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Resumo 
Um modelo QSAR foi formado com um total de vinte e cinco derivados da quinolina methanol substituídos 

na posição-4, com atividade anti-malária que inibe o crescimento da sepa W2 do Plasmodium falciparum. O 

programa DRAGON foi usado para produzir os descritores. O programa MOBYDIGS foi usado para 

construir um modelo QSAR composto de três descritores, RDF065m, Mor15e, G1m. O modelo QSAR 

satisfaz todos os critérios requeridos para a sua validação, indicando que o modelo é robusto com boa 

habilidade de previsão. A atividade biológica de vinte e três novos compostos foram modelados com cálculos 

usando o modelo QSAR. Os resultados previram que cinco dos novos compostos modelados têm maiores 

atividades biológicas do que qualquer um dos observados. Sugere-se a síntese desses compostos. 

 

Palavras-chave: Malária, Relacionamento quantitativo da estrutura e atividade, modelagem molecular. 

 

Abstract 

 

A QSAR model was formed with total of twenty five 4-position quinoline methanol antimalarials that inhibit 

the growth of W2 strain of the Plasmodium falciparum. The DRAGON software was used to produce 

descriptors. The MobyDigs software was used to build a QSAR model, which is composed of three 

descriptors, RDF065m, Mor15e, G1m. The QSAR model satisfies all the criteria required for validation, 

indicating that the model is robust and good predictive ability. Biological activity of twenty three newly 

modeled compounds were calculated using the QSAR model. Five newly modeled compounds are predicted 

to have higher biological activities than any one of the observed. They are suggested for synthesis. 
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1. Introduction 
Malaria is one of the oldest diseases known 

by man (CAMARGO, 2003). The protozoa of the 

generous Plasmodium disease cause this disease. Its 

transmission to humans occurs by infected female 

Anopheles. In 2008, four species of human malaria 

were described, Plasmodium falciparum, P. vivax, 

P. ovale and P. malariae. A study published in 2012 

indicates that malaria is responsible for killing 1.2 

million people per year worldwide, with nearly 

double the previously estimated by the OMS 

(CHAN, 2011, MURRAY, et al., 2012). In Brazil, 

more than 500 000 are affected each year and of 

these, 99.9 % of the cases are concentrated in the 

Amazon region, because it is a region favorable to 

the development of Plasmodium (SAMBO et al., 

2000). Plasmodium falciparum is the most virulent 

species of the plasmodium and is the cause of more 

serious form of malaria, which in most cases may 

lead to death (SANTOS, 2009). An aggravating 

factor is the resistance to antimalarial drugs. It is 

justified by the principle of evolution of species 

(FRANCA, 2008). This makes the search for new 

drugs for known targets, as well as the search for 

new targets for chemotherapy. It becomes an 

ongoing challenge for the scientific community. 

Taking into consideration the severe 

problem in cases of resistance of Plasmodium 

falciparum to existing antimalarials (MOORE et al: 

1961, MOCKENHAUPT et al. 1995.). Milner and 

collaborators (2010) reported the construction of a 

library of next generation of quinoline methanol 

(QM) obtained from mefloquine, for the purpose of 

early identification of compounds that have 

biological properties compatible with the profile of 

the target products for carrying out the 

chemoprophylaxis of malaria.  

Quantitative Structure Activity Relationship 

(QSAR) is a powerful technique used to study a set 

of compounds. It is useful to predict the unknown 

biological activity of a newly modeled compound. It 

helps to propose new compounds with competitive 

biological activities, before performing their 

synthesis in the laboratory. 

The first objective of this work is to build a 

QSAR model for the 25 compounds of the 

antimalaria of quinoline methanol type, with 

antimalarial activity against W2 strain of 

Plasmodium falciparum determined experimentally 

(MILNER et al., 2010). They are classified into five 

groups, A, B, C, D, and E (Figure 1). The second 

objective is to propose new compounds with 

competitive biological activities. Here instead of 

using the original names of compounds (MILNER 

et al., 2010) that begin with the letters WR, we will 

use the numbers 1, 2, 3, ....., 25, (Table 1). 
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Figure 1 - Five groups (A) - (E) quinoline methanol with 

substituents in position 4. 

 

2. Materials and methods 
Models and computational details: 

   Initially we built a database with the 25 

methanol quinoline compounds substituted in 

position 4, adapted from the literature (MILNER et 

al., 2010), with quantitative values of IC90 (ng / mL) 

in vitro against W2 strain of Plasmodium 

falciparum. These values were converted to 

concentration, mol / L, and biological activity of 

each compound was calculated as log 1/IC90 (mol / 

L) . (Table 1). 

Each molecule in the ground state was 

optimized in vacuum with the semi- empirical AM1 

method (DEWAR at al.,1985), assuming that the 

effect of solvent on the molecular geometry of 

substituted quinoline methanol is small due to the 

rigidity of the central part of the molecules. Here the 

use of semi- empirical method is suitable due to the 

size and the large number of molecules to be 

optimized. 
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Table 1 - The IC90 values (ng / ml) in experimental in vitro against W2 strains of P. falciparum of 25 compounds divided 

into five groups of compounds of quinoline methanol (QM) from literature,10 A (Fig. 1A), B (Fig. 1B), C (Fig. 1C), D 

(Fig.1D), E (fig.1E) . The values of biological activity, log 1/IC90 were calculated using IC90 (mol/L).The original name of 

each compound begins with the letters WR 

 

Compounds 
  

  
  

R1 

  

R2 

IC90 

(ng/mL) 

  

IC90 (mol/L) 

  

log 1/IC90 

  
  

Group A; Figure 1A 

1 

2 

3 

4 

WR308314  

WR308245  

WR308246  

WR308254 

  

  

  

  

H 

H 

Me 

Et 

H 

Me 

Me 

Et 

n-Pr 

i-Pr 

n-Pr 

n-Bu 

470 

17 

20 

9 

1 

5 

5 

2 

1.449E-06 

5.025E-08 

5.677E-08 

2.366E-08 

2.730E-09 

1.365E-08 

1.224E-08 

5.258E-09 

5.84 

7.30 

7.25 

7.63 

8.56 

7.86 

7.91 

8.28 

5 

6 

7 

8 

9 

WR183544 

WR308257 

WR308277  

WR177000 

WR176990  

  

  

  

  

  

H 

H 

n-Pr 

H 

n-Bu 

n-Bu 2 4.582E-09 8.34 

10 

11 

12 

  

13 

WR308607  

WR183545  

WR308442  

 Group B; Figure 1B 

WR308258 

  

  

  

n 
1 

H 

H 

H 

R1 
H 

i-Bu 

t-Bu 

n-hex 

R2 
OH 

2 

19 

124 

  

260 

5.258E-09 

4.995E-08 

3.036E-07 

  

7.339E-07 

8.28 

7.30 

6.52 

  

6.13 

14 

15 

16 

17 

18 

  

19 

20 

21 

  

22 

23 

24 

  

25 

WR308412 

WR308622 

WR308278 

WR308411 

WR308396 

Group C; Figure 1C 

WR308251 

WR308252 

WR308253 

Group D; Figure 1D 

WR308437 

WR308623 

WR308764 

 Group E; Figure 1E 

WR308621 

1 

2 

2 

0 

1 

n 

0 

1 

2 

R1 

Et 

n-Pr 

H 

  

  

H 

H 

H 

H 

H 

  

  

  

  

R2 

Me 

H 

Benzeno 

  

  

OMe 

OMe 

SMe 

CF3 

NHBn 

  

  

  

  

R3 

H 

H 

Benzeno 

  

  

15 

12 

10 

500 

6 

  

484 

19 

19 

  

69 

360 

120 

  

46 

4.073E-08 

3.139E-08 

2.510E-08 

1.275E-06 

1.353E-08 

  

1.209E-06 

4.585E-08 

4.435E-08 

  

1.546E-07 

8.064E-07 

2.156E-07 

  

1.129E-07 

/7.39 

7.50 

7.60 

5.89 

7.87 

  

5.92 

7.34 

7.35 

  

6.81 

6.09 

6.67 

  

6.95 

 

The DRAGON software (DRAGON, 2006) 

was used to calculate the descriptors. The 

DRAGON offers a package of twenty blocks of 

descriptors, ranging from 0D to 3D descriptors. 

Initially, it was calculated for a total of 1,664 

descriptors and those with inter correlation values 

greater than 0.9 were eliminated, which reduced the 

number of molecular descriptors of each molecule 

to 1226. 

The 25 compounds were divided into two 

sets: training set and test set. The test set consists of 

four compounds 2, 4, 8 and 13, the remaining 

twenty-one compounds belong to the training set. 

The MobyDigs program (MOBYDIGS, 2009) was 

used for the selection of three descriptors and the 

construction of a QSAR model for the training set. 

The QSAR model was also used to assess the 

predictability of the biological activity of the test 

set. 

We employ the three descriptors in the 

QSAR model, because it requires at least five 

compounds for each variable included in the model 

(GAUDIO et al. 2001). The genetic algorithm (GA) 

(GOLDBERG et al., 1989) was used for selection of 

the best combinations of variables. The QSAR 

model was evaluated to the following aspects; 
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degree of fitness, degree of significance, degree of 

predictability and others. Many authors use q2 

(square of correlation coefficient of the cross-

validation) to evaluate degree of predictability and 

q2 values above 0.5 is considered as the predictive 

model (GOLBRAIKH et al., 2002). To evaluate the 

predictability of a set of external compounds, q2
ext 

(the square of the correlation coefficient of the 

external cross-validation) is widely used (CHIRICO 

et al., 2011). 

Todeschini et al. (2004) proposed a set of 

validation criteria severe than q2, using RQK 

adjustment function, which was also adopted in this 

work . For the QSAR model to be considered valid 

and robust, the QUICK rule must be obeyed: 1. 

Collinearity between Kxy - Kx > DK variables -, 

otherwise there is high collinearity, where DK 

means the difference (D) of the values of K; 2. 

Capacity of foresight q2 > q ° (Reference q0 > 0.5), 

otherwise the model must be reject; 3. Capacity of 

the model prediction q2 – q2 ASYM > dq, otherwise 

the predictive capacity of the model is questionable, 

where q2
ASYM is q2 asymptotic and dq means the 

difference (d) of the values of q2 ; 4. Redundancy in 

rP > tP variables, otherwise exists redundancy in the 

explanatory variables; 5. overfitting rN > tN, 

otherwise there is overfitting due to noise variables . 

Unless all these criteria are not simultaneously 

satisfied, the model is rejected. Since all the 

parameters of the five criteria, such as q2
ASYM, rP and 

others, are defined and explained in detail in the 

literature (CHIRICO et al., 2011), we do not repeat 

here anymore .  

 
3. Results and discussion 

The best QSAR model obtained with the 21 

compounds of the training set is represented by 

 

Equation 1 (Eq.1), where Y = log 1/IC90 

(mol), biological activity; 

 

 Y = 24.19487 (± 4.69343) -0.16668 (± 0.06613) 

RDF065m -1.4386 (± 0.60577) Mor15e -78.68588 

(23.81521 ±) G1m    (1) 

 

 (n = 21, r2 = 0.8035 s = 0.394, F = 23.2, q2 = 0.7335 

; q2
boot = 0.6166, ; q2

ext = 0.8031 ; SDEP = 0.413 ; 

SDEC = 0.355 ; Kxx = 23.24, KXY = 31.34, a (r2) = 

0.066, a (q2) = -0.481) .  

The statistical parameters of Eq. 1 are:  

i) n is the number of compounds included in the 

model;  

ii) r2 is the square of the correlation coefficient; 

iii) s is the standard deviation and F is the 

significance parameter or Fisher's F test (95 % 

confidence);  

iv) q2 is the square of the correlation coefficient 

of cross validation;  

v) q2
boot is the square of the correlation 

coefficient of cross validation" bootstrap" method;  

vi) q2
ext is the square of the correlation 

coefficient of the external cross-validation;  

vii) SDEP is standard deviation error of 

prediction;  

viii) SDEC is the standard deviation error of 

calculation;  

ix) Kxx is the total correlation in the model 

predictors (x) and Kxy is the total correlation in 

the set given by the model predictors X plus the 

response Y.  

x) a(r2) and a(q2) are the parameters derived 

from Y- randomization.  

The degree of predictability of the model can be 

assessed by q2
ext value. The q2

ext = 0.8031 value 

indicates that the quality of the prediction is good. 

The q2
boot value = 0.6166 is close to the value of q2 = 

0.7335, indicating that predictability is reasonable. 

According to the literature (ERIKSSON, et al., 

2003), if the values of the parameters derived from 

Y- randomization are met, a(r2) < 0.3 and a(q2) < 

0.05, the QSAR model can be considered robust. 

The two parameters obtained in Eq.1 has the values 

a(r2) = 0.066, and a(q2) = -0.481, respectively. As 

the values a(r2) and a(q2) calculated satisfy the 

criteria in the literature, our QSAR model (Eq.1) is 

robust . 

Table 2 shows the validation of QSAR, with 

QUIK rule using RQK parameters. The calculated 

RQK parameters satisfy all the five criteria listed in 

the table. This demonstrates that the QSAR model 

(Eq.1) satisfies a validation more severe than q2. 

The analysis of the quality of the model can 

be made with the aid of Figure 2 and Table 3 also. It 

is observed that most of the compounds is close to 

the fitted line. Table 3 shows the experimental 

(Yexp) and calculated (Ycalc) values of activity of 

the 21 compounds of the training set and the values 

of the predicted activity (Ypred) of the 4 test 

compounds, as well as the corresponding errors and 

Hat, obtained by using the QSAR model (Eq. 1). 
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Table 2 - The validation of QSAR model (equation 1) 

with the QUIK rule using RQK parameters  
 
Criteria for Approval  

1. Collinearity among 
variables 

Kxy - Kx > DK 

 
 

Kxy 

31.34 
Kx 

23.24 
Kxy - Kx 

8,1 

 

DK 
0.081 

 

 
2. Capacity of 

Prediction 

q2
 > qº (Referência qº > 

0,5) 

 

 

q2
  

0,77 

qº 

>0,5 

  

3. Predictive capacity of 

the model 
q2

 – q2
 ASYM > dq 

 

 

q2
  

0,7699 

q2
 ASYM 

0.77075 

q2
 – q2

 

ASYM 

-0,00085 

dq 

-
0.005 

4. Redundancy in the 

variables 
rP > tP  

 

 

rP 

0,494 

tP 

0,1 
  

5.Overfitting 

(overfitting) 
rN > tN  

 

 

rN 

-0,101 

tN 

-0,311 
  

5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0
5.5

6.0

6.5

7.0

7.5

8.0

8.5

Y
c
a
lc
u
la
te
d

Yexperimental
  

Figure 2- Experimental biological activity 

(Yexperimental) versus calculated activity (Ycalculated). 

 
Table 3 - The values of experimental activity (Yexp), 

calculated (Ycalc), predicted (Ypred), the calculated 

error (Calc. Err.), The predicted error (Err. Pted.) and 

Hat, for the training and test sets . 
 

Criteria for Approval  

1. Collinearity among 
variables 

Kxy - Kx > DK 

 
 

Kxy 

31.34 
Kx 

23.24 
Kxy - Kx 

8,1 

 

DK 
0.081 

 

 
2. Capacity of 

Prediction 

q2
 > qº (Referência qº > 

0,5) 

 

 

q2
  

0,77 

qº 

>0,5 

  

3. Predictive capacity of 

the model 
q2

 – q2
 ASYM > dq 

 

 

q2
  

0,7699 

q2
 ASYM 

0.77075 

q2
 – q2

 

ASYM 

-0,00085 

dq 

-
0.005 

4. Redundancy in the 

variables 
rP > tP  

 

 

rP 

0,494 

tP 

0,1 
  

5.Overfitting 

(overfitting) 
rN > tN  

 

 

rN 

-0,101 

tN 

-0,311 
  

 

The Williams plot (Figure 3) is to assess the 

applicability domain (AD) of each of the training set 

(GRAMATICA, 2007). All the compounds are 

within the limit of AD, inside of the 3σ range . All 

compounds are below the limit of the Hat value 

indicated by the dotted line between 0.5 and 0.6 .  

 

 
 

Figure 3 - The William plot. The dotted vertical line 

represents the limit of the applicability domain. 

 

The RDF065m descriptor in the QSAR 

model (Eq. 1) corresponds to Radial Distribution 

Function -6.5 weighted by atomic mass. The 

Mor15e descriptor represents the signal 3D Morse - 

signal 15 weighted by atomic Sanderson 

electronegativity. The G1m descriptor represents the 

first component symmetry directional WHIM index 

weighted by atomic mass. The WHIM (Weighted 

Holistic Invariant Molecular descriptors) are 

geometric descriptors based on statistical indices 

and calculated projections of the atoms along the 

principal axes. The three descriptors are constructed 

to capture relevant information of the molecule. 

They are important to build the QSAR model (Eq.1) 

that is robust and high predictability. All 

coefficients of the three descriptors have negative 

signs. This means that the smaller the values of the 

descriptors, greater will be the biological activity of 

the compound. To model a new compound with 

high activity, the new compound should have the 

lowest possible values of the three descriptors. The 

QSAR model (Eq.1) does not allow one to extract 

any practical information about the relationship 

between biological activity and molecular structure 

of the compound, because of the complex nature of 

the three selected descriptors. The principal utility 

of the QSAR model is that it can be used to predict 

the biological activity of a new compound, whose 

biological activity is not yet known. The largest 
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experimental activity in Table 1 is Yexp = log 1/IC90 

= 8.56 of the compound 5 (WR183544). Our next 

goal is to model new compounds whose activities 

may be greater than 8.56. Twenty three new 

compounds was modeled and listed in Table 4 (n1 - 

n23. They all belong to group A (Figure 1A) which 

shows the highest experimental activities (Table 1). 

The model was treated as follows: (i) The molecular 

geometry of each compound was optimized by the 

semiempirical method AM1. (ii) The values of the 

three descriptors RDF065m, Mor15e, G1m, of the 

each optimized molecule were calculated with the 

Dragon program, and they are listed in Table 4. 

Finally, the biological activity of the new molecule 

was calculated by the QSAR model (Eq. 1) 

replacing the three descriptors in the equation. The 

calculated value is the value of the predicted activity 

(Ypred), which is listed in Table 4. Five new 

compounds listed present higher activities than 8.56, 

which is the largest observed activity. They are n19 

(Ypred = 8.74), n11 (Ypred = 8.73), n20 (Ypred = 8.65), 

n8 (Ypred = 8.64), n23 (Ypred = 8.63) which are 

suggest for synthesis. 

 

 

Table 4 - List of 23 new compounds. All compounds belong to the Group A (Figure 1A). The predicted biological activity 

(Ypred), was calculated with the QSAR model (Eq. 1) for each new compound, using the three selected descriptors, 

RDF065m, Mor15e, and G1m. 

 
new 

compounds R1 R2 Yprev  RDF065m Mor15e G1m 

n1 

n2 

n3 

n4 

n5 

n6 

n7 

n8* 

n9 

n10 

n11* 

n12 

n13 

n14 

n15 

n16 

n17 

n18 

n19* 

n20* 

n21 

n22 

n23* 

Me 

Me 

Me 

Me 

Et 

Et 

Et 

n-Pr 

n-Pr 

n-Bu 

n-Pent 

H 

H 

H 

H 

n-Pr 

Cyclobutane 

n-Pr 

Cyclohexane 

H 

H 

H 

H 

Et 

n-Pr 

n-Bu 

n-Pent 

n-Pr 

n-Bu 

n-Pent 

n-Bu 

n-Pent 

n-Pent 

n-Pent 

cyclohexane 

cyclopropane 

cyclobutane 

cyclopentane 

cyclobutane 

cyclobutane 

cyclohexane 

cyclohexane 

-C=C-C-C-C 

-C≡C-C-C-C 

-C(O)-N-C-C-C 

-C(O)-N-cicloexano 

8,03 

8,09 

8,47 

7,79 

8,39 

7,88 

7,44 

8,64* 

8,05 

8,10 

8,73* 

8,12 

6,33 

7,96 

7,77 

7,00 

7,88 

8,15 

8,74* 

8,65* 

8,44 

6,56 

8,63* 

22,199 

23,449 

23,987 

24,183 

22,177 

23,469 

23,569 

25,249 

25,391 

27,878 

28,222 

21,038 

19,801 

19,799 

22,649 

23,142 

23,754 

25,173 

29,475 

18,529 

19,468 

22,862 

20,394 

0,075 

-0,003 

-0,219 

-0,152 

0,049 

-0,129 

-0,167 

-0,263 

-0,255 

-0,246 

-0,394 

-0,123 

0,662 

0,457 

0,367 

1,067 

-0,11 

-0,239 

-0,879 

0,233 

0,161 

1,185 

0,308 

0,157 

0,155 

0,153 

 0,16 

0,153 

 0,16 

0,166 

0,149 

0,156 

 0,15 

0,144 

0,162 

0,173 

0,156 

0,154 

 0,15 

0,159 

0,155 

 0,15 

0,154 

0,156 

0,154 

0,149 

* Predicted activity is greater than 8.56, which is the highest activity observed. 

 

 

 

4. Conclusions 
It was possible to construct a robust QSAR 

model (Eq.1) and the good predictability for 25 

methanol quinoline compounds substituted in 

position 4, that have biological activity against W2 

strain of Plasmodium falciparum. The biological 

activities of 23 newly modeled compounds were 

calculated using the QSAR model obtained. Among 

the 23 compounds, there are five with predicted 

activities major larger than 8.56. Our finding 

suggest the synthesis these five compounds. 
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