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A B S T R A C T   

Background and objectives: Researchers have recently focused on the biological and synthetic effects of 1, 2, and 4- 
triazole fused heterocyclic molecules because they have tremendous medicinal value. The objective of the pre-
sent study was to carry out the 3D QSAR evaluation on the substituted 1,2, and 4 triazole derivatives for anti-
cancer potential using k-Nearest Neighbor-Molecular Field Analysis (kNN-MFA) method. 
Methods: Using the molecular design suite, a three-dimensional quantitative structure–activity relationship (3D- 
QSAR) analysis was undertaken on a series of 4-amino-5-(pyridin3yl)-4H-1, 2, and 4-triazole-3-thiol anticancer 
drugs (Vlife MDS). This study used a genetic algorithm and a manual selection approach on 20 substituted 1, 2, 
and 4-triazole derivatives. Based on the genetic algorithm (GA), the 3D-QSAR model was generated. Statistical 
significance and predictive capacity were evaluated using internal and external validation. 
Results: The most significant model has a correlation coefficient of 0.9334 (squared correlation coefficient r2 =
0.8713), showing that biological activity and descriptors have a strong relationship. The model exhibited internal 
predictivity of 74.45 percent (q2 = 0.2129), external predictivity of 81.09 percent (pred r2 = 0.8417), and the 
smallest error term for the predictive correlation coefficient (pred r2se = 0.1255). The model revealed steric (S 
1047––0.0780––0.0451S 927) and electrostatic (E 1002) data points that contribute remarkably to anticancer 
activity. A molecular field study demonstrates a link between the structural features of substituted triazole de-
rivatives and their activities. 
Conclusion: The good-to-moderate anticancer potential of compounds confirms the significant pharmacological 
role of 1,2,4-triazole derivatives. These results could lead to the identification of potential chemical compounds 
with optimal anticancer activity and minimal side effects.   
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1. Introduction 

In recent decades, researchers have focused on the synthetic and 
biological implications of fused heterocyclic derivatives of 1, 2, and 4- 
triazoles. Many therapeutically significant pharmacological com-
pounds have been incorporated in the 1, 2–4-Triazole Ring System, 
which provides a number of antimicrobial and CNS stimulants (Singh 
and Singh, 2009). Among these heterocycles are the mercapto and the 
ion-substituted 1, 2, 4 Triazole. The mercapto- and thione-substituted 1, 
2, and 4-triazole ring systems have been extensively considered. The 
range of biological activities with various derivatives have been re-
ported to have antibacterial, antifungal, anticancer, diuretic, and hy-
poglycemic properties (Dilmaghani et al., 2015; Wakale et al., 2013). 
Triazole inhibits the 14 alpha-Demethylase that prevents ergosterol 
production. The nitrogen in Triazole is bound with heme iron of the 
CYP450 prosthetic group. The remaining antifungal azoles develop 
bonding interactions with the apoprotein, determining the drug’s rela-
tive selectivity for specific apoprotein (Vanden et al., 1989). Computa-
tional chemistry has made enormous advances recently, posing new 
hurdles to drug development through a statistical method (Sliwoski 
et al., 2014; Genheden et al.,2017). QSAR is a dependable method for 
establishing a quantitative relationship between biological activity and 
descriptors and representing the physicochemical properties of com-
pounds in a sequence (Mandlik et al., 2016; Noolvi et al., 2013; Thereza 
A et al., 2022; Kwon et al.,2019). It helps to determine the biological 
activity of newly developed series that contributes to the process of drug 
discovery (Bhole et al., 2009; Golbraikh et al., 2017). A series of 3D- 
QSAR studies have been conducted on several compounds to predict 
their biological functions at specific targets. For instance, the CoMSIA 
approach has been used by Daoui and his colleagues to develop a 3D- 
QSAR model of several compounds derived from Magnolia officinalis 
targeting EGFR tyrosine kinase in non-small cell lung cancer cell line 
(Daoui et al.,2022). In addition, another study has identified a com-
pound derived from imidazole as a lead compound in targeting breast 
cancer cells (Rashid M et al., 2023). The mode of the current work is to 
search for novel 1, 2, and 4- Triazole that has the tendency to be used as 
an anticancer drug. A series of anticancer drugs known as 4- amino-5- 
(pyridin3yl)-4H-1, 2, 4 triazole-3-thiol were chosen for QSAR 
research. KNN-MFA, GA- kNN-MFA, like many 3D QSAR approaches, 
requires a sufficient alignment of a collection of molecules (Jain et al., 
2008; Sharma et al., 2013; Samad et al., 2014). Steric and electrostatic 
energy is calculated using a charge + 1 methyl probe at the grid’s lattice 
sites which were generated. The relationships using the kNN approach 
are generated with the help of interaction energy values at the grid lo-
cations. Training sets constructed in this approach cover all descriptor 
space areas of representative points. The test set is used to evaluate the 
QSAR model’s prediction ability based on the training set, which is not 
used in model formation. Once the training and test sets have been 
constructed, the kNN method is applied to descriptors generated over 
the grid. 

2. Materials and methods 

2.1. Ligand preparation 

The 2D sketch application was used to create the constructions, 
which were then translated into 3D structures. To optimize the struc-
tures, the Dreiding Force Field method (Sasaki and Yamashita, 2021) 
and the Modified Qeq Charge in dielectric characteristics were utilized, 
with a convergence requirement being 0.01 (root mean square 
gradient), 10,000 cycles, and 1.0 serving as the dielectric constant. The 
limits of electrostatic energy were determined to be 30.0 Kcal/mol, 
whereas the limits of steric energy were determined to be 10.0 Kcal/mol. 

2.2. Molecular alignment 

Proper molecule alignment is required for investigating 3D QSAR 
that depicts the structural variety of a given set of compounds (Raj et al., 
2011). Template (Fig. 1) was used and the most active molecule 5a1 was 

Fig. 1. Template used for alignment of molecules.  

(a) Space fill model 

(b) Ball and stick model 

Fig. 2. Template-based alignment of molecules.  
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used as a reference molecule. Template-based derivatives were aligned 
(Fig. 2). 

2.3. Data set 

The basic nucleus of 20 molecules containing 4- amino-5- 
(pyridin3yl)-4H-1, 2, 4-triazol-3-thiol was produced and used for 3D- 
QSAR analysis utilizing the regression analysis approach (Fig. 3). Data 
set containing training set (16 compounds) and a test set (four com-
pounds) was constructed to evaluate the QSAR model externally. 

2.4. 3D QSAR model generation by GA- kNN-MFA 

Partial Least Squares (PLS) investigations and molecular modeling 
were carried out using an HCL computer equipped with a genuine Intel 
Pentium Dual Core processor and Windows XP operating system. The 
program known as Molecular Design Suite was utilized for these tasks 
(MDS). The descriptor molecular field is computed using grid points 
located all over the space around the molecule. This section provides a 
general description of the manner in which each molecule will bind to 
the active site. Using a methyl probe with a charge of + 1, steric, elec-
trostatic, and hydrophobic interaction energies were calculated at the 
grid’s lattice points. For synthesized compounds, the k-Nearest 
Neighbor-Molecular Field Analysis (kNN-MFA) methodology with Ge-
netic Algorithm (GA) (Raj et al., 2011; Jain and Nag, 2012) was used, 
which was found to be the most relevant and acceptable method for 
performing 3D QSAR. A simple approach to distance learning is used in 
the kNN methodology. An unidentified number is assigned a classifica-
tion using this method based on in the training set, the vast majority of 
its k-Nearest Neighbors. Appropriate distance measures are used to 
determine proximity. The GA variable selection approach simulates a 
physical process known as annealing, which involves heating a system to 
a high temperature and then gradually cooling it to a predefined 
temperature. 

2.5. Validation of the models 

2.5.1. Validation of the models 
Both internal and external sources were used to validate the models 

(Crisan et al., 2019). This internal validation (cross validation), depends 
upon the extraction of compound from training set to predict its phar-
macological action. Repetition in removal of compounds was continuing 
until all compounds get removed and predicted for their pharmacolog-
ical actions. The value of the predicted correlation coefficient, also 
known as pred r2, is used in the process of performing external valida-
tion [(pred r2)]. The following equation is used to do this calculation. yi 
and y* represent the actual and anticipated activities of the ith com-
pound in the test set, respectively, whereas y mean represents the 
average activity of all of the compounds in the training set. Both sum-
mations are applicable to each and every one of the test chemicals. The 
obtained value for the pred r2 can be considered suggestive. 

pred r2 = 1 −
∑

(yi − y*)2
/
∑

(yi − ymean)2  

3. Results 

3.1. 3D QSAR studies using GA- kNN – MFA method 

Training set (16 compounds) and test set (4 compounds) containing 
4- amino-5-(pyridin3yl)-4H-1, 2, 4 triazole-3-thiol rings were con-
structed using genetic algorithm and sphere exclusion methods in Vlife 
MDS suite. Training and test sets were based upon Unicolumn statistics. 
The outcome of our findings indicates that the test could be used for 
interpolation. A genetic algorithm was applied for building QSAR 
models. In 3D descriptor models, the minimal structural characteristics 
of 4- amino-5-(pyridin3yl)-4H-1, 2, 4 triazol-3-thiol derivatives were 
obtained. When all these models were compared, model ‘‘C’’ was judged 
to be the best, with a pred r2 score of 0.8417. The contribution of 
electronic and steric properties of compounds was shown to be optimal 
for biological activity at lattice positions E 1002, S 1047, and S 927, 
respectively (Table 1). Statistically model is good with respect to r2, q2, 

and pred-r2. The straight-line graph (Fig. 4) exhibited actual and pre-
dicted values of the model generated. The radar graph confers the idea of 
the best model selection through comparison. The observed and pre-
dicted activities of the training set and test set were shown in red and 
blue in the radar graph (Fig. 5). Overlay of observed and predicted ac-
tivities of the training set (A) predicts a better r2 value which can be 
confirmed by Table 2. 

Fig. 3. 4- Amino-5-(pyridin3yl)-4H-1, 2, 4 triazol-3-thiol derivatives with IC 
50 values. 

Table 1 
Results of 3D QSAR analysis using GA- kNN – MFA method.  

Statistical 
parameters 

Training set 
Model A 

Training set 
Model B 

Training set Model C 

Test Set a Test set b Test set c 

K nearest 
neighbour 

3 3 3 

N 13 15 18 
Degree of 

freedom 
10 10 14 

q2 0.4843 0.7356 0.2129 
q2_se 0.966 7.4777 0.1152 
pred_r2 0.2102 0.9345 0.8417 
pred_r2se 0.1452 28.1821 0.1255  

(+)vely contribution (-)vely contribution 
Descriptors (Test 

set c)  
E_1002 
− 2.0659––2.0147 
S_1047 
− 0.0780––0.0451 
S_927 
− 0.0255––0.0229 

Where, N = no. of molecules, k = no. of descriptors in a model, r2 = coefficient of 
determination, q2 = cross-validated r2, pred_r2se = r2 of external test set. 

Fig. 4. Fitness Plot for Training and Test set.  
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4. Discussion 

Quantitative structure–activity relationships, also known as QSAR, 
have been utilized for many years to establish correlations between the 
physicochemical properties of chemical substances and the biological 
activities of those substances in order to develop a statistical model that 
is reliable for predicting the activities of new chemical entities. 
Formalism can be summed up in its central tenet, which states that 
discrepancies in the biological activity of substances can be accounted 
for by changing in the structural properties of the substances (Verma 
et al., 2010). In traditional QSAR studies (Garro et al., 2015), the af-
finities of ligands to the sites at which they bind, inhibition constants, 
rate constants, and other biological end points have been shown to be 
correlated with atomic, group, or molecular properties such as lip-
ophilicity, polarizability, electronic and steric properties (Hansch anal-
ysis), or certain structural features (Free-Wilson analysis). In earlier 
research, 1,2,4-antifungal, antibacterial, anticancer, anticonvulsant, 
antituberculosis, antiviral, an-tiparasitic, analgesic, and anti- 
inflammatory actions were discovered, along with structure–activity 
relationships for 1,2,4-triazole derivatives (Aggarwal and Sumran, 
2020). Previous SAR investigation (Kumari et al., 2021) of triazole 

derivatives show that substitution on positions 3, 4, and 5 of the triazole 
ring can be changed, but the groups linked to the nitrogen atom at the 
4th position inflict the biggest change in physicochemical attributes and 
biological profile. It promotes hydrogen bonding and is also resistant to 
metabolic degradation, which may be advantageous in improving sol-
ubility and binding bimolecular targets. In the present study, anti-cancer 
activity was established for 20 substituted 1, 2, 4-triazole derivatives. 
We used steric, electrostatic field descriptors to evaluate the activity of 
new molecules. Negative moderate electrostatic data points revealed 
low to optimum electronegative substituents for anticancer activity, 
while negative low to optimum steric data points revealed low to opti-
mum bulkier moieties for anticancer activity (Slavov et al., 2007). 

5. Conclusion 

The results of 3D QSAR studies developed the models that showed a 
relationship between biological activity and statistical significance. 
These models contain descriptors calculated from the training and test 
sets provided. Negative optimum electrostatic data indicated the 
requirement of low to optimum electronegative substituents enhancing 
biological activity, and negative low average values of steric data points 
indicated that low to optimum groups are necessary for anticancer ac-
tivity. Prediction of biological activity serves as a screening tool for a 
vast compound library, allowing potent, optimal compounds with high 
predicted activity to be selected. As a result of calculating residuals for 
all models using the GA-kNN-MFA QSAR method, model “C” was found 
to be the best model. The good to moderate anticancer potential of 
compounds, as well as established facts and hypotheses about the anti-
cancer action of these compounds, balanced our attempt at 3D-QSAR 
studies of 1,2,4-Triazole derivatives. These results could lead to the 
identification of potential chemical compounds with optimum anti-
cancer activity and minimal side effects. Further laboratory and clinical 
studies need to be conducted to confirm our findings and to elucidate 
their clinical relevance. 
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Fig. 5. Radar Graph between actual and predicted biological activity of training set (A) and test set (B).  

Table 2 
Actual value, Predicted value, and Residual value of synthesized compounds.  

Compounds Actual value Predicted value Residual value 

5a1  92.87  80.23  12.64 
5a2  59.1  64.36  − 5.26 
5a3  68.23  59.12  9.11 
5a4  82.71  72.80  9.81 
5a5  67.23  70.17  − 2.94 
5a6  92.79  79.59  13.2 
5a7  75.83  75.30  0.53 
5a8  70.23  72.45  − 2.22 
5a9  73.22  71.51  2.21 
5a10  62.3  63.61  − 1.31 
5a11  94.24  80.19  14.05 
5a12  62.45  72.42  − 9.97 
5a13  75.83  75.57  0.26 
5a14  81.22  90.30  − 9.08 
5a15  48.88  45.34  3.54 
5a16  46.09  52.71  − 6.62 
5a17*  46.09  52.71  − 6.62 
5a18*  62.45  72.42  − 9.97 
5a19*  46.12  52.13  − 6.3 
5a20*  59.23  58.41  0.82  
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