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Abstract— A series of Aminostilbene–Arylpropenones conjugates were prepared previously and the antiproliferative 
activity of these analogues was evaluated in cell-based assay and amongst, the compounds 3e, 3g and 4e exhibited promising 
antiproliferative activity with GI50 values <0.01 to 19.9 µM in a panel of 60 human cancer cell lines derived from nine 
cancer types. These compounds caused the cells to arrest in the G2/M phase of the cell cycle, hence they were examined for 
potential inhibition of tubulin assembly as well as immunofluroscenec analysis as reported previously. In the present 
investigation and attempt was made to investigate the apoptotic pathway of these conjugates 3e, 3g and 4e and this  apoptotic 
effects of conjugates were confirmed by Hoechst staining, Annexin-V FITC, Tunnel assay for DNA fragmentation and  
Reactive oxygen species. 
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I. INTRODUCTION 
 
Tubulin binding compounds are known to play a key 
role in the cancer chemotherapy, and few well-known 
tubulin binders such as Taxol, vincristine, and 
vinblastine are frequently employed as anticancer 
agents.[1] Microtubule, a polymer of tubulin with two 
subunits, is involved in a signal transduction 
pathways of mammalian cells, particularly in cell 
division. Hence, antitubulin agents block the 
transition from interphase to mitosis and, thus, 
effectively block cell-cycle progression, which results 
in apoptosis. Antimitotic agents derived from natural 
and synthetic products generally exert their effect as 
microtubule stabilizers or polymerizing agents, such 
as Taxol and docetaxel which block microtubule 
disassembly. They bind at the beta-tubulin site in the 
microtubules and are used in the treatment of 
carcinomas, such as lung, breast, ovarian, and 
bladder. In contrast, microtubule destabilizes such as 
colchicinium, vinca alkaloids, and combretastatin A-4 
bind at the beta-tubulin site in microtubules and cause 
the depolymerization of the microtubules. Many of 
such agents manifest different limitations in their 
clinical utility owing to drug resistance and 
neurotoxicity, therefore the development of new 
microtubule targeting agents is of significance. 
Combretastatin A-4 is an excellent tubulin 
polymerization inhibitor that binds to the colchicine 
binding site of tubulin and demonstrates cytotoxicity 
against a broad spectrum of human cancer cell lines 
including multidrug-resistant cancer cells. However, 
the in vivo efficiency of CA-4 is limited owing to its 
poor pharmacokinetics resulting from its high 
lipophilicity and low water solubility. Structural 
modification of CA-4 has led to the development of 

numberof new CA-4 derivatives that are potent 
tubulin polymerization inhibitors, [2] including 
combretastatin A-4 phosphate. 
Structure–activity relationship (SAR) studies of CA-4 
analogues have shown that both hydroxy and amino 
substituent’s contribute to improve the antimitotic 
activity and provide the opportunity to structurally 
modify this scaffold.[3] 
Recently, a series of antiproliferative compounds 
based on the (Z)-1-aryl-3-arylamino-2-propen-1-one 
scaffold of 2a were reported to significantly inhibit 
multidrug-resistant cancer cells and were also found 
to arrest the cells in the G2/M phase of the cell 
cycle.[4] A number of tubulin polymerization 
inhibitors containing an indole core nucleus have 
been obtained from natural sources and generated 
through design and synthesis. Some of the indole-
containing compounds exhibit excellent antimitotic 
activity such as D-64131,D-24851, BPR0L075, BLF 
61-3, and methyl 5-methoxy-3-((3,4,5-
trimethoxyphenyl)thio)-1H-indole-2-carboxylate 
(ATI ) derivatives.[5] 6-Methoxy-3-(3’,4’,5’-
trimethoxybenzoyl)-1H-indole(BPR0L075, Figure 1), 
a microtubule depolymerizing agent, exhibits 
antiangiogenic activities. Indibulin {N-(pyridin-4-yl)-
[1-(4-chlorbenzyl)indol-3-yl]glyoxyl amide, D-
24851; Figure 1a}is a synthetic small molecule with 
microtubule destabilizing activity. 
Apoptosis also plays an important role in preventing 
cancer and if a cell is unable to undergo apoptosis, 
due to mutation or biochemical inhibition, it can 
continue dividing and develop into a tumor. 
Therefore apoptosis is required by living organisms 
to conserve homeostasis as well as to maintain their 
internal states within certain limits. 
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Apoptosis is characterized by a number of cellular 
changes such as cell shrinkage, irregularities in cell 
shape ,membrane blebbing, externalization of 
phosphatidyl serine in cell membrane, chromatin 
condensation, and inter-nucleosomal DNA 
fragmentation and increased mitochondrial membrane 
permeability leading to the release of proapoptotic 
proteins (like Bad,Bax and caspases) in the cytoplasm 
and subsequent formation of ‘apoptotic bodies’’ 
(several membrane-enclosed vesicles containing 
intracellular materials inside). In truth the apoptotic 
process is functionally conserved and physiological 
forms of this type of cell death are genetically 
programmed. 
In continuation of our earlier efforts and on the basis 
of literature findings, we linked amino-substituted 
combretastatin with arylamino-2-propenones to 
generate aminostilbene–arylpropenone hybrids and 
proved as a strong tubulin polymerization 
inhibitors.[6] Apart from the tubulin pathway in the 
present investigation we made an attempt to 
investigate the apoptotic pathway of these 
aminostilbene–arylpropenone hybrids. 
 

 
Chemical structures of 3g, 3e and 4e 

 
II. DETAILS EXPERIMENTAL  
 
2.1.Immunofluorescencemicroscopy: 
Immunofluorescence microscopy was performed by 
following procedure. Briefly, Lung cancer cells were 
seeded on cover-slips at a density of 5×10-4 cells per 
well in 6-well plates. Cells were fixed in for 30 min 
and nonspecific antibody binding sites were blocked 
by incubating with 5% BSA in PBS at 37 °C for 15 
min. Then, cells were incubated overnight at 4 °C, 
followed by a 1:1000 dilution of FITC-conjugated 
secondary anti-body at 37 °C for 1 h. Images were 
taken by using a Microscope (Olympus,Japan). [7] 
 
2.2Fluorescence microscopic analysis of Hoechst: 
Approximately 1×10-6 cells/mL of   lung cancer cells 
were grown on a clear microscope cover slip. 

Collected cancer cells were washed with PBS (pH 
7.2) and stained with a Hoechst mix on the surface of 
the cover slips. After incubation for 2 min, the cells 
were washed twice with Phosphate Buffer Saline and 
visualized immediately under a fluorescence 
microscope (Olympus, XSZ-D2,) with the excitation 
filter set at 480 nm. [8] 

 
2.3Quantification of intracellular ROS:  
The intracellular ROS levels were measured by 2-7-
dichlorodihydrofluorescein (DCFH-DA) method. For 
that, lung cancer cells were incubated with 10 -M 
DCFHDA for 30 min at 37 ◦C in the dark with treated 
samples, washed twice with PBS and the cells were 
observed under Olympus, XSZ-D2a fluorescent 
microscope. [9] 

 
2.4TUNEL Assay:  
After incubation with 1×10-6 mol/L of conjugates for 
24h, cells were rinsed three times with phosphate-
buffered saline (PBS) and fixed with methanol. Based 
on the TUNEL protocol (Promega) cells were 
permeabilized with 0.1% Triton X-100 in 
0.1%sodium citrate and then rinsed twice with PBS. 
The DNA nick-labeling reaction was performed using 
50 µL TUNEL reaction mixture, including 45 µL 
enzyme solution and 5 µL nucleotide mix at 37 ºC for 
60 min. Then the samples were rinsed three times 
with PBS and analyzed under a fluorescence 
microscope. [10] 

 
III. RESULTS AND DISCUSSION 
 
3.1. Hoechst Staining 
Apoptosis is one of the major pathways that leads to 
the process of cell death. Chromatin condensation and 
fragmented nuclei are known as the classic 
characteristics of apoptosis. It was considered of 
interest to investigate the apoptotic inducing effect of 
these compounds (3e, 3g and 4e) by Hoechst staining 
(H33258) method in A549 cancer cell line. Therefore 
cells were treated with 3e, 3g and 4e at 0.5µM 
concentrations for 24 h. Manual field quantification 
of apoptotic cells based on cytoplasmic condensation, 
presence of apoptotic bodies, nuclear fragmentation 
and relative fluorescence of the test compounds 
(3e,3g and 4e) induced cell death by apoptosis as 
shown in Fig1. 
 
3.2. Effect of 3e,3g and 4e conjugates on DNA 
A terminal transferase dUTP nick end labeling 
(TUNEL) assay was carried out with a view to 
understand the effects of these compounds 3e,3g and 
4e on DNA by treating with A549 cells at 0.5 µM for 
24 h. From the figure we conclude that DNA 
fragmentation (green FITC staining) was observed in 
the treated cells where as no fragmentation in 
untreated cells indicating the apoptotic cell death as 
apparent in Fig 2. These results demonstrated that 
these compounds have apoptotic-inducing ability.  
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3.3. Effect of compound 3e, 3g and 4e on ROS 
The DCFH-DA method measures intracellular 
generation of hydrogen peroxide, an indirect 
procedure for estimating ROS. In the present study 
the intracellular ROS concentration was significantly 
higher in conjugate 3e, 3g and 4e treated A549 cells 
when compared to the control. As shown in Fig 3. It 
is now well established that the generation or external 
addition of ROS can cause cell death by two distinct 
pathways, viz. apoptosis or necrosis. 
 
3.4. Effect of 3e, 3g and 4e on apoptosis 
The apoptotic inducing ability of 3e, 3g and 4e is well 
investigated by Annexin V FITC/PI (AV/PI) dual 
staining assay by examining the occurrence of 
phosphatidylserine externalization and also to 
understand whether it is due to physiological 
apoptosis or nonspecific necrosis.  A549 cells were 
treated with 3e, 3g and 4e at 0.5µM for 24 hrs. 
Immunofluroscence images showed proper cellular 
morphology of the untreated A549 cells (Control 
cells) while 3e, 3g and 4e treated cells showed bleb 
formation indicating that the cells were undergoing 
apoptosis Fig 4. The above results suggested that 3e, 
3g and 4e significantly induced apoptosis in A549 
cells. 
 

 
Fig.1. Hoechst staining of the compounds 3g,3e and 4e in A549 

cell line. 
 

 
Fig.2. Effect of conjugates 3g, 3e and 4e on Tunnel Assay 

 
Fig.3. Reactive oxygen species of conjugates 3e, 3g and 4e on 

A549 cell 
 

 
Fig.4. Effect of conjugates on Annexin FITC in A549 cells. 

 
CONCLUSIONS 
 
In conclusion, in this study we provide evidence that 
the conjugates 3e, 3g and 4e induce apoptosis in 
human lung cancer cells. The Induction of apoptosis 
by 3e, 3g and 4e is through the Hoechst staining, 
Annexin -5 FITC, Tunnel Assay and Reactive oxygen 
species. These studies may contribute towards the 
better understanding of the biological implications 
that could facilitate the development of newer leads 
based on their scaffold.  
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