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Abstract

The 3D quantitative structure-activity relationships of 31 quinoline nuclei containing compounds and their biological
activity have been investigated to establish various models. The comparative molecular field analysis (CoMFA) and
comparative molecular similarity indices analysis (COMSIA) studies resulted in reliable and significant computational
models. The obtained CoMFA model showed high predictive ability with g?=0.592, r*=0.966 and standard
error of estimation (SEE)=0.167, explaining majority of the variance in the data with two principal components.
Predictions obtained with CoMSIA steric, electrostatic, hydrophobic, hydrogen-bond acceptor and donor fields
(g*=0.533, r’=0.985) showed high prediction ability with minimum SEE (0.111) and four principal components. The
information obtained from the CoMFA and CoMSIA contour maps can be utilized for the design and development of

topoisomerase-Il inhibitors for synthesis.
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Introduction

Quinoline derivatives represent a large number of antipro-
liferative agents exhibiting cytotoxicity through DNA inter-
calation, causing interference in replication process.'”
Actinomycin D, doxorubicin, mitoxantrone and strep-
tonigrin are quinoline analogs possessing antibacterial or
anti-cancer activity through DNA intercalation. Most of
these drugs are currently used in the treatment of human
malignancies target topoisomerase (types IT) enzymes.**

Topoisomerase inhibitors designated as “poisons”
interact with DNA to form cleavable complexes, causing
permanent DNA damage that triggers a series of cellular
events finally inducing apoptosis or other types of cell
death. There are two classes of DNA topoisomerase: (i)
type I enzyme breaks one DNA strand for the passage of
asecond strand, (i) type II enzyme breaks both strands of
one DNA duplex for the passage of a second DNA double
strand. DNA topoisomerases (types II) are the primary
target for a number of pharmaceutical agents including
etoposide, doxorubicin and mitoxantrone.”

Quantitative structure-activity relationship (QSARs)
is an attempt to correlate structural features of the
compounds with their in vitro or in vivo activity to
design new entities with improved activity. However,
the classic QSAR model is only a rough approximation
to the real relationships as it mainly uses 2-D molecular
descriptors.’® Attempts have been made to incorpo-
rate comparative molecular field analysis (CoMFA)
and comparative molecular similarity indices analysis
(CoMSIA) techniques in 3D QSAR as powerful and
versatile tools to build and design an activity model
(QSAR) in rational drug design.!*'” These techniques
involve generation of a common three dimensional
lattice around a set of molecules and calculation of
interaction energies at the lattice points. In a strategy
to reduce the problem of discrimination and tumour
resistance we should continuously design and synthe-
size new compounds for the betterment of the society.
In conclusion of our earlier attempt to develop pre-
dictive CoMFA and CoMSIA model for designing new
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compound, here we report both CoMFA and CoMSIA
of quinoline derivatives as potent anti-cancer agents
using software SYBYL 6.7.

Methods

Data set

A data set of 31 quinoline derivatives with their topoi-
somerase (types II) inhibitory activity induced cytotox-
icity on MCF7 cancer cell line has been taken for QSAR
analysis (Table 1).18-2

Molecular structure and alignment

Structures of the quinoline compounds were built on
the workspace of Silicon Graphics work station molec-
ular modelling software SYBYL version 6.7 (Tripos
Inc. 2001).2! The most active compound was built
from fragments in the SYBYL fragment library, and
the geometry-optimization was carried out using the
standard Tripos molecular mechanics force field with
a distance-dependent (1/r) dielectric function and the
Powell conjugate gradient algorithm with a conver-
gence criterion of 0.001 kcal/mol. Partial charges for all
the molecules were assigned using Gasteiger-Huckel
method, and it was submitted for conformational
search protocol using multi-search method with the
following settings: maximum cycles 400, maximum
conformers 100, energy cut-off 30 kcal/mol, number of
hits 12, maximum rms gradient 3.0 and tolerance 0.40.
The conformer of most active compound with the low-
est energy was then used.

Alignment of molecules is the most critical step for
the development of COMFA and CoMSIA model. In the
present study, quinoline derivative with the highest
pIC,, (compound no. 1c) served as template, and all
molecules were superimposed on the template via field
fit alignment technique. Figure 1 shows the display of
aligned molecules. Following alignment the molecules
were placed within a lattice that extended 4 A units
beyond the aligned molecules in all directions with
a grid step size of 24, a probe sp?® hybridized carbon
atom with +1 charge and Van der Waals radius of 1.52
A was employed.

CoMFA and CoMSIA studies

The 3D QSAR models were derived employing the
CoMFA and CoMSIA method using 31 compounds in the
data set. COMFA was performed with 25 compounds in
training set and 6 compounds (1f, 2b, 2h, 3c, 4b and 4j)
in the test set. Test and training set contains diverse set
of compounds with low, moderate and high biological
activity.

In CoMFA, steric and electrostatic field descriptors
were calculated with the distant-dependent dielectric
constant. A default cut-off of 30 kcal/mol was used to
truncate both steric and electrostatic field energies.
In the CoMSIA, five force fields properties i.e. steric,
electrostatic, hydrophobic, hydrogen-bond donor and
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hydrogen-bond acceptor were determined for all the
molecules. A 30-kcal/mol energy cut-off was applied for
all five force fields, which meant that the energies fields
greater than 30 kcal/mol are curtailed to that value,
and thus can avoid infinity of energy values inside the
molecule.

Regression analysis

As for the modelling methods, the CoMFA and CoMSIA
energies fields were used as independent variables with
the pIC_ activity value as a dependent variable. Partial
least-squares (PLS) regression analyses were conducted
and cross validation was performed using leave-one-out
method with 2 kcal/mol column filter. The cross-validated
correlation coefficient (g*), was calculated using the
equation.

Results and discussion

The final model was developed with an optimum
number of components (N) yielding the highest cross-
validated correlation coefficient (g?) to avoid overfitted
3D QSARs. The optimum number of components to
be used in the model derivation was chosen from the
analysis with the highest cross-validated correlation
coefficient (g?).

CoMFA results

CoMFA model with significant internal and external
predictive ability was selected with a high g* value of
0.592 at the optimum number of components as two.
The non-cross-validated 72 (LOO) value was 0.966 with
standard error of estimate (SEE) 0.167 and covariance
ratio (F) 84.018 (significant at 99% level). The prob-
ability of r* (P value) ranging to zero is zero (P =0)
(Table 2). The correlation between experimental and
predicted activity with residual activity for both train-
ing and test set of compounds are shown in Table 1
and represented graphically in Figure 2. These results
authenticate the good prediction ability of the gener-
ated CoMFA model.

The CoMFA contour plots, showed the relative posi-
tions of the local fields around aligned molecules that
were important for activity variation in the model. The
CoMFA contour plots depict the steric and electro-
static fields of the compounds that were generated by
the contribution of 81.2 and 18.8% field contribution,
respectively, through PLS model (Figure 3). The larger
sizes of the green-yellow polyhedra relative to the red-
blue polyhedra are consistent and revealed the domi-
nance of steric fields (81.2%) over the electrostatic
field (18.8%) for these compounds. Greater values of
“Bio-Activity Measurement” are correlated with more
bulk near green, less bulk near yellow, more negative
charge near blue and more positive charge near red.
Results insist that the steric region or bulk group sub-
stitution is preferred for higher activity. A large green
contour near the fourth position substituted amine
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Table 1. Structures of compounds used in the study with their biological activities.

X X
- ~ X
HN P\ HN HN
% Y
X N\ N N N
z z z z
Pz = ~ =
N o N N—X N N N Y
H \
Y
1 2 3 4
CoMFA CoMFA CoMSIA CoMSIA

S. No. X Y Z Actual pIC,;  predicted pIC,, residual predicted pIC,; residual
la 0 Cl 7-OCH, 3.602 3.737 -0.135 3.551 0.051
1b O> Cl H 2.358 2.617 —-0.259 2.554 —-0.196

O
lc (0] Cl H 4.301 4.093 0.208 4.235 0.066

P
O

1d 0 H 7-OCH, 3.698 3.570 0.128 3.687 0.011
le O> H H 1.899 1.867 0.032 1.783 0.116

0]
1f 0 H H 3.552 3.101 0.451 3.200 0.352

5@@
o

2a H H 1.600 1.528 0.072 1.604 0.004

2b H H 2.085 2.825 -0.740 2.653 —-0.568

2d H H 1.742 1.688 0.054 1.812 -0.070

O
)@HL
2c /@/ H H 1.823 1.783 0.040 1.842 -0.019
I
N
“OH
/@(

Table 1. continued on next page
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Table 1. Continued.

CoMFA CoMFA CoMSIA CoMSIA
S. No. X Y Z Actual pIC,;  predicted pIC,, residual predicted pIC,; residual
2e HO H H 2.465 2.362 0.103 2.253 0.212
N
2f | H H 1.860 2.190 —-0.330 2.014 -0.154
O\N
/©)\
2g H H 2.430 2.406 0.024 2.348 0.082
O 0}
O
2h (@] H H 2.480 2.588 —-0.108 2.758 -0.278
o}
O
3a H /\ H 2.207 2.077 0.130 2.258 —-0.051
\/\/
3b KlOJ\/ /\ H 1.481 1.579 —-0.098 1.563 —-0.082
5 \/\/
~
3c /O (e} ~ |/\ H 1.327 1.927 —-0.600 1.827 —-0.500
\/\/
3d O H 1.853 1.847 —-0.006 1.901 —-0.048
N
Ao
3e 9 \/@ H 1.886 1.787 0.099 1.885 0.001
o}
3f CF3 v@ H 1.886 2.013 -0.127 1.760 0.126

0

Table 1. continued on next page
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Table 1. Continued.

CoMFA CoMFA CoMSIA CoMSIA
S. No. X Y Z Actual pIC,;  predicted pIC,, residual predicted pIC,; residual
3g CF,4 H 1.721 1.673 0.048 1.744 -0.023
i F
O
4a (0] \© 6-OCH, 2.607 2.573 0.034 2.619 -0.012
i
o
=
N
N
=
c
S 4b /OH 6-OCH, 2.832 2.766 0.066 2.925 -0.093
o N
%
D
e}
I
o
S
w©
=
2
g
o 4c (o) 6-OCH, 2.300 2.327 —0.027 2.311 -0.011
5 N
S
3
B
£
S
£2
ES
S
=4
Bﬁ 4d 0 8-OCH, 1.266 1.128 0.138 1.130 0.136
g5
58
53
B
B
(@]
E 4e N/OH 8-OCH, 2.159 2.509 -0.350 2.294 -0.135
=
8
=
°
®
c
L
=
2
=
©
£ - . . . . .
g af N/O\ 8-OCH, 2.712 2.618 0.094 2.674 0.038
e
L
k]
©
c
5
<
4g \© 8-OCH, 2.732 2.620 0.112 2.747 -0.015
o}

Table 1. continued on next page
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CoMFA CoMFA CoMSIA CoMSIA
S. No. X Y Z Actual pIC,; predicted pIC,; residual predicted pIC , residual
4h 8-OCH, 3.420 3.358 0.062 3.349 0.071
NI
“OH
4i 8-H 3.455 3.524 —-0.069 3.556 -0.101
I
N
“OH
4j o ﬁ 8-OCH, 1.625 1.944 -0.319 1.895 -0.270
N/\/N\/

Reproduced with copyright permission from American Chemical Society and Elsevier.

(X substitution) of quinoline ring, indicates that the
bulky substitution favours the activity. The presence
of bulky group like 1-(benzo[d][1,3]dioxol-5-yl)etha-
none at 4th position substitution (compound 1c) is
conducive for activity. Naturally, 1-(benzo[d][1,3]
dioxol-5-yl)ethanone is more bulky in the series, while
acetophenone is less at 4th position thus compound
1c is more active than la. The activity may further be
enhanced by substituting some bulkier group like pro-
pyl, isopropyl or long chain alkyl at 1-(benzo[d][1,3]
dioxol-5-yl)ethanone. The yellow contour above the
furan ring system (Y substitution) leads to cause less
steric contribution. Thus the presence of small group
substitution or unsubstitution (such as the presence
of H in compound 1d) enhances the biological activ-
ity. Similarly, blue contour on top of the furan ring
substitution, indicates that substitution with electro-
negative groups like CN, F, Cl increase the activity (Cl
in compounds 1a and 1c). Electropositive substitution
demonstrated with red contour has no significant
contribution in activity.

CoMSIA results

For selected CoMSIA model, the cross-validated 72 (g*)
value of the training set was 0.533 with four principal
components. The non-cross-validated r* value was
0.985 with an SEE of 0.111 and a covariance ratio (F)
of 194.806 (significant at the 99% level). The field fit
alignment of the quinoline derivatives and the corre-
lation between the experimental activity (EA) and the
calculated activity (PA) are shown in Figures 1 and 4,
respectively. These results reveal the good prediction
ability of generated model. Supplementary data clearly
illustrate the steric, electrostatic, hydrogen-bond
donor, hydrogen-bond acceptor and hydrophobic
field interaction in the CoMSIA model. In the CoMSIA

© 2011 Informa UK, Ltd.

Figure 1. Field fit alignment of quinoline derivatives.

Table 2. The comparison of PLS statistics results of 3D QSAR
models of COMFA and CoMSIA.

PLS statistics CoMFA CoMSIA
PCs 2 4

r? 0.966 0.985
q° 0.592 0.533
SEE 0.167 0.111
Fvalue 84.018 194.806
Pvalue 0.0 0.0
Field Contribution

Steric 0.812 0.271
Electrostatic 0.188 0.092
Hydrophobicity 0.319
H bond acceptor 0.130
H bond donor 0.187

model, the contributions of the steric, electrostatic,
hydrophobic, hydrogen-bond acceptor and hydrogen-
bond donor fields were 31.1, 16.2, 40.9, 03.1, and 08.7%,
respectively (Table 2), and represented graphically in
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Figure 2. Correlation between the experimental and predicted
activities of the developed CoMFA model.

Figure 3. CoMFA contour plots for steric and electrostatic regions.
Green counters indicate the bulky group region, whereas yellow
counter indicates region where bulky groups are notrequired. Blue
counters indicate the region needed electronegative contribution,
whereas red counters indicate the region where electropositive
contribution required.
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Figure 4. Correlation between the experimental and predicted
activities of the developed CoMSIA model.

Figure 5. The contour maps of generated fields are
shown in Figure 5. Similar to CoMFA, the presence of
green contour near the forth amine substituted qui-
noline derivatives indicated that the bulky groups (i.e.
1-(benzo[d][1,3]dioxol-5-yl)ethanone) at this position
increased activity (X substitution; compound 1c). The

Figure 5. CoMSIA contour plots. Green counters indicate the
bulky group region, whereas yellow counter indicate region
where bulky groups are not required. Blue counters indicate
the region needed electronegative contribution, whereas red
counters indicate the region where electropositive contribution
required. The white contour near suggest that hydrophobic
groups will increase activity. The purple and orange contour for
both hydrogen-bond donor favour and not favour, respectively,
in biological activity. Similarly contour for both hydrogen-bond
acceptor favour and disfavour are showed by magenta contour
and red contour, respectively.

yellow contour above the furan ring system indicates
that bulky substituents at this position decrease anti-
cancer activity (Y substitution) and small group sub-
stitution or unsubstitution (i.e. H in compound 1d)
enhance the biological activity. The blue contour above
the furan ring indicates that the biological activity will
increase by an electronegative group at the aforemen-
tioned positions (i.e. presence of Cl in compounds la
and 1c). The insignificant red region points to electro-
positive substitutions specify no significant changes in
biological activity. In the hydrophobic contour plots,
the white contour near 5th, 6th and 7th positions of
quinoline ring and the 1st, 2nd and 3rd positions of
furan ring system suggest that hydrophobic groups like
long chain alkayls at this position will increase activity
(compound 1d). The purple and orange contours for
both hydrogen-bond donor favoured and not favoured
are absent showing no contribution in biological activ-
ity. Similarly, contours for both hydrogen-bond accep-
tor favoured and disfavoured (magenta contour and
red contour, respectively) showed no contribution in
anti-cancer activity.

Conclusion

In conclusion, current QSAR studies have established
a reliable 3D QSAR (CoMFA and CoMSIA) models. The
developed models, significant and reliable, indicate the
importance of substitution at respective positions for
anti-cancer activity, which can efficiently guide further
modification of quinoline analogs to obtain more potent
anti-cancer quinoline derivatives.
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