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We investigated the effect of both electron donating group and e//lectron withdrawing group on biological activity of pyrimidine-based 
compounds as metalloproteinase-7 inhibitors and predicting a library of drug-like compounds with potent cytotoxicity using in silico 
approach. The selected compounds were optimized and subjected to both docking as well as absorption, distribution, metabolism, 
excretion and toxicity (ADMET) analyzes. We observed that the addition of electron withdrawing group (–CF3) to the predicted 
pyrimidine-based compound induced a radical improvement in the hydrogen bond strength with Leu181 and Ala182 in matrix 
metalloproteinase-7. Also, communal orientation of 2-mercapto-4-(3-(trifluoromethyl)phenyl)-6-((4-(trifluoromethyl)phenyl)amino)
pyrimidine-5-carbonitrile (PC10) and matrix metalloproteinase-7 showed improved binding tendency with calculated binding affinity 
value of −10.2 kcal mol-1 than other studied compounds. Our findings may open door for the design and development of library of 
efficient pyrimidine-based drug-like compounds as potential anti-cancer agents. 
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INTRODUCTION

The negative effect of colorectal cancer among humans has been 
reported to take third position amid cancer rating globally.1 It mostly 
occurs in the gastrointestinal tract and the rate at which it kills both 
men and women is alarming, which rendered it a deadly ailment 
that need urgent prevention.2-4 It was considered to be a recurrent 
ailment in human most especially women at the age of ≥ 65; although, 
this malignant neoplasa found among younger people have been 
attributed to several factors such as smoking, obesity, etc.5 Colorectal 
cancer can be categorized into three (3) such as molecular pathway 
involved, position and histological subtype. According to report by 
several scientists, series of commercially available drugs such as 
bevacizumab, capecitabine, 5-fluorouracil, etc. for treating patients 
with colorectal cancer has been recommended but due to high level of 
resistivity by this disease to the commercially available drugs, there 
is increase in the desire to find lasting solution to this menace via 
efficient therapeutic drug and this has drawn the attention of numerous 
researchers globally.6-8 Presently, several advanced measures have 
been implemented to curb this menace, yet, the number of cancer 
related death remain alarming. 

Matrix metalloproteinase-7 can also be referred to as Matrilysin. 
It was considered an enzyme which belongs to calcium and zinc-
dependent endopeptidase and it can damage extracellular matrix 
proteins as well as ability to modify tissues linked with many human 
biological processes.9-11 Over forty years ago, the role of matrix 
metalloproteinase-7 in cancer metastasis was discovered and reports 
have shown that matrix metalloproteinase-7 possess a probable 

responsibility in tumor metastasis and inflammatory processes. It also 
cleaves cell surface molecules which therefore enhanced its tendency 
to influence a vast range of physiological and pathological processes 
of cancer and inflammatory diseases. As reported by Wielockx et al., 
matrix metalloproteinase-7 was linked with, and seems to support, 
the evolution from normal epithelium to adenomatous lesion.12 
Also, matrix metalloproteinase-7 in conjunction with epithelial-
mesenchymal transition stimulate establishment of fresh blood vessels 
sponsored by cancer cell.13 Thus, it enhances cancer development as 
well as its metastasis via capillary endothelium.14

Pyridine based compounds have been reported by several 
scientists to be potent drug-like compounds.15 These nitrogen 
containing compounds have the ability to form various non-covalent 
interactions (hydrogen bonds, pi-pi bond, van der Waals forces, 
pi-alky bond and dipole–dipole bonds) together with protein 
compounds.16 Series of the derivative of these compounds have 
anti-inflammatory, antitumor, and antioxidant activities which has 
drawn the attention of several researchers globally.17-19 Triazoles 
could also be found in molecular structure of several drugs such as 
anastrozole and letrozole which helps in treating postmenopausal 
breast cancer.20 Triazoles ring possess advantage of providing 
good water solubility and it has greater tendency to connect with 
several enzymes in cancer and this could be due to its capacity 
to form hydrogen bonds with amino acid residues present in the 
receptors.21-25 Therefore, this work was aimed at investigating the 
inhibiting activity of EDG or EWG attached to pyrimidine-based 
compounds as metalloproteinase-7 inhibitors and predicting a 
library of drug-like compounds with potent cytotoxicity.
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METHODS

Computational details

As shown in Figure 1, the steps involved in this work were clearly 
itemized pictorially.

Pharmacokinetics of the studied compounds

Series of pharmacokinetic factors for absorption, distribution, 
metabolism, excretion and toxicity (ADMET) were considered in this 
work using ADMETlab software.26 In this work, different categories 
of ADMET properties were considered such as physicochemical 
property; medicinal chemistry; absorption; distribution; metabolism; 
excretion; toxicity; environmental toxicity; tox21 pathway and 
toxicophore rule.

Ligand preparation via density functional theory method

Two dimensional (2D) structures of thirty (30) compounds were 
obtained from Wang et al.,27 using PaDEL 2.21 software28 and the 
three-dimensional structure of the studied compounds were achieved 
using Spartan 14.29 The 3D structures were optimized and during 
this process, every conformation of the studied drug-like compound 
(Table 1) and (Supplementary Material - Section 4) was considered. 
Also, the energy minimization was done for all the studied compounds 
using the appropriate force field.

Development and validation of QSAR model

The quantitative structure activity relationship (QSAR) model 
developed was accomplished using multiple linear regression 
approach. In this section, one thousand four hundred and thirty-
four (1434) two dimensional (2D) descriptors were obtained 
using PaDEL 2.21 software which were subjected to screening 
to identify the descriptors that best describe the anti-matrix 
metalloproteinase-7 activities of 1,2,3-triazole-pyrimidine based 
compounds. The columns of the descriptors with constant values 
were removed and the remaining descriptors were screened and 
tested. The observed inhibition concentration (IC50) of the studied 
1,2,3-triazole-pyrimidine based compounds served as dependent 
variable while the calculated descriptors served as independent 
variables. The acceptable developed model was expected to possess 
squared correlation coefficient (R2) which must be in-line with 
0.5 ≤ ϰ ≤ 1; however, the reliability of the developed model is not 
only a function of the squared correlation coefficient which therefore 
required validation of developed QSAR model (Equation 1). The 

Figure 1. Pictorial overview of the work

Table 1. 2D structures of the studied drug-like molecules
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1 p−OCH3
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R1 R2 R3

6 p−OCH3 o−Cl H

7 m−CF3 o−Cl H

8 o−Cl o−Cl H

9 p−Cl o−Cl H

10 m−Cl o−Cl H

11 o−OCH3 o−Cl H

12 m−CH3 o−Cl H

13 m−NO2 o−Cl H

14 o−F o−Cl H

15 p−F o−Cl H

16 o−CH3 o−Cl H

17 H o−Cl H

18 o−CH3 p−Cl H

19 o−CH3 p−CH3 H

20 p−CH3 p−Cl H

21 p−CH3 p−F H

22 o−F p−Cl H

23 o−F p−CH3 H

24 p−CH3 p−CH3 H

25 o−Cl p−CH3 H

26 p−CH3 o−Cl H

27 p−CH3 o−Cl p−CH(CH3)2

28 p−CH3 o−Cl p−CH3

29 p−CH3 o−Cl m,p,m−triOCH3

30 p−CH3 o−Cl p−Cl
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factors considered for QSAR model validation were adjusted R2 ≤ 0.6, 
cross-validation (CVR2) ≤ 0.5, mean square error, P-Value. The 
developed model was used to predict the cytotoxicity of library of 
new set of compounds before subjecting them to further study. The 
IUPAC name of the studied compounds were 4-(3-ethoxyphenyl)-
6-((4-ethoxy phenyl)amino)-2-mercaptopyrimidine-5-carbo nitrile 
(PC1), N-(4-((6-(3-acetamidophenyl)-5-cyano-2-mercaptopyrimidin-
4-yl)amino)phenyl)acetamide (PC2), N-(3-(5-cyano-2-mercapto-
6-((4-propionamidophenyl)amino)pyrimidin-4-yl)phenyl)
propionamide (PC3), N-(4-((6-(3-butyramidophenyl)-5-cyano-2-
mercaptopyrimidin-4-yl)amino)phenyl)butyramide (PC4), 2-mercapto-
4-(3-(2-methylprop-1-en-1-yl)phenyl)-6-((4-(2-methylprop-1-en-1-
yl)phenyl)amino)pyrimidine-5-carbonitrile (PC5), 4-(3-acetylphenyl)-
6-((4-acetylphenyl)amino)-2-mercaptopyrimidine-5-carbonitrile 
(PC6), 2-mercapto-4-(3-propionylphenyl)-6-((4-propionylphenyl)
amino)pyrimidine-5-carbonitrile (PC7), 4-(3-butyrylphenyl)-6-((4-
butyrylphenyl)amino)-2-mercaptopyrimidine-5-carbonitrile (PC8), 
3-(5-cyano-2-mercapto-6-((4-sulfophenyl)amino)pyrimidin-4-yl)
benzenesulfonic acid (PC9) and 2-mercapto-4-(3-(trifluoromethyl)
phenyl)-6-((4-(trifluoromethyl)phenyl)amino)pyrimidine-
5-carbonitrile (PC10).

IC50 = −98.6702 + 0.00871796(VR1_Dzm) − 0.0206194(ATS0m) 
− 7.99547(nC) + 5.07610(nAromBond) + 91.2935(ALogP) − 
19.7256(ALogp2) + 0.0195686(ATS0v) + 0.519312(ATS6e) − 
0.453624(ATS8e) − 0.492639(ATS1s) (1) 

Mean dependent variable = 31.37167, S.D. dependent 
variable  =  4.462024, Sum squared resid = 22.39133, S.E. of  
regression  = 1.312406, R-squared = 0.951102, Adjusted 
R-squared = 0.913489, F(10, 13) = 25.28613, P-value(F) = 6.74 × 10-7.

Target identification, selection and preparation

In this work, matrix metalloproteinase-7 (PDB ID: 2y6d)30 
(Table 2, Figure 2) was selected and downloaded from protein data 
bank after a thorough literature search. Appropriate tools in PyMOL 
software31 were used to treat and prepare the downloaded receptor. 
Also, the crystallographic water as well as the small molecules 
embedded in the receptor were deleted and saved as clean receptor. 
The possible missing side chains were corrected using Swiss PDB 
Viewer 4.1.0 version32 and subjected to AutoDock Tool33 for further 
processing. The calculated value for the centre and size in X, Y and 
Z directions that show the binding site were −23.062, 8.911, and 
10.599 (for centre) and 48, 40 and 40 (for size) respectively. The 
binding affinity for the studied complex was accomplished using 
AutoDock Vina software.34

RESULTS AND DISCUSSION

Pharmacokinetics of the drug-like molecules

The 2D structures of thirty compounds were modelled and 
subjected to ADMETlab software in order to investigate their drug-
likeness. Drug-likeness determination of any compounds at the initial 
stage of drug discovery remains a crucial step in drug design and 
discovery.35 As shown in Table 3, it was observed that compounds 
1-5 completely obeyed Lipinski rule of five (LO5) (MW ≤ 500 amu; 

Log P ≤ 5; HBD ≤ 5; HBA ≤ 10) while the values for two descriptors 
(molecular weight and lipophilicity) for compounds  6-30 were 
higher than the standard value described by Lipinski rule of five. 
This showed that compounds 1-5 have tendency to exhibit good 
absorption/permeability compare to compounds 6-30; thus, it shows 
that compounds 6-30 can be administered intravenously.36 The 
value for compounds 1-5 which were within the acceptable range 
showed that these ligands can effortlessly overcome blood brain 
barrier; compounds 6-30 may experience difficulty in overcoming 
cell membrane.

More so, the calculated Log P values that is within the acceptable 
range (ϰ ≤ 5) signifies the ability of the studied compounds to 
dissolve in aqueous media. Thus, in this work, compounds 1, 3-5 
were with within the acceptable range while compound 2 was 
higher than 5 which is the limit for the standard with 0.19. Also, the 
calculated Log P value for compounds 6-10 were higher than the 
acceptable range for Log P. According to Peter et al., positive Log P 
value indicated that the ligand has the strength to permeate through 
biological membrane while negative Log P value for any ligand 
reveal that the compound has strength to dissolve in water. Thus, 
compounds 1, 3-5 have good strength to dissolve in lipid and permeate 
through biological membrane.37 The calculated hydrogen bond donor 
and hydrogen bond acceptor for the entire studied compounds were 
within acceptable range (Table 4). The calculated value for calculated 
human intestinal absorption (HIA) values ranges from 0.004-0.657 
and this agreed well with calculated HIA value for the referenced 
drug (verapamil). Also, all the predicted compounds posses the ability 
to penetrate blood brain barrier (BBB) and the output values for all 
predicted compounds as well as the referenced drug (verapamil) 
revealed that they have the probability of being BBB+. More so, the 
potential interaction between the predicted compounds and CYP1A2, 
CYP2C19, CYP2C9, CYP2D6 and CYP3A4 agreed well with the 
interaction between the studied referenced drug and CYP1A2, 
CYP2C19, CYP2C9, CYP2D6 and CYP3A4 (Supplementary 
Material - Section 1). Also, other calculated ADMET properties were 
shown in Supplementary Material.

Quantitative structure activity relationship study

In this work, the cytotoxicity of the studied compounds was 
explored and investigated using the developed QSAR model.38 The 
descriptors obtained from two-dimensional (2D) structure of the 
studied compounds using PaDEL software were used to developed the 
QSAR model as shown in Equation 1 and (Supplementary Material 
- Section 2). The studied drug-like molecules were divided into two 
sets (training (70%) and test (30%)) via Kennard stone algorithm 
approach using Dataset Division GUI 1.2 software.39 Compounds 2, 3, 
5-14, 16-22, 24, 25, 27-29 were used as training set while compounds 

Figure 2. Three-dimensional (3D) structure of matrix metalloproteinase-7

Table 2. The name of studied receptor

Name PDB ID

Matrix metalloproteinase-7 2y6d
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1, 4, 15, 23, 26 and 30 served as test set to confirm the reliability of 
the developed model. The 2D descriptors from the training set were 
screened and the selected descriptors were used to develop the studied 
QSAR model as shown in Equation 1. As shown in Table 5, the 
predicted IC50 using the developed QSAR model via the descriptors 
from training set were close to the observed IC50. This showed that 
the predicting ability of the developed QSAR model was effective and 
this was confirmed via the calculated squared correlation coefficient 
(R2) (R2 = 0.951102) which fell within the range of accepted value 
for squared correlation coefficient (0.5 ≤ ϰ ≤ 1) (Figures 3 and 4). 
According to Oyebamiji et al.,40 calculated squared correlation 
coefficient (R2) alone cannot be used to ascertain the potency of 
any developed QSAR model, thus, QSAR validation is required. 
The factors considered for QSAR validation were adjusted  R2, 
log-likelihood, mean dependent variable etc. which were observed 
to be within acceptable range;41 this supported the reliability of the 
developed model and predicting ability.

More so, ten (10) molecular derivatives were attached to the 
parent compound used in this work to form new set of compounds 
(PC1-PC10). Electron donating group compounds (EDG) were attached 
to the parent compound to form compounds PC1-PC5, while electron 

withdrawing group compounds were attached to the parent compound 
to form compounds PC6-PC10 (Table 6). These compounds were 
attached to the parent compound in order to alter the reactivity of 
the studied parent compound. As shown in Table 6, the reliability of 
the developed model was also confirmed via the predicted IC50 value 
for compound PC1-PC10. According to Oyewole et al., compound 
with lower IC50 value indicated compound with better cytotoxicity; 
therefore, all the predicted compounds proved to have better 
cytotoxicity than the studied thirty (30) compounds except PC1 and 
PC6.42 This showed the effect of the electron donating and electron 
withdrawing groups attached to the parent compound; however,  
−OC2H5 (PC1) and –COCH3 (PC6) prove not to donate/withdraw 
enough electron into/from the molecule thereby resulted to a 
compound with less efficient cytotoxicity.

Molecular docking study

The molecular docking study was executed on pyrimidine-based 
compounds as inhibitor of matrix metalloproteinase-7. The studied 
compounds (pyrimidine-based compounds) were observed to be 

Table 3. Calculated descriptors from the optimized pyrimidine-based 
compounds

MW LOG P HBD HBA

1 358.425 4.14 0 5

2 396.396 5.19 0 4

3 362.844 4.83 0 4

4 362.844 4.83 0 4

5 362.884 4.83 0 4

6 540.051 6.25 0 8

7 578.022 7.3 0 7

8 544.47 6.94 0 7

19 544.47 6.94 0 7

10 544.47 6.94 0 7

11 540.051 6.25 0 8

12 524.052 6.87 0 7

13 557.038 6.02 2 10

14 528.015 6.54 0 7

15 528.015 6.54 0 7

16 524.052 6.87 0 7

17 510.025 6.38 0 7

18 524.052 6.87 0 7

19 503.634 6.79 0 7

20 524.052 6.87 0 7

21 524.052 6.87 0 7

22 528.015 6.54 0 7

23 542.042 7.02 0 7

24 503.634 6.79 0 7

25 524.052 6.87 0 7

26 524.052 6.87 0 7

27 566.133 8.1 0 7

28 538.079 7.35 0 7

29 614.13 6.49 0 10

30 558.497 7.42 0 7

MW: molecular weight; HBD: hydrogen bond donor; HBA: hydrogen bond 
acceptor.

Table 4. Calculated descriptors for Lipinski rule status for optimized 
pyrimidine-based compounds

MW LOG P HBD HBA

≤ 500 amu ≤ 5 ≤ 5 ≤ 10

1 358.425 4.14 0 5

2 396.396 5.19 0 4

3 362.844 4.83 0 4

4 362.844 4.83 0 4

5 362.884 4.83 0 4

6 540.051 6.25 0 8

7 578.022 7.3 0 7

8 544.47 6.94 0 7

19 544.47 6.94 0 7

10 544.47 6.94 0 7

11 540.051 6.25 0 8

12 524.052 6.87 0 7

13 557.038 6.02 2 10

14 528.015 6.54 0 7

15 528.015 6.54 0 7

16 524.052 6.87 0 7

17 510.025 6.38 0 7

18 524.052 6.87 0 7

19 503.634 6.79 0 7

20 524.052 6.87 0 7

21 524.052 6.87 0 7

22 528.015 6.54 0 7

23 542.042 7.02 0 7

24 503.634 6.79 0 7

25 524.052 6.87 0 7

26 524.052 6.87 0 7

27 566.133 8.1 0 7

28 538.079 7.35 0 7

29 614.13 6.49 0 10

30 558.497 7.42 0 7

MW: molecular weight; HBD: hydrogen bond donor; HBA: hydrogen bond 
acceptor.
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efficient matrix metalloproteinase-7 inhibitors with binding affinity 
value of −8.2 kcal mol-1 to −10.2 kcal mol-1 and these proved to be 
more potent than the inhibitory activity of verapamil against matrix 
metalloproteinase-7 (−7.3 kcal mol-1). As reported by Erazua et al., 
lower binding affinity value for any ligand indicated better efficiency 
to inhibit the target; therefore, compound PC10 with −10.2 kcal mol-1 
was expected to inhibit matrix metalloproteinase-7 than other studied 
compounds.43 This showed the effectiveness of the attached electron 
withdrawing groups on the parent compound in the interaction against 
matrix metalloproteinase-7. The binding mode of 2-mercapto-4-
(3-(trifluoromethyl)phenyl)-6-((4-(trifluoromethyl)phenyl)amino)
pyrimidine-5-carbonitrile (PC10) in the binding site of the studied 
receptor revealed the formation of three (3) hydrogen bond contact 
through the interaction of the Halogen (Fluorine) with amino acid 
residues Leu181 and Ala182 as shown in Figures 5 and 6.

As reported by Barhaghi et al.,44 the acceptable hydrogen bond 
was formed between two molecules when the distance between 
the two points was less than 3Å as well as when the angle D-H-A 
remain an obtuse angle. Therefore, the hydrogen bond formed by 
PC10-matrix metalloproteinase-7 complex has been observed to 
enhance the ability of PC10 to inhibit matrix metalloproteinase-7 
than other studied compounds as well as verapamil (referenced 
drug) (Tables 7 and 8). Other observed types of the interaction 
between PC10-matrix metalloproteinase-7 complexes were Halogen 
(Fluorine), pi-sigma, pi-sulfur, pi-pi stacked, pi-pi T-shaped, alky, 
pi-alkyl. The 2D structures of the 1,2,3-triazole-pyrimidine based 
compounds-matrix metalloproteinase-7 complexes were shown in 
Supplementary Material - Section 3.

CONCLUSION

The studied pyrimidine-based compounds against matrix 
metalloproteinase-7 were executed using in-silico approach. The two 
types of obtained descriptors (3D and 2D) were investigated and we 
confirmed anti-matrix metalloproteinase-7 activities of pyrimidine-
based compounds. Also, addition of electron withdrawing group (–CF3) 

Table 5. Observed and calculated IC50 values

Observed IC50 Predicted IC50

  1* 18.48 7.24
2 32.00 31.17
3 32.00 32.08

  4* 32.00 45.11
5 32.00 33.52
6 32.00 32.98
7 32.00 31.50
8 32.00 34.10
9 18.95 20.66
10 32.00 33.62
11 32.00 31.99
12 32.00 33.63
13 32.00 33.80
14 32.00 33.80

  15* 32.00 32.52
16 32.00 31.71
17 32.00 32.12
18 32.00 31.89
19 32.00 34.82
20 32.00 33.46
21 22.82 22.82
22 32.00 32.75

  23* 32.00 35.14
24 32.00 32.78
25 32.00 29.85

  26* 26.96 28.59
27 18.15 13.76
28 32.00 26.00
29 32.00 29.79

  30* 32.00 28.52
(*): Test set.

Table 6. 2D structure of the predicted molecules

 

R1 R2 Predicted IC50

PC1 −OC2H5 −OC2H5 61.48

PC2 −N−HCOCH3 −N−HCOCH3 12.71

PC3 −N−HCOC2H5 −N−HCOC2H5 −122.32

PC4 −N−HCOC3H7 −N−HCOC3H7 −122.88

PC5 −CH=C(CH3)2 −CH=C(CH3)2 −244.27

PC6 −COCH3 −COCH3 133.26

PC7 −COC2H5 −COC2H5 −72.53

PC8 −COC3H7 −COC3H7 −20.23

PC9

  

−104.57

PC10 CF3 CF3 −167.03

Note: PC denote predicted compound.

Figure 3. Correlation between the observed IC50 and predicted IC50
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to pyrimidine-based compound enhanced a thorough advancement 
in the hydrogen bond strength with Leu181 and Ala182 located 
in binding site of matrix metalloproteinase-7. Also, the developed 
QSAR model was proved to be valid and reliable as the predicted 
% inhibition concentration (IC50) were closer to the observed IC50. 
Furthermore, the docking of 2-mercapto-4-(3-(trifluoromethyl)phenyl)-
6-((4-(trifluoromethyl)phenyl)amino)pyrimidine-5-carbonitrile (PC10) 
and matrix metalloproteinase-7 resulted to existence of good binding 
tendency with calculated binding affinity value of −10.2 kcal mol-1 
and this proved that it has higher tendency to inhibit matrix 
metalloproteinase-7 than other studied compounds. Also, the non-
bonding properties observed for compound PC10 were Leu 181(HN):F; 
Ala182(HN):F and Ala 182(HN):F. More so, this work may give 
insight to designing and developing library of efficient 1,2,3-triazole-
pyrimidine based drug-like compounds as potential anti-cancer agents. 

Figure 4. Plot of residual (observed IC50-predicted IC50) values versus 
observed IC50

Figure 5. 3D structure of 2-mercapto-4-(3-(trifluoromethyl)phenyl)-6-((4-
(trifluoromethyl)phenyl)amino)pyrimidine-5-carbonitrile (PC10)

Table 7. Calculated binding affinity and residues involved in the interactions

Binding affinity 
(kcal mol-1)

Residues involved in the interactions Types of non-bonding interactions involved

PC1 −8.4
Leu181, Tyr241, His219, Tyr215, Ala216, 

Val236
pi-sigma, pi-sulfur, pi-pi stacked, pi-pi T-shaped, pi-alkyl

PC2 −8.4 Leu181, Val236, His219 conventional hydrogen bond, pi-pi stacked, pi-alkyl

PC3 −8.7 His223, Ala184, Leu181, Ala216, Tyr241
conventional hydrogen bond, carbon hydrogen bond, pi-alkyl, 

unfavorable donor-donor

PC4 −8.2
Tyr215, His219, Tyr241, Ala235, Val236, 

Ala216, Leu181
conventional hydrogen bond, pi-sigma, pi-sulfur, pi-pi stacked, 

pi-pi T-shaped, pi-alkyl

PC5 −9.5
His219, Leu181, Tyr215, Val236, Tyr241, 

Ala216, Thr240
conventional hydrogen bond, pi-sigma, pi-sulfur, pi-pi stacked, 

pi-pi T-shaped, amide-pi stacked, pi-alkyl

PC6 −8.5 His219, Leu181, Ala182, Tyr241 conventional hydrogen bond, pi-sigma, pi-pi stacked, pi-alkyl

PC7 −9.6
Val236, Tyr241, Tyr215, His219, Ala216, 

Leu181, Ala182
conventional hydrogen bond, pi-sigma, pi-sulfur, pi-pi stacked, 

pi-pi T-shaped, pi-alkyl

PC8 −9.2
Val236, Tyr215, Tyr241, His219, Ala216, 

Leu181, Ala182
conventional hydrogen bond, pi-pi stacked, pi-sigma, pi-pi T-shaped, 

pi-sulfur, pi-akyl

PC9 −8.6 Lys250, Val236, Phe249, Thr240, His219
conventional hydrogen bond, carbon hydrogen bond, unfavourable 

acceptor-acceptor, pi-cation, pi-pi stacked, pi-pi T-shaped

PC10 −10.2
Ala182, Leu181, Ala216, His219, Tyr215, 
Tyr241, Val236, Asn234, Pro233, Ala235

conventional hydrogen bond, halogen (fluorine), pi-sigma, pi-sulfur, 
pi-pi stacked, pi-pi T-shaped, alky, pi-alkyl

Verapamil −7.3 - -

Table 8. Non-bonding properties for compound PC10

Name Distance Category Angle DHA (°) Angle HAY (°)

Leu 181(HN):F 2.39982 Hydrogen bond: Halogen 141.903 144.235

Ala182(HN):F 2.93521 Hydrogen bond: Halogen 129.933 103.672

Ala 182(HN):F 2.89413 Hydrogen bond: Halogen 94.624 105.613

Figure 6. 2D structure of PC10 in active site of matrix metalloproteinase-7
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