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ABSTRACT 

 

The present study was undertaken to obtain Quantitative structure activity relationship (QSAR) models for predicting the antimicrobial activity 

of di-(alkyl/aryl)-substituted Tin (IV) metal complexes derived from Schiff bases of pyridoxal. A data set consisting of 12 di-(alkyl/aryl)-

substituted Tin (IV) metal complexes derived from Schiff bases of pyridoxal was subjected to linear free energy regression analysis and QSAR 

models were obtained for the respective microorganisms. The QSAR analysis revealed that energy of lowest unoccupied molecular orbital 

(LUMO), valence zero order molecular connectivity index (0v) and second order molecular connectivity index (2) were effectively moderating 

the antimicrobial activity of di-(alkyl/aryl)-substituted Tin (IV) metal complexes. The derived QSAR models have got excellent predictive power 

associated with them as evidenced by the low residual values. These models can be utilized for the prediction of antimicrobial activity of similar 

type of compounds.  

 

Keywords: Antibacterial, Antifungal, Descriptors, Hansh analysis, Linear regression, Validation. 

 

 

INTRODUCTION 

 

The development of multidrug resistance among the microbial strains developed the problem of evolutionary acclimatization of microorganisms 

which is responsible for lack of effective antimicrobial therapy [1,2]. Therefore, this demands for design, discovery and development of potent 

antimicrobial agents with broad spectrum of activity with minimal side effects. Quantitative structure activity relationship (QSAR) is a 

statistically validated tool in computational chemistry which is highly efficacious in elucidating the structural basis for biological activity by 

correlating the structural descriptors of molecule derived from chemical structures with biological activity [3,4]. QSAR correlates structural and 

molecular properties called descriptors with experimentally measured quantities like physicochemical properties, biological activities and 

toxicity for a set of indifferent compounds [5]. Ordinarily, molecular descriptors are preferred in an empirical way, according to their efficiency 

to give valid results in statistical models. Data collection, selection and procurement of molecular descriptors, correlation model development, 

and lastly model evaluation are the prime steps which are implicated in this method [6].  
 
We have been continuously associated with studies involving quantitative structure activity relationship using linear regression analysis to come 

up with mathematical models for prediction of biological activities [7-12], and in continuation of this we have made an effort in the present 

study, to perform QSAR analysis for prediction of antimicrobial activity of di-(alkyl/aryl)-substituted Tin (IV) metal complexes derived from 

Schiff bases of pyridoxal reported by Nidhi et al. [13]. 

 

MATERIALS AND METHODS 

 

QSAR analysis  
 
The two dimensional structures were drawn and energy minimization was done by Molecular Mechanics Force Field (MM) process of 

Hyperchem 6.03 (1993) and also the pre-optimization of the structures of di-(alkyl/aryl)-substituted Tin (IV) metal complexes was done [14]. 

The semiempirical method PM3 (Parametric Method-3) was undertaken for refining geometries with a gradient norm limit of 0.01 kcal/Å. The 

calculation of physicochemical parameters for each compound was done by using TSAR 3.3 software for Windows (2000) [15] and the SPSS 

software package (1999) [16] was employed for regression analysis. 
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RESULTS AND DISCUSSION 

 

QSAR analysis was carried out between the biological activity and structural descriptors reprsenting for topological, steric and electronic 

properties of the di-(alkyl/aryl)-substituted Tin (IV) metal complexes derived from Schiff bases of pyridoxal to ascertain the 

mathematical/quantitative relationship between analogous structures and antimicrobial activity using the linear free energy relationship model 

(LFER) described by Hansch and Fujita [14]. The negative logarithm of observed antimicrobial activities (i.e. MIC) was calculated which gave 

the dependent variable pMIC (i.e. –log MIC, Table 1). The diverse structural descriptors like Randic topological index (R), Wiener topological 

index (W), dipole moment (), Kier’s molecular connectivity (0, 0v, 1, 1v, 2, 2v) and shape (1, 2, 3) topological indices, Balaban 

topological index (J), Total energy (Te), electronic energy (Ele.E), energies of highest occupied molecular orbital (HOMO), lowest unoccupied 

molecular orbital (LUMO) and nuclear repulsion energy (Nu.E) calculated for di-(alkyl/aryl)-substituted Tin (IV) metal complexes derived from 

Schiff bases of pyridoxal are presented in Table 2 [15-20]. 
 
In the present study, statistical analysis was performed to relate the antimicrobial activity with various derived molecular descriptors of Schiff 

base and their metal complexes reported by Nidhi et al. [13]. A data set of 12 compounds was used to derive the mathematical models for 

quantification of antimicrobial activity and it is worth to mention here that none of the compound behaved as outlier and whole dataset was used 

to derive the equations for activity of compounds against all the tested microbial strains. 

 
Table 1: Antimicrobial activity of di-(alkyl/aryl)-substituted Tin (IV) metal complexes derived from Schiff bases of pyridoxal (μm/ml) 

 

Comp. Structure pMICbs pMICec pMICsa pMICca pMICan 

1 

 

1.059 0.758 1.059 1.059 0.758 

2 

 

1.066   1.066 0.765 1.066 

3 

 

1.128 0.827 0.827 1.128 0.827 

4 

 

1.841 1.54 1.54 1.54 1.54 

5 

 

1.918 1.918 1.617 1.617 1.316 
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6 

 

1.95 1.95 2.252 2.252 1.95 

7 

 

1.846 1.545 1.244 1.545 1.545 

8 

 

1.922 1.922 1.621 1.621 1.922 

9 

 

2.256 1.954 1.653 2.256 2.256 

10 

 

1.586 1.887 1.586 1.586 1.586 

11 

 

2.259 1.656 1.957 1.656 1.656 
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12 

 

2.289 1.987 1.987 2.289 2.289 

 

The various calculated molecular descriptors involving steric, electronic and molecular connectivity indices are presented in Table 2. A 

correlation matrix was drawn to find out the relationship between structural codes themselves and with respective antimicrobial activity. The 

correlation matrix for relationship of various molecular descriptors with antibacterial activity against E. coli is presented in Table 3. The 

correlation matrix revealed that there was existence of high interrelationship between various selected molecular descriptors, in general and first 

order molecular connectivity (1χ) and Randic parameter (R) (r=1.000), zero order molecular connectivity (0χ) and total energy (Te) (r=-0.999), 

electronic energy (Ele. E) and total energy (Te) (r=0.998), in particular, and low interrelationship was observed between second order kappa 

shape index (κ2) and dipole moment (µ) (r=0.021) and second order kappa shape index and energy of highest occupied molecular orbital 

(HOMO), (r=-0.051). Due to existence of high interrelationship of various molecular descriptors only statistically valid monoparametric models 

were obtained in the present study. The correlation of various selected molecular descriptors with respective antibacterial and antifungal activity 

is given in Table 4. 
 
The QSAR model for antibacterial activity of di-(alkyl/aryl)-substituted Tin (IV) metal complexes derived from Schiff bases of pyridoxal against 

E. coli is represented by Equation (1). 

 

pMICec=-1.681 LUMO -0.619 (1) 

 

n=12,   r=0.944,   r2=0.891,   q2=0.858,  s=0.158,   F=81.394 
 
The electronic parameter LUMO which represents the energy of the lowest unoccupied molecular orbital is proportional to electron affinity and 

pertains the susception of the molecule towards vigorous approaches by nucleophiles [21]. The model represented by Equation (1) has got high r, 

r2, q2, F values, and low s values which supports the validity of developed QSAR model. Equation (1) indicated the importance of energy of 

lowest unoccupied molecular orbital towards inhibitory potential of these compounds against E. coli. Equation (1) was used to predict the 

antibacterial activity of these compounds against E. coli and a comparison of observed, predicted and residual values is given in Table 5. The 

results presented in Table 5 confirmed the validity of developed QSAR model as it has got very low residual values. 
 
The validity of QSAR model was cross-examined by Leave One Out (LOO) method which stated that the mathematical models are valid if their 

q2 value is higher than 0.5 and the derived model (Equation (1)) met the condition quite reasonably [22]. The reliability and prediction ability of 

QSAR model was checked by predicting the antibacterial activity of di-(alkyl/aryl)-substituted Tin (IV) metal complexes derived from Schiff 

bases of pyridoxal against E. coli using Equation (1) and comparing these predicted antibacterial activities with in vitro antibacterial potential. 

The comparison of observed and predicted antibacterial activity resulted in low residual values (Table 5) which indicated that QSAR model 

represented by Equation (1) was valid as well as reliable for prediction of antibacterial potential. A graph was prepared to check the statistical 

validity of QSAR model represented by Equation (1) which demonstrated that observed and predicted antibacterial activities lie close to each 

other thus supporting the validity of derived QSAR model (Figure 1). However, another plot was drawn (Figure 2) for observed antibacterial 

activity against residual antibacterial activity which showed that the existance of error was on both sides of reference thus indicating non-

existence of systemic error in development of QSAR model [6]. 
 
The statistical model for quantitative estimation of antibacterial activity of di-(alkyl/aryl)-substituted Tin (IV) metal complexes derived from 

Schiff bases of pyridoxal against B. subtilis is represented by Equation (2) which pointed out towards the role of valance zero order molecular 

connectivity index (0χv) governing the inhibitory potential. Topological indices are numerical quantifier of molecular topology and are sensitive 

to bonding pattern, symmetry, content of heteroatom as well as degree of complexity of atomic neighborhoods [23].  

 

pMICbs=0.098 0χv –0.050 (2) 
 

n=12,  r=0.942,      r2=0.887,  q2=0.856,   s=0.161,   F=78.229 
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Figure 1: Plot of observed pMICec against the predicted pMICec for the linear regression model developed by Eq. 1 
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Figure 2: Plot of residual pMICec against the observed pMICec for the linear regression model developed by Eq. 1 

 

The QSAR model for antifungal activity of di-(alkyl/aryl)-substituted Tin (IV) metal complexes derived from Schiff bases of pyridoxal 

derivatives against C. albicans is represented by Equation (3). The topological index, 2χ, signifies connectivity of atoms, the degree of branching, 

and unsaturation in the molecule which leads to variation in activity [24]. 

 

pMICca=0.165 2χ –0.465 (3) 

 

n=12,  r=0.922,   r2=0.851,   q2=0.789, s=0.195,   F=56.896 
 
The antifungal activity of these compounds is governed by second order molecular connectivity index 2χ which suggested that the compounds 

with branched structure will have better antifungal potential. The mathematical model representing the antibacterial potential of these 

compounds against S. aureus is given by Equation (4) which highlightened the involvement of energy of lowest unoccupied molecular orbital in 

modulation of antibacterial activity. 

 

pMICsa=-1.454 LUMO–0.371  (4) 

 

n=12,   r=0.881,   r2=0.776,   q2=0.688, s=0.210,   F=34.604 
 
The QSAR model for antifungal activity of di-(alkyl/aryl)-substituted Tin (IV) metal complexes derived from Schiff bases of pyridoxal against 

A. niger is given by Equation (5) which depicted the role of valance zero order molecular connectivity 0χv in enhancing/lowering of antifungal 

potential. 

 

pMICan=0.099 0χv–0.270   (5) 

 

n=12,   r=0.860,   r2=0.739,   q2=0.628,  s=0.270,   F=28.288 
 
The models represented by Equation (2) to Equation (5) have got high r, r2, q2 and F values and low s values which supported the validity of 

these developed models. Also low residual values were obtained on prediction of respective antibacterial and antifungal activity of di-

(alkyl/aryl)-substituted Tin (IV) metal complexes derived from Schiff bases of pyridoxal using these models which confirmed the validity of 

developed QSAR models.  
 
Summarizing, in silico analysis of reported compounds was done to get some statistically valid mathematical models which can be utilized for 

quantification of antimicrobial activity of di-(alkyl/aryl)-substituted Tin (IV) metal complexes derived from Schiff bases of pyridoxal in context 

with variation in their structures. The data set of 12 compounds was chosen and valid QSAR models were drawn for antimicrobial activity 

against respective microorganisms. The QSAR analysis revealed that valence zero order molecular connectivity index (0v), energy of lowest 

unoccupied molecular orbital (LUMO) and second order molecular connectivity index (2) were effectively controlling the antimicrobial activity 

of di-(alkyl/aryl)-substituted Tin (IV) metal complexes derived from Schiff bases of pyridoxal. It can be concluded that different molecular 

descriptors were responsible for the control of antimicrobial activity of di-(alkyl/aryl)-substituted Tin (IV) metal complexes derived from Schiff 

bases of pyridoxal against different strains of bacteria and fungi, thus suggesting that different structural features are required for particular 

activity. Further, the developed QSAR models were valid and these can be employed for assessment of antimicrobial activity of similar type of 

compounds. 
 

Table 2: Calculated values obtained for selected descriptors used in the regression analysis of di-(alkyl/aryl)-substituted Tin (IV) metal complexes derived 

from Schiff bases of pyridoxal 

 

Comp

. 
0χ 0χv 1χ 1χv 2χ 2χv    R Te Ele.E 

LUM

O 

HOM

O 
μ 

1 
15.24

2 

11.31

6 
10.13 6.149 8.552 4.224 

17.35

5 
8.585 

4.73

3 
10.13 

-

3772.28 

-

23227.3 
-0.872 -8.999 

5.97

3 

2 
14.53

5 

11.58

2 
9.63 6.735 8.199 4.99 

16.37

2 
7.852 4.25 9.63 

-

3617.94 

-

21855.3 
-0.996 -8.814 

8.37

6 

3 
17.81

1 
13.6 

12.09

7 
7.704 

10.53

2 
5.55 

19.75

3 
9.274 

4.83

8 

12.09

7 

-

4246.92 

-

28875.6 
-0.87 -8.983 

5.87

6 

4 
16.97

4 

16.61

5 

11.39

4 

17.14

7 

11.51

7 

20.85

9 

17.41

6 
6.021 2.92 

11.39

4 
-4166.4 

-

28939.4 
-1.453 -8.407 

1.84

7 

5 
21.21

7 

20.85

8 

14.54

6 

18.57

5 

12.92

6 

21.75

2 

23.16

8 
9.469 

4.19

9 

14.54

6 
-5101.3 -42649 -1.509 -8.354 

2.22

9 

6 23.2 
21.38

8 

16.64

9 

17.57

7 

15.04

9 

20.10

1 

24.34

3 
9.708 

3.83

3 

16.64

9 

-

5500.41 

-

46830.5 
-1.615 -8.478 

1.74

9 
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7 
16.26

7 

16.88

1 

10.89

4 

17.73

3 

11.16

3 

21.62

5 

16.46

8 
5.5 

2.61

6 

10.89

4 

-

4012.05 

-

27444.1 
-1.322 -8.26 

4.17

9 

8 20.51 
21.12

4 

14.04

6 

19.16

1 

12.57

2 

22.51

8 

22.20

3 
8.859 

3.86

3 

14.04

6 

-

4946.95 
-40881 -1.385 -8.212 4.53 

9 
22.49

3 

21.65

5 

16.14

9 

18.16

3 

14.69

6 

20.86

7 

23.40

2 
9.142 

3.55

6 

16.14

9 

-

5346.06 

-

45025.5 
-1.499 -8.336 

4.07

9 

10 
19.54

3 
18.9 13.36 

18.70
2 

13.49
6 

22.18
5 

19.93
4 

7.017 
3.35

3 
13.36 

-
4640.86 

-
34908.3 

-1.325 -8.269 
4.35

7 

11 
23.78

6 

23.14

2 

16.51

2 
20.13 

14.90

5 

23.07

8 

25.64

1 

10.40

1 

4.60

8 

16.51

2 

-

5575.76 

-

49579.3 
-1.387 -8.221 

4.70

4 

12 
25.76

9 
23.67

3 
18.61

5 
19.13

2 
17.02

9 
21.42

7 
26.87

1 
10.68

2 
4.27

6 
18.61

5 
-

5974.87 
-

53857.9 
-1.496 -8.342 

4.32
3 

 

Table 3: Interrelationship matrix for antibacterial activity of di-(alkyl/aryl)-substituted Tin (IV) metal complexes derived from Schiff bases of pyridoxal 

against Escherchia coli  

 

  0χ 0χv 1χ 1χv 2χ 2χv 3χ   R Te 
Ele.

E 
NuE 

LUM

O 

HOM

O 
μ 

pMIC

ec 

0χ 1                                 

0χv 
0.93

3 
1                               

1χ 
0.99

7 
0.92 1                             

1χv 
0.71

4 
0.91 

0.69

3 
1                           

2χ 
0.96

3 
0.95 

0.96

4 

0.81

8 
1                         

2χv 
0.65

1 

0.87

1 
0.63 

0.99

6 

0.77

1 
1                       

3χ 
0.39

9 

0.63

3 

0.37

9 

0.87

2 

0.60

1 

0.89

7 
1                     

 
0.98

2 

0.87

9 

0.97

7 

0.61

1 

0.89

6 
0.54 

0.24

7 
1                   

 
0.72

3 

0.48

2 

0.72

2 

0.08

9 
0.52 

0.00

4 

-

0.31
7 

0.83

2 
1                 

R 
0.99

7 
0.92 1 

0.69

3 

0.96

4 
0.63 

0.37

9 

0.97

7 

0.72

2 
1               

Te 

-

0.99

9 

-

0.94

3 

-

0.99

6 

-0.73 

-

0.96

1 

-

0.67 

-

0.40

5 

-

0.98

1 

-

0.71

4 

-

0.99

6 

1             

Ele.E 
-

0.99

4 

-
0.95

4 

-
0.98

9 

-
0.74

9 

-
0.95

4 

-

0.69 

-
0.41

3 

-
0.97

9 

-
0.70

7 

-
0.98

9 

0.99

8 
1           

NuE 
0.99

4 

0.95

5 

0.98

8 

0.75

1 

0.95

3 

0.69

2 

0.41

4 

0.97

8 

0.70

7 

0.98

8 

-
0.99

7 

-1 1         

LUM

O 
-0.72 -0.87 

-

0.71
8 

-

0.91
1 

-

0.80
9 

-

0.91 

-

0.73
1 

-

0.62
3 

-

0.14
6 

-

0.71
8 

0.74

5 

0.75

7 

-

0.75
8 

1       

HOM

O 

0.57

7 

0.82

6 

0.55

3 

0.96

7 

0.69

4 

0.97

3 

0.86

9 
0.47 

-

0.05
1 

0.55

3 

-

0.59
6 

-

0.62
6 

0.62

8 
-0.843 1     

μ 

-

0.46

6 

-

0.59

2 

-

0.45

9 

-

0.70

1 

-

0.56

5 

-
0.72 

-

0.65

8 

-

0.37

9 

0.02
1 

-

0.45

9 

0.49 
0.48

5 

-

0.48

4 

0.8 -0.557 1   

pMICe
c 

0.75
8 

0.90
8 

0.75
2 

0.92
9 

0.83
8 

0.91
8 

0.73
3 

0.66
5 

0.19
4 

0.75
2 

-

0.77

7 

-

0.78

9 

0.79 -0.944 0.891 

-

0.65

2 

1 

 

Table 4: Correlation of molecular descriptors with antimicrobial activity of di-(alkyl/aryl)-substituted Tin (IV) metal complexes derived from Schiff 

bases of pyridoxal 

 

  pMICbs pMICec pMICsa pMICca pMICan 
0χ 0.828 0.758 0.85 0.857 0.776 

0χv 0.942 0.908 0.879 0.869 0.86 
1χ 0.821 0.752 0.849 0.876 0.792 

1χv 0.914 0.929 0.792 0.772 0.81 
2χ 0.883 0.838 0.875 0.922 0.857 

2χv 0.891 0.918 0.763 0.743 0.787 
3χ 0.681 0.733 0.553 0.562 0.603 

3χv 0.627 0.698 0.483 0.483 0.544 

 0.749 0.665 0.794 0.768 0.677 

 0.312 0.194 0.438 0.379 0.255 

 -0.313 -0.429 -0.148 -0.273 -0.388 

R 0.821 0.752 0.849 0.876 0.792 
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J -0.533 -0.489 -0.524 -0.673 -0.574 

W 0.753 0.65 0.795 0.8 0.72 

Te -0.843 -0.777 -0.863 -0.867 -0.788 

Ele) -0.86 -0.789 -0.868 -0.854 -0.792 

NuE 0.861 0.79 0.869 0.853 0.792 

LUMO -0.895 -0.944 -0.881 -0.854 -0.845 

HOMO 0.853 0.891 0.691 0.644 0.773 

μ -0.625 -0.652 -0.643 -0.672 -0.476 

 

Table 5: Comparison of observed and predicted antibacterial and antifungal activity obtained for di-(alkyl/aryl)-substituted Tin (IV) metal complexes 

derived from Schiff bases of pyridoxal 

 

Comp. 
pMICec pMICbs pMICsa pMICca pMICan 

Obs Pre Res Obs Pre Res Obs Pre Res Obs Pre Res Obs Pre Res 

1 0.758 0.847 -0.089 1.059 1.064 -0.005 1.059 0.896 0.163 1.059 0.948 0.111 0.758 0.855 -0.097 

2 1.066 1.055 0.011 1.066 1.09 -0.024 1.066 1.076 -0.01 0.765 0.89 -0.125 1.066 0.882 0.184 

3 0.827 0.843 -0.016 1.128 1.288 -0.16 0.827 0.893 -0.066 1.128 1.275 -0.147 0.827 1.083 -0.256 

4 1.54 1.823 -0.283 1.841 1.585 0.256 1.54 1.74 -0.2 1.54 1.438 0.102 1.54 1.382 0.158 

5 1.918 1.917 0.001 1.918 2.002 -0.084 1.617 1.822 -0.205 1.617 1.671 -0.054 1.316 1.804 -0.488 

6 1.95 2.095 -0.145 1.95 2.055 -0.105 2.252 1.976 0.276 2.252 2.022 0.23 1.95 1.857 0.093 

7 1.545 1.603 -0.058 1.846 1.611 0.235 1.244 1.551 -0.307 1.545 1.38 0.165 1.545 1.409 0.136 

8 1.922 1.71 0.212 1.922 2.029 -0.107 1.621 1.643 -0.022 1.621 1.613 0.008 1.922 1.831 0.091 

9 1.954 1.9 0.054 2.256 2.081 0.175 1.653 1.807 -0.154 2.256 1.964 0.292 2.256 1.883 0.373 

10 1.887 1.608 0.279 1.586 1.81 -0.224 1.586 1.555 0.031 1.586 1.765 -0.179 1.586 1.609 -0.023 

11 1.656 1.713 -0.057 2.259 2.227 0.032 1.957 1.645 0.312 1.656 1.998 -0.342 1.656 2.031 -0.375 

12 1.987 1.896 0.091 2.289 2.279 0.01 1.987 1.804 0.183 2.289 2.349 -0.06 2.289 2.084 0.205 
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