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Abstract
Monoamine transporters have emerged as important drug targets with a multitude of therapeutic potentials for their
inhibitors. With the purpose of designing new chemical entities with enhanced inhibitory potencies against norepinephrine
and serotonin transporters, the QSAR study carried out on N-arylmethylpiperidinamine derivatives as known inhibitors of
these transporters is presented. The developed model was validated by standard QSAR parameters and through a detailed
structural analysis on how it reproduces and explains the differences in the experimentally known activity data. The model
showed a good correlative and predictive ability having a squared cross validated correlation co-efficient of 0.716 and 0.700
respectively for SET and NET inhibition. The squared conventional correlation coefficient was found to be 0.731 for SET
antagonism and 0.777 for norepinephrine reuptake inhibition. The study confirmed that the serotonin reuptake inhibitory
activity exhibited by the series is largely explained by steric factors of substituents emphasizing the role of size and shape of the
inhibitors in making effective inhibitor-SET binding interactions whereas substituent lipophilicity was found to govern
inhibitor-NET interaction chemistry. A detailed comparative investigation was made between the two models and the insights
gleaned from the study could be usefully employed to design inhibitors with a much more enhanced potency and selectivity.
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Introduction

Depression is a severe mental disorder characterized by

exaggerated and pervasive feelings of sadness, loss of

interest, and decreasedenergy thataffects a considerable

part of the population. According to the WHO, it is a

worldwide mentalhealth problem affecting anestimated

121 million people that is linked with a significant

morbidity and mortality [1,2]. Moreover, depression is a

multifaceted disease in terms of symptoms, co-morbid-

ities and health complications, and treatment is

complicated by the heterogeneity of the disease

population in terms of these variables. The disease has

serious implications in terms of quality of life and has

serious economic burdens associated with loss of work

and health-care costs. The high prevalence of suicide in

depressed patients (up to 15%) coupled with compli-

cations arising from stress and its effects on the

cardiovascular system have suggested that it will be the

second leading cause of death by the year 2020.

The monoaminergic hypothesis for depression

assumes that depression is caused mainly by a deficit

of two monoamines, serotonin (5-HT) and norepi-

nephrine (NE), in corticolimbic synaptic clefts [3,4]

and this hypothesis has been used to explain the

efficacy of existing antidepressant therapies. Among

these available therapies, selective serotonin reuptake

inhibitors (SSRIs) have become the standard treat-

ment for depression. However, there are some

limitations associated with the use of SSRIs including

a delayed onset of action (2–4 weeks), partial
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treatment response (60–70%), excitation during early

treatment response, nausea, and sexual dysfunction

[5–7]. It is widely accepted that the older tricyclic

antidepressants (TCAs) such as amitriptyline and

imipramine remain unsurpassed in their antidepress-

ant efficacy and remain the gold standard for efficacy

against which all potentially new antidepressants are

compared in clinical trials. One possible reason for the

efficacy of the TCAs, particularly in severe depression,

has been attributed to their combined actions on both

the noradrenergic and serotonergic systems [8].

Indeed, an increasing body of evidence suggests that

changes in both these aminergic systems are important

for the success of treatment of severe depression

[9,10]. By contrast, the selective serotonin reuptake

inhibitors, while better tolerated than TCAs as a result

of their less severe adverse effects at normal

therapeutic doses, appear to be less efficacious than

the TCAs in severe depression. Experimental evi-

dence for the greater efficacy of dual action

antidepressants has also been provided in the study

of the effects of the SSRI sertraline, and the selective

noradrenaline reuptake inhibitor reboxetine, alone

and in combination, on the locomotor activity of the

olfactory bulbectomized rat in a novel, stressful

environment. Both drugs were effective in reducing

the hyperactivity of the bulbectomized rats, a property

exhibited by all therapeutically effective antidepress-

ants [11]. This indicates the need for dual modulation

of the two transporters for effective antidepressant

activity. Given the importance of monamine trans-

porters in the progression of depression, serotonin and

norepinephrine transporter proteins have increasingly

become important targets and the hunt for their

inhibitors has been intensified and attracted a great

attention in drug discovery over the years [12–15].

The intense research on small molecule inhibitors of

NETand SET has produced a diverse class of chemical

scaffolds, which includes benzopyrano[4,3-c]isoxazoles

[16,17], piperidinylpropanols [18], benzo[1,4]oxazine

[19], tricyclic isoxazoles [20]. Figure 1 shows some

inhibitors of these monamine transporters. Although

diverse in structure and large in number, most of them

are beset with the problem of non-selectivity and weak

binding affinity. TSAR, in common with other QSAR

tools, is generally employed to enhance and optimize the

binding affinity using a series of compounds acting on

the sametargetwith thesamemechanismofactions.Asa

quantitative pharmacophore mapping tool, such a

methodology is valuable in pinpointing the structural

requirements for the observed pharmacotoxicological

properties by a given series. Such insights are an aid to

design a new entity having an acceptable level of potency

and selectivity. In this paper, we report the 2D-QSAR

study carried out on the dual NETand SET inhibitors in

the anticipation of developing a model that would

account for the quantitative differences in bioactivity

seen in this series and to capitalize upon the insights to

design ligands with pronounced inhibitory potency and

selectivity.

Computational details

Dataset for analysis

The in vitro biological activity data reported as Ki for

inhibition of serotonin and norepinephrine reuptake

by a series of N-arylmethylpiperidinamine derivatives

[21] was used for the current study. As biological

activities are generally skewed and since QSARs are

measures of the free energy of ligand binding, the

reported Ki values were converted into the corre-

sponding pKi.
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Figure 1. Examples of monoamine transporter inhibitors.
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Molecular modeling

The structures of N-arylmethylpiperidinamine deriva-

tives selected for the present QSAR study are shown in

Table II. The structures were sketched using Chem-

Draw ultra 8.0 and were exported to TSAR 3.3 software

(Accelrys, www.accelrys.com). Three-dimensional

structures of all the molecules were generated. Partial

charges were derived using Charge-2 CORINA 3D

package implemented in TSAR 3.3 and their geometries

were optimized using Cosmic module of TSAR.

The calculations were terminated when the energy

difference or the energy gradient were smaller than

1e-005 and 1e-010 kcal/mol respectively.

Molecular descriptors were calculated with TSAR

3.3. The descriptors were obtained for the substitu-

ents which vary from one molecule to another at a

common point on the generic structure. TSAR affords

calculation of the following descriptors: molecular

surface area and volume, moments of inertia,

ellipsoidal volume, Verloop parameters, dipole

moments, lipole moments, molecular mass, Wiener

index, molecular connectivity indices, molecular

shape indices, electrotopological state indices, log P,

number of defined atoms (carbon, nitrogen, etc.),

rings (aromatic and aliphatic), and groups (methyl,

hydroxyl, etc.). Vamp which is a semiempirical

molecular orbital package in TSAR 3.3 was used to

calculate electrostatic properties like total energy,

electronic energy, nuclear repulsion energy, accessible

surface area, atomic charge, mean polarizability, heat

of formation, HOMO and LUMO eigenvalues,

ionization potential, total dipole, polarizability, and

dipole components. Structure optimization was

performed in vacuo using default parameters with

the AM1 Hamiltonian. Pairwise correlation analysis of

the calculated descriptors was performed. The model

was obtained using descriptors that are strongly

correlated with the antidepressant activity.

Statistical analysis

The relationship between the structural parameters

(TSAR descriptors) and the biological activities has

been quantified by the multiple linear regressions

implemented in TSAR 3.3. Values for F-to-enter and

F-to-leave were set to 4. The cross-validation analysis

was performed using leave-one-out (LOO) method

where one compound is removed from the dataset and

its activity is predicted using the model derived from

the rest of the dataset. The cross-validated r 2 and

conventional r 2 that resulted in lowest error of

prediction was taken. Unless otherwise stated, the

default values for the other parameters were used.

The predictive capabilities of the 2D-QSAR models

were determined using test set compounds that were

excluded during model development. The optimiz-

ation, charge derivation, and all other steps of the test

sets were the same as that of the training set

compounds as described above, and their activities

were predicted using the model produced by the

training set.

Results and discussion

QSAR study for the SET reuptake inhibition

The 2D-QSAR TSAR study was carried out using

arylmethylpiperidinamine derivatives which are

reported for their antidepressant activity. Molecules,

which lack biological inhibitory activity in numerical

form, have been removed from the analysis. Following

this, 56 molecules were left for SET reuptake

inhibitory study. This was partitioned into a training

set of 42 and a test set of 14 compounds for the SET

inhibition at random with bias given to both chemical

and biological diversity in both the training and test set

molecules and so as to form 4:1 training set to test set

ratio for a standard QSAR study. Despite the

ambiguity of drug–receptor interaction in general, a

statistically significant model were obtained from both

the TSAR studies.

The TSAR multiple regression analysis is summar-

ized in Table I. The squared cross-validated corre-

lation coefficient defines the goodness of prediction

whereas the non-cross-validated squared conventional

correlation coefficient indicates goodness of fit of a

QSAR model. The F-test value stands for the degree

of statistical confidence. As it is evident from the body

of Table I, a squared cross-validated correlation

coefficient of 0.716 was obtained using leave-one-

out cross-validation procedure. This indicates a very

good internal predictive capability of the developed

model. The model also exhibited a non-cross

validated squared correlation coefficient of 0.731.

The external predictive capability of a QSAR model is

generally checked using test sets. All the other

procedures including geometry optimization, charge

Table I. Statistical parameters obtained for the SET antagonistic

model.

QSAR Parameter

No. of molecules in the training set 42

No. of molecules in the test set 14

r 2
cv 0.716

r 2 0.731

r 0.855

SEE 0.258

F-value 33.44

PRESSa 2.651

PRESSb 3.728

F probability 5.50e-011

Note: r 2
cv ¼ Cross-validated correlation coefficient; r 2 ¼ con

ventional correlation coefficient; SEE ¼ standard error of estimate;

r 2
pred ¼ predictive correlation coefficient; PRESSa ¼ predictive

residual sum of squares for the training set; PRESSb ¼ predictive

residual sum of squares for the test set molecules.
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Table II. Structures of inhibitors used for QSAR analysis with corresponding actual and predicted activities for SET Inhibition.

HN
N

R2 R3

R4

R5
R6R1

S.No. R1 R2 R3 R4 R5 R6 Actual pKi Predicted pKi Residual Verloop B3 (subst.1) Verloop B4 (subst.4) MR (subst.3)

1t EtZ ZCF3 H H H H 8.097 8.818 20.721 2.094 1 0.894

2 n-PrZ ZCF3 H H H H 8.658 8.811 20.153 2.113 1 0.894

3 Me2CHZ ZCF3 H H H H 8.252 8.519 20.267 3.035 1 0.894

4 n-BuZ ZCF3 H H H H 8.824 8.751 0.073 2.304 1 0.894

5 Me2CHCH2Z ZCF3 H H H H 8.854 8.544 0.310 2.958 1 0.894

6 c-C3H5CH2Z ZCF3 H H H H 8.824 8.557 0.267 2.914 1 0.894

7t Me3CCH2Z ZCF3 H H H H 8.367 8.447 20.080 3.262 1 0.894

8 Et2CHZ ZCF3 H H H H 8.168 8.104 0.064 4.347 1 0.894

9 c-C5H9Z ZCF3 H H H H 8.444 8.506 20.062 3.076 1 0.894

10 Et2CHCH2Z ZCF3 H H H H 8.161 8.114 0.047 4.313 1 0.894

11 MeO(CH2)2Z ZCF3 H H H H 8.602 8.513 0.089 3.054 1 0.894

12 F3C(CH2)2Z ZCF3 H H H H 8.553 8.607 20.054 2.759 1 0.894

13 MeO(CH2)3Z ZCF3 H H H H 8.658 8.695 20.037 2.481 1 0.894

14 NC(CH2)3Z ZCF3 H H H H 9.237 8.816 0.421 2.097 1 0.894

15 F3CO(CH2)2Z ZCF3 H H H H 7.770 7.991 20.221 4.702 1 0.894

16 F3CCH2Z ZCF3 H H H H 8.925 9.242 20.317 2.878 1 0.894

17 (CH3)2CHCH2Z H H H H H 8.076 8.508 20.432 3.071 1 0.894

18 (CH3)2CHCH2Z H ZCF3 H H H 9.585 9.386 0.199 3.071 1 6.435

19 (CH3)2CHCH2Z H H ZCF3 H H 10.155 9.881 0.274 3.072 2.80 0.894

20t (CH3)2CHCH2Z NC 2 H H H H 8.921 8.509 0.412 3.067 1 0.894

21 (CH3)2CHCH2Z H NC 2 H H H 9.319 9.438 20.119 3.020 1 6.656

22t (CH3)2CHCH2Z H H NC 2 H H 9.553 9.002 0.551 3.074 1.65 0.894

23 (CH3)2CHCH2Z Me 2 H H H H 8.824 8.525 0.299 3.016 1 0.894

24t (CH3)2CHCH2Z H Me 2 H H H 8.658 9.241 20.583 3.064 1 5.502

25 (CH3)2CHCH2Z H H Me 2 H H 8.996 9.303 20.307 3.072 2.05 0.894

26* (CH3)2CHCH2Z F 2 H H H H – 8.508 – 3.069 1 0.894

27* (CH3)2CHCH2Z H F 2 H H H – 8.493 – 3.071 1 0.800

28 (CH3)2CHCH2Z H H F 2 H H 8.721 8.938 20.217 3.033 1.55 0.894

29 (CH3)2CHCH2Z Cl 2 H H H H 8.796 8.507 0.289 3.074 1 0.894

30t (CH3)2CHCH2Z MeS 2 H H H H 8.959 8.518 0.441 3.041 1 0.894

31 (CH3)2CHCH2Z F3CO 2 H H H H 8.658 8.511 0.147 3.063 1 0.894

32t (CH3)2CHCH2Z MeO 2 H H H H 7.824 8.515 20.691 3.037 1 0.894

33 (CH3)2CHCH2Z ZCF3 H H F 2 H 8.103 8.525 20.422 3.016 1 0.894

34t (CH3)2CHCH2Z MeO 2 H MeO 2 H H 8.658 8.029 0.629 3.067 2.93 0.894

35t (CH3)2CHCH2Z F 2 H F 2 H H 8.509 8.929 20.420 3.062 1.55 0.894

36 (CH3)2CHCH2Z Me 2 H Me 2 H H 9.409 9.324 0.085 3.003 2.04 0.894

37 (CH3)2CHCH2Z ZCF3 H H H F 2 8.387 8.511 20.124 3.061 1 0.894
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computation, calculation of structural descriptors of

the 14 test set molecules were done in a manner

analogous to the training set molecules. The predic-

tion of the test set molecules presented in Table II

shows a satisfactory prediction indicating its useful-

ness in predicting activities of external molecules. Yet

another way to further evaluate the usefulness of the

developed model is to test for statistical stability.

To this end, standard error of estimate and predictive

residual sum of squares may be employed. The low

values of standard error of estimate (0.258) and that of

PRESS for both training set (2.651) and for test sets

(3.728) further add to the statistical significance of the

developed models. Table III shows the descriptors

included in the final QSAR model and their statistical

significance.

The structures of the monoamine transporter

inhibitors chosen and their actual and predicted

activity are displayed in Table II. Figure 2 shows plots

of actual versus predicted pKi values for the training

set molecules. The histogram of residuals of the test

set compounds is presented in Figure 3. It is a plot of

residuals against observations, each observation

representing the data for a single structure. These

two plots are important to graphically observe the

predictive capability of QSARs. The shorter the

heights of the residuals and the fact that the training

set molecules are on or near to the best fit line as

shown in Figure 2 further adds to the usefulness of the

developed QSAR.

The QSAR model with a high statistical significance

is represented by Equation (1):

pIC50 ¼ 20:317 B3 þ 0:761 B4 þ 0:159 MR

2 0:422 ð1Þ

Where B3 is Verloop B3 of substituent 1, B4 is

Verloop B4 of substituent 4 and MR is molar

refractivity of substituent 3.

The statistics for this equation are shown in Table I.

As the model shows, the SET inhibitory activity

increases with an increase in the verloop B4 parameter

of substituent 4 and the molar refractivity of

substituent 3 while the activity was found to decrease

with an increase in the values for the Verloop B2

parameter of substituent 1. The Verloop parameters

[22–24] are a set of multi-dimensional steric

descriptors that define a box that can be used to

characterize the shape and volume of the substituent

which are very important in explaining the steric

influence of substituents in the interaction of organic

compounds with macromolecular drug receptors.

The Verloop B1-B5 parameters describe the width of

the substituent in the direction perpendicular to the

length of the substituent. The study suggests that SET

reuptake inhibitor activity is strongly correlated with

variations in the substituents at three positions of the3
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general skeleton: namely, substitution on the nitrogen

atom that bridges the piperidine and the benzyl group;

two substitutions on the meta and para position of the

benzyl moiety. The QSAR model shows that

substitution on para position is strongly correlated

with the antidepressant activity as it is evident from the

higher Verloop B4 parameter (0.76) of substituents at

this position. This apparently explains the difference

in the activity of cpds 19, 22, 25, 28 and 17 which differ

only in their substitution on the para position. Cpd 19

has got the highest activity for it showed a higher value

for the width parameter at this position when

compared to cpds 22, 25, 28 and 17. Indeed cpd 17,

which has the least Verloop B4 at the para position is

found to be the least active as compared to

compounds 19, 22, 25 and 28. The higher activity of

cpd 40 as compared to compounds 42, 43 and 29 may

be explained by the same reasoning: cpd 40 which has

higher value for the substitution at the para position is

found to be more active. That the molar refractivity is

also positively correlated with the antidepressant

activity is what explains the better activities of cpds

18, 21, and 24 as compared to 17. Cpd 17 has the

lowest MR value for substitution 3 and hence was

found to be the least active in comparison with cpds

18, 21 and 24 which differ only by their substitution at

this position. The same factor also explains the better

activity of cpd 41 as compared to 29. The study

suggests that the SET inhibitory activity exhibited by

the series taken is largely explained by steric factors

and that subsituents with a higher Verloop’s B4

parameter on substitution 4 and molar refractivity

value on substitution 3 are expected to enhance the

antidepressant activity. Considering the fact that the

2D-QSAR model was able to reproduce the exper-

imental facts and that it was validated by the

appropriate statistical procedures, it could be useful

in designing a more potent inhibitor.

QSAR study for the NET reuptake inhibition

The 2D-QSAR TSAR study was carried out using

arylmethylpiperidinamine derivatives reported by

Boot et al. Two molecules were found not to possess

biological inhibitory activity in numerical form and

these were removed from the analysis. Following this,

57 molecules were left for the NET reuptake

inhibitory study which subsequently was partitioned

into a training set of 41 and a test set of 16 compounds

for the NET inhibition at random with bias given to

both chemical and biological diversity in both the

training and test set molecules. Despite the ambiguity

of drug–receptor interaction in general, a statistically

significant model were obtained from both the TSAR

studies.

Table III. Descriptors and their significance.

Descriptor Coefficient Jacknife SE Covariance SE t-value t-probability

Verloop B3 (subst. 1) X1 20.317 0.027 0.061 25.157 8.675e-006

Verloop B4 (subst. 4) X2 0.761 0.017 0.102 7.431 7.621e-009

MR (subst. 3) X3 0.159 0.014 0.028 5.643 1.912e-006

Constant C 20.422 0.100 – – –
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Figure 2. Plots of actual versus predicted Ki values for Training set

molecules for SET inhibition.
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Figure 3. Histograms of residuals of Test set Test molecules for

SET inhibition.
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The TSAR multiple regression analysis is summar-

ized in Table IV. As it is evident from the body of

Table, a squared cross-validated correlation coeffi-

cient of 0.700 was obtained using leave-one-out cross-

validation procedure. This indicates a very good

internal predictive capability of the developed model.

The model also exhibited a squared non-cross

validated correlation coefficient of 0.777. The external

predictive capability of the derived QSAR model was

checked using test set of 16 molecules. All other

procedures including geometry optimization, charge

computation, calculation of structural descriptors of

the test set molecules were done in a manner

analogous to the training set molecules. The predic-

tion of the test set molecules presented in Table V

shows a satisfactory prediction indicating its useful-

ness in predicting activities of external molecules. Yet

another way to further evaluate the usefulness of the

developed model is to test for statistical stability. To this

end, standard error of estimate may be employed. The

low values of standard error of estimate (0.389) further

add to the statistical significance of the developed

models. Table VI shows the descriptors included in the

final QSAR model and their statistical significance.

The structural descriptors included in the final

QSAR model together with the actual and predicted

activity for NET inhibition are displayed in Table V.

Figure 4 shows plots of actual versus predicted pKi

values for both the training and test molecules.

The histograms of residuals of the training set and test

set molecules is presented in Figure 5.

The QSAR model with a high statistical significance

is represented by Equation (2):

pIC50 ¼ 0:277 L1 2 0:460 L3 þ 0:696 log P2

þ 2:233 log P4 þ 2:503 TL 2 3:102 ð2Þ

Where L1 is Verloop L parameter of substituent

1, L3 is Verloop L of Substituent 3, log P2 is log P

of substituent 2, log P4 is log P of substituent 4, TL is

total lipole of substituent 2.

The statistics for this equation are shown in

Table VI. As the model shows, the NET inhibitory

activity is directly correlated with the Verloop L

parameter of substituent 1, and with the log P of

substituents 2 and 4 while it was found to decrease

with Verloop L of substituent 3 and total lipole of

substituent 2. The length parameter, Verloop L, is

defined as the maximum length of the substituent

along the axis of the bond between the first atom of the

substituent and the parent molecule. Lipophilicity is a

measure of the ability of molecules to move between

fat and water. It is often used to indicate how easily a

molecule may be transported across membranes.

As lipophilicity is difficult to measure directly, most of

the time the water/octanol partition coefficient (log P)

is used as an estimate to it. The lipole of a molecule is a

measure of the lipophilic distribution. It is calculated

from the summed atomic log P values, as dipole is

calculated from the summed partial charges of a

molecule.

The study suggests that NET reuptake inhibitory

activity is strongly correlated with variations in the

substituents at four positions of the general skeleton:

namely, substitution on the nitrogen atom that bridges

the piperidine and the benzyl group; three substi-

tutions on the ortho, meta and para position of the

benzyl moiety. The QSAR model for the NET

inhibition shows that substitution on ortho position

is directy correlated with the antidepressant activity.

This may explain the better activity of cpd 3 as

compared to cpd 2 where the former has higher value

for the Verloop’s L parameter which is found to

directly related to the antidepressant activity.

The study also suggests that substituents on the

meta position of the benzyl moiety with higher

Verloop’s length parameter are associated with low

NET inhibitory activity. This is exemplified by the

lower activity of cpd 41 as compared to cpds 40, 42

and 43. Cpd 41 has a trifluoromethyl whereas the rest

molecules have H in their meta position instead

and thereby having a lower value for the length

parameter and hence higher inhibitory value.

The QSAR reveals that substituents with higher

length are expected to improve activity at the ortho

position and to decrease activity if placed at the meta

position. The higher activity of cpd 39t as compared to

cpd 37t which differ on para substitution emphasizes

the fact that higher log P values are required for

higher activity. The result shows that for SET

inhibitory activity is largely explained by steric

factors particularly on position one, three and four

of the general structure. The NET inhibitory

activity, on the other hand, is found to be predomi-

nantly explained by the lipophilicity of substituents

and to a lesser extent by the steric factors of

substituent one.

Table IV. Statistical parameters obtained for the TSAR model of

NET Antagonism.

QSAR Parameter

No. of molecules in the training set 41

No. of molecules in the test set 16

r 2
cv 0.700

r 2 0.777

r 0.877

SEE 0.389

F-value 23.4

PRESSa 5.299

PRESSb 5.445

F probability 6.45e-011

Note: r 2
cv ¼ Cross-validated correlation coefficient; r 2 ¼ con

ventional correlation coefficient; SEE ¼ standard error of estimate;

r 2
pred ¼ predictive correlation coefficient; PRESSa ¼ predictive

residual sum of squares for the training set; PRESSb ¼ predictive

residual sum of squares for the test set molecules.
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Table V. Actual and predicted activities and Structural descriptors of inhibitors included in the final QSAR model for NET Inhibition.

NET Structural Descriptors of the substituents

S.No. Actual pKi Predicted pKi Residual

Verloop L

(Subst.1)

Verloop L

(Subst.3)

log P

(Subst.2)

log P

(Subst.4)

Total Lipole

(Subst.2)

1 7.215 7.576 20.361 4.176 2.102 1.064 0.334 3.62797e-007

2 8.187 7.864 0.323 5.212 2.102 1.064 0.334 3.03753e-007

3 7.585 7.587 20.002 4.217 2.103 1.064 0.334 4.93049e-007

3 8.292 8.168 0.124 6.309 2.102 1.064 0.334 4.60906e-007

4 8.495 7.871 0.624 5.239 2.102 1.064 0.334 1.23525e-007

5 8.222 7.864 0.358 5.212 2.103 1.064 0.334 3.65654e-007

7t 8.569 7.885 0.684 5.293 2.104 1.064 0.334 3.29787e-007

8t 7.066 7.595 20.529 4.245 2.103 1.064 0.334 2.86865e-007

9t 8.387 7.875 0.512 5.255 2.104 1.064 0.334 2.07696e-007

10 8.215 8.162 0.053 6.289 2.103 1.064 0.334 4.33505e-007

11 8.081 7.761 0.320 4.841 2.102 1.064 0.334 3.36644e-007

12 8.009 8.004 0.005 5.725 2.107 1.064 0.334 4.75585e-007

13 8.168 8.397 20.229 7.131 2.102 1.064 0.334 1.33235e-007

14 7.678 8.148 20.470 6.238 2.103 1.064 0.334 2.56735e-007

15t 7.293 7.981 20.688 5.634 2.103 1.064 0.334 4.49563e-007

16 7.482 7.794 20.312 4.962 2.102 1.064 0.334 3.48123e-007

17 7.041 7.077 20.036 4.200 2.100 0.334 0.334 0

18 6.594 6.361 0.233 4.187 3.647 0.334 0.334 0

19t 6.523 6.699 20.176 4.178 2.101 0.334 1.064 0

20 7.377 7.217 0.160 4.186 2.102 0.046 0.334 0.138138

21 6.161 6.141 0.020 4.201 4.135 0.334 0.334 0

22 6.721 6.43 0.291 4.192 2.101 0.334 0.046 0

23 8.482 8.194 0.288 4.266 2.101 0.648 0.334 0.352114

24 6.824 6.594 0.230 4.172 3.132 0.334 0.334 3.98517e-008

25t 7.161 7.778 20.617 4.199 2.100 0.334 0.648 0

26t 7.824 7.241 0.583 4.166 2.099 0.584 0.334 3.48032e-008

27t 7.367 6.707 0.660 4.200 2.905 0.334 0.334 0

28t 7.108 7.653 20.545 4.241 2.084 0.334 0.584 0

29t 8.854 8.506 0.348 4.175 2.101 0.962 0.334 0

30 8.482 8.609 20.127 4.217 2.100 0.535 0.334 0.554632

31 8.149 8.195 20.046 4.214 2.101 1.937 0.334 6.41882e-007

32 6.839 7.081 20.242 4.182 2.098 0.192 0.334 0.0428896

33t 8.469 7.598 0.871 4.258 2.105 1.064 0.334 2.7426e-007

34 5.975 6.774 20.799 4.228 2.098 0.192 0.192 0.0424656

35 7.699 7.808 20.109 4.200 2.099 0.584 0.584 0

36t 8.319 8.901 20.582 4.258 2.101 0.648 0.648 0.355371

37t 8.222 7.592 0.630 4.234 2.102 1.064 0.334 4.29526e-007

38 6.376 7.003 20.627 4.137 2.083 0.192 0.334 0.01414

39t 8.745 8.147 0.598 4.224 2.102 1.064 0.584 3.88116e-007

40 8.699 8.925 20.226 4.235 2.101 0.962 0.962 0

41 6.377 6.799 20.422 4.210 3.659 0.962 0.334 0

42 8.26 7.508 0.752 4.183 2.101 0.962 0.334 0

43 6.757 7.521 20.764 4.229 2.101 0.962 0.334 0

44 8.658 8.884 20.226 4.220 2.101 0.584 1.063 0

45 8.444 7.911 0.533 5.197 2.100 0.334 0.584 0

46 8.081 8.222 20.141 6.318 2.100 0.334 0.584 0

47 8.215 7.894 0.321 5.138 2.100 0.334 0.584 9.96292e-009

48 8.509 8.004 0.505 5.533 2.100 0.334 0.584 0

49 8.268 8.449 20.181 7.138 2.100 0.334 0.584 0

50 8.018 7.697 0.321 4.428 2.100 0.334 0.584 0

51 8.013 7.905 0.108 5.175 2.100 0.334 0.584 1.24536e-009

52 7.876 8.187 20.311 6.193 2.100 0.334 0.584 0

53 7.876 8.211 20.335 6.252 2.084 0.334 0.584 1.99258e-008

54t 7.799 8.186 20.387 6.189 2.100 0.334 0.584 0

55 8.208 8.24 20.032 6.383 2.100 0.334 0.584 2.22778e-008

56t 7.018 7.614 20.596 4.127 2.100 0.334 0.584 0

57 8.377 7.948 0.429 5.331 2.099 0.334 0.584 0

58* – 8.259 – 6.454 2.100 0.334 0.584 0

Note: Compound number with ‘t’ indicates molecules included in the test set. 58* is a molecule with no experimental IC50 value and hence

excluded from both the training and test sets.
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Conclusions

Monoamine transporters have emerged as important

drug targets with a multitude of therapeutic potentials

for their inhibitors. The QSAR analysis using 58 N-

arylmethylpiperidinamines derivatives was success-

fully carried out to build a statistically significant

model possessing good correlative and predictive

capability for the inhibition of both NET and SET.

The 2D-QSAR modes were validated by standard

statistical means and how they reproduce and explains

the differences in the experimentally known activity

data. The detailed structural investigation revealed

that the antidepressant activity exhibited by inhibiting

the SET is predominantly explained by the steric

factors of the substituent while the lipophilicity of the

substituents was found to govern the inhibitor-NET

interaction chemistry. The comparative investigation

provided structural insights on how modulation of the

steric bulk and lipophilicity of the substituents could

be usefully made to optimize the antidepressant

activity. The study provided useful clues about the

structural requirement for effective inhibitor-mono-

amine transporter binding chemistry and hence for

the improvement of the observed biological activity.

This analysis could be of help in the rational design of

potential drug candidates with an enhanced inhibitory

potency.
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