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Figure S1. 1HNMR Spectra of Compound 7a.
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Figure S2. 13CNMR Spectra of Compound 7a.
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Figure S3. 1HNMR Spectra of Compound 7b.
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Figure S4. 13CNMR Spectra of Compound 7b.
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Figure S5. 1HNMR Spectra of Compound 7c.
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Figure S6. 1HNMR Spectra – D2O exchanged of Compound 7c.
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Figure S7. 13CNMR Spectra of Compound 7c.
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Figure S8. 1HNMR Spectra of Compound 7d.
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Figure S9. 13CNMR Spectra of Compound 7d.
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Figure S10. 1HNMR Spectra of Compound 7e.
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Figure S11. 13CNMR Spectra of Compound 7e.
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Figure S12. 1HNMR Spectra of Compound 7f.
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Figure S13. 13CNMR Spectra of Compound 7f.
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Figure S14. 1HNMR Spectra of Compound 7g.



18

-100102030405060708090100110120130140150160170180190200210
f1 (ppm)

0

5000

10000

15000

20000

25000

30000

7g - C13

9.
89

11
7.

51
11

9.
32

12
7.

45
12

7.
77

12
8.

89
12

9.
05

12
9.

22
13

0.
10

13
0.

25
13

2.
46

13
4.

57
13

5.
20

13
7.

94
13

8.
51

13
9.

55
14

1.
93

15
2.

28
15

7.
32

Figure S15. 13CNMR Spectra of Compound 7g.
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Figure S16. 1HNMR Spectra of Compound 7h.
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Figure S17. 13CNMR Spectra of Compound 7h.
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Figure S18. 1HNMR Spectra of Compound 7i.
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Figure S19. 13CNMR Spectra of Compound 7i.
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Figure S20. 1HNMR Spectra of Compound 10a.
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Figure S21. 13CNMR Spectra of Compound 10a.
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Figure S22. 1HNMR Spectra of Compound 10b.
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Figure S23. 13CNMR Spectra of Compound 10b.
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Figure S24. 1HNMR Spectra of Compound 10c.
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Figure S25. 13CNMR Spectra of Compound 10c.
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Figure S26. 1HNMR Spectra of Compound 10d.
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Figure S27. 13CNMR Spectra of Compound 10d.
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Figure S28. 1HNMR Spectra of Compound 10e.
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Figure S29. 13CNMR Spectra of Compound 10e.
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Figure S30. 1HNMR Spectra of Compound 10f.
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Figure S31. 13CNMR Spectra of Compound 10f.
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Figure S32. 1HNMR Spectra of Compound 10g.
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Figure S33. 13CNMR Spectra of Compound 10g.
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Figure S34. 1HNMR Spectra of Compound 10h.
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Figure S35. 13CNMR Spectra of Compound 10h.
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Figure S36. 1HNMR Spectra of Compound 10i.
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Figure S37. 13CNMR Spectra of Compound 10i.
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Table S1. Pharmacokinetic Parameters for Compound 7i.
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Table S2. Pharmacokinetic Parameters for Compound 10a.
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Chemistry Instruments:

Melting points were determined using an uncorrected Stuart melting point apparatus. The 

FT-IR 8400S spectrophotometer was used to record infrared spectra. The Bruker spectrometer was 

used to capture the 1H NMR spectra at 400 MHz. 13C NMR spectra were obtained in deuterated 

dimethylsulfoxide (DMSO-d6) at 100 MHz. Chemical shifts (H) are reported concerning TMS, the 

internal standard. The values of all coupling constants (J) are given in hertz. As internal standards, 

chemical shifts (C) are reported to DMSO-d6. The abbreviations are s, singlet; bs, broad singlet; 

d, doublet; dd, doublet of doublet; t, triplet; m, multiplet. Thin layer chromatography (TLC) on 

silica gel precoated F254 Merck plates was used to monitor reaction courses and product mixtures 

regularly. Elemental analyses were conducted at Al-Azhar University's Regional Center for 

Microbiology and Biotechnology in Cairo, Egypt. Unless otherwise specified, all solvents and 

reagents were commercially available and used without further purification.

MTT Assay:

The anti-proliferative effects of the synthesized pyrazolyl-triazole hybrids and pyrazolyl-

di(triazole) hybrids were evaluated using the 3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide (MTT) assay against MCF-7 human breast adenocarcinoma cells 

(ATCC HTB-22) derived from metastatic pleural effusion and A549 human lung carcinoma cells 

(ATCC CCL-185). Both cell lines were cultured as adherent epithelial cells and maintained under 

standard conditions. The cytotoxicity assessment was performed by seeding cells at 1×105 cells/ml 

(100 μl/well) in 96-well tissue culture plates and incubating for 24 hours at 37°C to establish 

confluent monolayers. After washing with maintenance medium, cells were treated with serial 

two-fold dilutions of test compounds in RPMI medium containing 2% serum, with three wells 

serving as untreated controls. Following compound exposure, MTT solution (5 mg/ml in PBS) 

was added (20 μl/well), and plates were incubated at 37°C with 5% CO2 for 4 hours to allow 

metabolic conversion of the tetrazolium salt to purple formazan crystals by viable cells. The 

formazan product was subsequently solubilized in 200 μl DMSO with gentle shaking, and optical 

density was measured at 560 nm with background correction at 620 nm using a microplate reader. 

Cell viability was calculated as a percentage relative to untreated controls, with the assay principle 

based on the direct proportionality between formazan formation and the number of metabolically 

active cells.
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Flow Cytometric Analysis in A549 Cells:

Cell cycle analysis of A549 cells was performed using the COULTER DNA PREP 

Reagents Kit (PN 6607055) purchased from Beckman Coulter, Inc. (Brea, CA, USA). A549 cells 

were harvested and prepared for flow cytometric analysis following the manufacturer's protocol, 

where cells were treated with DNA PREP LPR (lysing/permeabilizing reagent containing <0.1% 

potassium cyanide, <0.1% NaN3, nonionic detergents, saline and stabilizers) to permeabilize the 

cell membrane, followed by staining with DNA PREP Stain solution containing 50 µg/mL 

propidium iodide and RNAse (Type III-A, Bovine Pancreas, 4 KU/mL) to ensure specific DNA 

binding by removing interfering RNA. The reagents were brought to room temperature (20-25°C) 

before use, and cells were incubated with the staining solution while minimizing light exposure to 

prevent photobleaching of the propidium iodide fluorophore. Flow cytometric analysis was 

performed using appropriate excitation at 488 nm and emission detection at 560-680 nm, with the 

fluorescence intensity directly proportional to cellular DNA content, allowing for quantitative 

assessment of cell cycle distribution phases (G0/G1, S, and G2/M) and identification of any sub-

G1 population indicative of apoptotic cells. Data acquisition and analysis were conducted 

following standard flow cytometry protocols with proper instrument calibration using 

fluorospheres to ensure a half-peak coefficient of variation (CV) less than 2% for red fluorescence.

Clonogenic Assay:

A clonogenic assay was performed to evaluate the antiproliferative effects of test 

compounds on A549 cells. Cells were seeded in 6-well tissue culture plates at appropriate densities 

and allowed to attach. After 24 hours, cells were treated with compounds 7i, 10a, or Doxorubicin, 

followed by incubation for colony formation over 10–14 days. Colonies consisting of at least 50 

cells were fixed with 10% formalin and stained using 0.5% crystal violet solution. Plates were air-

dried, and colonies were manually counted under a stereomicroscope. The plating efficiency (PE) 

and surviving fraction (SF) were calculated, with PE representing the percentage of seeded 

untreated cells that formed colonies, and SF derived from treated groups relative to the PE of the 

control. All assays were conducted in quadruplicate, and data are presented as mean ± standard 

error.
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Biochemical Markers:

Human Ki-67 PicoKine™ ELISA Kit (Catalog No. MBS1751629) was used to quantify 

Ki-67 expression in A549 cell lysates. After cell lysis and clarification, 100 µL of each sample or 

standard was added to precoated wells and incubated for 2 h at 37 °C. Wells were washed, then 

100 µL biotinylated anti-Ki-67 antibody (1:100) was added for 90 min, followed by 100 µL ABC-

HRP for 30 min. After washing, 200 µL TMB substrate was developed for 25 min, stopped with 

acid, and absorbance read at 450 nm. 

Human PCNA ELISA Kit (Catalog No. MBS762155) measured PCNA levels in A549 

lysates. Samples (100 µL) were incubated in anti-PCNA-coated plates for 90 min at 37 °C, washed, 

then 100 µL biotinylated detection antibody (1:100) was added for 60 min, followed by 100 µL 

HRP-streptavidin for 30 min. After washing, 90 µL TMB was added for 15 min, stopped with acid, 

and O.D. read at 450 nm. 

Human p21 ELISA Kit (Cat. No. MBS2605968) quantified p21 in A549 cell lysates. 

Standards and 100 µL of each sample were incubated in anti-p21-coated wells for 90 min at 37 

°C. After washing, 100 µL biotinylated anti-p21 antibody (1:100) was added for 60 min, washed, 

then 100 µL enzyme conjugate for 30 min. Following five washes, 90 µL TMB was added for up 

to 30 min, stopped, and read at 450 nm. 

Cloud-Clone Corp. Bax ELISA Kit (SEB343Hu; 96T) assessed Bax in A549 lysates. 

Samples (100 µL) were incubated in precoated wells for 1 h at 37 °C. After three washes, 100 µL 

Detection Reagent A was added for 1 h, washed, then 100 µL Detection Reagent B for 30 min. 

Following five washes, 90 µL TMB was added for 10–20 min, stopped, and absorbance measured 

at 450 nm. 

Human Bcl-2 ELISA Kit (SEA778Hu; Cloud-Clone Corp.) measured Bcl-2 in A549 

lysates. 100 µL of standards or samples were incubated for 1 h at 37 °C in precoated wells. After 

washing, 100 µL Detection Reagent A was added for 1 h, washed, then 100 µL Detection Reagent 

B for 30 min. Following five washes, 90 µL TMB was added for 10–20 min, stopped, and read at 

450 nm. 

Caspase-3 ELISA Kit (SEA626Hu; Cloud-Clone Corp.) quantified Caspase-3 in A549 

lysates. 100 µL of standards or samples were incubated for 1 h at 37 °C in precoated wells. After 
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washing, 100 µL Detection Reagent A was added for 1 h, washed, then 100 µL Detection Reagent 

B for 30 min. Following five washes, 90 µL TMB was added for 10–20 min, stopped, and 

absorbance read at 450 nm. 

VEGFR2/KDR ELISA Kit (MBS765022; MyBioSource, Inc.) measured VEGFR2 in 

A549 lysates. Samples (100 µL) were incubated in precoated wells for 90 min at 37 °C, washed 

twice, then 100 µL biotinylated detection antibody (1:100) for 60 min. After three washes, 100 µL 

SABC (1:100) was incubated for 30 min, washed five times, and 90 µL TMB added for 15–30 

min. The reaction was stopped with 50 µL acid, and O.D. read at 450 nm. 

P-gp ELISA Kit (MBS2506188; MyBioSource, Inc.) quantified P-glycoprotein in A549 

lysates. After sample preparation, 100 µL of standards or samples were incubated for 90 min at 37 

°C in precoated wells. 100 µL biotinylated detection antibody (1:100) was added for 60 min, 

washed thrice, then 100 µL HRP conjugate (1:100) for 30 min. Following five washes, 90 µL 

substrate was added for 15 min, stopped, and absorbance measured at 450 nm. 

E-Cadherin ELISA Kit (Kit No. KIT10204; Sino Biological, Inc., Beijing, China) assessed 

E-cadherin in A549 lysates. After preparing 100 µL of standards or samples, plates were washed 

three times, then incubated for 2 h at room temperature. Wells were washed, then 100 µL HRP-

conjugated detection antibody (0.5 µg/mL) was added for 1 h, washed, and 200 µL TMB added 

for 20 min. The reaction was stopped with 50 µL 2 N H2SO4, and O.D. read at 450 nm.

EGFR, VEGFR-2, and AURKA Inhibitory Activity:

The inhibitory potency of compounds (7i) and (10a) against EGFR kinase was assessed 

using the EGFR Kinase Assay Kit (Catalog No. 40321; BPS Bioscience, 6042 Cornerstone Court 

W, Ste B, San Diego, CA 92121, USA). Recombinant EGFR enzyme (1 ng/µL) and PTK substrate 

(Poly(Glu:Tyr) 4:1) were incubated in kinase buffer at 30 °C for 40 min in the presence of serial 

dilutions of each compound (0.1 nM to 10 µM) in duplicate. Reactions were terminated with 

Kinase-Glo® MAX reagent, and luminescence was measured on a microplate reader. 

Compound potency against VEGFR-2 kinase was measured with the VEGFR-2 (KDR) 

Kinase Assay Kit (Catalog No. 40325; BPS Bioscience, San Diego, CA, USA). Purified VEGFR-2 

(1 ng/µL) and PTK substrate were combined in 1× kinase buffer and incubated at 30 °C for 45 min 



64

with serial dilutions of 7i and 10a (0.1 nM–10 µM) in white 96-well plates. Following incubation, 

Kinase-Glo® MAX reagent was added, and luminescence was recorded. 

Aurora Kinase A inhibition by (7i) and (10a) was evaluated using the Chemi-Verse™ 

Aurora Kinase A Assay Kit (Cat. No. 82095; BPS Bioscience, San Diego, CA, USA), employing 

ADP-Glo™ detection. Reactions containing 5 ng/µL Aurora A, Kemptide substrate, and ATP (500 

µM) were assembled in assay buffer and treated with compound dilutions (0.1 nM–10 µM) for 45 

min at 30 °C. After reaction quenching and ADP-to-ATP conversion, luminescence was measured.

In-silico Studies:

Molecular docking studies were carried out using AutoDock Vina v1.2.5 to predict the 

binding modes of compounds (7i) and (10a) within EGFR (PDB ID: 4HJO), VEGFR-2 (PDB 

ID: 3VHE), and AURKA (PDB ID: 4UYN). Protein structures were prepared by removing all 

water molecules and co‐crystallized ligands, adding polar hydrogens, and assigning Gasteiger 

charges using AutoDockTools. Grid boxes were defined as follows: EGFR (center_x = 24.214, 

center_y = 8.727, center_z = 0.296; size_x = 30 Å, size_y = 28 Å, size_z = 30 Å), VEGFR-2 

(center_x = –24.709, center_y = –1.299, center_z = –10.738; size_x = 32 Å, size_y = 32 Å, size_z 

= 30 Å), and AURKA (center_x = 26.770, center_y = –5.043, center_z = 14.907; size_x = 26 Å, 

size_y = 24 Å, size_z = 32 Å). Ligand structures were energy‐minimized using the MMFF94 force 

field in OpenBabel and then converted to PDBQT format. For each docking run, exhaustiveness 

was set to 32 and the number of binding modes to 10. The top‐ranked poses, according to Vina 

score, were visualized and analyzed for intermolecular interactions using Discovery Studio 

v21.1.0.20298 and UCSF ChimeraX v1.7rc202312020245.

Pharmacokinetic and drug-likeness profiles of compounds were predicted using 

SwissADME (http://www.swissadme.ch), where SMILES inputs generated physicochemical 

descriptors, and ADMETLab 3.0 (https://admetlab3.scbdd.com) with results downloadable as 

interactive tables and CSV files.

http://www.swissadme.ch/
https://admetlab3.scbdd.com/
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HPLC
Spectra
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Figure S38. HPLC Spectra for compound 7i.
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Figure S39. HPLC Spectra for compound 10a.
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IC50 Curves
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Figure S40. IC50 curves of compounds 7i and 10a, administered alone and in combination with 
doxorubicin, against the normal human lung fibroblast cell line WI-38, as determined by the 

MTT assay.



70

Figure S41. Concentration-response curves showing the inhibitory activity of compounds 7i and 
10a against EGFR, VEGFR-2, and AURKA kinases. IC50 values were calculated from nonlinear 

regression fitting of the percentage inhibition versus concentration.


