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Abstract 

Purpose: To determine the antitumor effect of demethoxycurcumin on lung cancer cells, as well as its 
effect on PI3K/AKT/m-TOR signalling, cellular apoptosis, cell migration and cell invasion. 
Methods: Cell viability was determined using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium 
bromide (MTT) assay, while AO/EB and annexin V/PI staining assays were used for apoptosis analysis 
in demethoxycurcumin-treated A-549 lung cancer cells. Transwell chamber assay was used to 
determine the effect of demethoxycurcumin on migration and invasion of A-549 cells. The expression 
levels of PI3K/AKT/m-TOR signalling and apoptosis-associated proteins in A-549 cells post-
demethoxycurcumin treatment were determined by Western blotting assay. 
Results: Demethoxycurcumin markedly inhibited the proliferation of A-549 cells in a dose- and time-
reliant fashion. The antiproliferative effect of demethoxycurcumin occurred via stimulation of apoptosis. 
The expression levels of Bax, Caspase-3 and Caspase-9 increased significantly, while Bcl-2 was 
significantly decreased in A-549 cells post-demethoxycurcumin treatment. Demethoxycurcumin 
substantially inhibited migration and invasion of A-549 cells, and blocked PI3K/AKT/m-TOR signalling 
pathway in these cells. 
Conclusion: Demethoxycurcumin induces anticancer effects on A-549 cells via targeting 
PI3K/AKT/mTOR signalling pathway. It induces cellular apoptosis and inhibits migration and invasion of 
A-549 cells. Thus, it is a promising anti-lung cancer agent. 
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INTRODUCTION 
 
Cancer is a serious health problem that affects a 
significant percentage of the human population 
globally. Notwithstanding recent advances in 

cancer diagnosis and treatment, the prevalence 
of cancer and its associated mortality have 
continued to pose serious challenge to doctors 
and researchers. Lung cancer (LC) is a serious 
lung disorder that accounts for high number of 
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deaths in men and women across the globe [1]. 
In the year of 2013 alone, nearly 1.8 million LC 
cases and 1.6 million deaths were reported 
worldwide [2]. The incidents of LC are expected 
to double by the year 2035 [3].  
 
Small cell lung cancer and non-small cell lung 
cancer are two distinct histological subtypes of 
LC. Non-small cell lung cancer (subtypes: 
adenocarcinoma, squamous cell and large cell 
carcinoma) accounts for nearly 85% of total LC 
cases, 40% of which are adenocarcinomas [4]. 
Globally, the incidence of LC is higher in men (1 
out of 18) than in women (1 out of 51). The 
incidence of LC among women is expected to 
rise in the coming years. Women suffering from 
LC show better prognosis, improved survival and 
better treatment responses than their male 
counterparts [5-8]. The overall 5-year survival of 
LC patients is less than 18 %. Therefore, LC is a 
lethal health hazard which needs to be 
addressed through better management and 
chemotherapeutic approaches. Natural products 
are enormous chemical entities with huge 
medicinal and biological potential [9-12]. 
Naturally-occurring turmeric has been used as a 
spice in various South Asian countries for ages. 
Turmeric has remained an integral part of 
traditional systems of medicine in China and 
India [13]. Different extracts prepared from 
turmeric have been reported to contain bis-
demethoxycurcumin, demethoxycurcumin and 
curcumin, all of which are collectively called 
curcuminoids. Demethoxycurcumin is a beta-
diketone similar to curcumin in structure, with 
one less methoxy group. Apart from its presence 
in turmeric, demethoxycurcumin is a major 
constituent of beverages. Moreover, it has been 
isolated from Curcuma xanthorrhiza and 
Curcuma zedoaria. It has been reported that 
demethoxycurcumin has anti-inflammatory, 
antineoplastic and anticancer properties [14-18]. 
Moreover, it has been reported that 
demethoxycurcumin exerts potential antitumor 
activity through modulation of several molecular 
targets. In addition, demethoxycurcumin has 
been shown to produce pro-apoptotic and pro-
autophagic effects against several human cancer 
cell lines. The present study was undertaken to 
investigate the anticancer potential of 
demethoxycurcumin on LC cell line, as well as its 
effect on cellular apoptosis, PI3K/AKT/m-TOR 
signalling, cell migration and cell invasion. 
 
EXPERIMENTAL 
 
Cell proliferation assay 
 
The effect of demethoxycurcumin on the 
proliferation of A-549 LC cells was determined 

with MTT assay. The A-549 LC cells were 
cultured in 96-well plates at a density of 5×104 
cells per well at 37 oC for 24 h. Then, the wells 
were treated with varying concentrations of 
demethoxycurcumin (10, 20, 40 and 80 μM) for 
48 and 72 h at 37 oC in a 5 % CO2 incubator. 
Untreated cells served as control. Thereafter, 10 
μL of MTT was added to each well, followed by 
incubation, first for 15 min, and then for 
additional 4 h. Finally, the formazan crystals 
formed were dissolved using DMSO, and 
absorbance was read at 450 nm in a microplate 
reader (BioRad, Segrate, Italy). 
 
Determination of apoptosis using AO/EB dual 
fluorescent dye 
 
Apoptotic cell death in A-549 LC cells was 
investigated using AO/EB dual staining and 
annexin V/PI staining assays. The cells were 
seeded in 96-well plates and treated with 
demethoxycurcumin at different concentrations 
viz 20, 40 and 80 μM. Post-treatment, the cells 
were trypsinized using trypsin, and 20 μL of cell 
suspension was placed on glass slide, followed 
by exposure to AO/EB dual fluorescent staining 
solution (100 μg/mL). The glass slides were then 
covered with coverslips. Cellular morphology was 
examined in 500 cells in 20 min using a 
fluorescent microscope (OLYMPUS, Japan).   
 
Annexin V/PI staining assay 
 
In the analysis of apoptosis using annexin V/PI, 
A-549 LC cells were plated in 96-well plates at a 
density of 2×104 cells per well. The wells were 
incubated with different concentrations of 
demethoxycurcumin. i.e. 20, 40 and 80 μM for 24 
h. Thereafter, the cells were rinsed with PBS and 
fixed with 10 % formaldehyde, followed by 
addition of annexin V/PI solution. Then, the cells 
were examined under a fluorescence 
microscope. 
 
Transwell assay 
 
The LC A-549 cells at >70 % confluence were 
exposed to varying concentrations of 
demethoxycurcumin viz 20, 40 and 80 μM for 48 
h. Transwell chambers were utilized for 
determination of cell migration. The upper 
chamber contained transfected A-549 cells in 
RPMI-1640 culture medium without serum, while 
the lower chamber contained 600 µL of culture 
medium with 10 % FBS (Corning Incorporated, 
NY, United States). The transwell chambers 
were incubated for 12 h, followed by fixation of 
the cells with alcohol for 10 min at 4 oC. Non-
migrated cells were discarded, while migrated 
cells were stained using crystal violet at 25 oC for 
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10 min. The migrated cells were then examined 
under a light microscope (TS100; Nikon 
Corporation, Tokyo, Japan) under x200 
magnification and photographed. For estimation 
of the effect of demethoxycurcumin on cell 
invasion, a similar method was operated except 
for a 6-h pre-coating of transwell chambers with 
Matrigel. 
 
Western blotting assay 
 
The A-549 LC cells were treated with varying 
doses of demethoxycurcumin viz 20, 40 and 80 
μM. Total protein was extracted from the cells via 
lysis with RIPA buffer, and the protein 
concentration of each lysate was determined 
using BCA protein assay method. Then, equal 
amounts of protein (40 μg portions) were 
separated using SDS-PAGE, followed by transfer 
of the separated proteins to PVDF membranes. 
Thereafter, the membranes were blocked by 
incubation with 5 % skimmed milk powder 
solution in Tris-buffered saline tween (TBST) for 
about 1 h. The blocked membranes were then 
incubated in the dark at 4 oC with primary 
antibodies against Bcl-2, Bax, Caspase-3, 
Caspase-9, PI3K, AKT and m-TOR. Post-primary 
antibody treatment, the membranes were 
incubated with horse radish peroxidase-coupled 
secondary antibody for 1 h at 4 oC, followed by 
washing thrice with TBST. Finally, the protein 
signals were observed with an advanced 
chemiluminescent agent. 
 
Statistical analysis 
 
Each assay was repeated thrice. The data are 
expressed as mean ± standard deviation (SD). 
Statistical analysis was done using Unpaired 
Student’s t-test. Values of p < 0.05 were 
considered as indicative of statistically significant 
differences. 
 
RESULTS 
 
Effect of demethoxycurcumin on viability of 
A-549 LC cells 
 
The effect of demethoxycurcumin on the viability 
of A-549 cells is shown in Figure 1. 
Demethoxycurcumin produced potent dose- and 
time-reliant inhibition of viability of A-549 cells. It 
was observed that the percentage viability 
values at 0, 10, 20, 40 and 80 μM were 100, 90, 
70, 42 and 17, after 48 h of demethoxycurcumin 
exposure. The percentage viability values at 
same drug concentrations after 72 h of exposure 
were 90, 82, 60, 30 and 10, respectively (Figure 
2). Thus, demethoxycurcumin exerted 
antiproliferative effects on the cells. 

 
 
Figure 1: Chemical structure of demethoxycurcumin 
 

 
 
Figure 2: Graphical representation of results from 
MTT assay. Demethoxycurcumin showed dose- and 
time-dependent inhibition of A-549 cell viability. The 
experiments were done in triplicate, and data are 
presented as mean ± SD; *p < 0.05, compared with 
72 h value 
 
Apoptotic effects of demethoxycurcumin in 
A-549 cells 
 
Demethoxycurcumin-treated A-549 LC cells 
were stained with AO/EB. The AO/EB staining 
revealed no sign of apoptosis in the negative 
control group. However, on drug exposure, AO 
fluorescent crescent-shaped yellow-green cells 
(early-stage apoptotic cells), orange EB 
fluorescent cells (late-stage apoptotic cells) and 
orange-red fluorescent cells (necrotic cells) were 
seen (Figure 3). These results indicated 
induction of apoptotic cell death by 
demethoxycurcumin in A-549 LC cells. 
Therefore, Annexin V/PI staining assay was 
used to quantify apoptosis in 
demethoxycurcumin-treated A-549 cells. The 
results indicated dose-dependent apoptosis of 
A-549 LC cells. At concentrations of 0, 20, 40 
and 80 μM, the percentages of annexin V+/PI- 
apoptotic cells were 4, 18, 24 and 28, 
respectively, while the percentages of annexin 
V+/PI+ apoptotic cells were 9, 23, 27 and 33% 
(Figure 4). Thus, demethoxycurcumin exerted 
dose-reliant increase in the percentage of 
apoptotic cells. Furthermore, western blotting 
analysis of demethoxycurcumin-treated A-549 
LC cells indicated marked upregulation of pro-
apoptotic proteins and downregulation of anti-
apoptotic protein. The expression levels of 
Caspase-3, Caspase-9 and Bax were 
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upregulated dose-reliantly, while Bcl-2 was 
downregulated (Figure 5). Thus, AO/ETBR dual 
staining, annexin V/PI staining and western 
blotting confirmed that demethoxycurcumin 
induced apoptosis in A-549 LC cells. 
 
Inhibitory effect of demethoxycurcumin on 
migration and invasion of A-549 cells 
 
Cell migration and invasion in A-549 LC cells 
treated with demethoxycurcumin (20, 40 and 80 
μM) were estimated via transwell chambers 
assay. The cell migration was markedly and 
dose-reliantly inhibited by demethoxycurcumin, 
when compared to the negative control (Figure 
6). Furthermore, the results from transwell 
chamber assay revealed that the number of 
invasive cells counted under a light microscope, 
was reduced significantly with increases in 
demethoxycurcumin doses (Figure 7). 
 

 
 
Figure 3: AO/EB staining at specified doses of 
demethoxycurcumin. The experiments were repeated 
thrice 
 

 
 
Figure 4: Results of annexin V/PI staining showing 
percentages of annexin V+/PI- and annexin V+/PI+ 
apoptotic cells. There were dose-dependent increases 
in the percentage of apoptotic A-549 cells in 
demethoxycurcumin-treated groups, relative to the 
control group. The experiments were repeated thrice, 
and data was presented as mean ± SD. *P < 0.05 
 

 
 
Figure 5: Effect of demethoxycurcumin on protein 
expressions of Bax, Caspase-3, Caspase-9 and Bcl-2 
in A-549 LC cells, as assayed using western blotting. 
There were increased protein expressions of pro-
apoptotic Bax, Caspase-3 and Caspase-9, while the 
expression of anti-apoptotic Bcl-2 protein was 
decreased. Each experiment was performed thrice 
 
Inhibitory effect of demethoxycurcumin on 
PI3K/AKT/m-TOR signalling pathway in A-
549 cells 
 
The PI3K/AKT/m-TOR signalling pathway plays 
a vital role in regulation of various cancer cell 
survival processes. The effect of 
demethoxycurcumin on PI3K/AKT/m-TOR 
signalling pathway in A-549 LC cells were 
determined using western blotting assay. The 
results revealed dose-dependent inhibition of the 
expressions of PI3K/AKT/m-TOR signalling 
pathway-associated proteins. However, there 
were no changes in the expressions of PI3K, 
AKT and m-TOR, while the levels of 
phosphorylated PI3K, AKT and m-TOR were 
significantly and dose-reliantly reduced (Figure 
8). 
 

 
 
Figure 6: Photomicrograph of migration of A-549 LC 
cells (negative control and positive ucontrol. Each 
experiment was repeated thrice 
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Figure 7: Photomicrograph of invasiveness of 
negative control and positive control 
(demethoxycurcumin treated) A-549 LC cells. Each 
experiment was performed thrice 
 

 
 
Figure 8: Effect of demethoxycurcumin on the 
expressions of PI3K/AKT/m-TOR signalling pathway 
proteins in A549 cells, as determined using western 
blotting. Each experiment was repeated thrice 
 
DISCUSSION 
 
Apoptosis is a natural process for programmed 
elimination of cells as a result of cell injury or cell 
malfunction [19]. This process is non-toxic in 
nature, and does not affect nearby growing cells 
or tissues. Multicellular organisms use apoptosis 
extensively for maintaining tissue, organ or 
overall health due to the fact that apoptosis 
helps in discarding unhealthy, excessive and old 

cells. Several biochemical events during 
apoptosis change cell morphology and ultimately 
induce cell death. These events include 
membrane blebbing, chromatin condensation, 
cell shrinkage, DNA fragmentation, nuclear 
fragmentation and global mRNA decay [20,21]. 
 
Apoptosis is a highly regulated and controlled 
process. Thus, the targeting apoptosis in cancer 
cells is a useful strategy in cancer therapy. In 
the current study, the antiproliferative effect 
demethoxycurcumin was investigated in human 
lung A-549 cancer cells by studying its effects 
on the PI3K/AKT/m-TOR signaling pathway, 
cellular apoptosis and cell migration and 
invasion.  
 
The results revealed that demethoxycurcumin 
induced dose- and time-dependent inhibition of 
A-549 cell viability. A previous study showed 
that demethoxycurcumin induced apoptotic cell 
death in breast cancer cells [22]. In the present 
study, demethoxycurcumin stimulated apoptosis 
in A-549 LC cells by increasing the expression 
levels of Caspase-3 and Caspase-9, and 
decreasing Bcl-2 expression level. 
 
Demethoxycurcumin has been shown to exert 
anti-migration and anti-invasion effects against 
PC-3 prostate cancer cells via inhibition of MMP-
2 [23]. In this study, demethoxycurcumin 
produced dose-dependent inhibitions of the 
migration and invasion of LC A-549 cells. The 
PI3K/AKT/m-TOR signalling is involved in 
modulation of key intracellular processes like 
cell survival, proliferation, cell cycle, apoptosis 
and cell differentiation.  
 
In this study, demethoxycurcumin induced 
significant suppression of PI3K/AKT/m-TOR 
signalling pathway via downregulation of key 
proteins of the pathway. These results are in 
agreement with the finding that curcumin, a 
structural analogue of demethoxycurcumin (with 
an additional methoxy group) induced marked 
suppressive effects on the PI3K/AKT/m-TOR 
signalling pathway [24].  
  
CONCLUSION 
 
The results of this study reveal that 
demethoxycurcumin significantly suppresses the 
proliferation of human lung cancer A-549 cells 
via a mechanism involving inhibition of the 
PI3K/AKT/m-TOR signalling pathway, induction 
of cellular apoptosis and suppression of cell 
migration and invasion ability. Thus, 
demethoxycurcumin is a promising anti-lung 
cancer agent. 
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