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Abstract The carmine spider mite, Tetranychus cinnabarinus, is one of the most serious mite pests on crops. It is 

capable to rapidly develop resistance to pesticides and the control methods still difficult. Thus, make the 

development of new natural-product-based insecticidal agents a very desirable method for sustainable pest control. 

The present study was carried out to explain the relationships between chemical structure and experimental 

observations. In which we have employed the Molecular Operating Environment (MOE), powerful molecular 

visualization software that can be implemented on a variety of operating platforms. A total of 29 molecules of 

isoxazoline-containing podophyllotoxin/2′(2′,6′)-(di)halogenopodophyllotoxin derivatives were subjected to 

quantitative structure-activity relationship (2D-QSAR) analysis, based on their acaricidal activity, to find two 

models at 48h and 72h. The two 2D-QSAR models demonstrated that two descriptors lip-don and PEOE-VSA-

FNEG are likely to influence the acaricidal activity of these compounds. 

Statistically robust 2D-QSAR models were developed for all studied compounds with (R
2
= 0.83, Q

2
 = 0.79, R

2
test = 

0.64 and RMSE =0.06) for the first model at 48h, moreover, the second model at 72h showed better performance 

with the(R
2
= 0.92, Q

2
 = 0.83, R

2
test = 0.67 and RMSE = 0.16). 

 

Keywords Tetranychus cinnabarinus, Molecular Operating Environment (MOE), 2D-QSAR, acaricidal activity 

Introduction 

The carmine spider mite, Tetranychus cinnabarinus (Boisduval) is classed as a type of arachnid, is considered as one 

of the most crop-threatening insect pests of field and greenhouse [1], These mites attack several crops such as 

cotton, melons, beans, eggplants, tomatoes, peppers, cucurbits and strawberries and cause crops damage in term of 

productivity and plants performances. As a result of the economic loss, it became a serious problem for agriculture 

in different countries around the globe [2]. Spider mites usually feed on the cellular contents of the plant and cause a 

negative effect in transpiration and photosynthesis [3]. Plants lightly infested with the mite showed leaf 

discoloration, defoliation, and reduced fruit quality. On the other hand, severe infestations cause the death of the 

plants and complete crop loss [4]. The mite life cycle is very specialized to the parasitism. First, the mite species 
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survive the cold climate of the winter as eggs on the leaves and bark of the host plant, waiting for the spring where 

the temperature increased and the conditions became more adequate for the development of tiny six-legged larvae, 

then for few days they start feeding and hatching until the first nymphal stage, where the young nymphs developed 

eight legs and two more molts before the final maturity stage. The females can produce about 300 eggs in a few 

weeks. Finally, in hot, dry weather the eggs pass rapidly to pests (only in 5 days) and the mite can have many 

overlapping generations per year [5][6]. Spider mites have a very small size, colored and difficult to be seen. 

Therefore, it’s difficult to prevent and control this arachnid because of its high fecundity, high rate of inbreeding, 

and high to develop resistance of pesticide [7]. 

Several acaricide active ingredients are used in pesticides, but the current problem is that pesticides used for pest 

control also kill beneficial insects and toxic to the environment and negative impacts on human health. Also, the 

control of spider mites has become difficult due to their resistance to many synthetic pesticides [8]. Nowadays, the 

discovery and development of natural products-based pesticidal agents have received much research attention, lots 

of synthetic agrochemicals have been introduced to protect crops from pests and enhance crop yields [9]. 

Quantitative structure-activity relationship (QSAR) studies are very useful tools to correlate the chemical structure 

of a compound with the bioactivity [10]. QSAR plays an important role in the design and discovery of new 

insecticidal and acaricidal agents, these substances are used for increasing production yields and quality of 

agricultural products [11]. 

The objective of this study was to develop a 2D-QSAR model by using Molecular Operating Environment (MOE) 

software to a series of isoxazoline-containing podophyllotoxin/2′(2′,6′)-(di)halogenopodophyllotoxin derivatives, 

and to extract the most relevant descriptors with the final mortality rate of the compounds. The performance of the 

proposed model was evaluated by several statistic parameters, such as squared correlation coefficient (R
2
), leave-

one-out cross-validation correlation coefficient (Q
2
) for internal predictive ability and root mean square error 

(RMSE). The plot of the standardized residuals versus the leverage value (Williams plot), was employed to describe 

the applicability domain (AD) of the QSAR model. To develop a stable QSAR model with high predictive power by 

calculating the R
2

test for external validation [12]. 

 

Material and Methods 

Acaricidal activity 

As an initial step before working on the QSAR model fetching is to collect a list of compounds, a group of 29 

molecules with a variety in mortality rate were used as the model dataset. In our work, 2D-QSAR models were 

devised to quantitatively correlate the 2D molecular feature descriptors of this series with their acaricidal activities 

against Tetranychus cinnabarinus. A series of isoxazoline-containing podophyllotoxin/2′(2′,6′)-

(di)halogenopodophyllotoxin derivatives, were synthesized by Yang et al [13] by the introduction of the isoxazoline 

fragment into esters of podophyllotoxin/2′(2′,6′)-(di)halogenopodophyllotoxins. Their acaricidal activities were 

evaluated against Tetranychus cinnabarinus at 48h and 72h. 

The structures of molecules were designed using Chem Draw Professional software, and then, were optimized by 

the molecular force field (MM2) method included in ChemBioOffice software, these molecules were used for 

calculation of the descriptors 2D. 

For the QSAR study, the activity values were transformed as follows [14]: 

Activity= -log c + log it 

Where c is the molar concentration= concentration (μg/ml) × 0.001/molecular weight 

Log it= log[% inhibition/(100-%inhibition)]. 

The Structures of compounds with their biological activities are displayed in Table 1.  
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Table 1: Structure of data set and their experimental activities against female adults of T. Cinnabarinus  

 

 

Compd R MR (%) 

( 48h) 

pIC50 

(48h) 

MR (%) 

(72h) 

pIC50 

(72h) 

1 C6H5 10.7 8.14 19.9 8.46 

2 (4-Me)C6H4 13.3 8.26 22.9 8.55 

3 (4-Cl)C6H4 14 8.30 23.4 8.57 

4 (4-F)C6H4 10.6 8.15 20.2 8.48 

5 (4-NO2)C6H4 7.7 8.02 15.2 8.35 

 

6 C6H5 12.9 8.26 12.2 8.23 

7 (4-Me)C6H4 9 8.09 21.8 8.54 

8 (4-Cl)C6H4 3.8 7.71 29.4 8.73 

9 (4-F)C6H4 9.6 8.13 22.5 8.57 

10 (4-NO2)C6H4 8.4 8.08 15.3 8.38 

 

11 C6H5 9.9 8.15 20.7 8.53 

12 (4-Me)C6H4 14.2 8.34 24.2 8.63 

13 (4-Cl)C6H4 11.5 8.25 34 8.85 

14 (4-F)C6H4 5.4 7.88 25 8.65 

15 (4-NO2)C6H4 7.2 8.03 18.4 8.50 

 

16 C6H5 10.1 8.17 19 8.49 

17 (4-Me)C6H4 9.2 8.13 13.3 8.31 

18 (4-Cl)C6H4 9.8 8.18 22.4 8.60 

19 (4-F)C6H4 12.2 8.27 20.1 8.53 

20 (4-NO2)C6H4 10.1 8.20 15.5 8.41 

 

21  29.8 8.54 65.7 9.19 
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22  1.3 7.03 1.9 7.20 

 

23 X= Cl, Y= H 6.8 7.81 6 7.75 

24 X= Y= Cl 7.1 7.83 6.6 7.80 

25 X= Br, Y= H 5.6 7.76 5.6 7.76 

 

26 X= Y= H 6.9 7.84 13.3 8.15 

27 X= Cl, Y= H 9.9 8.04 11.4 8.11 

28 X= Y= Cl 14 8.24 17.8 8.36 

29 X= Br, Y= H 8.6 8.01 11.7 8.16 

 

2D-QSAR analysis  

Molecular descriptors with MOE 

Before establishing 2D-QSAR models we need first to calculate molecular descriptors. This analysis was carried 

using Molecular Operating Environment (MOE) software (https://www.chemcomp.com.) for a total of 360 

molecular descriptors. 

MOE is a molecular modeling program, which is specifically designed to use several different force fields and semi-

empirical and ab initio quantum mechanics calculations and calculated 2D descriptors for a set of molecules. 

The 360 of 2D descriptors can be divided into three classes: 2D descriptors which are based only on atoms and 

physicochemical properties (molecular weight, density, some of the atomic polarisabilities), atom counts and bonds, 

Kier & Hall and Krappa indices, pharmacophore descriptors and finally partial charges; internal 3D descriptors 

(i3D) based on 3D coordinate information but not affected by orientation, this type of descriptors interested by 

calculation of energy, surface area, and volume; the last type is external 3D descriptors (x3D), based on 3D 

coordinate information but sensitive to absolute orientation) such as Van Der Waals interaction energy and principal 

moment of inertia. Additionally, news descriptors can be introduced in MOE using the SVL function [15]. 

The second step is to filter the most influential 2D-descriptors by using MOE analysis, for linking the best 

descriptors selected to biological activities. 

 

Statistical Analysis 

Partial Least Squares (PLS) 

Partial Least Squares (PLS) is a technique that reduces descriptors molecular and to establish a linear 2D-QSAR 

model. Several parameters were taken to choose the best model: high value of determination coefficient (R
2
), high 

Fischer’s value (F-test) and low Root Mean Square Error (RMSE) [16]. The XLSTAT 2014 software packages were 

used for detailed statistical analysis of the 2D-QSAR model.  Hence, we used the internal and external validation for 

the purpose to evaluate the predictive ability of the developed QSAR models.  
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Internal validation 

The internal validation uses the dataset for checking the internal stability and determining the power of the model. 

This technique refers to the LOO (leave-one-out) method implemented in the MOE package [17].  

This process consists to extract a certain number k of compounds from the initial data set (N) and to build a new 

model with the (N-k) using the selected descriptors [18]. This method allowed us to calculate the value of the Cross-

validation coefficient (Q
2
) by using the following equation [19]: 

 

Eq. (1) 

 

Where yiobs and yipred are the actual and predicted activities in the training set respectively while ӯmoy is the average 

activity of all of the molecules in the training set. 

 

External validation 

For the prediction of the property/activity related to several molecules, which are absent in the initial set and called 

test series. Several parameters of validation were evaluated such us R
2 
(test) using the mathematical equation [19]: 

 

 

 

 

Where yiobs and yipred are the actual and predicted activities of the ith molecule in the test set, respectively, and ӯmoy is 

the average activity of all of the molecules in the training set. 

 

Applicability Domain  

The Applicability Domain (AD) defines the area in which a compound can be predicted with confidence. The AD 

corresponds to the region of the chemical space including the compounds in the learning set and similar compounds 

that are close in this same space. There are several methods for the determination of the applicability domain of a 

QSAR model [20]. The most method is the leverage approach which based on the determination of the leverage 

value (hi) of each compound i. 

hi = xi
T
(X

T
 X)

–1
xi       (i = 1, …, n),               Eq. (3) 

Where x is the vector of descriptors of a query compound, and X is the matrix formed with rows corresponding to 

the descriptors of molecules from the training set [21]. 

The Applicability Domain (DA) defines the area in which a compound can be predicted with confidence. If a 

compound had the leverage value higher than the critical value (h*) (h* = 3(p+1)/n, where p is the number of 

descriptors and n is several compounds in the training set) this compound is considered outside of the model 

developed. If hi<h*, the probability of agreement between the measured and predicted values of compound "i" is as 

high as that of the compounds in the database. Compounds with hi>h* strengthen the model when they belong to the 

training set, but will otherwise have dubious predicted values without necessarily being outliers, as the residuals 

may be low [22]. 

 

Results and Discussion 

Model 1: 2D-QSAR Model at 48h 

Partial least squares (PLS) 

The PLS analysis was applied in this study to select the most significant descriptors on the activities and also used to 

establish a linear QSAR model. The training set contains 23 molecules and 6 molecules taken as test molecules (22, 

28, 26, 8, 14, and 12). 

The best PLS model obtained form 2D-QSAR study presented in Eq.4: 

Eq. (2) 
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pIC50 = 7.53945-0.22617*lip-don+1.67343*PEOE-VSA-FNEG          Eq. (4) 

N = 23, RMSE = 0.068, r
2 = 

0.83, r
2
adjusted= 0.81, F model = 49.53, p < 0.0001, α = 1% 

q
2

LOO = 0.79, RMSELOO = 0.07, r
2 

test = 0.64  

N represents the number of compounds in training set. 

The PLS model was established using two descriptors significant which shows less correlation between them (Table 

2). The select descriptors had an explained variance of 83% (r
2
 = 0.83) with a lowest error RMSE= 0.068. 

Furthermore, the F value of the model is 49.53 (F model> F tabulate), this result suggests that the model is highly 

significant in the levels α = 1%. 

The observed pIC50 and predicted pIC50 activities of the training and the test sets are displayed in Table 3 and 

graphically represented in figure 1a, Figure 1bgives the contribution of descriptors, as shown in this figure and the 

eq.4the lip-don decreases the values of biological activity with the negative sign (-0.22). Moreover the PEOE-VSA-

FNEG with a positive sign (+1.67)is favorable to increase biological activity. 

The multi-colinearity between the descriptors used in the 2D-QSAR model was verified by calculating the Variance 

Inflation Factor VIF. The VIF is defined as 1/(1-r
2
), where r

2
 is the coefficient of inter-correlation between a 

descriptor and all other descriptors of the proposed model[23]. A VIF value greater than 5 indicates that the model is 

unstable and a value between 1 and 4 indicates that the model is acceptable. These values are collected in Table 4 

and their analyses show that the descriptors used in the proposed models have a very low correlation which means 

the model has good stability. 

The significance of each descriptor was examined by the Student test, which showed us that the descriptors selected 

are very significant at the level α = 1% (Table 4). 

To estimate the stability of the obtained model, the correlation coefficients of the cross-validation (q
2

LOO) and the 

external validation (R
2

test) were calculated. The high value of q
2

LOO(q
2

LOO = 0.79) and the low associated error 

RMSELOO(RMSELOO = 0.07) means that the 2D-QSAR model is stable. Moreover, the high value of the r
2 

test(r
2 

test = 

0.64) indicates great predictability of the obtained 2D-QSAR Model. 

 

Interpretation of the Selected Descriptors 

To understand and explain the variation of acaricidal activities for all compounds of data set, it’s necessary to define 

each descriptor selected in the final model. 

 

Lip-don 

It represents the number of OH and NH atoms. The negative sign of the lip-don in Eq.4 indicates that the increase in 

the number of H-Bond in compounds decreases the values of pIC50.  As seen from Table 3 and the structure from 

Table 1, we could observe that the compound (23, 24 and25)which are characterized by group OH with the highest 

values of lip-don (Lip-don=1) have the lowest pIC50 (7.79, 7.79 and 7.83) successively; however, the other 

compounds have the high pIC50 values, they are greater than 8 with a group of OH. 

 

PEOE-VSA-FNEG 

Partial Equalization of Orbital Electronegativities – Vander Waals surface Area- Fractional Negative or fractional 

negative VDW surface area. In the model 1, the coefficient of this descriptor has a positive weight, which 

demonstrates the significance of the molecular surface area bearing a fractional negative charge for molecules 

inhibitor against the female adults of T. cinnabarinus. This involves an electrostatic interaction between 

electronegative substituents having a fractional negative charge in the aromatic ring and a group carrying a 

fractional positive charge present in the enzyme as TcPMCA1 and Ca2+-ATPase which are regulated when the 

spider is exposed to molecules known by their acaricidal activity[3]. 

As shown in Table 3, the compounds 13 and 21 have good values of PEOE-VSA-FNEG (0.40 and 0.60) respectively 

this is the reason why the two compounds have high values of pIC50 (8.25 and 8.54) successively. The molecule 21 

was used as a positive control which means it has a high mortality rate and the best acaricidal activity. Also, the 

molecule 13 showed the most promising acaricidal activity.  
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Applicability Domain (AD) 

The applicability domain of the established 2D-QSAR model was checking by William's plot (Figure2) by using 

Minitab software, which is based on the calculation of the leverage value (hi) of each compound i and a leverage 

threshold h*, in this study h*= 0.39. According to this figure, we can note that the compounds 23, 24, 25 have a 

lever value greater than h* for this reason these compounds are considered as X outlier. These three molecules 

which are outside of the applicability domain are characterized by the lowest acaricidal activity with a group of OH. 

 

Table 2: Correlation Matrix between the two descriptors obtained by model 1 using the PLS analysis. 

Variables lip-don PEOE-VSA-FNEG pIC50 

lip-don 1.0000 

  PEOE-VSA-FNEG -0.4735 1.0000 

 pIC50 -0.7401 0.8201 1.0000 

 

]Table 3: Observed, predicted activities, and residuals for model 1. And descriptors values for training and test set 

 Compounds pIC50 préd(pIC50) Residuals Lip-don PEOE-VSA-FNEG 

Training set 23 7.8162 7.7916 0.0246 1 0.28 

24 7.8364 7.7916 0.0448 1 0.28 

25 7.7674 7.8369 -0.0695 1 0.31 

27 8.0434 8.0686 -0.0252 0 0.31 

29 8.0129 8.1066 -0.0937 0 0.33 

1 8.1486 8.1293 0.0193 0 0.35 

2 8.2662 8.1375 0.1287 0 0.35 

3 8.3065 8.1645 0.1420 0 0.37 

4 8.1572 8.1231 0.0341 0 0.34 

5 8.0234 8.0898 -0.0664 0 0.32 

6 8.2654 8.1645 0.1009 0 0.37 

7 8.097 8.1713 -0.0743 0 0.37 

9 8.1333 8.1581 -0.0248 0 0.36 

10 8.0876 8.1245 -0.0369 0 0.34 

11 8.1592 8.1906 -0.0314 0 0.38 

13 8.2542 8.2215 0.0327 0 0.40 

15 8.0368 8.1504 -0.1136 0 0.36 

16 8.1754 8.1943 -0.0189 0 0.39 

17 8.1396 8.2001 -0.0605 0 0.39 

18 8.1827 8.2254 -0.0427 0 0.40 

19 8.2792 8.1879 0.0913 0 0.38 

20 8.2038 8.1536 0.0502 0 0.36 

21 8.5431 8.5537 -0.0106 0 0.60 

Test set 22 7.038 7.735 -0.6970 1 0.25 

8 7.714 8.197 -0.4830 0 0.39 

14 7.886 8.184 -0.2980 0 0.38 

26 7.8416 8.0223 -0.1807 0 0.28 

12 8.3462 8.1965 0.1497 0 0.39 

28 8.2429 8.1034 0.1395 0 0.33 

 

 



En-nahli F et al                                                                               The Pharmaceutical and Chemical Journal, 2020, 7(4):8-19 

 

          The Pharmaceutical and Chemical Journal 

15 

 

lip-don

PEOE-
VSA-
FNEG

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

Variables

7 .0 0 7 .2 5 7 .5 0 7 .7 5 8 .0 0 8 .2 5 8 .5 0 8 .7 5

7 .0 0

7 .2 5

7 .5 0

7 .7 5

8 .0 0

8 .2 5

8 .5 0

8 .7 5

E x p e r im e n ta l a c tiv it ie s

P
r
e

d
e

c
t
e

d
 a

c
t
iv

it
ie

s

T ra in in g  s e t, n  =  2 3

te s t s e t, n =  6

 
 

 

Figure1: 1a: Correlations of observed and predicted activities (training set in black and test set in red). 1b: 

Contribution of descriptors obtained by model 1. 

Table 4: Student test and VIF values of the selected descriptors in model 1. 

Descriptors coefficient Erreur standard t p-value VIF 

lip-don -0.2262 0.0519 -4.3587 0.0003 1.28 

PEOE-VSA-FNEG 1.6734 0.2876 5.8182 < 0.0001 1.28 

 

 
Figure 2: William's plot of model 1, training, and test set. 

 

Model 2: 2D-QSAR Model at 72h 

Partial least squares (PLS) 

Also for model 2, the PLS analysis was used to link the biological activities with descriptors. The data set was split 

into a training set contains 24 compounds and the test set contains 5 compounds (24, 13, 17, 8, and 6). The second 

model obtained from 2D-QSAR study presented in Eq. 5: 

1a 
1b 
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pIC50 = 7.17318 -0.60155*lip-don+ 3.52035*PEOE-VSA-FNEG        Eq. (5) 

N = 24, RMSE = 0.11, r
2 = 

0.92, r
2

adjusted= 0.91, F model = 125.50 p < 0.0001, α = 1% 

q
2

LOO = 0.83, RMSELOO = 0.16, r
2 

test = 0.67 

N represents the number of compounds in the training set. 

Model 2 explains 92% of the variance in the observed activity using two descriptors significant (lip-don and PEOE-

VSA-FNEG)with inter-correlation |r|< 0.6(Table 5) and with the lowest error RMSE= 0.11. Moreover, the F value of 

the model is 125.50 (F model> F tabulate), this result indicates that the model is highly significant in the levels α = 1%. 

The predictive ability of model 2 is also good as measured by its cross-validated q
2

LOO = 0.83 with low error 

RMSELOO = 0.16. The value of the r
2
test(r

2 
test = 0.67) demonstrated the robustness and external high prediction of the 

2D-QSAR model. 

The observed predicted activities, residual, and values of descriptors used in the QSAR models are depicted in table 

6. The correlation between the predictions and the observed values for all molecules is shown in Figure 2a. 

As in the previous model, the two descriptors lip-don and PEOE-VSA-FNEG are the most influential on acaricidal 

activity. According to the eq.5 and Figure 2b, the first descriptor lip-don influences negatively on the activity with a 

value of (-0.60) which means decreasing activity. The second descriptor PEOE-VSA-FNEG influences positively on 

the acaricidal activity with a value of (+3.52) which indicates increasing activity.  

The Student t-test indicates that the two descriptors in model 2 are highly significant at the level α = 1% as shown in 

Table 7. The presence of multicollinearity is detected by calculating VIF values. In model 2, no multicollinearity 

seems to be present. As the models satisfy the diagnostics of the molecular descriptors, they can be considered as 

robust and acceptable for further consideration (Table 7).  

 

Applicability Domain (AD) 

Applicability domain was used in this model to analyze the similarity of the molecules, first of all, we calculated 

critical value h* (h*= 0.37), From the Williams plot (Figure 3), it can be seen that 2 compounds (24 and 1) are out of 

applicability domain with h > h*. Hence, the molecule 24 was only a mortality rate of less than 7% at 72h 

 

Table 5: The correlation matrix of two descriptors by model 2. 

Variables lip-don PEOE-VSA-FNEG pIC50 

lip-don 1.0000 

  PEOE-VSA-FNEG -0.4660 1.0000 

 pIC50 -0.8047 0.8392 1.0000 

 

Table 6: Values of significant molecular descriptors, experimental, predicted acaricidal activities, and residuals 

from model 2. 

 Compounds pIC50 préd(pIC50) Residuals lip-don PEOE-VSA-

FNEG 

Training 

set 

1 7.2 7.4591 -0.2591 1 0.2521 

11 7.75 7.5777 0.1723 1 0.2858 

13 7.76 7.6731 0.0869 1 0.3129 

14 8.15 8.1888 -0.0388 0 0.2885 

15 8.11 8.2863 -0.1763 0 0.3162 

16 8.36 8.3595 0.0005 0 0.337 

17 8.16 8.3662 -0.2062 0 0.3389 

Ia 8.46 8.4141 0.0459 0 0.3525 

Ib 8.55 8.4314 0.1186 0 0.3574 

Ic 8.57 8.4880 0.0820 0 0.3735 
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Id 8.48 8.4011 0.0789 0 0.3488 

Ie 8.35 8.3310 0.0190 0 0.3289 

IIb 8.54 8.5025 0.0375 0 0.3776 

IId 8.57 8.4747 0.0953 0 0.3697 

IIe 8.38 8.4039 -0.0239 0 0.3496 

IIIa 8.53 8.5430 -0.0130 0 0.3891 

IIIb 8.63 8.5553 0.0747 0 0.3926 

IIId 8.65 8.5296 0.1204 0 0.3853 

IIIe 8.5 8.4585 0.0415 0 0.3651 

IVa 8.49 8.5507 -0.0607 0 0.3913 

IVc 8.6 8.6162 -0.0162 0 0.4099 

IVd 8.53 8.5373 -0.0073 0 0.3875 

IVe 8.41 8.4652 -0.0552 0 0.367 

spirodiclofen 9.19 9.3069 -0.1169 0 0.6061 

Test set 12 7.8 7.57 0.23 1 0.2858 

Iia 8.23 8.48 -0.25 0 0.3735 

Iic 8.73 8.55 0.18 0 0.3931 

IIIc 8.85 8.6 0.25 0 0.4076 

Ivb 8.31 8.56 -0.25 0 0.3948 
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Figure 2:2a: Plot of experimental versus predicted pIC50 values of training sets and test sets against female T. 

cinnabarinus (training set in black and test set in red). 2b: Contribution of descriptors obtained by model 2. 

 

Table 7: Student test and VIF values of the selected descriptors in model 2. 

Descriptors Coefficient Erreur standard t p-value VIF 

lip-don -0.6016 0.0780 -7.7098 < 0.0001 1.27 

PEOE-VSA-FNEG 3.5204 0.4068 8.6534 < 0.0001 1.27 
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Figure 3: William's plot of the PLS model N°2, training, and test set. 

 

Conclusion 

The present work aimed to develop a 2D-QSAR study of 29 molecules of isoxazoline-containing 

podophyllotoxin/2′(2′,6′)-(di)halogenopodophyllotoxin derivative against the female adults of T. cinnabarinus. The 

2D-QSAR models were established by using MOE descriptors which show the importance of lip-don and PEOE-

VSA-FNEG to describe the acaricidal activity. 

These results allowed us to better understand the nature and the structures of molecules used in pesticides to protect 

crops and a better estimation of the adverse effects of the molecules in the environment. 
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