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ABSTRACT 

Globally trichomoniasis affects approximately 152 million people as of 2010 (2.2% of the population). It is more common in 
women (2.7%) than males (1.4%). The American Social Health Association estimates trichomoniasis affects 7.4 million 
previously unaffected Americans each year and is the most frequently presenting new infection of the common sexually 
transmitted diseases. On the pattern, QSAR study has been done on benzimidazole derivatives as potent inhibitors with 
trichomonicidal activity. Genetic algorithm (GA), artificial neural network (ANN), stepwise multiple linear regression 
(stepwise-MLR) were used to create then on non-linear and linear QSAR models. Geometry optimization of compounds 
was carried out by B3LYP method employing 6–31G (2d) basis set. HyperChem, Gaussian 03W, and Dragon (version 5.5) 
software programs were used for geometry optimization of the molecules and calculation of the quantum chemical 
descriptors. Finally, Unscrambler program was used for the analysis of data. The root-mean square errors of the training 
set and the test set for GA–ANN model using jack-knife method, were 0.1840, 0.5051 and R2 was 0.70. Also, the R and 
R2 values in the gas phase were obtained 0.78, 0.61 from GA-stepwise MLR model. According to the obtained results, we 
find out GA-ANN model is the most favorable method toward the other statistical methods. Also, we would suggest that 
compounds No. 20, 33, 58, 48 and 47 as the most appropriate structure for the design of drugs to pharmacists. 
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INTRODUCTION  

Trichomoniasis (or “trich”) is a very common sexually transmitted disease (STD) that is caused by infection with a 
protozoan parasite called Trichomonas vaginalis. Although symptoms of the disease vary, most women and men who 
have the parasite cannot tell they are infected. Trichomoniasis is considered the most common curable STD. In the United 
States, an estimated 3.7 million people have the infection, but only about 30% develop any symptoms of trichomoniasis. 
Infection is more common in women than in men, and older women are more likely than younger women to have been 
infected [1]. Trichomoniasis can increase the risk of getting or spreading other sexually transmitted infections. For 
example, trichomoniasis can cause genital inflammation that makes it easier to get infected with the HIV virus, or to pass 
the HIV virus on to a sex partner [2]. Benzimidazole is a heterocyclic aromatic organic compound. It is an important 
pharmacophore and a privileged structure in medicinal chemistry. This compound is bicyclic in nature which consists of 
the fusion of benzene and imidazole. Nowadays is a moiety of choice which possesses many pharmacological properties 
[3].Structure-activity modeling plays an important role in government programs in support of protecting human populations 
from exposure to environmental contaminants [4]. Specifically, computational methods to identify chemicals that may pose 
endocrine disruption hazard for additional in vitro or in vivo testing are important prioritization approaches [5].QSAR is an 
effective way of optimizing or correlating the biological activity within congeneric series with certain structural features or 
with atomic, group or molecular descriptors, such as lipophilicity, polarizability, and electronic and steric properties. 
Previously, we reported several examples of adopting a QSAR approach to probe the nature of interactions of various 
classes of ligands towards the cyclooxygenase enzyme [6-12]. QSAR attempts to find consistent relationship between 
biological activity and molecular properties, so that these “rules” can be used to evaluate the activity of new compounds. 
Today, QSARs are being applied in many disciplines with much emphasis in drug design. [13], [14]. 

EXPERIMENTAL 

The structures of the benzimidazole derivatives used in this study [15] (Table 1). The 3D structures of the molecules were 
generated using the built optimum option of Hyperchem software (version 8.0), Then, the structures were fully optimized 
based on the ab initio method, using DFT level of theory. Hyperchem, ChemOffice and Dragon (version 5.5) programs 
were employed to calculate the molecular descriptors. All calculations were performed using Gaussian 03W program 
series. Geometry optimization of compounds was carried out by B3LYP method employing 6–31G (2d) basis set. In this 
study, the independent variables were molecular descriptors and the dependent variables were the actual half maximal 
inhibitory concentration (IC50) values. Overall, more than 3224 theoretical descriptors were selected and calculated. 
Finally, Unscrambler (version 9.7) program was used for analysis of data and statistical methods. For each compound in 
the training sets, the correlation equation was derived with the same descriptors. Then, the obtained equation was used to 
predict log (1/IC50) values for the compounds from the corresponding test sets. In the present work, the method of 
stepwise multiple linear regression (stepwise, MLR) to select the most appropriate descriptor of all descriptor was used. 
Totally 3224 descriptors were generated that were too many to be fitted in our models. So, it was necessary to reduce the 
number of descriptors through an objective feature selection which was performed in three steps. First, descriptors that 
had the same value for at least 70% of compounds within the dataset were removed. In next step, descriptors with 
correlation coefficients less than 0.4 with the dependent variable were regarded redundant and removed. Finally, since 
highly correlated descriptors provide approximately identical information, a pair wise correlation was performed. When 
their correlation coefficient exceeded 0.90, one of two descriptors was randomly removed. 

RESULTS AND DISCUSSIONS 

Based on the types of variable selection method and also the types of the feature mapping technique, these models can 
be shown as GA-ANN Jack–Knife and cross validation. It revealed that the GA–ANN model was much better than other 
models is given in Table 2. Considering the experimental error, the overall prediction of the log (1/IC50) values was quite 
satisfactory. 
The efficiency of the QSAR model to predict log (IC50) value was also estimated using the internal cross-validation 
method, this resulted predictions of the log (1/IC50) using Jack–Knife model is given in Table 3.  
In the present study, linear variable selection methods were used to select the most significant descriptors (stepwise MLR) 
(Table 4). 
The six most significant descriptors which were selected by stepwise MLR are as follows: 
BLI, RDF090m, G(N..N), MATS5v, RDF035u, HATS1e. 
Results from the stepwise MLR method is shown in Figure 2. According to this figure, R2 between the expected values 
and the observed values were near to a stright line. Also, the R and R2 values were obtained as 0.78, 0.61 from stepwise 
MLR model. Electronegativities, atomic masses and atomic van der Waals volumes were important descriptors in this 
study. 
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Table1. Structures of benzimidazole derivatives used for QSAR model building 
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Table 1: Continued 
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Table 2. The statistical parameters of different constructed QSAR models 

                               Parameters 
Method                   

RMSE 
test

 RMSE 
train

 R
2

 

GA–ANN Jack–Knife (gas) 0.5051 0.1840 0.70 

GA–ANN (gas) cross validation 0.7316 0.1439 - 

 

 

Table 3. Experimental and predicted values of log (1/IC50) using Jack–Knife method. 

Molecule Observed  
log (1/IC50) 

Predicted 
Jack–Knife 

∆Ө 
Jack–Knife 

1 36 5.500 7.390 5.6596 7.5133 0.1596 0.1233 

2 37 6.350 7.530 6.1778 7.8486 0.1722 0.3186 

3 38 5.500 7.070 5.7521 8.0758 0.2521 1.0058 

4 39 6.630 7.990 4.9851 6.7325 1.6449 1.2575 

5 40 5.640 7.140 5.0489 6.6407 0.5911 0.4993 

6 41 5.390 7.690 4.6203 7.8830 0.7697 0.1930 

7 42 5.270 7.290 5.4971 7.2359 0.2271 0.0541 

8 43 6.460 7.230 7.0341 7.2593 0.5741 0.0293 

9 44 6.700 7.960 5.2236 8.7301 1.4764 0.7701 

10 45 5.590 8.480 5.8807 8.0535 0.2907 0.4265 

11 46 4.550 6.960 5.0208 6.6984 0.4708 0.2616 

12 47 4.530 6.980 4.8003 6.9558 0.2703 0.0242 

13 48 4.970 6.630 4.9427 6.6072 0.0273 0.0228 

14 49 6.440 7.720 6.8496 7.0862 0.4096 0.6338 

15 50 6.520 6.730 6.9146 6.6625 0.3946 0.0675 

16 51 6.540 6.450 4.3453 6.6933 2.1947 0.2433 

17 52 6.710 6.680 5.7913 6.4232 0.9187 0.2568 

18 53 6.690 7.570 7.4746 7.0281 0.7845 0.5419 

19 54 6.790 6.870 6.9099 6.6415 0.1199 0.2285 

20 55 6.710 6.650 6.7043 6.6977 0.0057 0.0477 

21 56 6.870 7.120 6.9996 6.6515 0.1296 0.4685 

22 57 7.030 7.530 7.5474 7.2970 0.5174 0.2330 

23 58 6.980 6.780 7.0607 6.7669 0.0807 0.0131 

24 59 5.800 6.980 7.0071 6.8356 1.2071 0.1444 

25 60 6.660 6.370 5.4246 6.5479 1.2354 0.1779 

26 61 6.720 7.070 6.6052 7.1918 0.1148 0.1218 

27 62 6.570 5.880 7.4969 6.0867 0.9269 0.2067 

28 63 8.700 6.360 6.4421 4.6311 2.2579 1.7289 

29 64 6.520 6.460 5.9910 6.3281 0.5290 0.1319 

30 65 6.240 6.270 7.8581 6.3517 1.6181 0.0817 

31 66 5.000 6.670 8.2423 6.0290 3.2423 0.6410 

32 67 6.160 6.790 6.9014 7.1973 0.7414 0.4073 

33 68 6.830 7.540 6.8411 6.6210 0.0111 0.9190 

34 69 7.140 7.260 6.4149 7.3575 0.7251 0.0975 

35 70 6.510 6.050 5.7899 7.4083 0.7201 1.3583 
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Table 4. Descriptors values by stepwise MLR model for correlation 0.4 to up. 

Molecule BLI RDF090m G(N..N) MATS5v RDF035u HATS1e 

1 0.770 0.000 0.000 -0.777 8.632 0.309 

2 0.814 0.000 0.000 -0.618 9.205 0.307 

3 0.738 0.000 0.000 -0.644 7.425 0.316 

4 0.720 0.007 0.000 -0.449 6.741 0.299 

5 0.745 2.750 12.084 -0.556 7.876 0.306 

6 0.744 3.562 0.000 -0.378 9.644 0.274 

7 0.744 0.000 0.000 -0.316 9.661 0.267 

8 1.031 3.195 0.000 -0.311 8.252 0.239 

9 1.039 2.008 0.000 -0.288 11.449 0.228 

10 1.039 1.478 0.000 -0.243 10.103 0.182 

11 0.798 2.394 0.000 -0.172 14.556 0.236 

12 0.814 2.844 0.000 -0.159 15.661 0.200 

13 0.814 1.160 0.000 -0.140 16.225 0.209 

14 0.854 0.000 0.000 0.000 6.172 0.170 

15 0.893 0.000 0.000 0.250 6.745 0.242 

16 0.835 0.000 0.000 -1.000 5.578 0.281 

17 0.940 0.000 0.000 0.440 6.607 0.175 

18 0.907 0.000 0.000 -0.375 3.915 0.380 

19 0.938 0.000 0.000 -0.083 6.149 0.241 

20 0.885 0.000 0.000 -0.656 5.514 0.274 

21 0.981 0.000 0.000 0.047 5.985 0.173 

22 1.174 0.009 0.000 0.067 5.510 0.262 

23 0.929 0.000 0.000 -0.556 5.455 0.271 

24 0.897 0.000 0.000 -0.452 5.511 0.305 

25 1.009 0.000 0.000 -0.348 5.529 0.298 

26 1.009 0.000 0.000 -0.282 5.448 0.304 

27 1.110 0.000 0.000 -0.257 5.385 0.297 

28 1.199 0.000 0.000 -0.066 5.322 0.295 

29 0.818 1.188 0.000 -0.477 6.351 0.257 

30 0.689 0.001 22.089 -0.283 12.888 0.320 

31 1.117 10.969 0.000 -0.091 9.635 0.324 

32 1.131 0.032 0.000 0.892 6.680 0.200 

33 1.286 0.035 0.000 0.396 6.737 0.195 

34 1.154 2.445 11.081 0.824 8.702 0.223 

35 1.292 8.763 11.079 0.231 8.799 0.219 
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CONCLUSION 

In our study, the linear methods were used to select the most significant descriptors. The GA-stepwise MLR and GA-ANN 
were used to construct a quantitative relation between the activities of benzimidazole derivatives and their calculated 
descriptors. GA-ANN has been successfully used for finding a QSAR model for benzimidazole derivatives. It provides the 
best results in comparison with other studied methods. The results of the Jack-Knife, compounds No. 20, 33, 58, 48 and 
47 have the smallest difference between the observed and predicted values exist and are proposed for drug design. 
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