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Abstract— Cancer is a serious disease with a complex pathogenesis, which threats human life greatly. In our previous 
studies C3-Pyrazole/Chalcone Linked Beta-Carboline Hybrids were synthesized and evaluated for their cytotoxic activity in 
a panel of five human cancer cell lines and the new molecules like 7d and 8d were considered as potential leads. These 
observations prompted us to investigate the apoptotic mechanism underplaying the cytotoxic activity of these compounds in 
human breast cancer cells MCF-7. In the present investigation studies like flowcytometry of mitochondrial membrane 
potential (∆Ψm), generation of reactive oxygen species (ROS) and Annexin V-FITC assay revealed that these compounds 
induced mitochondrial mediated apoptosis in human breast cancer cells (MCF-7). It was further confirmed by western blot 
analysis of pro apoptotic protein Bax and anti apoptotic protein Bcl-2.  
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I. INTRODUCTION 
 
Cancer is one of the critical public health problems in 
the world. The corresponding incidence and mortality 
statistics shows that it is growing in developing as 
well as developed countries [1]. Apoptosis is a 
programmed cell death, an important control 
mechanism of normal cell physiology [2, 3]. 
Deficiency in apoptosis is one of the key features of 
cancer cells [4]. Restoring and activating apoptosis in 
cancer cells is a major target of cancer treatment [5]. 
The β-carboline skeleton is common in the structure 
of many natural and synthetic products associated 
with a broad spectrum of biological activities and 
pharmaceutical properties including sedative, 

anxiolytic, hypnotic, anticonvulsant, antitumor, 
antiviral, antiparasitic, and antimicrobial activities [6, 
7]. In an ongoing effort to develop new and more 
potent anticancer agents, we have been involved in 
the last few years towards the development of new 
molecules based on β-carboline skeleton. In our 
previous studies [8], we have shown that C3 
Pyrazole/Chalcone-Linked Beta-Carboline Hybrids 
were evaluated for their anticancer activity and the 
new molecules like 7d and 8d were considered as 
potential leads. In the present investigation, we 
explored the apoptotic mechanism induced by these 
conjugates against human breast cancer cell line, 
MCF-7 (Fig. 1).  

 

 
Fig.1. Chemical structure of compounds 7d and 8d 

 
II. DETAILS EXPERIMENTAL  

 
2. 1. Measurement of mitochondrial membrane 
potential (∆Ψm) 
MCF-7 (1×106) cells were cultured in six-well plates. 
After 24 h of incubation, cells were treated with 
compounds 7d and 8d at 1 and 2 µM concentrations 
for 48 h. After 48 h of treatment, cells were collected 

by trypsinization and washed with PBS (Phosphate 
buffered saline) followed by resuspending in JC-1 
(5,5,6,6-tetrachloro-1,1,3,3-
tetraethylbenzimidazolocarbocyanine iodide-5µg/ml) 
and incubated at 37 °C for 15 min. Cells were rinsed 
three times with medium and suspended in pre 
warmed medium. The cells were then subjected to 
flow cytometric analysis on a flow cytometer (Becton 
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Dickinson) in the FL1, FL2 channel to detect 
mitochondrial membrane potential [9]. 
 
2.2. Effect on intracellular ROS generation  
The production of ROS (reactive oxygen species) was 
measured by flow cytometry using DCFDA 
(2',7'dichlorofluorescin diacetate) as previously 
described [10]. In this study MCF-7 cells were treated 
with compounds 7d and 8d at 1 and 2 µM 
concentrations for 48 h. After treatment, cells were 
incubated with DCFDA (2 µM) at 37 °C for 30 min 
and then measured with the flow cytometer (FACS).  
 
2.3. Annexin V-FITC staining assay for apoptosis 
MCF-7 (1×106) cells were seeded in six-well plates 
and allowed to grow overnight. The medium was then 
replaced with complete medium containing 
compounds 7d and 8d at 1 and 2 µM concentrations. 
After 48 h of drug treatment, cells from the 
supernatant and adherent monolayer cells were 
harvested by trypsinization, washed with PBS at 5000 
rpm. Then the cells were stained with Annexin V-
FITC (Annexin V-Fluorescein isothiocyanate) and PI 
(Propidium iodide) using the Annexin-V-FITC 
apoptosis detection kit (Sigma Aldrich). Flow 
cytometry was performed for this study as described 
earlier [11].  
 
2.4. Protein extraction and western blot analysis  
MCF-7 cells were treated with compounds 7d and 8d 
at 1 µM concentration for 48 h. The cell lysates were 
obtained by lysing the cells in ice-cold 
radioimmunoprecipitation assay (RIPA) buffer 
(Thermo Scientific Inc.). After centrifugation at 
12,000 rpm for 15 min, the protein in the supernatant 
was quantified by the Bradford method (BIO-RAD) 
by using a Multimode Varioskan instrument (Thermo 
Fischer Scientifics Ltd.). Protein (30 µg per lane) was 
applied in 12 % SDS-PAGE (Sodium dodecyl sulfate 
Polyacrylamide gel electrophoresis). After 
electrophoresis, the protein was transferred to a 
polyvinylidine difluoride (PVDF) membrane 
(Thermo Scientific Inc.). The membrane was blocked 
at room temperature for 2 h in Trisbuffered saline 
(TBS) with 0.1 % Tween 20 (TBST) containing 5 % 
bovine serum albumin (BSA). The membrane was 
washed with TBST for 5 min, then primary antibody 
was added and the membrane was incubated at 4 °C 
overnight. All the antibodies were purchased from 
Cell Signaling Technology (CST). The membrane 
was incubated with the corresponding horseradish 
peroxidase labeled secondary antibody and incubated 
for another 1 h. Membranes were washed with TBST 
three times for 15 min and the protein blots were 
visualized with chemiluminescence reagent (Thermo 
Scientific Inc.). Images were captured by using the 
chemiluminescence (vilber lourmat) [12]. 

 
III. RESULTS AND DISCUSSION 
 

3.1. Measurement of mitochondrial membrane 
potential (∆Ψm ) 
The maintenance of mitochondrial membrane 
potential (∆Ψm) is significant for mitochondrial 
integrity and bioenergetic function [13]. 
Mitochondrial changes, including loss of 
mitochondrial membrane potential (∆Ψm), are key 
events that take place during drug induced apoptosis. 
In order to further investigate the apoptosis inducing 
effect of compounds 7d and 8d, mitochondrial 
membrane potential (∆Ψm) changes were designed 
and detected, using the fluorescent probe JC-1 
(5,5,6,6-tetrachloro-1,1,3,3-
tetraethylbenzimidazolocarbocyanine iodide-
5µg/mL). In this study we investigated the 
involvement of mitochondria in the induction of 
apoptosis by 7d and 8d. Results indicated that these 
compounds significantly reduced mitochondrial 
membrane potential (ΔΨm) of MCF-7 cells (Fig. 2), 
assessed by JC-1 staining.  
 

 
Fig. 2. Compounds, 7d and 8d triggers mitochondrial injury. 

Drops in mitochondrial membrane potential (∆Ψm) was 
assessed by JC-1 staining of MCF-7 cells treated with test 

compounds and samples were then subjected to flow cytometry 
analysis on a FACScan (Becton Dickinson) in the FL1, FL2 

channel to detect mitochondrial potential. A: Untreated control 
(MCF7), B: 7d (1 µM), C: 7d (2 µM), D: 8d (1 µM) and E: 8d (2 

µM). 
 

3.2. Effect on intracellular ROS generation 
Many anticancer agents have demonstrated to exert 
their cytotoxic effects by the generation of reactive 
oxygen species (ROS) [14], which is considered as 
one of the key mediators of apoptotic signaling. 
Therefore, we decided to investigate the role of these 
compounds 7d and 8d in inducing the production of 
ROS that could potentially lead to the cytotoxic effect 
in the MCF-7 cells. In order to demonstrate the role 
of test compounds on ROS generation during 
apoptosis process, production of ROS was examined 
by using an oxidant-sensitive fluorescent probe, 
DCFDA (2',7'dichlorofluorescin diacetate). After 
treatment with these compounds at 1 and 2 µM 
concentrations for 48 h, the level of ROS was 
significantly increased (Fig. 3). The ratio of DCF-
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positive cells for 7d and 8d was 17.2 and 18.0 % and 
24.6 and 31.5 % respectively at 1 and 2 µM 
concentrations for 48 h. The test results revealed that 
they enhance the generation of ROS in MCF-7 cells. 
 

 
Fig.3. The effect of 7d and 8d on the ROS production in human 
breast cancer cells (MCF-7). A: Untreated control (MCF7), B: 

7d (1 µM), C: 7d (2 µM), D: 8d (1 µM) and E: 8d (2 µM). 
 
3.3. Annexin V-FITC assay for apoptosis 
The apoptotic effect of 7d and 8d was further 
evaluated by using an Annexin V–FITC/propidium 
iodide (AV/PI) dual staining assay [15] to examine 
the occurrence of phosphatidylserine externalization 
and also to understand whether it is due to 
physiological apoptosis or nonspecific necrosis. In 
this study MCF-7 cells were treated with these 
compounds for 48 h at 1 and 2 µM concentrations to 
examine the apoptotic effect. It was observed that 
these compounds showed significant apoptosis 
against MCF-7 cells as shown in Fig. 4 and Table 1. 
Results indicated that 7d and 8d showed 14.1 and 
18.0 % and 25.7 and 32.4 % apoptosis respectively at 
1 and 2 µM concentrations.  
 

 
Fig.4. Annexin V-FITC staining assay. A: Untreated control 

(MCF7), B: 7d (1 µM), C: 7d (2 µM), D: 8d (1 µM) and E: 8d (2 
µM). 

Table 1: Annexin V-FITC assay for apoptosis 

 
 
3.4. Regulation of apoptosis by compound 7d and 8d 
Apoptosis plays a central role in cancer, since its 
induction in cancer cells is important to a successful 
therapy [16]. The apoptotic regulation depends 
mainly on the internal balance between anti apoptotic 
protein Bcl-2 activity and pro apoptotic protein Bax 
activity [17]. In this context, MCF-7 cells were 
treated with compounds 7d and 8d at 1 µM 
concentrations for 48 h. After 48 h of treatment, 
western blot analysis was performed. Western blot 
analysis revealed that these compounds suppresses 
Bcl-2 expression, accompanied by concomitant 
increase of Bax expression suggesting that these 
conjugates induced cell death by apoptosis in human 
breast cancer cells (Fig. 5).  
 

 
Fig.5. Western blot analysis of Bcl-2 and Bax: MCF-7 cells 

were treated with compounds 7d and 8d at 1 µM concentration 
for 48 h. The expression levels of Bcl-2 and Bax were detected 

by Western blot analysis. β-Actin was used as an equal a 
loading control. 

 
CONCLUSIONS 
 
Apoptosis is an essential cellular process that 
regulates and maintains the balance between 
proliferation, growth arrest and cell death. The 
induction of apoptosis, or programmed cell death, is 
thought to be one of the most interesting therapeutic 
strategies with which to specifically target cancer 
cells. In our previous investigation, we have 
synthesized a series of C3-Pyrazole/Chalcone Linked 
Beta-Carboline Hybrids and evaluated for their 
antiproliferative activity. Compounds 7d and 8d 
showed significant anticancer activity against human 
breast cancer cells, MCF-7. In the present 
investigation, studies like measurement of 
mitochondrial membrane potential (∆Ψm), generation 
of reactive oxygen species (ROS), annexin V-FITC 
assay and western blot analysis of anti apoptotic 
protein Bcl-2, proapoptotic protein Bax suggested 
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that these compounds induced mitochondrial 
mediated apoptosis in human breast cancer cells. 
Hence, C3-Pyrazole/Chalcone Linked Beta-Carboline 
Hybrids (7d and 8d) can be considered as potential 
anticancer drugs for the effective treatment of breast 
cancer. 
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