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ABSTRACT 

Chromones are organic compounds reported to induce cytotoxic effect in an extensive variety of 

cells. Consequently, the synthesis and reorientation of the chromone molecules are of great interest for 

many researchers because of their miscellaneous biological activities. The present study was designed 

to assess the significant antitumor effects of C-(6-Methyl-4-oxo-4H-1-benzopyran-3-yl)-N-(p-tolyl) 

nitrone, a novel chromone linked nitrone derivative and to elucidate the mechanism of these effects on 

two human cancer cell lines HepG2 and HeLa. Cell proliferation was analysed by the MTT assay. 

Apoptosis was evaluated by DAPI staining and flow cytometric analysis and quantified by 

fluorometric assays for Caspase 3 and 9. Apaf-1 and cytochrome c expression were identified by 

means of Western Blot analysis. The derivative showed significant dose dependent cytotoxic effects in 

the cancer cells and induced the reactive oxygen species and endogenous nitric oxide production. 

Furthermore, mitochondrial membrane potential depolarization, translocation of mitochondrial 

cytochrome c to cytosol, induction of Apaf-1 and activation of caspases were observed during the 

derivative-mediated apoptosis. These findings proposed that the novel chromone linked nitrone 
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derivative has significant antitumor effects on HepG2 and HeLa cells and have immense scope to 

develop as an anticancer agent.  

  

Keywords: Chromones, Anticancer activity, HeLa-HepG2 cell lines, Reactive oxygen species 

generation, Mitochondrial membrane potential, Caspases, Apoptosis 

 

Abbreviations: MTT: 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoliumbromide; DMEM: 

Dulbecco’s Modified Eagle’s Medium; FBS: fetal bovine serum; DAPI: 4,6-diamidino-2-

phenylindole; PI: propidium iodide; ROS: reactive oxygen species; MMP: mitochondrial membrane 

potential; SDS-PAGE: sodium dodecyl sulfate-polyacrylamide gel electrophoresis. 

 

 

 

1.  INTRODUCTION 

 

Chromones, a group of natural compounds comprising the 4 H -benzopyran-4-one 

skeletons, are responsible for significant biological functions at nontoxic concentrations in 

living organisms. It is an isomer of coumarin, a fragnant organic compound present in several 

plant species like beans, clover and sweet grass. Chromones as well as their structural 

analogues are of enormous interest because of their potency to be used as agents with a 

plethora of biological activities [1,2]. Therefore, substantial attention and effort is being 

dedicated for their isolation and purification from the natural sources, their chemistry and 

synthesis, and elucidation of their biological activities. Recently synthetic 2-(4-morpholinyl)-

8-phenyl-chromone has been shown to inhibit the growth and proliferation of human colon 

cancer cells in vitro and in vivo by target specific inhibition of phosphatidylinositol 3'-kinase. 

3-hydroxy and 3-methoxy 2-styrylchromones was reported to exhibit anti-rhinovirus activity. 

Two derivatives of dimethyldihydropyranon chromone and its analogues were reported to 

exhibit anti-HIV-1 activity against various types of drug-resistant strains [3-6]. Signal 

transducer and activator of transcription 5 (Stat5), a transcription factor which plays a major 

role in the growth and viability of cancer cells is a potent therapeutic target for the treatment 

of different types of human cancers. Stat 5 expression has been also found to be inhibited by 

chromone-based inhibitors. Hepatocellular carcinoma was rated as the sixth most prevailing 

cancer worldwide and is of major health concern. It is a type of heterogeneous tumor closely 

associated with chronic liver ailments which often results in the occurrence of cirrhosis. For 

women, cervical cancer was rated as the second most prevailing cancer globally and mainly 

emerges among female genital tract neoplasms.  

There are around 500,000 new cases each year globaly, making cervical cancer 

responsible for the deaths of around 230,000 women per year [7]. Conventional cancer 

therapy involves several methodologies that includes surgery, radiotherapy, chemotherapy, or 

in some cases, combination of multiple methods for treating the cancer. Effective biological 

strategies can be of great interest in the elimination of  tumor establishment or preventing its 

progression. Chromone based heterocycles and their profound biological properties thus draw 

our attention to the synthesis of new heterocyclic derivative combining chromone and nitrone 

molecule into one molecular frame as new possible biologically active compound. In our 

previous study we have reported that a novel chromone derivative, C-(6-Methyl-4-oxo-4H-1-

benzopyran-3-yl)-N-(p-tolyl) nitrone has an excellent inhibitory effect against Lesihmania 

donovani infection both in vitro and in vivo [8].  
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In the present study, attempts have been made to explicate the molecular mechanism by 

which C-(6-Methyl-4-oxo-4H-1-benzopyran-3-yl)-N-(p-tolyl) nitrone, designated here as NP1 

renders its inhibitory effects on cell growth and proliferation, expression levels of pro and anti 

apoptotic proteins and finally towards apoptosis in human hepatocellular carcinoma cells 

(HepG2) and human cervical carcinoma cells (HeLa) and to assess its potential as a promising 

candidate for the treatment of cancer. 

 

 

2.  MATERIALS AND METHODS 

2. 1. Chemicals and reagents 

Apoptosis Detection Kit (AnnexinV-PE) was purchased from BD Pharmingen (San 

Diego, CA). 4, 6-diamidino-2-phenylindole (DAPI), 3[4-dimethylthiazol-2-71]-2-5-diphenyl 

tetrazolium bromide (MTT), H2O2, molecular grade BSA, Acridine Orange, Ethidium 

Bromide, Propidium iodide, Tris–HCl, Hydrogen Peroxide, DMSO, 2,7-dichlorofluorescein 

diacetate (H2DCFDA), Bradford Protein Assay Kit, Tri reagent, Hepes, EGTA, EDTA, 

PMSF, Tween-20, 3,3’-diaminobenzidine were purchased from Sigma-Aldrich (St Louis, 

MO). Reagents for PCR were obtained from Invitrogen Corporation (Grand Island, NY, 

USA). Caspases fluoremetric assay kit was purchased from Chemicon International 

Corporation (USA). DEVD-CHO (caspase-3-specific inhibitor), LEHD-CHO (caspase-9-

specific inhibitor, were obtained from Calbiochem (La Jolla, CA, USA). For western blot 

study, primary antibodies (anti human cytochrome c, apaf-1, β-actin and COX IV) and 

polyclonal secondary antibody were purchased from Santa Cruz Biotechnology, Inc. (Santa 

Cruz, CA).  

 

2. 2. Cell culture 

HepG2 (human hepatocellular carcinoma), HeLa (Human cervical carcinoma) and HEK 

293 (human embryonic kidney cells) were procured from National Centre for Cell Science, 

Pune, India. Cells were maintained in Dulbecco's Modified Eagle's Medium (DMEM) 

containing 10% FBS, 100 μg/ml streptomycin, 100 U/ml penicillin, at 37 °C humidified 

atmosphere having 5% CO2 inside a incubator (Forma II, Thermo, USA) as per the Biosafety 

Committee guidelines of West Bengal State University. 

 

 

3.  EXPERIMENTAL WORK 

3. 1. Cell proliferation assay 

Effect of NP1 (dissolved in DMSO) in the viability of HepG2, HeLa and HEK 293 cells 

were determined by MTT assay [9]. Briefly 1×10
5
 cells per well were seeded in 96-well plates 

and without or with increasing doses of NP1 (5 µg/ml, 10 µg/ml, 15 µg/ml, 20 µg/ml, 25 

µg/ml) for 24 h. At the end of designated time period following NP1 treatment, the culture 

medium was taken out and MTT (20 µl of 5 mg/ml stock solution in PBS) was added into 

every well and further subjected to  incubation for 4 h at 37 °C. The resultant formazan 

product was dissolved with acid-isopropanol-SDS, and the absorbance at a wavelength of 595 

nm was read by an iMark Microplate Reader (Bio Rad, USA). Using the plot of percent 

survival against increasing concentrations of the compound, the 50% inhibitory concentration 
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of NP1 has been detected. Statistical analyses for all experiments were performed by 

Student’s t test with the program Sigma Plot using alpha adjustment. 

 

3. 2. Externalization of phosphatidyl serine and apoptosis 

HepG2 and HeLa cells (1×10
6
 cells) were treated with IC50 concentration of NP1 on 

HepG2 (16 µg/ml) and HeLa cells (15 µg/ml) for 24 h. Annexin V-PE and 7-AAD staining of 

the cells were done as per manufacturer’s instruction (BD Pharmingen). Briefly, the cells 

were washed with ice cold PBS twice and resuspended in 1X binding buffer at a concentration 

of 1×10
6 

/ml. 100 µl of the samples then transferred into another tube and Annexin V-PE 

(5µL), 7-AAD (5µL) were added, followed by incubation for 15 minutes at RT in the dark. 

The cell suspension were diluted by addition of 400 µl binding buffer and cells were acquired 

in a flow cytometer (BD FACSVerse™, BD Biosciences, USA) and analysis was done with 

the help of Flowing 2.5 version software (Perttu Terho, Centre for Biotechnology, Turku, 

Finland, www.flowingsoftware.com) [10].  

 

3. 3. Analysis of apoptosis by changes in nuclear and cellular morphology 

For the detection of damaged nuclei or chromatin condensation, HepG2 and HeLa cells 

were treated with or without IC50 concentration of NP1 for 24 h. Following treatment, cells 

were harvested, subjected to PBS wash twice and fixed with 4% paraformaldehyde at room 

temperature for 1 h. Fixed cells were stained with 4',6'-diamidino-2-phenylindole (DAPI) and 

examined under the fluorescence microscope (Carl Zeiss, Germany) with excitation at 359 nm 

and emission at 461 nm [11]. To distinguish between the live, apoptotic and necrotic cells, 

acridine orange/ethidium bromide (AO/EB) staining procedure was followed.
 
Briefly, cells 

treated with or without NP1 (15 μg/ml) for 24 h, were stained with acridine orange (50 μg/ml) 

and ethidium bromide (50 μg/ml), followed by fixing onto the slide with the help of 4% 

paraformadehyde and visualised  under the fluorescence microscope with excitation at 488 

and emission at 550 nm. Photographs were documented with digital microscopy device. 

 

3. 4. Determination of intracellular reactive oxygen species (ROS) and nitric oxide (NO) 

HepG2 and HeLa cells were seeded at a density of 1 x 10
6
 cells overnight. Cells were 

treated without (control) or with  NP1 (5 µg/ml, 10 µg/ml, 15 µg/ml, 20 µg/ml)  for 24 h and 

then harvested for the assay; 200 µl of cell suspension containing 2×10
6
 cells/ml was added to 

800 µl of PBS and then incubated with 2
’
,7’-dichlorofluorescein diacetate at 10 µM 

concentration for 15 min. The production of intracellular H2O2 was measured (excitation at 

488 nm and emission at 515 nm) using a spectrofluorometer (Perkin Elmer, USA). 

Endogenous NO production was determined by measuring nitrite accumulation in culture 

supernatants by the following way. Briefly, 100 μl samples were collected from the cultured 

medium and allowed to react with an equal volume of freshly prepared Griess reagent 

(containing 1:1 v/v mixture of 0.1% naphthylethylene diamine dihydrochloride in water and 

1% sulfanilamide in 5% H3PO4) at room temperature for 10 min. The absorbance from the  

chromophore produced was detected at 540 nm using a microplate reader (Bio-Rad). The 

concentration of nitrite was determined by using sodium nitrite as a standard. 

 

 

 

http://www.flowingsoftware.com/
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3. 5. Changes in mitochondrial membrane potential 

A significant event characterising apoptosis is the decrease in the mitochondrial 

membrane potential (MMP). It is an early event that preceding phosphatidylserine 

externalization and corresponds with the activation of caspases. Incorporation of Rhodamine 

123, a cationic fluorescent probe was used to measure MMP by the method described earlier 

[12]. Briefly, HepG2 and HeLa cells (1×10
6
) were incubated without (control) or with IC50 

concentration NP1 for 24 h. Following treatment, the cells were then collected and suspended 

in 1 ml PBS containing 1 μg/ml Rhodamine 123 and incubated for 15 min at 37 °C. Cells 

were then subjected to PBS wash and fixed. The fluorescence intensity was measured at 535 

nm by spectrofluorometer (Perkin Elmer, USA).  

 

3. 6. Involvement of pro and anti-apoptic Bax, Bcl-2, Bcl-xL and p53 at mRNA level 

Reverse transcriptase polymerase chain reaction was performed for the determination of 

the expression of different apoptosis related mRNA. HepG2 and HeLa cells were treated with 

50% inhibitory concentrations of NP1 for 24 h and 2 µg of total RNA, extracted with TRIzol 

reagent, was reverse-transcribed and then subjected to semi-quantative RT- PCR as described 

earlier [8].  

Specific primers were designed to amplify the human Bax (forward: 5
’
-GTTTCATCC 

AGGATCGAGCAG-3’; reverse: 5’-CATCTTCTTCCAGATGGTGA-3’), Bcl-2 (forward: 5’-

GGTGCCACCTGTGGTCCACCTG-3’; reverse: 5’-CTTCACTTGTGGCCCAGATAGG-

3’), Bcl-xL (forward: 5
’
-CTGGATATCCATATGTCTCAGAGCAACCGGGA GCTGGTG-

3’; reverse: 5’-CTGGAATTCCTCGAGGCGTTCCTGGCCCTTTCGGCTCTC-3’), P53 

(forward: 5’-GTGCCCTGACTTTCAACTCTG-3’; reverse: 5’-GGGCAACCAGCCCTGTC 

G-3’) for each control and experimental set. Each sample was amplified for Human β-actin 

(forward: 5’-ATCTGGCACCACACCTTCTACAATGAGCTGCG-3’; reverse: 5’-CGTCAA 

CTCCTGCTTGCTGATCCACATCTGC-3’) to ensure equal cDNA input. Results obtained 

were then subjected to densitometric analysis.  

 

3. 7. Detection of cytochrome c and Apaf-1 in mitochondrial and cytosolic fraction  

HepG2 and HeLa cells were treated with IC50 concentrations of NP1. Treated and 

untreated cells were harvested and washed with 1X PBS twice, suspended in cell fractionation 

buffer (0.25 M sucrose, 1 mM EGTA, 10 mM Hepes pH 7.4), homogenized and separated 

into cytosolic and mitochondrial fractions as described earlier [13].  

The concentration of total protein was quantitated by Bradford assay kit. 50 µg total 

proteins obtained from each sample were then loaded on a 15% sodium dodecyl sulfate-

polyacrylamide gel electrophoresis gel and the proteins were transferred to a nitrocellulose 

membrane. Bovine serum albumin (5%) in 1% Tween-20 in 20 mM TBS (pH 7.5) were used 

to block blotted membranes and the membranes were subsequently incubated with primary 

monoclonal antibodies specific for cytochrome c (1:800) and Apaf-1 (1:500) respectively. 

After washing the tris-buffered saline containing 0.1% Tween-20,the membrane was 

then incubated with secondary antibody (1:10,000) conjugated with horseradish peroxidase. 

For visualizing the protein bands, the membranes were incubated with diaminobenzidine/ 

hydrogen peroxide for color reaction. Cytochrome c expression was checked both in 

mitochondrial and cytosolic fraction, and Apaf-1 expression was detected in whole cell lysate.  

β actin and COX IV were also detected as loading control. 
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3. 8. Involvement of apoptosis associated caspase-3 and caspase-9 

HepG2 and HeLa cells (5×10
5
 cells/ml) were incubated in complete DMEM medium (3 

ml per well)  without (control) or with indicated doses of NP1 in six-well polystyrene plates 

(Nunc) for 24h and then harvested by centrifugation to evaluate caspase activation. For 

detection of caspase-3 and caspase-9 activity, NP1-treated HepG2 and HeLa cells (2×10
6
) 

were lysed in cell lysis buffer from the Chemicon caspase fluorometric protease assay kit 

according to the manufacturer's protocol. Samples containing 10 µl cytosolic cell extracts 

(protein content was determined using Bradford assay and was used for the caspase activity 

calculations) were diluted with 10 µl substrate buffer (25 mM Hepes, pH 7.5, 0.1% Chaps, 1 

mm EDTA, 10% sucrose, 10 mM dithiothreitol), containing 100 µM each fluorogenic 

substrate (DEVD-AFC for caspase-3 and LEHD-AFC for caspase 9) and then incubated for 

1.5 h at 37 °C. Reactions were stopped by dilution with 2.0 ml 0.2 mM sodium phosphate 

buffer, pH 7.5 and fluorescence was detected using a Perkin-Elmer MPF-44A 

spectrofluorimeter (excitation at 400 nm and emission at 505 nm). Simultaneously, another 

set of experiment was carried out with same treatments and conditions, in which, DEVD-

CHO (caspase-3-specific inhibitor) and LEHD-CHO (caspase-9-specific inhibitor) were 

added to the culture medium 2 h prior to the addition of different concentrations of NP1. 

 

3. 9. Statistical analysis 

Statistical analysis for all experiments were performed by Student’s t test with the 

program SigmaPlot using alpha adjustment. Sigma plot software was used for statistical 

analysis. All data are expressed as the mean ± S.D of three independent experiments, unless 

otherwise stated. A p-value of <0.05 was considered as statistically significant. 

 

 

4.  RESULTS AND DISCUSSION 

4. 1. NP1 inhibited the proliferation of HepG2 and HeLa in vitro 

The determination of the cytotoxic effect of the synthetic nitrone linked chromone 

derivative [C-(6-Methyl-4-oxo-4H-1-benzopyran-3-yl)-N-(p-tolyl) nitrone; designated NP1] 

(Figure 1A) on HEK 293, HepG2 and HeLa cells was performed without or with increasing 

concentrations NP1 5 µg/ml, 10 µg/ml, 15 µg/ml, 20 µg/ml 25 µg/ml )  by MTT assay at 24 h. 

NP1 found to inhibit the growth and proliferation of HepG2 and HeLa cells in a dose-

dependent manner. The 50% inhibitory concentration of NP1 was estimated at 16 μg/ml and 

15 μg/ml against HepG2 and HeLa cells respectively. However, the same dose could not 

inhibit the proliferation of HEK293 cells as much found in case of HepG2 and HeLa (Figure 

1B). In initial stages of apoptosis, extensive changes in the organization and orientation of the 

plasma membrane took place that includes the translocation of phosphatidyl serine residues to 

the external surface of apoptotic cells. In untreated HepG2 and HeLa cells, the early apoptotic 

cells were observed in case of 0.41% and 0.35% (annexin-V+ only) respectively. Percentage 

of the late apoptotic cells were detected as 0.46% and 0.44% (annexin-V+7AAD+) 

respectively. Following treatment with IC50 concentration of NP1, the percentage of early 

apoptotic cells increased up to 31.42% and 38.06% in case of HepG2 and HeLa respectively 

(Figure 2). The percentage of late apoptotic cells also found to be increased up to 38.43% to 

28.71% in case of HepG2 and HeLa respectively (Figure 2). The apoptotic event was further 

validated by cellular morphology and nuclear condensation assay. 
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Figure 1. Effect of NP1 on cell viability was determined by MTT assay. HepG2, HeLa and 

HEK293 cells were exposed to 5 µg/ml - 25 µg/ml (with 5 µg/ml increment) of NP1 for 24 h. 

The absorbance of untreated control group was set as 100% cell viability and NP1-treated 

groups were expressed as percent survival of untreated control group. Data represent mean ± 

S.D from 3 independent experiments (*P < 0.05, **P < 0.01 and ***P < 0.001. 
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4. 2. NP1 caused the externalization of plasma membrane phosphatidyl serine  

In initial stages of apoptosis, extensive changes in the organization and orientation of 

the plasma membrane took place that includes the translocation of phosphatidyl serine 

residues to the external surface of apoptotic cells. In untreated HepG2 and HeLa cells, the 

early apoptotic cells were observed in case of 0.41% and 0.35% (annexin-V+ only) 

respectively. Percentage of the late apoptotic cells were detected as 0.46% and 0.44% 

(annexin-V+7AAD+) respectively. Following treatment with IC50 concentration of NP1, the 

percentage of early apoptotic cells increased up to 31.42% and 38.06% in case of HepG2 and 

HeLa respectively (Figure 2). The percentage of late apoptotic cells also found to be increased 

up to 38.43% to 28.71% in case of HepG2 and HeLa respectively (Figure 2). The apoptotic 

event was further validated by cellular morphology and nuclear condensation assay. 

 

Figure 2. NP1 induced apoptosis in HepG2 and HeLa cells. Cells were treated with IC50 

concentrations of NP1 for 24 h., stained with Annexin V and 7-AAD, and analyzed by flow 

cytometry.  
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4. 3. Changes in cellular morphology and occurrence of chromatin condensation in NP1 

        treated cells 

The NP1 treated HepG2 and HeLa cells (with IC50 concentration) were examined for 

chromatin condensation and nuclear fragmentation using DAPI, a DNA binding fluorescent 

dye. Staining with DAPI revealed the appearance of chromatin condensation and nuclear 

fragmentation in much higher rate in NP1 treated HepG2 and HeLa cells than in the control 

(Figure 3). When NP1 treated HepG2and HeLa cells were stained with acridine orange/ 

ethidium bromide dye mix, a significant proportion of cells showed bright orange 

fluorescence with condensed or fragmented chromatin indicating apoptosis in compare with 

control cells which exhibited green fluorescence (Figure 4). 

 

4. 4. NP1 induced the accumulation of intracellular ROS and release of endogenous NO 

Increase in intracellular ROS level is associated with signal transduction pathways of 

apoptosis. Hence, to resolve the question whether NP1 treatment was associated with the 

changes in intracellular ROS levels, cells were treated with the redox-sensitive permeable 

dye, H2DCFDA and ROS production was determined in the absence or presence of increasing 

doses of NP1 (5 µg/ml, 10 µg/ml, 15 µg/ml, 20 µg/ml). The results demonstrated a dose-

dependent increase in DCF fluorescence at 24 h of NP1 exposure (Figure 5B). It was also 

reported that NO has an anti-tumor activity and high concentrations of NO can inhibit cell 

growth and promote apoptosis. Therefore, the role of NP1 on endogenous NO production was 

also examined in both HepG2 and HeLa cells. Upon NP1 treatment, supernatant levels of 

nitrite were significantly increased in a dose dependent manner. The amount of NO was 

increased from 38 µM in untreated cells to 75 µM in NP1 (20 µg/ml) treated HepG2 cells at 

24 h (Figure 5A). In HeLa cells there is an increase of NO from 42 µM in untreated controls 

to 78 µM in 24 h NP1 (20 µg/ml) treated cells. These results lead us to the fact that the 

induction of endogenous NO might lead to death of cancer cells by inducing apoptosis.  

 

4. 5. Effect of NP1 treatment on MMP 

Production of reactive oxygen species involves several mechanisms, the major sources 

being oxidase activity of the mitochondrial electron transport chain. The loss of mitochondrial 

membrane potential (ψm) is recognized as a classic apoptotic event. We therefore examined 

the effect of NP1 on ψm using Rhodamine-123. As shown in Figure 5C, both HepG2 and 

HeLa cells when treated with NP1 had a significant loss of ψm in comparison to the untreated 

cells. Our results showed that NP1 significantly decreased the MMP both in HepG2 (P < 

0.03) and HeLa (P < 0.03) cells. 

 

4. 6. NP1 induced the expression of pro-apoptic genes Bax and p53 but down-regulated 

       the anti-apoptic Bcl-2 and Bcl-xL at mRNA level 

After treatment with NP1 for 24 h, densitometry analyses of RT-PCR indicated that 

mRNA expression was upregulated compared with control in Bax and p53, whereas down-

regulated in Bcl-2 and Bcl-xL. These findings claimed that NP1-induced apoptosis of HepG2 

and HeLa cells was corresponded with changes in the Bax and Bcl-2 expression. Agarose gel 

electrophoresis picture of the RT-PCR products is shown in Figure 6A, and the ratios between 

the indicators for the PCR analysis and optical density of β-actin are shown in Figure 6B. 
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Based on the observation, we hypothesized that changes in Bcl-2/Bax ratio might induce the 

cytochrome c release leading to apoptosis [14]. 

 

 
Figure 3. Condensation and fragmentation of nuclei was detected by DAPI staining. HepG2 

and HeLa cells were treated with IC50 concentrations of NP1 for 24 h., stained with DAPI. 

Treated cells displayed clear nuclei condensation as marked by arrow. Magnification, × 1000. 

 
 

Figure 4. AO/EB double staining of control HepG2 and HeLa cells and of cells exposed to 

IC50 concentration of NP1 for 24 h. Control cells show a normal green nucleus and apoptotic 

cells displayed condensed and fragmented chromatin is orange stained. Magnification, × 400. 
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Figure 5.  NP1 induced the generation of ROS and NO in HepG2 (■) and HeLa (■) cells and 

caused depolarization of mitochondrial membrane potential (ψm). (A) Endogenous NO 

production was determined by Griess reagent and the absorbance of the chromophore formed 

was monitored with a microplate reader. Nitrite concentration was determined by using 
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sodium nitrite as a standard. H2O2 has been used as positive control. NP1 increased the NO 

dose dependently. (B) Cells were stained with 2’,7’-dichlorofluorescein diacetate and the 

production of intracellular H2O2 was measured using a spectrofluorometer. NP1 increased the 

ROS production dose dependently. (C) MMP was measured by addition of fluorescent probe 

Rhodamine 123 using a spectrofluorometer. NP1 caused depolarization of MMP at 24 h. All 

data represent mean ± SD from 3 independent experiments (*P < 0.05, **P < 0.01 and ***P  

< 0.001). 

 

 
 

Figure 6. Reverse transcriptase polymerase chain reaction was performed to determine the 

expression of different apoptosis related mRNA. (A) HepG2 and HeLa cells were treated with 

IC50 concentrations of NP1 for 24 h., RNA was extracted and semi-quantative RT-PCR was 
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performed with specific primers. (B) Densitometry was also performed. Expression of Bax 

and p53 were found enhanced by treatment. 

 

4. 7. NP1 induced the release of mitochondrial cytochrome c and Apaf-1 

 

 
 

Figure 7. (A) The effect of NP1 on expression of cytochrome c in mitochondrial and 

cytosolic fraction as visualized by western blot analysis. β actin and COX IV were also 

detected as an internal control. (B) Expression of Apaf-1 in total lysate of HepG2 and HeLa 

cells were detected after treatment with NP1. 
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Figure 8. Caspase 9 (A) and caspase-3 (B) activity were measured by fluorometric protease 

assay kit without (■) and with (■) inhibitors. Caspase 9 and caspase-3 activities were 

enhanced by NP1 dose dependently. All data represent mean ± SD from 3 independent 

experiments (*P < 0.05, **P < 0.01 and ***P < 0.001). 
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Impairment of mitochondrial function through the cytochrome c release from 

mitochondria into the cytosol, is an important event in cellular apoptosis [14] (Yang et al., 

1997). To determine whether 50% inhibitory concentration of NP1 induced the cytochrome c 

release from the mitochondria, we treated the HepG2 and HeLa cells for 24 h, prepared the 

cytosolic and mitochondrial fractions, and examined the cytochrome c by western blot 

analysis. As shown in Figure 7A, NP1 induced the release of cytochrome c from mitochondria 

and enhanced deposition in cytoplasm. Cytosolic cytochrome c can bind to Apaf-1 and 

activate caspase 9 in the apoptosome complex in response to several inducers of cell death, 

which may lead to the activation of caspase-3, which subsequently leads to apoptosis [14-16]. 

Considerable induction of Apaf-1 in treated HepG2 and HeLa (Figure 7B) evoked us to 

investigate the status of caspase 9 and caspase 3 activation in presence of NP1. 

 

4. 8. NP1 activated the caspase-9 and caspase-3 in treated HepG2 and HeLa cells 

To confirm the participation of effector caspases, HepG2 and HeLa cells, treated with or 

without (control) increasing concentration NP1, were analyzed for caspase 9 and caspase-3 

activity by fluorometric protease assay kit. The results illustrated a dose-dependent activation 

of caspase-9 (Figure 8A) and caspase 3 (Figure 8B). Since the fluorogenic substrate LEHD-

AFC and DEVD-AFC may be susceptible to cleavage by other related proteinases, the 

specific contribution of caspase-9 and caspase 3 activities were confirmed with the help of the 

inhibitors Ac-LEHD-CHO and Ac-DEVD-CHO.  

 

 

5.  CONCLUSIONS 

 

Apoptosis execute a critical role in the evolution of organisms, homeostasis, and 

development of multicellular systems, including cancer. Several molecules that play crucial 

role in apoptosis are: apoptosis-inducing molecules such as cysteine containing aspartate-

specific protease (caspase) family and apoptosis-inhibitory molecules that involve mainly the 

Bcl-2 family. [17] These can be further classified into two main categories: anti-apoptotic 

genes (specially Bcl-2) and pro-apoptotic genes (specially Bax). Combination of Bcl-2 with 

Bax leads to the formation of protein dimers and plays a decisive role in the establishment of 

the apoptotic pathway. Decrease in the Bcl-2/Bax ratio leads to the induction of apoptosis. 

Changes in the Bcl-2 protein family gene expression leads to increased permeability of the 

mitochondrial outer membrane, thus promoting the cytochrome c release from mitochondria 

into the cytosol. Binding of cytochrome c with Apaf-1 results in the formation of apaptosome 

complex which with the help of ATP/dATP calls of caspase 9 through its CARD domain to 

form apoptotic bodies.  

This further corroborates to the activation of caspase-3 and initiates the caspase cascade 

reaction, thereby expediting apoptosis [18]. The present study reports on in vitro dose-

dependent inhibitory effect of the chromone linked nitrone (NP1) on the growth, proliferation 

and apoptosis of the HepG2 and HeLa cells and the elucidation of the molecular mechanism 

responsible for NP1 induced apoptosis in these cancer cell lines. MTT assay study confirmed 

that NP1 can have a notable inhibitory effect on the proliferation of HepG2 and HeLa cells 

dose-dependently (as shown in Figure 1B). The results showed that while NP1 possessed 

significant decrease in the viability of the HepG2 and HeLa cells with an IC50 of 15 µg/ml 

and 16 µg/ml respectively at 24 h, it has a nominal effect on HEK293, normal human kidney 



World Scientific News 103 (2018) 178-196 

 
 

-193- 

embryonic cells. Our previous study also indicated that NP1 has a noticeable inhibitory effect 

on the proliferation of the protozoa Leishmania donovani in vitro as well as in vivo [8]. DAPI 

and AO/EtBr staining of the cancer cells upon exposure to NP1 induces changes in cellular 

morphology alongwith the occurrence of condensed chromatin, factors known to be the 

hallmark of apoptosis. These results showed that NP1 can suppress proliferation and promotes 

nuclear DNA fragmentation (Figure 3) which promotes apoptosis in HepG2 and HeLa cells. 

Furthermore, Annexin V/PI staining using flow cytometry was performed to elucidate 

apoptotic mode of death of the cancer cells. The results indicated that, the early apoptotic cell 

number increased from 0.41% in untreated cells to 31% after 24 h of NP1 exposure in case of 

HepG2 cells and from 0.35% in untreated cells to 38% after 24 h of NP1 exposure in case of 

HeLa cells (Figure 2).  

This finding substantiated that NP1 inhibits the growth and promotes apoptosis in 

HepG2 and HeLa cells. One of the initial event of apoptosis is mitochondrial damage which is 

persistent with intracellular reactive oxygen species (ROS) and nitric oxide (NO) generation 

and depolarization of mitochondrial membrane potential (MMP), taking an integral part in the 

induction of apoptosis. Several studies have suggested that induction of ROS (Figure 5B) and 

NO (Figure 5A) production initiates the decrease of MMP (Figure 5C) which results in the  

cytochrome c release which corroborates to the development of the apoptosome complex and 

thereby triggers the caspase cascade [19]. Our study indicates that treatment with NP1 

significantly induces the levels of ROS and NO and promotes loss of MMP, thereby 

suggesting that oxidative stress can induce apoptosis in the cancer cells. The decreased MMP 

level may lead to the changed expression of the anti-apoptotic and pro-apoptotic modulators 

that involve an enormous number of proteins [14].  

Therefore, to evaluate the mechanism controlling NP1 mediated apoptosis, mRNA 

expression level of anti-apoptotic Bcl-2 family members, Bcl-2 and Bcl-xL and the pro-

apoptotic family members, Bax and p53 was also examined upon NP1 treatment. Results 

from semi-quantitative RT-PCR indicates the fact that NP1 upregulates the expression of pro-

apoptotic protein Bax and p53 alongwith the down regulates the expression of anti-apoptotic 

protein Bcl-2 and Bcl- xL (Figure 6). So we assumed that NP1 may change expression of Bcl-

2 and Bax thereby elevating the Bax/Bcl-2 ratio.  

This results into the activation of intrinsic mitochondria-mediated apoptotic pathway 

which then triggers the cytochrome c release from mitochondrial membrane to cytosol leading 

to the formation of the Apaf-1/cytochrome c complex that facilitates the apoptosome 

formation. Our western blot results demonstrates that NP1 treatement induces the cytochrome 

c translocation from mitochondria to cytosol with elevated levels of the protein in the 

cytosolic fraction and reduced levels of the same in the mitochondrial fraction along with 

increased expression of the Apaf-1 in the cytosol (Figure 7).  

One of the major events in the apoptosis pathway is the activation of cysteine aspartate- 

specific proteases (caspases). Caspase-dependent pathway could further be categorised into 

two subgroups, extrinsic or intrinsic pathway, based on the involvement of caspase-8 or 

caspase-9, respectively. As our results indicated that apoptotic signalling induced by NP1 is 

mainly associated to the mitochondrial pathway, we investigated whether caspase-9 and 

caspase-3 activity might be induced during the NP1 mediated induction of apoptosis. Our 

findings showed NP1 treatment induced activation of caspase-9 and caspase-3. These findings 

demonstrated that induction of ROS, upregulation of the expression of pro apoptotic Bax and 

p53, down-regulation of the expression of anti apoptotic Bcl-2 and Bcl-xL, cytochrome c 
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translocation and apoptosome development and activation of caspase-9 and -3 may be the 

probable  mechanism by which NP1 induces apoptosis in HeLa and HepG2 cells. Based upon 

our findings, NP1 can be developed as an potential chemopreventive agent for cancer therapy 

which deserves further in-depth in vivo studies to find out its precise mechanism. 

 

 
 

Figure 9. A proposed mechanism of the apoptotic effects of NP1 on the human hepatocellular 

carcinoma (HepG2) and cervical adenocarcinoma (HeLa) cells. 

 

 

These findings confirm that NP1 induces apoptosis effectively in human hepatocellular 

carcinoma and cervical adenocarcinoma cells in vitro. It exhibits anti-proliferative activity 

using the mitochondria mediated caspase dependent pathway. Moreover, our study 

demonstrated that induced ROS, MMP and caspases are key regulators in NP1 mediated 

apoptosis in cancer cells and the compound can be used in the development of a potent 

chemopreventive agent. Further in depth study in higher animals will be beneficial to develop 

it as a potential agent for the treatment of cancer. 
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