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Abstract

Three-dimensional structure—activity relationship studies of ay,-adrenoceptor agonists were carried out by Distance Comparison (DIS-
COthech) and Comparative Molecular Field Analysis (CoMFA) methods to define the pharmacophore and a quantitative model, respectively, of
this class of compounds. The statistical validation of the CoMFA model indicates its high predictive performance for binding affinities of new ai,,-

adrenoceptor agonists.
© 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Adrenergic o,-receptors are involved in a number of
physiological and pathophysiological events. Their well-
documented function is the control of adrenergic transmission
due to presynaptic inhibition of norephinephrine release. o,-
Adrenoceptor has three highly homologous subtypes a,,, oy,
and oy (Philipp and Hein, 2004). Non-selective a,-adreno-
ceptor agonists have been widely applied in the therapy of

Abbreviations: (3D) QSAR, (3 dimensional) quantitative structure—activity
relationship; AR, adrenergic receptors; CoMFA, comparative molecular field
analysis; DISCOtech, distance comparison; F, Fisher value; LMO, leave-
multiple-out; LOO, leave-one-out; n, optimum number of components; PLS,
partial least square; q2 (rcvz), crossvalidated 12; ,2’ conventional ,2; s, standard
error of estimate; SDEP, standard error of prediction

* This work was partly presented at the Workshop on Adrenergic Transmis-
sion: From Benchside to Bedside (Visegrad, Hungary, 6-7 October 2006).
* Corresponding author. Tel.: +36 1 217 0851; fax: +36 1 217 0851.
E-mail address: peter.matyus@szerves.sote.hu (P. Matyus).

0197-0186/$ — see front matter © 2007 Elsevier Ltd. All rights reserved.
doi:10.1016/j.neuint.2007.05.021

various diseases, such as hypertension (Fenton et al., 2006;
Blake et al., 2000), glaucoma (Savolainen et al., 2003), acute
migraine (Kapoor et al., 2004), Parkinson’s disease (Haapa-
linna et al., 2003; Archer and Frederiksson, 2003), analgesia,
anesthesia and sedation (Romero-Sandoval and Eisenach,
2006; Tham et al., 2005; Schweimer et al., 2005) and drug and
alcohol abuse (Lé et al., 2005; Georges et al., 2005; Francois
and Gary, 2003). Moreover, the modulatory action on the
cellular and humoral immunity (Elenkov et al., 2000) was
described. Our focus on the field is due to the possible
gastroprotective effect of such compounds (Fiilop et al., 2005;
Jain et al.,, 2002; Miillner et al., 2002). Recent studies in
knockout mice indicated that a,-adrenoceptors might possess
many roles under physiological and pathophysiological
conditions. For instance, gene-targeted mouse models carrying
deletions in these receptor genes (MacMillan et al., 1996; Link
et al., 1996; Hein et al., 1999; Altman et al., 1999; Scheinin
et al.,, 2001) allow to predict that prejunctionally o,-
adrenoceptors are the main feedback regulators of release,
although the a;y,- and a,.-subtypes may also contribute to this
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function. All three subtypes are present on the vascular smooth
muscle postjunctionally, but the «,. subtype may occur
especially in venous smooth muscle (Dochtery, 1998). asy-
Adrenoceptors were found to play an essential role for placental
vascular development, whereas a,.-adrenoceptors were found
to be responsible for the control of catecholamine release from
the adrenal gland.

Although these findings may have relevance for human
physiology and pharmacology as well, similar expression
patterns between human and mouse tissues do not guarantee
similar functions. In order to reveal the functions of the
individual subtypes further investigations of the differences in
their molecular pharmacology are essential.

Molecular modeling has become a useful tool for the
characterization of structure—function relationships for a
receptor, and for the identification of structural motives of
both ligands and receptors, which may play important roles in
the binding processes. Such information, if it were available for
a-adrenoceptor subtypes, may also facilitate the design of new
subtype-selective ligands. Principally, there are two efficient
modeling procedures used for designing and/or selecting new
potentially bioactive (having affinity toward the target receptor/
enzyme) molecules. In de novo design, the molecules are
constructed based on the receptor model, and subsequently the
docking process provides the binding energy value. This
procedure utilizes the homology modeling method if the
receptor structure is not available. The other designing
procedure is a retrospective analysis in its nature; the most
important structural motives of a set of ligands with
experimentally determined biological data are extracted by
QSAR methods. It could result in semiquantitative (pharma-
copohore) or quantitative models. Both de novo and QSAR
methods have their own limitations, therefore, for efficient
ligand-designing protocols, both procedures are generally
employed.

We recently developed an atomic resolution model for o;,-
adrenoceptors, and then docked a series of known ligands into
the receptors. The binding free energy (AG,) values were also
estimated and an excellent correlation was obtained for 14
compounds (N) (r* = 0.90; rfv =0.84; F=48.62; s> =
0.19; N = 14) (Balogh et al., 2007). As a continuation of
this work, we now describe 3D QSAR studies on agonists of
ap.-adrenoceptors to define pharmacophore and Comparative
Molecular Field Analysis (CoMFA) models for quantitative
prediction of binding affinities of agonists toward this
adrenoceptor subtype.

2. Methods
2.1. The as,-agonists selected for the study

Twenty known agonists of an,-adrenoceptors were selected from the
literature with their binding affinities (Table 1) (Jasper et al., 1998). These
compounds represent a fairly structurally diverse set of a,-AR agonists,
including: (i) catecholamines (adrenaline, noradrenaline, a-methylnoradrena-
line); (ii) structures containing an imidazoline ring (A-54741, brimonidine,
clonidine, dexmedetomidinide, ICI 106270, levlofexidine, naphazoline, oxyme-
tazoline, para-aminoclonidine, ST-91, tramazoline, xylometazoline); (iii)
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Table 1
The chemical structures of a,, agonists
Name Structure pK;
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