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kNN-MFA-guided 3D-QSAR on Some PDE4 Inhibitors
of Benzylamine derivatives For Chronic Obstructive
Pulmonary Disease
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Benzylamine derivatives have recently been demonstrated interesting potential as the treatment for chronic
obstructive pulmonary disease via interaction with the PDE4 enzymes. To understand the necessity around
the nucleus k-nearest-neighbour molecular field analysis-based 3D-QSAR analysis was performed on a
series of 47 compounds. The 3D-QSAR studies were performed using stepwise variable selection k-nearest-
neighbour molecular field analysis approach; a leave-one-out cross-validated correlation coefficient (q?)
of 0.8805 and a predicted r? for the external test (pred_r?) of 0.6677 were obtained. Points generated in
k-nearest-neighbour molecular field analysis 3D-QSAR model were S_1789 (-0.0023, -0.0021), E_14 (0.0271,
0.03699). Results showed positive range indicating that positive electrostatic potential is favourable for
increase in the activity and hence a less electronegative substituent group is preferred in lattice point 14
(around R)). Negative range indicates that negative steric potential is favourable for increase in the activity
and hence less bulky substituent group is preferred at lattice point. The information rendered by 3D-QSAR
models lead to a better understanding of structural requirements for PDE4 inhibitors and help in the design
of novel potent molecules.
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Chronic obstructive pulmonary disease (COPD)  of morbidity and mortality around the world. It is a
is a syndrome that includes chronic bronchitis and  major public health burden, with a global prevalence
emphysema. Currently it is one of the leading causes  of 10.1 %, causing 3 million deaths worldwide in 2011
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and predicted to be the fourth leading cause of death
by 2030, The financial burden due to this disease is
around $ 49.8 billion in 2010 in the US™. Presently
long-acting bronchodilators, long-acting muscarinic
antogonists, and NSAIDs are employed to counteract
the manifestations of COPDE-¢. The phosphodiesterase
(PDE) family, represented by four genes, PDE4A, -B,
-C, and -D, causes the hydrolysis of phosphodiester
bond of cAMP to yield inactive AMP. These in turn
reduce a wide variety of inflammatory mediators and
inflammatory cell functions. PDE4 inhibitors reduce
pulmonary inflammation and improve lung function
in preclinical models of asthma and COPDU-,
Roflumilast and cilomilast are some of the PDE4
inhibitors under development, however, their use is
limited due to dose-dependent toxicities!'?. Majority of
research lacks a high-resolution structure of the target
protein i.e. membrane spanning G-protein-coupled
receptors and membrane transporters. Nine out of
twenty most selling prescribed molecules in the world
belongs to these categories of compounds in year
2000031, For these cases, significant predictive models
of ligand binding to target active sites can be useful to
analyse the correlation between biological activity and
physicochemical properties.

3D-QSAR is broadly used tool to recognize the steric,
electrostatic, and hydrophobic interactions of various
drugs acting via receptor modulation for exerting
biological activity!!"#!3, The focus of the present
work was to develop the 3D-QSAR-based k-nearest-
neighbour molecular field analysis (kNN-MF) studies
on benzylamine derivatives. The model was validated
for their regression coefficient, internal and external
predictive ability and statistical significance. Further,
developed model was interpreted to investigate the
contribution of various 3D descriptors as PDE4
inhibitors.

All computational studies were performed on
Microsoft Windows 7 running on Pentium processor
by using V1ifeMDS (version 4.4) molecular modeling
software!'®, In the present study a set of 47 molecules of
the class of benzylamine derivatives were synthesised
and evaluated by Savi et. all'”). The compounds of the
series were reported to be effective against COPD. The
biological evaluation was performed on human PDE4B
enzyme and the results were expressed in terms of
pIC,, value represented in Table 1.
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The set of molecules considered in this study were
sketched using the 2D draw application and converted
to 3D structures. The energy of all the structures were
optimised by Merck Molecular Force Field (MMFF)
method with 10 000 00 as maximum number of cycles,
0.001 cal/molA as convergence criteria and dielectric
constant was fixed at 1 as constant. The cut-off for
electrostatic and steric energy was set to 30.0 and
10.0 kcal/mol. Energy minimization was carried out by
a molecular mechanics programme, which calculates
the energy of the starting molecules then varies the
bond lengths, bond angles and torsion angles to create
new structure having stable state.

In 3D QSAR, molecular alignment was done to develop
counter plot. For accurate alignment, conformers
were generated by Monte Carlo conformational
search method and the conformers of least energy
were selected. All the compounds were aligned by
template based method, (where, a template was built
by considering common substructures in the series)
using most active compound 23 as reference molecule.
In present study, all the compounds were aligned
against minimum energy conformation of most active
compound 23 by using 5-fluoro-nicotinamide moiety
as template shown in fig. 1A. The aligned molecules
(fig. 1B) were selected for calculation of descriptors
by inserting biological activity as dependent variable.

Once the molecules are aligned, the QSAR model was
built by kKNN-MFA method using forward-backward
as variable selection method. Various training and test
set of benzylamine derivatives were constructed using
manual data selection. Compounds were divided in
training and test set in a way that biological activities
of all compounds in test set lie within the maximum
and minimum value range of biological activities
of training set of compounds. Fitness plot for model
shown in fig. 2 where, training set (red points) as well
as test set (blue points) were well closed to regression
line and showing good predictive ability of the model.
Fig. 3 indicate the radar plot of training and test set,
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TABLE 1: STRUCTURE OF THE COMPOUNDS f AND THEIR BIOLOGICAL ACTIVITY DATA
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Fig. 1: Molecular alignment of benzylamine derivatives

A. Template for molecular alignment and B. template-based
alignment of benzylamine derivatives

which showed closeness between actual and predicted
biological activity of compounds.

In 3D-QSAR analysis steric, electrostatic and
hydrophobic fields were computed at lattice points
of the grid using a methyl probe of charge +1. This
develops rectangular grid that optimize the molecular
fields required around the compounds to act on the
PDE4 receptors.

3D QSAR models were generated using k-NN-MFA
coupled with stepwise forward-backward variable
selection method. Values of selected 3D-QSAR
model were statistically significant and showed good
predictive power. The best model generated with
KNN-MFA method showed a g2, pred_r? and K nearest
neighbour as 0.8805, 0.6677 and 2, respectively as
shown in Table 2. The contour plot of the KNN-MFA
(fig. 4) shows the relative position and ranges of the
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Fig. 2: Fitness plot of observed vs. predicted activity
(m) Training, (m) test

corresponding important electrostatic/steric fields in
the model. Points generated in kNN-MFA 3D-QSAR
model were S_1789 (-0.0023, -0.0021), E_14 (0.0271,
0.03699), i.e. steric and electrostatic data points at
lattice points 1789 and 14, respectively. The ranges
of data point values were based on the variation of
the field values at the chosen points using the most
active molecule and its nearest neighbour set. Positive
range indicates that positive electrostatic potential
is favourable for the enhancement of the biological
activity and hence a less electronegative substituent
group is preferred at lattice point 14 (i.e. around R)).
Negative range indicates that negative steric potential
is favourable for increase in the activity and hence
less bulky substituent group is preferred at lattice
point 1789 (i.e.R, and R,). Fig. 5 describes outline
for the development of new benzylamine derivatives
to fabricate better and effective drugs for COPD
treatment.

In conclusion, the model developed to predict the
structural features around benzylamine derivatives
for COPD treatment reveals useful information for
designing new molecules. The contour plot obtained
for the 3D model indicates that positive contribution
of electrostatic potential and negative contribution of
steric potential is required for improved potency of
benzylamine derivatives for COPD treatment. Thus,
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A
Fig. 3: Radar plot of training and test set
A: Test; B: training, (m) actual, (w) predicted

TABLE 2: STATISTICAL RESULTS OF 3D QSAR
MODEL

MODEL SUMMARY

kNN Method
Training Set Size = 32
Test Set Size = 15 (01, 02, 06, 08, 12, 13, 15, 17, 21, 30,

33, 44, 45, 46)

Statistics:
k Nearest Neighbour 2
n 32
Degree_of_freedom 29
q2 0.8805
q2_se 0.3823
pred_r? 0.6677
pred_r’se 0.2489

Descriptor Range:
E_14 (0.0271, 0.03699)
S_1789 (-0.0023, -0.0021)

Fig. 4: Relative positions of the local fields around aligned
molecules

on the basis of molecular fields generated in 3D model
could be employed to design new derivatives with
more potent inhibitory activity.
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Fig. 5: Diagrammatic representation of the required

pharmacophoric pattern around benzylamine derivative for
optimum activity
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