
Biological testing 
 
 
 

 

1. In vitro anti-proliferative activity 

 

MTT assay protocol was applied as described previously to assess the anti-proliferative 

activity of the synthesized compounds. Three human cancer cell lines (HepG2, PC3 and MCF-7 

were used in this test. Briefly, cells were cultured in RPMI-1640 medium supplemented with 10% 

fetal bovine serum and 100 units/ml penicillin and100 µg/ml streptomycin, at 37
o
C in a 5% CO2 

incubator. Cells were seeded in a 96-well plate at a density of 5 x 10
3
 cells / well and left 

overnight to attach. Cells were treated with different concentrations of the synthesized 

compounds and incubated for 72 h. 50 µl of MTT solution at 5mg/ml was then added and 

incubated for 4 h. 100 µl Dimethyl sulfoxide (DMSO) was added into each well to dissolve the 

purple formazan crystals. The developed color was measured at 570 nm using a plate reader 

(EXL 800, USA). The relative cell viability in percentage was calculated as (A570 of treated 

samples/A570 of untreated sample) X 100. The half maximal inhibitory concentration (IC50) 

values were calculated using non-linear regression analysis of the data obtained from three 

independent experiments. Data were presented as mean ±SD. 

 
2.1. Supernatant preparation 
 

Cell culture supernatants were prepared from HepG2 cell line. Cells were cultured in 

RPMI 1640 medium supplemented with 10% fetal bovine serum (FBS) , 100 U/ml of 

penicillin and 100 μg/ml of streptomycin at 37 °C in a humidified 5% CO2 incubator. The 

candidate compounds and thalidomide were dissolved in DMSO as a stock solution at 100 

mmol/L and diluted with an FBS-free medium to achieve the designated concentrations 

(IC50). The same concentration of DMSO without any compounds was used as a control. 

0.5x10
6
 cells HepG2 cells were cultured into T25 flask, allowed to adhere overnight followed 

by treatment with the tested compounds. After 72 h, the media was collected and centrifuged 

for 15 min at 5000 rpm and equal volume of cell culture supernatants were collected and 

utilized for immunoassay using different kits [1]. 

 

 

 
 
 
 
2.2. Cell lysate preparation 



 
The tested compounds and thalidomide were incubated for 72 h with HepG2 cells. Then, the 

cells were collected by trypsinization using 0.25 % trypsin/EDTA solution. Cell palettes 

then were washed three times with phosphate buffer saline (PBS) and lysed by three 

repetitive freezing/thawing cycles (thawing at 37 °C for 2 min and freezing at –80 °C for 15 

min), followed by homogenization of the cells by passing through a 20G needle [2]. 

 
 

2.3 Estimation of NF-κB P65 and Caspase-8 levels in HepG2 cell lysate. 
 

50 µL/well of cell lysate or standard were applied to the microtiter plates pre-coated with the 

specific monoclonal antibodies of caspase-8, and NF-κB P65 and incubated at 37 °C for 90 

min. All wells were washed three times using the wash buffer to remove any unbound 

proteins. Biotinylated detection antibody was then added, followed by incubation at 37 °C for 

60 min. The solution was aspirated and washed three times with the wash buffer. Horseradish 

peroxidase (HRP) conjugated streptavidin was added to all wells and incubated for 30 min at 

37 °C . At the end of the incubation period, the solution was removed and 90 μl of substrate 

reagent was added to each well and incubated at 37 °C for 15 min. To stop the reaction, 50 μl 

of stop solution was added and then the absorbance was measured immediately at 450 nm 

using the ELISA plate reader (FLUO star OPTIMA. Concentrations of caspase-8 and NF-κB 

P65 were determined by interpolating the absorbance values with that of the standard curve 

obtained from the known concentrations of standard proteins. [2]. 

 
 
2.3 Estimation of VEGF and TNF-α in HepG2 levels cell culture supernatant. 
 
In order to quantify the VEGF and TNF-α protein that was secreted extracellularly by HepG2 

cells, following drug treatment, the media content was analyzed by ELISA using VEGF and 

TNF-α ELISA kits (E-EL-H1600, Elabscience and ab181421, abcam) respectively, as per 

manufacturer’s instructions. 

 
 
3.Cell cycle analysis 
 
To determine the effect of the synthesized compounds on cell cycle distribution, cell cycle 

analysis was performed using propidium iodide (PI) staining and flow cytometry analysis for 

compound XIVc Flow Cytometry Kit for Cell Cycle Analysis (ab139418_Propidium Iodide 

Flow Cytometry Kit/BD) was used in this test. HepG2 cells were treated with the IC50 of 

compound XIVc for 72 h. Then, the cell pellets were fixed in 70% ethanol at 4 °C for 12 h. 

After that, cells were washed with cold PBS, incubated with 100 μl RNase A at 37 °C for 30 

min, and stained with 400 μl PI in the dark at room temperature for further 30 min. The 
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stained cells were measured using Epics XL-MCL™ Flow Cytometer (Beckman 

Coulter), and the data were analyzed using Flowing software (version 2.5.1, Turku Centre 

for Biotechnology, Turku, Finland). 

 
 

4. Apoptosis assay 
 

Flow cytometry was used to investigate the effect of synthesized compounds on cellular 

apoptosis. HepG2 cells were treated with compound XIVc at IC50 for 72 h, cells then were 

collected by trypsinization, centrifuged, washed three successive times with PBS, suspended 

in 500 μl binding buffer, and double stained with 5 μl Annexin V-FITC and 5 μl PI in the 

dark at room temperature for 15 min. The stained cells were measured using Epics XL-

MCL™ Flow Cytometer and analyzed using the machine provided software. 
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1HNMR for comp.VIIb 
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1HNMR for comp.VIIc 



 
 
 
 
 
 
 
 
 
 
 

 

13C NMR for comp.VIIc 
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1HNMR for comp.VIId 
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1HNMR for comp .XI 
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1HNMR for comp. XII 



 
 
 
 
 
 
 

 

1HNMR for comp. XII 
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1HNMR for comp .XIIIa 



 
 
 
 

 

1HNMR for comp.XIIIa 



 
 
 
 
 
 

 

1HNMR for comp.XIIIa 
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1HNMR for comp.XIIIb 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

HNMR for comp.XIIIb 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

C13NMR for comp. XIIIb 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

IR for comp.XIIIb 



 
 

 

1HNMR for comp. XIIId 
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1HNMR for comp. XIVa 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

HNMR for compoundXIVa 
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1HNMR for comp. XIVb 



 
 
 
 
 
 
 

 

1HNMR for comp. XIVb 
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HNMR for comp.XIVc 
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1HNMR for comp. XVI 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

1HNMR for comp.XVI 
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1HNMR for comp. XIX 



 
 
 
 
 
 

 

1HNMR for comp. XIX 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

13C NMR for comp. XIX 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

IR for comp. XIX 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

1HNMR for comp. XX 



 
 
 
 
 
 
 
 
 
 
 
 
 

 

13CNMR for comp. XIX 
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