhibitor. The IC, value was determined
by measuring the enzymatic rate at a variety of inhibitor concentrations
(depending on the inhibitor potency) and plotting their percent inhibition
versus inhibitor concentration. The data were fitted to a simple saturation curve
using Graphpad Prisma 5.0 software [14], allowing the determination of the
inhibitor concentration at 50% activity (IC,).

Docking studies

All structures were built with the Gaussianview software [15]. Restrained
electrostatic potential (RESP) charges were obtained at the B3LYP/6-31G**
level of theory, employing the Gaussian 03 package [15]. Docking of inhibitors
into the active site of the crystal structure of 15-lipoxygenase soybean-P1
(PDB code:1N8Q) at 2.1 A of resolution was performed with the AutoDock4
package [16], using a Lamarckian algorithm and assuming total flexibility of
the inhibitors and partial flexibility of the His residues coordinated to Fe™
inside the binding site. The grid maps were made up of 60 x 60 x 60 points,
with a grid-point spacing of 0.375 A. The AutoTors option was used to define
the ligand torsions, and the docking results were then analysed by a ranked
cluster analysis, resulting in conformations with the highest overall binding
energy (most negative -AG, ding value).

RESULTS AND DISCUSSION

The structures of the isoflavans derivatives 1, 2 and 3 investigated in the
present work are given in Figure 1.
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Figure 1: Structures of isoflavans derivatives 1, 2 and 3, quercetin 4 and
3,4-dihydroxybenzoic acid 5 used in the in vitro assays with 15-sLOX and the
docking studies.

Enzyme rates of formation of HPETE from arachidonic acid at 25°C in
the presence of increasing concentrations of the isoflavans inhibitor yielded
sigmoidal curves that allowed the determination of the corresponding IC,;
values with errors smaller than 5%. In order to validate our protocol and the
obtained IC, values, we first performed a control with quercetin 4 under the
same conditions of our kinetics experiments. We obtained for this compond
an IC value of 53 uM, very similar to the reported value of 50 uM found in
literature [17].The table 1 lists the IC, values obtained for the seven isoflavans
derivatives, for the sake of comparison, the corresponding values for quercetin
4 and for the 3,4-dihydroxybenzoic acid 5 are also given. Studies suggest that
quercetin is presumably degraded to 3,4-dihydroxybenzoic acid [18], so that
the latter was used in our docking studies as a compound reference for the
investigation of the enzyme-inhibitor interactions, since a crystal structure of 5
bound to the 15-sLOX enzyme is also available (pdb code: IN8Q) [18].

Table 1: IC values of 15-sLOX inhibitors 1-5.

Isoflavans IC,,(uM)
la 28+0.2
1b 26+0.1
lc 18+0.1
1d 60+2.0
2 65+1.5
3a 24 +0.1
3b 90£1.5
4 53+2.0
5 74%*

*From reference [19]

Docking results showed that the most potent isoflavans (1a, 1b, 1c¢ and
3a) chelated the central iron atom through their catecholic hydroxyl groups,
similarly to what was observed for 3,4-dihydroxybenzoic acid 5. For these
inhibitors, the average distance between the catecholic oxygens and the iron
atom was 5 A, in good agreement with the distance obtained for compound 5 in
the active site of the enzyme [18]. The fact that suppression of this catecholic
pattern, as in compound 2, led to an increase of the IC, value, suggests that this
is an important structural feature for the inhibitory activity of these isoflavans.

Figure 2 shows isoflavans la-d bound to the same active site. All
inhibitors are coordinated to the non-heme iron cation through the catecholic
hydroxyl groups, a structural requirement that is emphasized in figure 2a. In
addition, isoflavans 1a-d, through aromatic rings C and B, may generate further
interactions with hydrophobic fragments in the active site, such as Leu>®, Ile>%,
Phe’™, Val’®, 1le’” and Leu’”. Hydrophobic interactions with Leu*®® and Ile’"
have been suggested to account for the activities of eugenol derivatives, as
potent 15-sLOX inhibitors [20]. The insertion of the aromatic B ring of these
inhibitors into a hydrophobic pocket formed by Ile’”?, Ile””” and Val’® (Figure
2b) may provide additional interactions between the isoflavans and the active
site, thus strengthening its binding to the enzyme.

These two structural features may cooperate positively to the inhibitory
activity of the isoflavans, as is the case with compounds 1a, 1b, 1¢ and 3a.
In the case of compounds 1d and 3b, however, a decrease in their activity
may be the result of opposing trends. Accomodation of the substituted ring B
of these compounds into the hydrophobic pocket may require conformational
adjustments that lead ultimately to a weaker interaction between the catecholic
oxygens and the non-heme iron of the enzyme. The result is an IC value that
approaches the value of the reference inhibitor §
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Figura2: (A) Coordination of 1c¢ to the non-heme iron atom inside the
binding site through its catecholic hydroxyl groups ; (B) Insertion of ring B of
inhibitors 1a,1b, and 1d superimposed into the hydrophobic pocket formed by
I1e"7, 11e” and Val™®.

In summary, the results showed an increased inhibitor activity of many
of the isoflavans, when compared with quercetin 4 and 3, 4-dihydroxybenzoic
acid 5, the docking studies revealed that the most active isoflavans were bound
to the active site of the enzyme by coordination of their catecholic hydroxyl
groups to the non-heme iron atom, reproducing the same behavior found in the
crystalline structure of 5 bound to the enzyme [18]. The resulting inhibitory
activity of these isoflavans would then be a compromise betweent these two
factors, chelation of the central Fe* cation and accomodation of the substituted
ring B within a hydrophobic pocket formed by Leu*®, Leu””, Val’ Ile’”> and
Ile’ fragments.
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