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S1. Cellular mechanisms of compound 1512 
S1-A. Induction of apoptosis and apoptotic changes in HCT-116 cancer cell lines 
upon treatment with 4112. 
Method.  

See Main test section 4.2.8. Nuclear fragmentation by DAPI staining. 

 

Result. 

1512 caused extensive changes in the nuclear matter as illustrated in Figure S1-A. 

 

 
Figure S1-A. Effect of 1512 at 32 µM (IC50 concentration) for 48 h on the nuclear structures of HCT-116 

cells. Treated cells show nuclear condensation and fragmentation along with the condensed blue 

fluorescence of DAPI. 

S1-B. Cell cycle distribution upon treatment with 1512 
Method: 

To analyze the DNA content by flow cytometry, HCT-116 cells were seeded at a density of 

3x106 cell/ T 75 flask for 24 h and then exposed to different compounds at their IC50 values for 

24 h. The cells were collected by trypsinization, washed with phosphate buffered saline (PBS) 

and fixed in ice-cold absolute alcohol. Thereafter, cells were stained using CycletestTM Plus 

DNA Reagent Kit (BD Biosciences, San Jose, CA) according to the manufacturer’s 

instructions. Cell cycle distribution was determined using a FACS Calibur flow cytometer (BD 

Biosciences, San Jose, CA).  

Result: 

The exposure of the cells to 1512 led to a significant increase in the proportion of cells in pre-

G1 phase (Up to 9-fold compared to the control) (Figure S1-B). Accumulation of cells in pre-

G1 phase, likely as a result of degradation or fragmentation of genetic material indicates a 

possible role for apoptosis through compound-induced growth inhibition. 
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Figure S1-B. Representative DNA histograms of HCT-116 cells following treatment with 1512 at 32 µM 

(IC50 concentration) for 24 h. 

 

 

S1-C. Changes in marker proteins cyclin B1 cyclin D1, Phospho-histone3 and cleaved 
caspase3 in apoptotic cells upon treatment with 1512. 
Method: 

Cells were cultured on sterile 22 mm2 cover slips (Harvard Apparatus, MA, USA) in sterile 

six well plates at a density of 2×105 cells/well. 24 h after seeding, cells were exposed to IC50 

of the tested compound in fresh medium for 24 h. At the end of the exposure, cells attached to 

cover slips were washed with PBS  and fixed with 3.7% paraformaldhyde for 10 min, 

permeabilized with 0.25% Triton X-100 in TBST containing 0.01% Tween 20 for 10 min, 

and blocked for 1 hr with 5% goat serum in TBST. The fixed and permeabilized cells were 

incubated with rabbit mAb Cyclin B1, rabbit mAb Cyclin D1,  mouse mAB Phosphohistone-

H3 or mouse cleaved caspase-3 rabbit mAb (Cell signaling technology, MA, USA) at a 

dilution of 1:500 in blocking solution overnight at 4ºC, followed by secondary anti-mouse 

Alexa fluor-488- (Invitrogen, Carlsbad, CA) and Cy3-goat anti-Rabbit antibody (Jackson 

Immuno Research, West Grove, PA, USA) in 1:1000 dilution in the blocking solution for 1 hr 

at room temperature in the dark. 4',6'-Diamidino-2-Phenylindole, dihydrochloride (DAPI) 

(Sigma– Aldrich, St. Louis, MO, USA) was used as counter stain to stain the DNA. The 

cover slips were then mounted on a glass slide with anti-fade mounting medium and viewed 

with an epifluorescence microscope, Leica, DM 5500 B (Leica, Buffalo Grove, IL, USA) at a 

magnification of 60×, and data were captured digitally and quantified using the microscope 

provided software. 

Result: 

Accumulation of the apoptotic markers of cyclin B1, cyclin D1, phosphor-histone3 and 

cleaved caspase3 further confirmed the apoptotic changes upon exposure to compound 1512 

(Figure S1-C). 
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Figure S1-C. Effects of 1512 and on cellular expression of cyclin B1 (A) cyclin D1 (B) in HCT-116 after 

treatment for 24 h compared to control. Cells were stained with DAPI and incubated with a Cy3-coupled 

secondary antibody to visualize the distribution of cyclin B1 and cyclin D1 (red) proteins. Treatment of 

HCT-116 with 1512 increased the nuclear expression of cyclin B1 and cyclin D1 (arrow head) compared 

with the untreated cells. Scale bar, 50 µm. (C) Effect of 1512 on the cellular expression of caspase-3 

(C.Cas. 3) and phospho-histone 3 (P-hist. 3) in human colon cancer cells (HCT-116). The cells were 

stained with DAPI to visualize nuclei (blue) and with Alexa Fluor 488- and Cy3-coupled secondary 

antibodies to visualize the distribution of caspase-3 (red) and phospho-histone-3 (green) proteins using 

immunofluorescence microscopy. The nuclear expression of the pro-apoptotic proteins, activated caspase 

3 and phospho-histone 3 (yellow arrows) compared to the untreated cells. Scale bar, 50 µm.   

 

S1-D. Elevation of oxidative stress indicators within HCT-116 cells upon treatment with 
1512. 
The underlying mechanism by which 1512 induced cancer cells to undergo apoptotic cell death 

was investigated by measuring changes in redox indicators within HCT-116 CRC cell lines. In 

this study, we first checked the influence of 1512 on cellular activities of the peroxide 

scavenging enzymes catalase and superoxide dismutase (SOD) (Figure 8A). 

Method: 

For DHE and DCFDA, cells were cultured on sterile 22 mm2 cover slips (Harvard Apparatus, 

MA, USA) in sterile six well plates at a density of 2×105 cells/well. 24 h after seeding, cells 

were exposed to IC50 of the tested compounds in fresh medium for 24 h. At the end of the 

exposure, cells attached to cover slips were washed thrice with  PBS and incubated with DHE 

10µM or DCFDA 10 µM for 30 min at 37 ºC in the dark. Thereafter, cells were washed thrice 
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with PBS and the cover slips were then mounted on a glass slide with anti-fade mounting 

medium containing 4',6'-Diamidino-2-Phenylindole, dihydrochloride (DAPI) (Sigma– 

Aldrich, St. Louis, MO, USA), which was used as counter stain and viewed with an 

epifluorescence microscope, Leica, DM 5500 B (Leica, Buffalo Grove, IL, USA) at a 

magnification of 60×. Data were captured digitally and quantified using the microscope 

provided software. 

For assessment of SOD and CAT activities as well as SOD and MDA levels, 4 x106 cell/ T 75 

flask were exposed to the IC50 of tested compound for 24 h. The cells were collected by 

trypsinization and washed twice with PBS. Cells were directly homogenized in PBS on ice with 

a Dounce homogenizer 3 times (each 25 strokes) at 10-min intervals, then centrifuged at 15000 

rpm for 15 min at 4 ºC. An aliquot was kept to determine the protein concentration using a BioRad 

protein assay DC kit (Bio Rad Laboratories, CA). Different parameters were then assessed using 

equal protein amounts in all samples and employing the specified kit according to the 

manufacturer's instructions. (3, 4, 5 and 6). 

 

Results: 

Activities of both enzymes significantly diminished to 34.7% and 25.1% respectively, 

compared to untreated cells (control). However, the cellular contents of the non-enzymatic SH 

containing redox markers, such as reduced glutathione (GSH) and malondialdehyde (MDA, a 

lipid oxidation marker) were only slightly affected (95.2% and 103.4% respectively, compared 

to control).  

To confirm the increased intracellular ROS production, we performed dihydroethidium (DHE) 

staining test at which untreated HCT cancer cells were compared to 1512-treated cells (at 32 

µM, the IC50 value). As seen in figure 8B, the cells treated with 1512 attained more red 

fluorescence than the untreated cells indicating higher cellular peroxide content, which resulted 

from increased ROS production within the drug-treated cancer cells 1. 

 

 

 
 

Figure 8. (A) Effect of 1512 (32 µM, 48 h) on redox indicators with HCT-116. The values are expressed as 

percentage of controls and calculated from the means of three independent experiments. (B) Effect of 

compound 1512 on superoxide anion generation in HCT-116 cells using DHE staining method. Red 

fluorescence represents DHE staining and DAPI was used as counter nuclear stain. 
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Figure S1-D. (A) Effect of 1512 (32 uM, 48 h) on redox indicators with HCT-116. The 

values are expressed as percentage of controls and calculated from the means of three 

independent experiments. (B) Effect of compound 1512 on superoxide anion generation in 

HCT-116 cells using DHE staining method. Red fluorescence represents DHE staining and 

DAPI was used as counter nuclear stain. 
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Spectra of (1502)2, 4 
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Spectra of (1503) 
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Spectra of (1505) 
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Spectra of (1507) 
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Spectra of (1508)4 
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Spectra of (1511) 
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Spectra of (1512) 
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Spectra of (1513) 
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Spectra of (1528) 
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Spectra of (1530) 
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Spectra of (1531) 
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Spectra of (1532) 
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Spectra of (1535) 
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Spectra of (1536) 
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Spectra of (1555) 
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Spectra of (1556) 
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Spectra of (1557) 
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Spectra of (1559) 
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Spectra of (15EE)5 
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Spectra of (1612) 
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Spectra of (1712) 
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Spectra of (1812) 
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Spectra of (1912) 
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Spectra of (2012) 
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Spectra of (2112) 
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Spectra of (2212) 
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Spectra of (2312) 
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Spectra of (2512) 
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Spectra of (2612) 
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Spectra of (2712) 
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Spectra of (2812) 
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Spectra of (2912) 
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Spectra of (3012) 
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Spectra of (3112) 
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Spectra of (3212) 
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Spectra of (3312) 
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Spectra of (3412) 
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Spectra of (3512) 
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Spectra of (3612) 
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Spectra of (3712) 
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Spectra of (3812) 
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Spectra of (3912) 
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Spectra of (4012) 
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Spectra of (4112) 
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Spectra of (4212) 
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Spectra of (4312) 
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Spectra of (4512) 
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Spectra of (4712) 
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Spectra of (4812) 
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Spectra of (4912) 
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Spectra of (5012) 
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Spectra of (5112) 
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II. Further Data on LD50 determination 
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Chart of the OECD protocol, Guideline 423 

OECD Guideline for testing of chemicals 

Acute Oral Toxicity – Acute Toxic Class Method 

 https://ntp.niehs.nih.gov/iccvam/suppdocs/feddocs/oecd/oecd_gl423.pdf 

 

 
 

III. References for Reported Compounds 
1. Heiss, E. H.; Schilder, Y. D.; Dirsch, V. M., Chronic treatment with resveratrol 

induces redox stress- and ataxia telangiectasia-mutated (ATM)-dependent senescence in p53-

positive cancer cells. J Biol Chem 2007, 282 (37), 26759-66. 

2. Fahmy, A.; Orabi, M., REACTIONS OF 4-ARYLIDENE-2-STYRYL-5 (4)-

OXAZOLONES AND RELATED COMPOUNDS. INDIAN JOURNAL OF CHEMISTRY 

1972, 10 (10), 961-964. 

3. Tripathy, P. K.; Mukerjee, A. K., A facile synthesis of N-substituted 2-acylamino-2-

alkenamides. Synthesis 1985, 1985 (03), 285-288. 

4. Mustafa, A.; Asker, W.; Harhash, A. H.; Abdin, T.; Zayed, E. M., Reaktionen mit 2.4‐

disubstituierten Δ2‐Oxazolinonen‐(5). Justus Liebigs Annalen der Chemie 1968, 714 (1), 

146-154. 

5. Mustafa, A.; Asker, W.; Harhash, A. H.; Abdin, T. M. S.; Zayed, E. M., Reaktionen 

mit 2.4-disubstituierten Δ2-Oxazolinonen-(5). Justus Liebigs Annalen der Chemie 1968, 714 

(1), 146-154. 

 

https://ntp.niehs.nih.gov/iccvam/suppdocs/feddocs/oecd/oecd_gl423.pdf

