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Keywords molecular similarity indices analysis (CoMSIA) models were catried out on a serie
of thirty -two of novel triazoles quinine derivatives as antimalarial agents having
v 3D-QSAR, pICsy ranging from 7.568 to 4.387 (ICsy in nM). The CoMFA and CoMSIA models
v" Antimalarial, were employed to predict biological activity of twenty-six compounds used as
v/ CoMFA, training set, they give a significant coefficient of determination R (0.98 and 0.95,
v CoMSIA, respectively) as well as a high values of leave-one-out cross validation coefficient
v’ Molecular docking, Q” (0.61 and 0.76, respectively). The predictive ability of these models was

determined using a test set of 6 molecules with predicted determination coefficients
Rtest® values 0.92 and 0.85 respectively. Based on these results and contour maps
produced by the COMFA and CoMSIA, we proposed new compounds with high
a.sbai@umi.ac.ma ; predicted activities. Furthermore, surflex-docking carried out to confirm the
Phone: +212679364637 stability of predicted molecules in the receptor with PDB code: 1J3K.

v’ quinine- triazole.

1. Introduction

In 2016, World Health Organization (WHO) signalized 216 million clinical cases against malaria and
445,000 deaths [1, 2].

Chinese writings first documented the apparition of malaria approximately five thousand years
ago [3], half of the world's population is still a danger of contracting this destructive disease today [4].
Its broadcast results in 200 and 300 million cases in every year and an estimated 1 to 3 million
malaria-related deaths yearly, most of which are pregnant women and children under the age of five
years [5, 6]. Malaria is a life-threatening parasitic disease transferred by the bite of the Anopheles
mosquito. There are four types of human malaria Plasmodium falciparum, Plasmodium vivax,
Plasmodium ovale, and Plasmodium malaria of which the first two are the more common. The best
lethal species is P. falciparum, found mainly in Africa [7].

P. falciparum gets accrued in the brain capillaries and organ defeats leading to coma and
eventually decease if left untreated. There is increasing prove that the lethality of P. vivax has been
miscalculated [8]. Improvements in malaria explore are frequently reviewed [2, 9, 10] and a recent
monograph [11] will evidence beneficial to the medicinal chemist. This digest covers certain of the
best pertinent progress in malaria drug discovery from 2010 to 2012. The loss of these reasonably
priced [12] and the constant danger of resistance need for the growth of new, effective and economical
antimalarial chemotherapy drugs.
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The triazoles are cyclic organic compounds having a ring with five atoms, having two double bonds
and 3 nitrogen atoms, therefore of formula C,H3;Nj. They are aromatic and are part of the excess cycles
in electrons, exhibit promising in vivo antimalarial activities. Further, diver’s triazole-based drugs
have previously used in clinics for the treatment of various diseases, demonstrating the excellent
pharmaceutical profiles. Moreover, triazole derivatives can be used to fight for clinical unfolding in the
control and eradication of malaria. This review covers the new developments of triazole analogues
mostly triazole hybrids as potential antimalarial [13].

Recently, the development of computational chemistry directed to new successes and challenges
in the drug discovery. Quantitative structure-activity relationship (QSAR) techniques along with
docking methods are used to investigate the structure-activity relationship (SAR) of new compounds
[14]. In this study, Comparative molecular field analysis (CoMFA) [15] and comparative molecular
similarity indices analysis (CoMSIA) [16] were performed to determine regions with the ability to
specific interactions (electrostatic, steric, hydrophobic, hydrogen bonds, which may increase or
decrease the activity). The application of these methods gave the opportunity us to predict the activities
of the molecules under study and to propose some novel triazole derivatives as antimalarial agents.

2. Material and Methods

A database of thirty-two compounds obtained from literature [17] consisted of novel triazole-quinine
derivatives as antimalarial agents, the data set was split into two sets, twenty-six compounds were
selected as training set and six compounds were selected as test set, relying on a random selection to
evaluate the ability of the model founded. The chemical structures of both the training and test set
compounds are listed in figure 1 and table 1. This data is used to build 3D-QSAR model and to
examine their physicochemical properties. For the QSAR analysis the in vitro biological activities ICsg
(nM) were converted into the corresponding pICsy values (i.e. pICsg is the negative logarithm of ICso,
(pICso = —logio (ICsp)). 3D structure building and all modeling were employed using the Sybyl 2.0
program package.

R

Figure 1: The chemical structure of the studied compounds

Table 1: Chemical structures of novel triazole-quinine derivatives.
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Table2: antimalarial and predicted activities of novel triazole-quinine conjugates.

CoMFA CoMSIA
N° pICso Predicted Residuals Predicted Residuals
1* 7,236 7.637 -0.401 7.52 -0.284
i 4,387 4.632 -0.245 5.070 -0.683
3 5,113 4.771 0.342 4.837 0.276
4 4,508 4.879 -0.371 4.71 -0.202
5 4,698 5.004 -0.306 5.250 -0.552
6 5,075 4.859 0.216 5.107 -0.032
7 5,259 5.707 -0.448 4.892 0.367
8 4,920 5.694 -0.774 4.994 -0.074
9 5,657 5.808 -0.151 5.602 0.055
10 6,193 5.952 0.241 5.741 0.452
11 5,886 5.440 0.446 5.615 0.271
12 4,700 5.447 -0.747 5.543 -0.843
13 6,045 5.700 0.345 5.381 0.664
14 6,102 6.127 -0.025 5.93 0.172
15 6,050 5.579 0.471 6.226 -0.176
16 5,920 6.35 -0.43 6.371 -0.451
17 5,698 6.228 -0.53 5.793 -0.095
18 6.000 5.656 0.344 5.62 0.38
19 6,346 6.02 0.326 6.277 0.069
20 5,244 5.50 -0.256 5.592 -0.348
21 5,318 5.477 -0.159 5.618 -0.3
22 5,823 6.085 -0.262 6.037 -0.214
23 5,468 5.724 -0.256 5.296 0.172
24 7,366 7.525 -0.159 7.405 -0.039
25% 6,462 6.959 -0.497 6.388 0.074
26* 5,481 5.95 -0.469 5.939 -0.458
27* 7,431 6.747 0.684 6.954 0.477
28 7,387 7.248 0.139 7.098 0.289
29 7,397 7.347 0.05 7.182 0.215
30 7,522 7.587 -0.065 7.643 -0.121
31 7,568 7.400 0.168 7.501 0.067
32%* 6,055 6.121 -0.066 5.182 0.873

* Test set molecules

2.1.Minimization and alignment

Molecular structures were sketched with sketch module in SYBYL program and optimized using the
standard Tripos molecular mechanics force field [18] with Gasteiger-Hiickel charges [19] by
conjugated gradient method with gradient convergence criterion(0.01 kcal/mol). Simulated annealing
on the optimized structures was performed with 20 cycles. The molecular alignment is the second step
used to develop a performing 3D-QSAR model. Figure 2 shows the 3D structure of the core and
superimposed structures of aligned data set, the data set was aligned by distill alignment technique
available in SYBYL [20] using the best active compound (compound 31) as template.

2.2. 3D-QSAR Studies

To determine the contributions of electrostatic, steric, hydrophobic, bond acceptor and donor fields of
the data set and to construct predictive 3D QSAR models, CoMFA and CoMSIA studies were
employed relying on the molecular alignment methods. These studies were carried out as previously
descriptive in the literature [21].
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Figure 2: 3D-QSAR structure superposition and alignment of training set using molecule 31 as a template.

2.3. CoMFA studies

The CoMFA [15] model was carried out to assess steric and electrostatic energies of the Tripos force
fields implemented in SYBYL-X 2.0, also attempts to establish relationships between these quantities
and the measured activity. The aligned database was carried out in a three dimensional regularly with a
grid spacing of 2 A in all Cartesians directions. A carbon atom with an atomic radius of 1.52 A and
charge +1 was used as a probe to calculate the potentials, which was positioned at each lattice point of
the grid box to generate, respectively, the electrostatic and steric fields, these last two, energy cut-off
value was set by default at 30 kcal/mol [22].

2.4.CoMSIA studies

The CoMSIA [16] model was performed in SYBYL-X 2.0, utilizing the same grid box as employed in
CoMFA computation, and the same training and test sets. Five fields' namely electrostatic, steric,
hydrophobic effect and hydrogen bond acceptor and donor were calculated from analogous actives
molecules, to improve a CoMSIA model. For the computation of hydrogen-bond and hydrophobic
potentials, a probe atom with Hydrogen bond donor or hydrogen bond acceptor of +1 and
hydrophobicity +1 was used and the attenuation factor was set by default at 0.3 [23].

2.5.Partial least square (PLS) analysis

PLS method [24] employed in deriving the 3D-QSAR models is an extension of multiple regression
analysis in which the original variables are superseded by a small set of their linear combinations.
Moreover, in present study, the cross-validation analysis was carried out to determine the value of the
cross-validation coefficient Q°, also optimum number of components (N) and the cross-validated
standard error of predictions Scy. The external validation of various models was carried out utilizing a
test set of six molecules.

To get determination coefficient R, the non-cross-validated analysis was carried out using the N
obtained from the cross-validation analysis. The Q* value defines the internal predictive capability of
the model, whilst R* value assesses the internal consistency of the model. At last, the best QSAR
model was chosen relying on a combination of R* and Q.

2.6.Y-Randomization Test

The Y-Randomization was performed [25] to validate the got models. The Y vector (-loglCs) is
randomly shuffled several times and after every test, a new QSAR model is constructed. The new
QSAR models are predictable to have low values of Q* and R” than those in the original models. Then,
this technique was carried out to avoid the possibility of the chance correlation. If high values of the
Q” and R” are getting, it means that an acceptable 3D-QSAR model can't be generated for this data set
because of the structural redundancy and chance correlation.
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2.7.Molecular Docking

Molecular docking is a technique that allows to identify of the low-energy binding modes of a small
molecule ( ligand) in the active site of a macromolecule (receptor)ln sum, the molecular docking
process commence by the algorithms posing the small ligand in a selected binding site of the target
macromolecule, which can donate several conformations of the ligand. Moreover, the interactions
between the ligand and the macromolecule are assessed with scoring functions to estimate the binding
energy and finally identify the optimal binding mode [26].

In present study, this technique was carried out using Surflex-dock available in SYBYL-X.2.0.This
latter was performed for the preparation steps of proteins and ligands for the docking protocol.
Furthermore, Discovery Studio 2016 [27] and PyMol [28] software’s were carried out to analyze the
obtain results.

2.7.1. Macromolecule preparation

The antimalarial protein was downloaded from the Protein Data Bank (http://www.rcsb.org), (PDB
entry code: 1J3K) [29]. The ligand was extracted then the most and the less active ligands (compounds
31 and 2) from our data set were docked in the active site of the studied enzyme. Moreover, Discovery
Studio 2016 is used to prepare the PDB file [28]. Then solvent molecules and cofactors were extracted
from the model.

2.7.2. Ligand preparation

For docking study, the 3D structures of ligands (compounds 31 and 2) were constructing using the
SKETCH option in SYBYL. Moreover; they were minimized under the Tripos standard force field
[18] with Gasteiger-Hiickel charges [19] by conjugated gradient method with gradient convergence
criterion of 0.01 kcal/mol A in SYBYL software.

3. Results and discussion
3.1. CoMFA results

PLS summary shows that COMFA model has high R* (0.98) and F (229.904) values, small estimation
error Scv (0.149), the cross-validated determination coefficient Q* (0.61) with four optimum number
of components. The external predictive ability of QSAR model is usually cross checked and validated
using test sets. The six randomly selected test sets-were optimized and aligned in the same manner as
training sets. The external validation gave high value of Rtest® (0.92) indicating that prediction ability
of CoMFA model is acceptable. Moreover the rations of steric and electrostatic contributions were
found to be 58:42 which indicate that steric interactions are much more important than electrostatic.

3.2. CoMSIA results

To explain and predict quantitatively the electrostatic, steric, hydrophobic, donor bond and acceptor
fields effects of substituents on antimalarial activity of 32 compounds. A 3D-QSAR model was
proposed based on CoMSIA descriptor.

Different combinations of five fields were generated. The best CoMSIA proposed model contains
mainly four fields (Electrostatic, donor and Acceptor, Hydrophobic). Table 2 indicate that CoMSIA
developed model has high Cross and non-cross validated correlation coefficients with Q*(0.76) and R*
(0.95) respectively, The F test value (95.894) values, Standard error estimation obtained has a low
value 0.228 and optimal number of principal components is two, which is reasonable considering the
number of molecules used to build the model.

Finally, the prediction ability of the proposed model is confirmed by using the external validation, the
Rtest” value obtained is 0.85.These statistics results demonstrated the good stability and the powerful
predictive capability of CoOMSIA model.
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Table 3: PLS Statistics of COMFA and CoMSIA models

R? Scv F
098 0.149 229.904

Model Q’
CoMFA 0.61

CoMSIA 0.76 095 0.228 95.894

Fractions
N Rtest” Ster  Elec Acc  Don Hyd
4 0.92 0.578 0.422 - - -
2 0.85 0.063 0.253 0.269 0.198 0.217

R%: Non-cross- validated determination coefficient
Q”: Cross-validated determination coefficient

N: Optimum number of components

F: F-test value

Scv: Standard error of the estimate.

Rtest’: External validation determination coefficient

The correlations of predicted and observed pICsy values are displayed in figure 3.
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Figure 3: Experimental versus predicted activity of the training and test set relying on the COMFA and CoMSIA model.

According to the figure 3 we notice a regular distribution of activity values depending on the
experimental values. Moreover, the determination coefficient R* and Rtest” of COMFA Model is higher
than CoMSIA’s; while Q? is lower. And about the value of the standard error, we notice that COMFA
model has a high Scv than CoMSIA’s model that is showed in Figure 3.

3.3. Graphical Interpretation of CoMFA and CoMSIA results

CoMFA and CoMSIA contour maps were produced to streamline regions where the activity can be
decreased or increased. COMFA contours are illustrated in figure 4 (a, b), while COMSIA contours are
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displayed in figure 5 (a, b, c, d, e), in this study, compound 31 was used as a reference structure.

3.4. CoMFA Contour Maps

CoMFA steric interactions are showed with green and yellow colors (figure 4.a); while electrostatic
interactions are showed with red and blue colored contours (figure 4.b). The bulky substituents are
favored around green regions, while yellow regions bulky substituents are unflavored. Moreover, the
blue regions indicate that nucleophilic groups are favored, while, and in the red regions are unflavored.

a) b)

Figure 4: Std* coeff. Contour maps of COMFA analysis with 2 A grids spacing in combination with compound 31. a)
Steric fields: yellow contours (20% contribution) show regions where voluminous groups are required to decrease the
activity, while green contours (80% contribution) show regions where voluminous groups are required to increase the
activity. b) Electrostatic fields: red contours (20% contribution) show regions where groups with negative charges increase
activity, while blue contours (80% contribution) show regions where groups with positive charges increase activity.

The figure 4 shows, that bulky groups with electro-donating character around the methyl of phenyl can
increase the activity of the compounds. This result can explain the high activity of some compounds in
the data set such as compound 24 (pICsp= 7.36), compound 29 (pICsp= 7.39) and compound 30
(pICso= 7.52) that have an electro-donating bulky groups.

Moreover, the bulky groups with electro-donating character near to position 4 of 1.2.3 triazolic cycle
can increase the activity. And using groups with electro-attracting character near of this position can
also increase the activity. Besides, groups with electro-attracting character around 1.2.3 triazolic cycle
would improve the activity.

In addition, green contour around meta position of phenyl indicate that bulky group in this position can
increase the activity.

3.5. CoMSIA Contour Map

Green contours around ortho and meta positions of phenyl group indicate that bulky groups in these
positions can increase the activity. While yellow contour around ortho, meta positions of phenyl and
hydrogen atom of 1.2.3 triazolic cycle explain why compounds with small substitutions in these
positions have a high activities (figure 5a).

Bleu contour near to position 4 of 1.2.3 triazolic cycle means that the substitution with electron-
donating groups would increase the activity. While red contours around the 1.2.3 triazolic cycle can
decrease the activity (figure 5b).

Yellow contour around meta and para positions of phenyl indicate that hydrophobic groups may
increase the activity, while the white contour around ortho position of phenyl and near the 1.2.3
triazolic cycle indicates that hydrophilic groups are favored (figure 5c).

Magenta contour around oxygen atom, positions 3, 4 of 1.2.3 triazolic cycle and position near to
position 4 of this group explain that substituent with hydrogen bond acceptor character can increase
the activity. Whereas, red contour cover hydrogen atom exposed the importance of the hydrogen bond
donor group (figure 5d).
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Cyan contour around ortho, meta and para positions of phenyl group indicates that substituent with
hydrogen bond donor character in these positions would improve the activity (figure Se).

These results explain very well the high activity obtained of compound 31 which has hydrophobic
groups (CHs) in para position of phenyl.

a)

b)

Figure 5: Contour maps of COMSIA analysis with 2 A grids spacing in combination with compound 31.a) steric fields:
yellow contours (20% contribution) designate regions where huge groups decrease activity, whereas green contours (80%
contribution) designate regions where huge groups improve the activity, b) Electrostatic fields: red contours (20%
contribution) demonstration regions where electron-withdrawing groups growth activity; blue contours (80% contribution)
demonstration regions where electron- withdrawing groups reduce activity, ¢) Hydrophobic fields: white contours (20%
contribution) designate hydrophobic groups are unfavorable, whereas yellow contours (80% contribution) demonstration
hydrophobic groups are preferred, d) H-bond acceptor fields: Magenta contours (80% contribution) show regions where an
H-bond acceptor substituents improve the activity, red contours (20% contribution) designate regions where H-bond
acceptor substituents reduce the activity. €) H- bond donor fields: Cyan contours (80% contribution) show regions where
H-bond donor substituents growth activity while purple contours (20% contribution) show regions where H-bond donor
substituents reduce the potency.
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3.6. Y-Randomization

To affirm the CoMSIA and CoMFA models, the Y-Randomization method is executed. Divers random
shuffles of the dependent variable were carried out then after every shuffle, a 3D-QSAR was
developed and the obtained results are illustrated in Table 4. The feeble Q* and R values obtained
after every shuffle showed that the good result in our original CoOMFA and CoMSIA models are not
due to a chance correlation of the training set.

Table 4: Q* and R? values after random Y-randomization tests

CoMFA CoMSIA
Iteration Q’ R? Q’ R?
1 -0.07 0.88 0.21 0.77
2 0.009 0.95 0.28 0.88
3 -0.19 0.91 -0.005 0.85
4 0.06 0.95 -0.34 0.78
5 -0.78 0.97 -0.45 0.77
6 0.22 0.98 0.12 0.87

3.7. New designed molecules
Relying on the proposed 3D-QSAR (CoMFA/CoMSIA) models, five new triazoles analogues were
designed (Table 5). The new predicted structure X1 shows higher activity (pICso = 7.923 for CoMSIA)
than compound 31 that’s the most active compound of the series (table 6).

Moreover, these newly molecules were minimized and aligned to the database using compound 31.

Table 5: Predicted pICs, of newly designed compounds based on CoMFA and CoMSIA 3D-QSAR models.

N° Predicted plCsg
CoMFA CoMSIA
X1 7.141 7.923
X2 7.329 7.879
X3 7.312 7.860
X4 7.340 7.845
X5 7.148 7.756
Table6: Structures of newly designed molecules.
N° Proposed compound Proposed compound

X1

X1

NO2

Cl

X4

NO2
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Cl

X2 X5

Cl

X3

3.7. Docking results

Surflex-dock was applied to expound the activity of the compounds, and its relation with the
interactions between the active molecule (compound 31), the inactive molecule (compound 2) and the
proposed molecule (compound X1) with receptor (PDB ID: 1J3K)

According to figure 6, the active compound (compound 31) presents a pi-Alkyl interaction with LEU
A:119, ILE A:112, PHE A:58, MET A:55 residues around R group explain the high activity of
compound 31, and it is according to CoMSIA contour maps analysis, pi-Lone Pair with ASN A:108
residue, pi-sigma interaction with VAL A:195 residue, conventional hydrogen bond interaction with
LEU A:46 residue, pi-donor hydrogen bond interaction with LEU A:40, SER A:111, GLY A:166
residues. While the inactive compound (compound 2) figure 7, presents, pi-donor hydrogen bond with
SER A:111, ASN A:108, THR A:107, VAL A:45, GLY A:44 residues, pi-Alkyl interaction with MET
A:55, PHE A:58, VAL A:195, ILE A:112, LEU A:46 residues. Which means that group R in
compound 31 (the active compound) presents a lot of hydrogen bond than compound 2(the inactive
compound).

METS55 LEU46 LEU40

PHES8 /

! GLy1es
/,,‘ \\ '

7 JEn2 SER1M1
/.

ASN108
LEU11Y

Figure 6: Docking interactions between the protein 1J3K and the compound 31 as the active compound in database.

Furthermore, the proposed X1 compound figure 8 shows pi-Alkyl interaction with ALA A:16, LEU
A:40, ILE A:112, LEU A:46, PHE A:58, LEU A: 119, VAL A:195, MET A:55, ARG A:59 residues,
carbon hydrogen bond interaction with ASP A: 54, VAL A:45, ASN A:108, SER A: 111 residues, pi-
pi T-shaped with PHE A: 116 residue, and conventional hydrogen bond interaction with TYR A:170
residue, these interactions explain the stability and the high activity of the proposed compound.
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The figure 9 shows the green color around R group designate the regions where H-bond acceptor is
preferred, whereas the brown color around R1 shows where hydrophobic groups are preferred. In

conclusion all these results have been used for the design of new molecules with high antimalarial
activity against the malaria.
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Figure 7: Docking interactions between the protein 1J3K and the compound 2 as the inactive compound in database.
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Figure 8: Docking interactions between the protein and the proposed compound X1.

Hydrophobicity
3,00
200/
1,00
0,00

-1,00

-200

-3.00

Acceptor Bl

Figure 9: The interaction H-bond and Hydrophobicity between the compound 31 (active molecule) and the protein 1J3K,
visualized with Discovery studio visualizer program.

Khaldan et al., J. Mater. Environ. Sci., 2020, 11(3), pp. 429-443 441



Conclusion

In conclusion, the present study shows an excellent results of 3D-QSAR model using COMFA (Q’=
0.61, R>=0.98) and CoMSIA (Q*= 0.76, R*= 0.95) models that produce equally good models in term
of several rigorous statistical keys, such as Q* and Rtest’, for both the internal and external data sets.
3D-QSAR employed to explore the structure-activity relationship of novel triazole-quinine derivatives
as antimalarial agents. Besides, COMFA and CoMSIA contours results provided ample information to
comprehend the structure—activity relationship and identify structural features influencing the activity.
Based on their contours maps new triazoles-quinine was proposed with high antimalarial activity.
Meanwhile, molecular docking confirmed the stability of high and low active compounds and also the
new proposed ones by interpreting interactions between these compounds and antimalarial receptor. So
this results show that the large difference between the least and most compounds, this is due to lack of
halogen interactions in the case of the compound inactive, which affirms CoMFA and CoMSIA
results.

Acknowledgments- we are grateful to the “Association Marocaine des Chimistes Théoriciens”
(AMCT) for its pertinent help concerning the programs.
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