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ABSTRACT

The hypotensive effect of imidazoline ligands was attributed to both a,-adrenergic receptors and nonadr-
energic imidazoline-1 receptors (I;-R). Selective I;-R ligands, devoid of the typical side effects of other
centrally acting antihypertensive drugs, could be widely used in antihypertensive therapy. Thus, there
is significant interest in developing new imidazoline analogs with higher selectivity and affinity for I
receptors. The quantitative structure-activity relationship (QSAR) study of 12 ligands was carried out
using multilinear regression method on I[;-R and a,-adrenergic receptors binding affinities on human
platelets. The compounds have been studied using Becke3LYP/3-21G (d,p) and Becke3LYP/6-31G(d,p)
DFT methods. Among 42 descriptors that were considered in generating the QSAR model, three descrip-
tors such as partial atomic charges of nitrogen in the heterocyclic moiety, distribution coefficient, and
molar refractivity of the ligands resulted in a statistically significant model with R? = 0.935 and cross-val-
idation parameter g3, = 0.803. The validation of the QSAR models was done by cross-validation and
external test set prediction. The developed multiple linear regression models for the I;-R ligands were
aimed to link the structures to their reported [;-R binding affinity log(1/K;). The theoretical approach indi-
cates that an increase in distribution coefficient and molar refractivity value, together with a decrease in
average N-charge in the heterocyclic moiety of the ligands, causes better binding affinity for active site of
the I, receptors. The developed QSAR model is intended to predict I;-R binding affinity of related com-
pounds and to define possible physicochemical, electronical, and structural requirements for selective

I;-receptor ligands.

© 2008 Elsevier Ltd. All rights reserved.

1. Introduction

The hypotensive effect of imidazoline ligands was attributed to
both a,-adrenergic receptors (0,-AR) and nonadrenergic imidazo-
line-1 receptors (I;-R).! Therefore, both o,-AR agonists and I;-R
agonists are capable of lowering sympathetic tone by a primary
action in the rostral ventrolateral medulla (RVLM). The o,-AR ago-
nists directly inhibit presympathetic RVLM neurons. The 1;-R ago-
nists increase the release of catecholamines in the RVLM, and the
catecholamines, in turn, depress presympathetic RVLM neurons
by activating o,-AR.2™*

According to the imidazoline hypothesis, imidazoline I; recep-
tors in the RVLM are important for the sympathoinhibitory action
of clonidine, and the role of I, receptors (I;-R) is particularly prom-
inent in the case of rilmenidine and moxonidine.

The antihypertensive ligands moxonidine and rilmenidine
showed higher affinity for [;-imidazoline sites than for o,-AR, as
well as higher selectivity for I; imidazoline sites than clonidine.>™
Rilmenidine and moxonidine cause only few o;-adrenoceptor-
mediated side effects because they are selective for I; receptors.

* Corresponding author. Tel.: +381 63 84 30 677.
E-mail address: knikolic@pharmacy.bg.ac.yu (K. Nikolic).

0968-0896/$ - see front matter © 2008 Elsevier Ltd. All rights reserved.
doi:10.1016/j.bmc.2008.06.051

Further pharmacological studies will need to elucidate the close
interdependence and interaction of these two receptors at the cel-
lular level, and to explain their complex role in the central hypo-
tensive effect of the ligands.

Specific imidazoline receptors (I;-R, I;-R, and I3-R) have been
characterized by extensive biochemical and physiological stud-
ies.!> The subcellular localization of I;-R to the plasma membrane
has been assessed in the bovine brainstem,®’ in the human plate-
lets, ® and in the PC12 cells.>1°

The [;-R protein structures have not yet been solved to date.
Only imidazoline receptor antisera-selected (IRAS) gene candidate
for the I;-R protein has been proposed.'!~!3 Since the imidazoline
binding site may only be formed when IRAS-1 is complexed to
the fibronectin receptor or other partner proteins,'# characteriza-
tion of I ligand-IRAS-1 complexes requires special experimental
procedure. Therefore, quantitative structure-activity relationship
(QSAR) study could be reliable tool for examination of the [;-R
ligands.

Previous quantum chemical studies have been restricted to sim-
ilar systems (cyclic imidazolines, oxazolines, and thiazolines).'>~1”
These theoretical studies set out to determine stable conforma-
tions, tautomeric equilibria, gas-phase reactivity, and lipophilicity
of clonidine and rilmenidine.’® Previously determined crystal
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structures of clonidine hydrochloride'® and rilmenidine phos-
phate'® were used as reference values for geometric parameters
of the real systems.

Here, we present a quantitative structure-activity relationship
(QSAR) study designed to rationalize the relationship between
the structural and physicochemical features of a series of 12 imi-
dazoline/oxazoline/guanidine analogs and their binding affinities
to Iy, Olaa, Oza, and o4 receptors on human platelets.°

The derived K; values for the 12 ligands at the human platelet I,
site, generated under a 10 uM (—) norepinephrine (NE) mask, were
collected from literature.2° Very low affinity of NE (K;, 1 mM) for
platelet I;-imidazoline sites and high affinity for o,-AR provide
selective masking of o,-binding sites in platelet membranes.” The
compounds were selected with an intention of covering a
wide range of I;-R affinities, and the negative logarithm of their
K, that is, (pK;) values was calculated.

Higher I;/a, receptor selectivity of centrally acting antihyper-
tensives greatly reduces the adverse effects attributable to domi-
nant stimulation of oy-adrenoceptors, observed with the first
generation of centrally acting agents.” Therefore, the QSAR study
of I;-R ligands in combination with QSAR study of their I,/o,-selec-
tivity can be very helpful in activity evaluation of other related
centrally acting antihypertensives.

2. Calculation

The I;-R affinities (K;) of 12 I;-ligands, measured on human
platelets plasma membranes under a 10-uM (—) norepinephrine
(NE) mask, were collected from literature.?’ The ligands for the
QSAR study were selected with an intention of covering a wide
range of I;-R affinities, and the negative logarithm of their K;, that
is, (pK;) values was calculated.
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The pKa calculation and selection of dominant molecules/cat-
ions at physiological pH 7.4, were performed for the examined
I;-R ligands using the Marvin 4.0.5 ChemAxon program.”! The
computer program Marvin 4.0.5 uses computational algorithms
based on the fundamental chemical structure theory to estimate
a variety of chemical reactivity parameters.

The geometries of the examined ligands (1-12, T1, T2, Figs. 1
and 3) were completely optimized at B3LYP/3-21(d,p) levels of
the density functional theory??23 using the Gaussian 98 program.?*

The CS Gaussian 98 program?* using the B3LYP hybrid func-
tional including 6-31G(d,p) basis set with Polarizable Continuum
Model (PCM) in water solution,>?® was applied for molecular
parameters computation of the optimized models.

The selected Gaussian basis set methods for examination of the
molecules have proven to be a very good choice to predict the
molecular parameters of related aromatic and organic com-
pounds.'>-17

Furthermore, the partition coefficient octanol/water (logP), pK,,
distribution coefficient (logD), isoelectric point, total charge, Con-
nolly solvent accessible surface area (SAS), Connolly molecular sur-
face area (MS), molar refractivity (MR), and polar surface area
(PSA) were determined by use of the ChemProp?’ and ChemAxon
Marvin 4.0.5 programs.?!

Structure of the I;-R active site was optimized by molecular
mechanics, using the UFF method?® implemented in Argus Lab
4.0.1 (Planaria Software).?®

Amino acid sequence of active domain of the I;-R (NCBI locus:
AAC33104)*° wase obtained from National Center for Biotechnol-
ogy Information Database (www.ncbi.nlm.nih.gov). Flexible ligand
docking was performed with help of Argus Lab 4.0.1.2° Optimized
docking conformations of the ligands at the I1-R active site were
examined.
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Figure 1. Structural formulas of I;-R ligands used for the QSAR study. The depicted structures are the most dominant forms of the compounds at pH 7.4 (Marvin 4.0.5

ChemAxon).
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Observed vs. predicted pKi(l1-R) values of ligands
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Figure 2. Plot of observed vs. predicted pKi(l;-

R) values of I;-R ligands (1-12). Predicted pKj(I;-

R) values are from cross-validation process.
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Figure 3. Structural formulas of moxonidine (T1), guanfacine (T2), and LNP906 that are used for external test of the QSAR model. The depicted structures are the most

dominant forms of the compounds at pH 7.4 (Marvin 4.0.5 ChemAxon).

A preliminary data analysis showed a good spread and distribu-
tion of the pK; (I;) values (Table 1), which spanned about a 3log
unit range (from 5.90 to 8.32). This was a good precondition for
the derivation of meaningful models. Single and multivariable lin-
ear regression models were developed for the data set by use of the
Microsoft-Excel 2000/Regression Data Analysis and Multi-preci-
sion Floating Point Computation for Excel (XNUMBERS.XLA-
Ver.4.7-2006).3

In our study, 42 various physicochemicals, topological, and elec-
trostatic descriptors were evaluated in terms of their efficacy to
predict the I;-R and o,-AR binding affinity and I;-R/o,-AR selectiv-
ity. The correlation coefficients for all calculated molecular param-
eters with experimentally determined [;-R affinities (pK; (I;-R))
o-AR binding affinity (pK; (02-AR)) and [1-R/o-AR selectivity
(pK; 11-R)-pKi(0i2-AR))?° were determined. The molecular proper-
ties with the highest correlation coefficients (correlation factor
r > 0.55) were selected for multilinear regression study. Inter-cor-
relation between these descriptors was checked for independence
of the variables. The optimum number of components (latent vari-
ables) is determined by multilinear correlation coefficients, and the
model predictive ability is assessed by cross-validation r?(r?,, q?)
and external test set prediction (RMSEE).>2

Table 1
Experimental and computed geometry of clonidine hydrochloride

Parameter® Clonidine hydrochloride *

X-ray'®  B3LYP/ BPS6/ B3LYP/

6-31+(d,p)!”  TZ2P-CPCM'”  3-21(d,p)

d[C(1)-N(5)] 1.447 1.478 1.478 1.497
d[C(1)-C(2)] 1.532 1.546 1.550 1.572
d[N(5)-C(4)] 1321 1373 1.387 1.340
d[C(4)-N(3)] 1.322 1.307 1.294 1.343
d[N(3)-C(2)] 1.450 1.469 1.472 1.500
d[C(4)-N(6)] 1.327 1.355 1377 1.343
d[N(6)-C(7)] 1.418 1.423 1411 1.437
®[C(1)-N(5)-C(4)] 1114 107.7 106.5 111.6
O[N(5)-C(4)-N(3)] 111.7 113.3 115.7 111.3
®[N(5)-C(1)-C(2)] 102.6 101.8 101.7 101.9
©[C(4)-N(3)-C(2)] 110.6 109.6 107.8 1114
o[c(1 ) C(2)-N(3)] 103.5 103.9 104.9 101.9
®[N(5)-C(4)-N(6)] 123.1 120.2 117.2 124.1
o[C( )N 6)-C(7)] 123.0 123.9 1244 1223
®[C(1)-N(5)-C(4)-N(3)] 1.0 ~11.2 -11.7 —49
®[N(5)-C(4)-N(3)-C(2)] -05 -2.8 0.2 43
®[N(5)-C(1)-C(2)-N(3)] 0.7 ~19.9 ~16.6 ~124
®[C(1)-N(5)-C(4)-N(6)] 1773 168.8 169.4 175.2
®[C(4)-N(6)-C(7)-C(8)] -76.4  —106.6 -1185 —94.9

2 For numbering of atoms, see Figure 1.
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The quality of the regression fits was estimated using parame-
ters such as the regression factor (r), square of regression factor
(R?), adjusted square of regression factor (Rﬁdj), qu (validation
R?), F ratio, and P values,? which are defined below

> SSTo — SSE
k= SSTo @
' MSE
Rogj =1 MS(Total) @)
The R* and R?,, parameters indicate how closely the regression func-

tion fits the given values of y4ata;. Variation, sum of squares (Total)
n

SSTo = > (Vaarai — ) (3)

i-1

Variation, sum of squares (Residual)
n

SSE = Z(ydata,i - yModel,i)2 (4)
i-1

Variation, sum of squares (Regression)

n
SSR =" Vmodeti = ¥)° (5)
i=1
n
_ Yy i
y:Z d;lta.x (6)
=

The n is the number of data points.

Variances, MSR (Regression), MSE (Residual), and MS (Total),
are the variation divided by the degree of freedom, that is
MS = SS/df.

The F statistic is the ratio of two sample variances, F = MSR/MSE,
the t-ratio is the estimated parameter divided by its standard error,
and the P-value is the observed significance level of the F-ratio or t-
ratio. The hypotheses were tested at an o = 0.05 level.

One measure of performance of a model is its ability to make
predictions. In this context, withhold-1 cross-validation of the cre-
ated models was carried out. In this setting, Allen defined PRESS
(predicted sum of squares) as

n
PRESS = e, (7)
i=1
RMSEP = g (8)
PRESS
qlzare =1- SSTo 9)

Models with qgre > 0.6 can be considered to have good predictive
capability.3?

3. Results and discussion

The QSAR study was carried out on selective affinities of a series
of substituted imidazoline/oxazoline/guanidine derivatives for
['?°I]p-iodoclonidine (['2°I]PIC) binding to the ola, Olag, Oac, and I;
receptors.2’ The compounds were evaluated for their binding affin-
ity toward the human o, 4, o>, and o, receptors on the transfected
CHO (Chinese hamster ovary) cells and I; receptors on human
platelet plasma membranes.?® Earlier saturation binding experi-
ments were performed with [!2°[]PIC to determine the density
(Bmax) of ax-AR expression among the different transfected CHO
cell lines and on human platelets I;-R.”-?°

The rank order of K; values for this platelet I;-R site?® was gen-
erally consistent with that reported for the binding assays with
['2°1]PIC on PC-12 cell membranes.>3

The ligands for the QSAR study (Figs. 1 and 3) was selected with
an intention of covering a wide range of I;-R and o,-AR affinities,?°

and the negative logarithm of their Kj, that is, (pK;) values was
calculated.

Previously determined crystal structure of clonidine hydro-
chloride indicated that the imidazoline part of drug is proton-
ated, and the two nitrogen atoms of the imidazoline moiety
are thus chemically equivalent.'® The selected structural param-
eters of the experimentally determined structure of clonidine
hydrochloride and computed geometries from two DFT methods
are listed in Table 1. The optimal geometrical parameters of clo-
nidine computed within B3LYP/6-31+G(d,p)"¥***" PCM and B3LYP/
3-21G (d,p) method do not considerably differ from those
obtained for isolated molecules (Table 1). Therefore, the B3LYP/
3-21G (d,p) was selected for geometry optimization of all exam-
ined ligands.

An analysis at the B3LYP/3-21G (d,p) level of theory??%® opti-
mized species revealed that these are minima since frequency
analysis showed that each molecule’s Hessian matrix had no neg-
ative eigenvalues, thus demonstrating that there were no imagi-
nary frequencies. Earlier B3LYP/6-31+G(d,p) calculations showed,
in agreement with experiments, that clonidine and moxonidine ex-
ist in a more stable imino tautomer, while rilmenidine amino tau-
tomers being more stable.!>16

Calculation of pKa and selection of dominant forms at physio-
logical pH 7.4 were performed for all examined ligands (Fig. 1)
using the Marvin 4.0.5 ChemAxon program.?' Geometries of the
most abundant tautomers and isomers of the I1-R ligands at phys-
iological pH (7.4) have been selected and optimized using the
Gaussian B3LYP/3-21G (d,p) basis set.2?3 The optimized models
were used for computation of molecular parameters by Gaussian
6-31G(d,p)"@ 22726 ChemProp?’ and Marvin 4.0.5 ChemAxon
programs.?!

Among 42 descriptors that were considered in generating the
QSAR model, few descriptors such as average partial atomic
charges on nitrogens in the heterocyclic moiety (N-charge), logD
(pH 7.4), logP, HOMO energy and molar refractivity of the ligands
resulted in a statistically significant model.

QSAR model for I1-R binding affinity with the three variables,
average partial atomic charge of nitrogens in the heterocyclic moi-
ety (N-charge by B3LYP/6-31G(d,p)"?**" with Mulliken population
analysis), logD (pH 7.4) and molar refractivity (MR) of the ligands,
pK; (I;-R) = f (log D, N-charge, MR), was developed with the corre-
sponding regression parameters R? (0.935) and Ridj(0.911). The
multivariable model has succeeded the performed cross-validation
with g7, values 0.803 (Table 2).

The fitting power of the QSAR model may be seen on the plot of
predicted vs. observed pK; values (Fig. 2).

Predictive ability of the generated QSAR model was examined
externally by estimating the activities of test molecules moxoni-
dine and guanfacine (T1 and T2, Fig. 3). Their I;-R binding affinity
(pKi(1;-R)) was determined on human platelets plasma membranes
by receptor binding assays with ['?°I] p-iodo-clonidine radioli-
gand.?® Molecular modeling and computation of the molecular
parameters of the test compounds was performed by use of the
same theoretical procedure.

The root mean square error of estimation (RMSEE) of the two
test molecules (RMSEE: 0.877) was less than RMSE of the QSAR
models (RMSE: 0.957), so it was concluded that the pK; (I;-R) = f
(logDpn 7.4, N-charge, MR) linear regression models have good pre-
dictive potential.

Furthermore, for recently synthesized series of pyrroline ana-
logs, 333> were reported high I;-R/o»-AR selectivity and nanomolar
affinity for [;-R. Binding affinity of the pyrroline analog LNP 906
(Ki = 6.03 +0.69 nM),>* determined on PC12 cell membranes (I;-
R) by displacement of ['2°I]-PIC specific binding, was in very good
agreement with predicted pK; value by use of the created QSAR
model (K; =4.12 nM).
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Table 2

Regression analysis relating the three variables, logD at pH 7.4, average partial atomic charges on nitrogens in the heterocyclic moiety (N-charge by B3LYP/6-31G(d,p)"***" with
Mulliken population analysis), and molar refractivity of ligand with experimentally measured ligand binding affinities at human I,-R?°

Compound pK; (I,-R)*° logD at pH 7.4 Navrg-charge, B3LYP/6-31(d,p)""" Molar refractivity (MR) [cm?/mole] K; (1;-R) [nM £ SEM]?°
p-lodoclonidine (1) 8.319 3.46 —0.6207 7.1205 48+1.2
Oxymetazoline (2) 8.208 1.52 —0.5463 7.8620 62+1.2
Phentolamine (3) 7.943 1.55 —0.5464 8.4232 11.4+38
Tizanidine (4) 7.548 2.16 —0.4572 6.3976 283 8.5
Guanabenz (5) 7.460 1.29 —0.5553 6.1750 34.7 £44.8
Efaroxan (6) 7.281 1.81 —0.4989 6.2935 5241304
Clonidin (7) 7.260 1.07 —-0.6311 5.8141 55.0+10.0
Rilmenidin (8) 7.228 1.63 —0.5388 5.0763 59.2+5.8
Cirazoline (9) 7.004 1.53 —-0.4674 6.3335 99.0+31.0
Naphazoline (10) 6.915 0.27 —0.4699 6.6144 121.6 £80.5
BDF, 6143 (11) 6.635 -1.02 —0.6368 6.4416 232.0£126.0
Idazoxan (12) 5.901 0.90 —0.1830 5.4794 1255.0 £ 745.0
r, correlation 0.653 —0.620 0.666
Regression equation pK; (I;-R) = 3.5338 + 0.3527 - logD — 2. 6113 - Ngyrg + 0.3015 - MR
R? 0.935
R%; 0.911
RMSE 0.957
G > 06 0.803
F-ratio 38.313
P-value 0.00004
RMSEP 0.277
External validation of the regression model
Compound pK; (I;-R) logD at pH 7.4 Navrg-charge, B3LYP/6-31(d,p)"a"" MR [cm?/mole] Evaluated pK; (I;-R)
Moxonidin (T1) 8.377%° 1.05 ~0.6250 5.9812 7.3393
Guanfacine (T2) 7.721%° 1.50 —0.4452 6.0272 7.0423
RMSEE 0.877
LNP906 8.220%3 1.93 —0.6601 8.1167 8.385

RMSEE, root mean square error of estimation; RMSEP, root mean square error of prediction.

Also, good agreement between the observed and evaluated
pKi(I;-R) values (Fig. 2) and qu value above limit of 0.6
(qu :0.803) have indicated on high prognostic capability of the
multiple linear regression model:

pKi(l; — R) =3.5338 + 0.3527 - log Dpn 7.4 — 2.6113 - Naurg
+0.3015-MR

The theoretical approach indicates that an increase in distribution
coefficient (logD at pH 7.4) and molar refractivity value, together
with a decrease in average N-charge in the heterocyclic moiety of
the ligands, causes better binding affinity for active site of the I;
receptors.

The distribution coefficient (D) is the ratio of the sum of the
concentrations of all species of the compound in octanol to the
sum of the concentrations of all species of the compound in
water.

D =[Sum of all microspecies](octanol)/[Sum of all microspecies](aq)
logD =log,,(Distribution Coefficient)

The distribution coefficient (log D) of a species observed in a water/
n-octanol system has been adopted as the standard measure of lipo-
philicity. Thus, higher logDpy 7.4 values indicate on increased lipo-
philic character of the ligands with stronger binding affinity for I,
receptors.

Figure 4. Binding mode of the PIC (1) into the active domain of the I;-R. The ligand and interacting residues are shown in stick and ball-cylinder representations, respectively.

The atoms are shaded by atom type: blue for nitrogen, and red for oxygen.
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Figure 5. Binding mode of the Oxymetazoline (2) into the active domain of the I;-R. The ligand and interacting residues are shown in stick and ball-cylinder representations,
respectively. The atoms are shaded by atom type: blue for nitrogen, and red for oxygen.

For a radiation of infinite wavelength, the molar refractivity
represents the real volume of the molecules. Molar refractivity is
related, not only to the volume of the molecules but also to the
London dispersive forces that act in the drug-receptor
interaction.>®

The involvement of the both N-atoms in the heterocyclic moiety
in the ligands binding on active site of the I;-R was examined by
use of the ArgusLab 4.0.1 docking program.?®

The ArgusLab 4.0.1 docking program?® has been extensively val-
idated with docking accuracy at ~3 A, for root mean square devia-
tion (RMSD) value between the predicted and original
crystallographic pose.!® Earlier ArgusLab 4.0.1 validation studies
have reported very little difference in the docking accuracies be-
tween ArgusLab and Genetic Optimization for Ligand Docking
(GOLD).37:38

The docking calculation was started with geometry optimiza-
tion of the active domain of the I;-R, ruthenium binding region
(amino acid 629-691),!" using the UFF method?® implemented in
Argus Lab 4.0.1 (Planaria Software).? p-lodoclonidine, as com-
pound with the highest affinity and selectivity for the I;-R (K;:

Table 3

4.8 nM),2° has been used for best ligand pose search and selection
of the binding amino acids in the active domain of the [-R (Fig. 4).
The Asp, Glu, Tyr, and Ala amino acids were identified to form inter-
molecular bonds with the ligands in the best ligand pose confor-
mation (bond distance less than 4.5 A). The nitrogen atoms of the
heterocyclic moiety of the ligands were always involved in forma-
tion of the dipol-dipol interactions with the amino acids in the ac-
tive domain of the I;-R (Figs. 4 and 5). Furthermore, aromatic
moieties of the ligands have created hydrophobic interactions with
the amino acids in the active site.

The results of the QSAR model were in good agreement with the
docking study of the [;-R ligands. Both studies have indicated on
involvement of the N-atoms in the heterocyclic moiety and aro-
matic parts of the ligands for selective I;-R activation.

Furthermore, selective binding affinities of the ligands to the
Oza, Oop, and ouc receptors’® were used to calculate average
pKi(o2-AR) values. The calculated average pK;j(a,-AR) values were
then used for correlation study with the computed molecular
parameters of the ligands. HOMO energy of the ligands showed
good agreement with the average pKj(o;-AR) values (Table 3).

Regression analysis relating HOMO energy (by B3LYP/6-31G(d,p)"**" basis set) and partition coefficient octanol/water (logP) of the ligands with experimentally measured ligand
binding affinities at human o,-AR and I;-R/oi,-AR selectivity.2® RMSEE, root mean square error of estimation; RMSEP, root mean square error of prediction

Compound Selectivity, pKi(I;-R)-pKi(0,-AR)?® pKi(02-AR)?° HOMO [hartree], B3LYP/6-31(d,p)"2" logP
p-lodoclonidine (1) —0.1413 8.4601 —0.35355 2.743
Oxymetazoline (2) 1.1837 7.0240 —0.23255 4.609
Phentolamine (3) 0.6992 7.2439 —0.20977 3.809
Tizanidine (4) 0.6197 6.9285 —0.25371 2.093
Guanabenz (5) —1.2540 8.7137 —0.26222 2.381
Efaroxan (6) 0.0996 7.1811 —0.23968 2.842
Clonidin (7) —0.5229 7.7825 —0.26388 1.578
Rilmenidin (8) —0.2875 7.5152 —0.27744 1421
Cirazoline (9) 0.5891 6.4153 —0.23719 2.542
Naphazoline (10) 0.0827 6.8324 —0.22583 3.826
BDF, 6143 (11) —1.8981 8.5326 —0.25299 1.360
Idazoxan (12) —1.1493 7.0506 —0.24228 0.856
r, Selectivity-correlation 0.248 0.724
1, pKi(0o2-AR)-correlation —0.595 —0.297
Regression equation Selectivity = —1.6192 + 0.5805 - log P
Regression equation pKi(a2-AR) =4.3731 — 12.1931 - HOMO
Compound Test compounds

Selectivity, pKi(I;-R)-pKi(02-AR)*®  pKj(02-AR)?°  HOMO [hartree], B3LYP/6-31(d,p)"®"  logP Selectivity-evaluated  pKi(oi,-AR)-evaluated
Moxonidin (T1) 0.4806 7.8962 —0.25795 1440 -0.7832 7.5184
Guanfacine (T2) —0.2965 8.0177 —0.26133 1.370 —0.8239 7.5596
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However, it would appear that the HOMO energy of the ligands is
important for evaluating their binding affinities to the ol,-
adrenoreceptors.

Also, inclusion of the compounds lipophilicity in the form of
logP yields a correlation with I;/o,-selectivity (pKj(I;-R)-pKj(ol,-
AR)?® with a correlation factor (r: 0.724).

Good agreement between the observed and evaluated pKj(ol,-
AR) and I;/a-AR selectivity values have indicated on useful
prognostic potential of the derived linear regression equations
(Table 3).

4. Conclusion

Partial atomic charges of nitrogen in the heterocyclic moiety,
logDpy 7.4, and molar refractivity of the ligands account for the
I,-R binding affinities (pKj(I;-R)). The multiple linear regression
models with three variables, pKi(I;-R)=f (logDpn 7.4, N-charge,
MR), were developed with the corresponding regression parameter
R®> (0.935) and cross-validation parameter of prediction
qgre = 0.803. Relatively high statistical and validation parameters
of the regression model are indicating on its good prognostic
capacity.

The proposed QSAR model indicates an increase in lipophilicity
(logDpy 7.4) and molar refractivity, together with a decrease in N-
charge in the heterocyclic moiety influence on better affinity for
I, receptors. The performed docking studies have suggested that
the N-atoms of the heterocyclic moiety are involved in dipol-dipol
interactions between the ligands and the active site of the I;-R.

The described theoretical procedure and derived regression
equations could be used for evaluation of binding affinities to the
I;-receptors, ax-adrenoreceptors, and I;/o,-selectivity for the novel
ligands.

Since more selective I; receptor activation can reduce the side
effects of a-adrenoceptors stimulation, the developed QSAR study
of I1-R affinity in combination with the QSAR study of the ligands
I1/ox-selectivity can be very helpful for rational design and evalu-
ation of novel selective I;-R ligands with enhanced affinity for I;-
receptors.
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