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ABSTRACT 

Pyridazine derivative showed much diversified activity. Previously 77 pyridazine derivatives were synthesized and 

evaluated the antihypertensive property.  Pyridazine derivatives also showed antitumor and antiproliferative behavior. By 

kept this idea in mind we repurposed those pyridazine derivatives towards antiproliferation using in silico, and in vitro 

methods. Molecular docking analysis of pyridazine derivatives against DNA (PDB id: 6BNA) were performed and top4 

molecules (R45, R60, R67, R70) were identified based on their docking scores. Then 100 ns MD simulation and 

MMPBSA analysis of these molecules were performed using GROMACS software. MD simulation data showed good 

RMSD, radius of gyration, SASA, and hydrogen bond analysis. Pyridazine derivative (R67) showed good simulation 

behavior with very minimum fluctuation within the receptor. Free binding energy of R67 was (-) 42.683 kJ/mol. R67 
showed marked GI50 value against MCF7 cell line using sulphorhodamine assay. Among the pyridazine derivatives 

Among the synthesized molecules 6-([1,1'-biphenyl]-4-yl)-2-(4-([1,1'-biphenyl]-4-yl)-5-thioxo-4,5-dihydro-1H-1,2,4-

triazol-3-yl)-4,5-dihydropyridazin-3(2H)-one (R67) showed best antiproliferative activity with in silico insights. 
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INTRODUCTION 

The term "cancer" refers to a broad category of illnesses 

where aberrant cells proliferate out of control and have the 

potential to spread to other bodily areas. It is categorized 

according to the type of cell or tissue from which it 

originates and can form in nearly any tissue or organ. 

Through the circulation or lymphatic system, cancer cells 

can penetrate nearby tissues and spread (metastasize) to 
other parts of the body.1 Cancer can be categorized in 

several ways, including by the type of tissue or organ 

involved. Carcinoma begins in the epithelial cells, which 

make up the skin or lining of internal organs. 

Adenocarcinoma is the cancers of glandular cells (e.g., 

breast, prostate, and lung cancers). Squamous cell 

carcinoma develop in squamous cells (thin, flat cells found 

in the skin or lining of internal organs). Common 

Carcinomas are lung cancer, breast cancer, colon cancer, 

and pancreatic cancer.2 Sarcoma is cancer begin in 

connective tissues like bone, muscle, fat, cartilage, and 

blood vessels. Osteosarcoma (bone cancer), liposarcoma 

(cancer of fat tissue), and leiomyosarcoma (cancer of 

smooth muscle tissue) are the most common types of 

sarcoma. Bone marrow and blood are affected by 

leukemia, a malignancy that causes an excess of aberrant 

white blood cells. Acute leukemia, which progresses 

quickly and has a short lifespan if left untreated, and 

chronic leukemia, which progresses more slowly and has a 

longer survival time, are common forms of leukemia.3 The 

lymphatic system, which includes the spleen, bone 

marrow, and lymph nodes, is where lymphomas are 

malignancies. One kind of skin cancer called melanoma 

arises in melanocytes, which are the cells that make the 
pigment melanin. It is more aggressive than other forms of 

skin cancer. Myeloma is cancer of the plasma cells in the 

bone marrow4. Pyridazine is a heterocyclic organic 

compound with the chemical formula C₆H₄N₂. It is a type 

of azine compound, which means it contains a six-

membered ring with two nitrogen atoms (as part of the 

aromatic structure) and four carbon atoms. Pyridazine has 

a structure similar to pyridine, but with an additional 

nitrogen atom in its ring.4 A novel pyrimidine-pyridazine 

derivatives were synthesized upon reaction between cyano 

pyridazine derivatives with substituted phenyl methyl 

amine using ullmann acylation reaction. Then all the 

synthesized molecules were assessed against breast cancer 

cell lines. Among them, molecule (1) showed good 

activity the breast cancer.5 Griguolo et al developed 

olaparib (2) with good HER2-negative advanced breast 
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cancer.6 This drug showed good potency of poly (ADP-

ribose) polymerase (PARP) enzyme inhibition with good 

anti cancer activity. Shaalan et al synthesized novel 3,6-

disubstituted pyridazine derivatives and among them (3) 

with good inhibition of NCI-60 cancer cell lines.7 

Elmeligie et al synthesized a new pyridazine derivative (4) 

with good inhibition of colon cancer targeting VEGFR 

kinase enzyme.8 Sabt et al synthesized a series of 
pyridazine derivatives (5) and (6) showed antitumor 

activities.9,10 This manuscript focus on the antiproliferative 

property of pyridazine derivative using in vitro and in 

silico methods. 

 
EXPERIMENTAL 

Structures of the Molecules 

Chemical structures of in house pyridazine molecules were 

drawn by Avogadro software (Table 1).11,12 

Molecular Docking Analysis of Pyridazine derivatives 
with DNA as Antitumor Agent  

The binding energy was calculated using a molecular 

docking research to anticipate ligand-target interactions. 

Using ligand molecules, the interaction between the ligand 

and target proteins created an environment that hindered 

receptor activation in the molecular docking study. The 

output features showed the potential activity of the ligand 

molecule. The ligand's structural characteristics upon 

contact with the receptor were represented in the 

interactive pose of the ligand molecules within the 

receptor. The highest to lowest docking conformers were 

shown in the output energy tabulation.13 The 6BNA 

receptor was docked with the 77 pyridazine compounds 

that were chosen for this study. A member of the 

deoxyribonucleotide (DNA) class is the 6BNA receptor. 

There are two chains in the receptor. There existed 

netrospin (NT) as a complex ligand. Drug Discovery 

Studio was used to assess the co-crystallized ligand's 

surrounding residue. The AUTODOCK Vina software was 

used to conduct the molecular docking investigation, and 

the Drug Discovery Studio software was used to show the 

results.14 The structures of the 77 pyridazine derivatives 

were optimized and saved in pdbqt format18. BIOVIA 

Discovery Studio Visualizer 4.5 was used to view and 

analyze the docking data. Center_x = 15.344, center_y = 
21.339, center_z = 6.993, size_x = 24, size_y = 24, and 

size_z = 24 were the grid box sizes of the 6BNA receptor, 

with exhaustiveness of 8.15 

 

Table 1: SMILE Notations of Pyridazine Derivatives 

Code of 

the 
Molecules 

SMILES 

Notation 

Code of the 

Molecules 

SMILES 

Notation 

R1. O=C1CCC(=

NN1CN1CCO

CC1)c1ccccc1 

R40. CC(C)Cc1ccc(

cc1)C=1CCC(

=O)N(Cn2ncnc

2)N=1 

R2. O=C1CCC(=
NN1CN1CCN

CC1)c1ccccc1 

R41. O=C1CCC(=N
N1CN1CCOC

C1)c1ccc(cc1)c

1ccccc1 

R3. O=C1CCC(=

NN1CN1CCC

CC1)c1ccccc1 

R42. O=C1CCC(=N

N1CN1CCNC

C1)c1ccc(cc1)c

1ccccc1 

R4. CN1CCN(CC

1)CN1N=C(C

CC1=O)c1ccc

cc1 

R43. O=C1CCC(=N

N1CN1CCCC

C1)c1ccc(cc1)c

1ccccc1 

R5. O=C1CCC(=

NN1CN1c2cc

ccc2Sc2ccccc

12)c1ccccc1 

R44. CN1CCN(CC1

)CN1N=C(CC

C1=O)c1ccc(cc

1)c1ccccc1 

R6. O=C1CCC(=

NN1Cn1ccc2c

cccc12)c1cccc
c1 

R45. O=C1CCC(=N

N1CN1c2ccccc

2Sc2ccccc12)c
1ccc(cc1)c1ccc

cc1 

R7. O=C1CCC(=

NN1CN1CCC

C1)c1ccccc1 

R46. O=C1CCC(=N

N1Cn1ccc2ccc

cc12)c1ccc(cc1

)c1ccccc1 

R8. O=C1CCC(=

NN1Cn1ncnc1

)c1ccccc1 

R47. O=C1CCC(=N

N1CN1CCCC1

)c1ccc(cc1)c1c

cccc1 

R9. Cc1ccc(cc1)C

1=NN(CN2C

COCC2)C(=O

)CC1 

R48. O=C1CCC(=N

N1Cn1ncnc1)c

1ccc(cc1)c1ccc

cc1 

R10. Cc1ccc(cc1)C

=1CCC(=O)N

(CN2CCNCC
2)N=1 

R49. Clc1ccc(cc1)C

1=NN(CN2CC

OCC2)C(=O)C
C1 

R11. Cc1ccc(cc1)C

=1CCC(=O)N

(CN2CCCCC

R50. Clc1ccc(cc1)C

=1CCC(=O)N(

CN2CCNCC2)
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Table 1: SMILE Notations of Pyridazine Derivatives 

Code of 

the 

Molecules 

SMILES 

Notation 

Code of the 

Molecules 

SMILES 

Notation 

2)N=1 N=1 

R12. Cc1ccc(cc1)C

=1CCC(=O)N

(CN2CCN(C)

CC2)N=1 

R51. Clc1ccc(cc1)C

=1CCC(=O)N(

CN2CCNCC2)

N=1 

R13. Cc1ccc(cc1)C

=1CCC(=O)N

(N=1)CN1c2c

cccc2Sc2ccccc

12 

R52. Clc1ccc(cc1)C

=1CCC(=O)N(

CN2CCN(C)C

C2)N=1 

R14. Cc1ccc(cc1)C

=1CCC(=O)N

(Cn2ccc3cccc

c23)N=1 

R53. Clc1ccc(cc1)C

=1CCC(=O)N(

N=1)CN1c2ccc

cc2Sc2ccccc12 

R15. Cc1ccc(cc1)C

=1CCC(=O)N

(CN2CCCC2)
N=1 

R54. Clc1ccc(cc1)C

=1CCC(=O)N(

Cn2ccc3ccccc2
3)N=1 

R16. Cc1ccc(cc1)C

=1CCC(=O)N

(Cn2ncnc2)N=

1 

R55. Clc1ccc(cc1)C

=1CCC(=O)N(

CN2CCCC2)N

=1 

R17. COc1ccc(cc1)

C1=NN(CN2

CCOCC2)C(=

O)CC1 

R56. Clc1ccc(cc1)C

=1CCC(=O)N(

Cn2ncnc2)N=1 

R18. COc1ccc(cc1)

C=1CCC(=O)

N(CN2CCNC

C2)N=1 

R57. O=C1CCC(=N

N1C1=NNC(=

S)N1c1ccc(cc1

)c1ccccc1)c1cc

ccc1 

R19. COc1ccc(cc1)

C=1CCC(=O)

N(CN2CCCC

C2)N=1 

R58. Clc1ccc(cc1)c1

ccc(cc1)N1C(=

S)NN=C1N1N

=C(CCC1=O)c
1ccccc1 

R20. COc1ccc(cc1)

C=1CCC(=O)

N(CN2CCN(C

)CC2)N=1 

R59. Cc1ccc(cc1)C=

1CCC(=O)N(N

=1)C1=NNC(=

S)N1c1ccc(cc1

)c1ccccc1 

R21. COc1ccc(cc1)

C=1CCC(=O)

N(N=1)CN1c2

ccccc2Sc2cccc

c12 

R60. Clc1ccc(cc1)c1

ccc(cc1)N1C(=

S)NN=C1N1N

=C(CCC1=O)c

1ccc(C)cc1 

R22. COc1ccc(cc1)

C=1CCC(=O)

N(Cn2ccc3ccc

cc23)N=1 

R61. COc1ccc(cc1)

C=1CCC(=O)

N(N=1)C1=N

NC(=S)N1c1cc

c(cc1)c1ccccc1 

R23. COc1ccc(cc1)
C=1CCC(=O)

N(CN2CCCC

2)N=1 

R62. Clc1ccc(cc1)c1
ccc(cc1)N1C(=

S)NN=C1N1N

=C(CCC1=O)c

1ccc(OC)cc1 

Table 1: SMILE Notations of Pyridazine Derivatives 

Code of 

the 

Molecules 

SMILES 

Notation 

Code of the 

Molecules 

SMILES 

Notation 

R24. COc1ccc(cc1)

C=1CCC(=O)

N(Cn2ncnc2)

N=1 

R63. CCc1ccc(cc1)C

=1CCC(=O)N(

N=1)C1=NNC(

=S)N1c1ccc(cc

1)c1ccccc1 

R25. CCc1ccc(cc1)

C1=NN(CN2

CCOCC2)C(=

O)CC1 

R64. Clc1ccc(cc1)c1

ccc(cc1)N1C(=

S)NN=C1N1N

=C(CCC1=O)c

1ccc(CC)cc1 

R26. CCc1ccc(cc1)

C=1CCC(=O)

N(CN2CCNC

C2)N=1 

R65. CC(C)Cc1ccc(

cc1)C=1CCC(

=O)N(N=1)C1

=NNC(=S)N1c

1ccc(cc1)c1ccc

cc1 

R27. CCc1ccc(cc1)
C=1CCC(=O)

N(CN2CCCC

C2)N=1 

R66. CC(C)Cc1ccc(
cc1)C=1CCC(

=O)N(N=1)C1

=NNC(=S)N1c

1ccc(cc1)c1ccc

(Cl)cc1 

R28. CCc1ccc(cc1)

C=1CCC(=O)

N(CN2CCN(C

)CC2)N=1 

R67. O=C1CCC(=N

N1C1=NNC(=

S)N1c1ccc(cc1

)c1ccccc1)c1cc

c(cc1)c1ccccc1 

R29. CCc1ccc(cc1)

C=1CCC(=O)

N(N=1)CN1c2

ccccc2Sc2cccc

c12 

R68. Clc1ccc(cc1)c1

ccc(cc1)N1C(=

S)NN=C1N1N

=C(CCC1=O)c

1ccc(cc1)c1ccc

cc1 

R30. CCc1ccc(cc1)

C=1CCC(=O)
N(Cn2ccc3ccc

cc23)N=1 

R69. Clc1ccc(cc1)C

=1CCC(=O)N(
N=1)C1=NNC(

=S)N1c1ccc(cc

1)c1ccccc1 

R31. CCc1ccc(cc1)

C=1CCC(=O)

N(CN2CCCC

2)N=1 

R70. Clc1ccc(cc1)c1

ccc(cc1)N1C(=

S)NN=C1N1N

=C(CCC1=O)c

1ccc(Cl)cc1 

R32. CCc1ccc(cc1)

C=1CCC(=O)

N(Cn2ncnc2)

N=1 

R71. N=C1NCN2N

=C(CCC2=N1)

c1ccccc1 

R33. CC(C)Cc1ccc(

cc1)C1=NN(C

N2CCOCC2)

C(=O)CC1 

R72. Cc1ccc(cc1)C=

1CCC2=NC(=

N)NCN2N=1 

R34. CC(C)Cc1ccc(
cc1)C=1CCC(

=O)N(CN2CC

NCC2)N=1 

R73. COc1ccc(cc1)
C=1CCC2=NC

(=N)NCN2N=

1 

R35. CC(C)Cc1ccc( R74. CCc1ccc(cc1)C
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Table 1: SMILE Notations of Pyridazine Derivatives 

Code of 

the 

Molecules 

SMILES 

Notation 

Code of the 

Molecules 

SMILES 

Notation 

cc1)C=1CCC(

=O)N(CN2CC

CCC2)N=1 

=1CCC2=NC(

=N)NCN2N=1 

R36. CC(C)Cc1ccc(

cc1)C=1CCC(

=O)N(CN2CC

N(C)CC2)N=1 

R75. CC(C)Cc1ccc(

cc1)C=1CCC2

=NC(=N)NCN

2N=1 

R37. CC(C)Cc1ccc(

cc1)C=1CCC(

=O)N(N=1)C

N1c2ccccc2Sc

2ccccc12 

R76. N=C1NCN2N

=C(CCC2=N1)

c1ccc(cc1)c1cc

ccc1 

R38. CC(C)Cc1ccc(

cc1)C=1CCC(

=O)N(Cn2ccc

3ccccc23)N=1 

R77. Clc1ccc(cc1)C

=1CCC2=NC(

=N)NCN2N=1 

Table 1: SMILE Notations of Pyridazine Derivatives 

Code of 

the 

Molecules 

SMILES 

Notation 

Code of the 

Molecules 

SMILES 

Notation 

R39. CC(C)Cc1ccc(

cc1)C=1CCC(

=O)N(CN2CC

CC2)N=1 

  

 

Molecular dynamic simulation and MMPBSA Analysis 

Molecular dynamic simulation data helped to understand 
the structural atomic level dynamics of the ligand 

molecules upon interaction with the receptors. In this 

study, the GROMACS 20.1 software package running on 

the LINUX UBUNTU platform was used to study the 

thermodynamic characteristics of the ligand-receptor 

complex.16Molecular dynamic simulation (100 ns) studies 

were performed with top 4 molecules R45, R60, R67, and 

R70 with best docking scores against antitumor drug 

binding DNA 6BNA receptors using CHARMM 36 force 

field and TIP3P water molecules, and ions.17 The 

 
Figure 2: MD Simulation data of best docked pyridazine derivatives interacted with DNA 
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trajectories of the MD simulation were studied using 

GROMACS software package. Qtgrace software was used 

to identify the graphical representation of simulation 

trajectories. The free binding energies of the complexes 

were determined by molecular mechanics poisson-

boltzmann surface area (MMPBSA) analysis.18,19 

Antiproliferative Assay of Pyridazine Derivatives against 

Breast Cancer Cell line   

The sulphorodamine B assay was used to evaluate the 

produced compounds' antiproliferative efficacy against the 

MCF-7 breast cancer cell line.  

 

 

 
Figure 1: Best docked pyridazine derivatives (R45, R60, R67, R70) interacted with DNA  

 
Table 2: Molecular docking analysis data of Pyridazine derivatives with DNA 

SN. Code of the 

Molecules 

Dock 

Score 

(kcal/mol) 

Interacting residues 

1. R1 -7.3 DT8a, DA17a, CBR9a, DA18b, DT19b, DC11b, DG10b, DG16b, DG12b. 

2. R2 -7.3 DT8a, DT19b, DA17a, DG10b, DG16b. CBR9b, DA18b, DC11b. 

3. R3 -7.4 DT8a. DA18a, DA17a, DG16b, DG10b, DT19b, DC11b, CBR9b. 

4. R4 -7.4 DA6a, DA5b, DG4b, DG22c, DC3b, DG2b, DG24b, DC23b. 

5. R5 -8.4 DA17a, DG16b, DA18a, DG10b, CBR9a, DT19b 

6. R6 -7.6 CBR9a, DC11b, DA18b, DG10b, DG16b, DA17a, DC15b, DG14b. 

7. R7 -7.3 DA17a, DG16b, DA18a, DG10b, CBR9a, DT19b, DT8b, DT7b, DT20b. 

8. R8 -7.0 DG16a, DG10b, DA17a, DG14a, DC11b, DA18a, CBR9a. 

-9. R9 -8.0 DG22a, DA5a, DT20c, DC3b, DA6b, DC23b, DT78b. 
10. R10 -7.6 DA5a, DC23b, DA6b, DT7b, DG4b, DT20c, DG22c, DC3b. 

11. R11 -8.1 DG22c, DT20c, DG4b, DA5b, DC3b, DC23b, DA6b, DT7b. 
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Table 2: Molecular docking analysis data of Pyridazine derivatives with DNA 

SN. Code of the 

Molecules 

Dock 

Score 

(kcal/mol) 

Interacting residues 

12. R12 -7.6 DT19b, CBR9a, DT20b, DT8b, DT7b, DA18b, DG16b, DA17b, DG10b. 

13. R13 -8.9 DT20c, DG22c, DA5b, DG4b, DA6c, DC23c, DT7b. 

14. R14 -8.1 
DT19b, DG16b, DG14b, DC15b, DG10a, DC11b, DA17b, DA18b, DT8b, 

CBR9b. 

15. R15 -7.2 DA18a, DA17a, CBR9b, DG16b, DG10b, DC15b, DG14b, DC11b. 

16. R16 -7.8 DG10b, DG16a, DT19b, DT7b, DT20b, DT8b, DA17a, DA18a. 

17. R17 -7.5 DG16a, DC15b, DG14b, DA18a, DC11a, DT8a, CBR9a, DT19b. 

18. R18 -7.8 DA5a, DG4a, DC3b, DT20c, DG22c, DA6b, DC23a, DT7b. 

19. R19 -7.5 DA18c, DT8a, DT19b, DA17a, DG10b, DG16b, CBR9b, DC11b. 

20. R20 -7.6 DA18b, DG10b, DC11b, DG16a, DT19b, CBR9b, DT8b, DA17a. 

21. R21 -9.0 
DA18c, CBR9b, DT19b, DT8a, DA17b, DG12b, DG10a, DC11b, DC15b, 

DC15b. 

22. R22 -8.4 DA18a, DC11b, DG14b, DC15b, FG16a, DA17b, DT8b, DT19b, CBR9b. 

23. R23 -7.2 DT7b, DG22a, DT20c, DC3b, DG4b, DA5b, DC23b, DA6b. 

24. R24 -7.9 DA17b, DG16a, DG10b, DA18a, CBR9b, DT8b, DT20b, DT19b, DT7a. 

25. R25 -7.6 
DA18a, CBR9b, DC11b, DT19a, DT8a, DG16a, DA17b, DG10a, DG14b, 

DC15b. 
26. R26 -7.5 CBR9a, DA18a, DT19b, DA6c, DT7c, DT8b, DT20c. 

27. R27 -7.1 DC11a, DG16a, DG10b, DT19b, DA17a, CBR9b, DA18c. 

28. R28 -7.5 CBR9a, DA18a, DA17a, DG10a, DC11a, DT19b. 

29. R29 -8.8 DG10a, DT8c, CBR9b, DA18c, DT19b. 

30. R30 -8.1 DG10a, CBR9b, DA17b, DA18b. 

31. R31 -7.2 DC11a, DG16a, DA17a, DG10b. 

32. R32 -7.4 DT20c, DG22c, DG4b. 

33. R33 -7.9 DT20c, DA6b, DC23b, DA5a, DG22c, DG4b. 

34. R34 -7.8 DA5a, DT20c, DG22c. 

35. R35 -7.5 DG10b, DG16a, DC15a, DG12b, DC11b. 

36. R36 -7.7 DT20c, DG22a, DC23b, DA5b, DC3b, DC7b. 

37. R37 -8.5 DG22a, DA5b, DG24b, DG4b, DT20b. 

38. R38 -8.6 DG10a, DC15b, DG16b, CBR9b, DA18b. 

39. R39 -7.2 DA17a, DA18a, CBR9b, DG10b, DC11b. 

40. R40 -7.4 DG4a, DG22a, DA5b, DA6a, DT20c. 

41. R41 -8.6 DA18a, CBR9a, DG10b, DA17a, DG16b. 

42. R42 -8.6 DA17a, DG16a, DG10a, DC11a, DA18b, DT8b. 

43. R43 -8.7 DT19c, DG10a, DC11a, DA17b. 
44. R44 -9.0 CBR9a, DG16b, DA17b, DG10b, DT8b. 

45. R45 -10.1 DG10a, DC15b, DA17b, CBR9b. 

46. R46 -9.2 DG10a, DA17b, DA18b, CBR9b. 

47. R47 -8.4 DA5a, DG22c, DT20c, DC3b, DA6b. 

48. R48 -8.4 DG10a, DC11a, DT19c, DG16a. 

49. R49 -7.5 DG16a, DA17b, CBR9a, DA18a, DT8a, DC15b. 

50. R50 -7.5 CBR9a, DA17b, DG16b, DA18b. 

51. R51 -7.4 DG10a, DC11b, DG16a, DA18b, CBR9b, DC15b. 

52. R52 -7.8 DA17a, DA18a, DTA19a, CBR9b, DC11b. 

53. R53 -8.4 DG22a, DA5b, DC23b, DG4b, DG2b. 

54. R54 -8.1 DG10a, DC11b, DG14b, CBR9b, DT8b. 

55. R55 -7.2 DA18a, DA17a, CBR9b, DG10b, DC11b. 

56. R56 -7.9 DG16a, DA18a, DA17a, CBR9b, DT19b. 

57. R57 -9.4 DG10b, DC11b, DA17b, DA18b, CBR9b, DT19b. 

58. R58 -9.8 DC11a, DG10b, DA18b, CBR9b, DG16b. 

59. R59 -7.5 DG10c, DT20b, DT19b, DT8b, DG16b. 

60. R60 -10.1 DC11a,c, DG10b, DG16b,CBR9b. 
61. R61 -7.7 DT20b, DT19b, CBR9b, DT8b, DA18b, DG16b, DG10. 

62. R62 -9.9 DC11a,c, DA18b, CBR9b, DA17b, DT8b, DG16b, DG10b, DC15b. 

63. R63 -7.5 DC11a, DG10b, DT19c, DT20b, DA18b, CBR9b, DA17b. 

64. R64 -9.9 DC11a, DG10a, DA18b, CBR9b, DT20b, DC15b. 
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Table 2: Molecular docking analysis data of Pyridazine derivatives with DNA 

SN. Code of the 

Molecules 

Dock 

Score 

(kcal/mol) 

Interacting residues 

65. R65 -7.8 DG10c, DT20a, DA17c, DT8b, DT19b, CBR9b, DG16b, DC11b. 

66. R66 -7.7 CBR9a, DA18c, DT19b, DG16a, DG10b, DA17b, DC11b. 

67. R67 -10.4 DG10b, DG16b, DC11b, DA17b, DA18b, CBR9b, DT8b, DT20c. 

68. R68 -9.6 DT7c, DG24c, DT20b, CBR9b, DT8b, DT19b, DG4b, DA5b. 

69. R69 -7.4 DT19b, DT20b, DC11b, DG10b, DA18b, CBR9b, DG16b. 

70. R70 -10.1 DC11a, DA17b, DC15b, DG10a, DG16c, DT20b, DT8b. 

71. R71 -6.6 DA18a, DA17a, DC11b, DG16b, DG10a. 

72. R72 -7.7 DG10a, CBR9a, DA18a, DA17a, DG16b, DG14b, DC15b. 

73. R73 -7.8 DC11a, DG16a, DA17b, DC15b, DT19b, CBR9b. 

74. R74 -7.9 DC15a, DC11a, DG16a, DG12b, CBR9b. 

75. R75 -7.7 DT8a, DA18a, CBR9b, DT19b, DG10b, DC11b. 

76. R76 -8.7 DA6a, DG22a, DT20c, DT7b, DA5c, DG4b, DC3b. 

77. R77 -7.8 CBR9a, DA18a, DA17a, DG16b, DG10a, DC15b, DG14b, DC11b. 

a: Hydrogen bond,b:Van der wal interactions, c:Pi bond 

 

 

Table 3: Antiproliferative activity data of Pyridazine 

derivatives on MCF-7 

SN Code of 

Pyridazine 

Derivatives 

LC50 TGI GI50 

(μM) 

1. R45 >80 >80 20.1 

2. R60 >80 >80 29.7 

3. R67 >80 >80 11.6 

4. R70 >80 >80 31.5 

5.  Adriamycin 52.6 16.8 -48.4 

 

First, trichloroacetic acid was used to establish the culture, 

and then sulforhodamine B was used for staining. After 

that, 10 mM unbuffered tris base [tris hydroxymethyl] 

aminomethane was used to remove the protein-linked dye 

in order to measure optical density.20  

An acetic acid solution was used to wash the protein-

unbound dye. The Lowry and Bradford test protocols 

served as the basis for the SRB assay. With 1000 cells, the 

signal to noise ratio at 564 nm was 1.5. In order to 
measure cell toxicity, this method demonstrated a highly 

desired automated drug screening procedure. Static 

fluorescence cytometry was used to measure SRB 

fluorescence at 488 nm under laser illumination.21 

 

RESULTS AND DISCUSSION 

Molecular Docking Analysis Data 

DNA was docked with all 77 of pyridazine derivatives 

(R1–R77) (PDB id: 6BNA).22 Netrospin engaged in 

hydrogen bond interactions with DA (A6), DA (B17), DT 

(A8), and DT (B20) inside the receptor complexed ligand; 

pi-sigma interactions with DT (A7); and van der Waals 

contacts with DA (B18), DT (B19), and DG (B16).  The 

77 pyridazine derivatives' docking scores (R1–R77) fell 

between -6.6 and -10.4 kcal/mol20. Every molecule was 

precisely positioned inside the receptor's active site. 

According to Table 2 and Figure 1, the maximal docking 
interaction scores for R67, R70, R60, and R45 were -10.4 

kcal/mol, -10.1 kcal/mol, -10.1 kcal/mol, and -10.1 

kcal/mol, respectively.24   

MD Simulation and MMPBSA Analysis Data  

Average RMSD values of R45, R60, R67, R70 molecules 

interacted with 6BNA receptor were 2.88 Å, 1.02 Å, 0.91 

Å, and 2.66 Å, respectively. RMSD values for R45 and 

R70 achieved steady value near 70 ns, and 50 ns, 

respectively. R60 maintain a steady value throughout the 

simulation time. R67 achieved static value with very 

minimal fluctuation during simulation. Average SASA 
values of R45, R60, R67, and R70 molecules interacted 

with 6BNA receptor were 7.13 nm2, 7.29 nm2, 7.87 nm2, 

and 6.86 nm2, respectively. SASA values for R45, R60, 

and R67 were steady during simulation, and R70 

fluctuated during (0-50) ns followed by steady value in the 

latter 50 ns simulation time.25 SASA values create positive 

impact on interaction of ligand molecule with receptor. 

Average radius of gyration values of R45, R60, R67, and 

R70 molecules interacted with 6BNA receptor were 0.37 

nm, 0.42 nm, 0.45 nm, and 0.41 nm, respectively.26 Radius 

of gyration values of R45, R60, and R67 achieved a steady 

value and R70 achieved a steady value between (40-100) 

ns. Radius of gyration showed greater stability between 

ligand and receptor. Hydrogen of R45, R60, R67, and R70 

molecules interacted with 6BNA receptor formed good 

quality hydrogen bonds between ligand and receptor 

throughout the simulation timeline (Figure 2).27 MMPBSA 
analysis of R45, R60, R67, R70 showed that binding 

energies of -30.656 kJ/mol, -29.503 kJ/mol, and -42.683 

kJ/mol, and -27.747 kJ/mol, respectively. Polar solvation 

energy was negatively impacted on binding energy.28 

Antiproliferative Analysis Data of Pyridazine Derivatives 

on Breast Cancer Cell line 

 In this experiment, (LC50: Lethal Concentration for 50% 

inhibition), (TGI: Total Growth Inhibition) and (GI50: 50% 

Growth Inhibition) of the selected pyridazine derivatives 

(R45, R60, R67, and R70) were determined by taking 

adriamycin as control. The GI50 value of R45, R60, R67, 

R70 and adriamycin (standard) observed at 20.1 μM, 29.7 

μM, 11.6 μM, 31.5 μM, and (-) 48.4 μM, respectively.29 

Among the selected pyridazine derivatives, R67 showed 

marked GI50 value (Table 3).30 
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CONCLUSION 

Pyridazine derivatives showed diversified activities. This 

manuscript mainly focused on the antiproliferative 

profiling of previously synthesized pyridazine derivatives 

using sulphorhodamine assay on breast cancer cell line 

and computationally established their role targeting DNA 

molecule. Among the synthesized molecules 6-([1,1'-
biphenyl]-4-yl)-2-(4-([1,1'-biphenyl]-4-yl)-5-thioxo-4,5-

dihydro-1H-1,2,4-triazol-3-yl)-4,5-dihydropyridazin-

3(2H)-one (R67) showed best antiproliferative activity 

with in silico background.  
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