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is the resistance of cancer cells towards apoptosis which 
contributes to the ineffectiveness of anticancer therapies 
(Tang et al., 2010). Apoptosis is characterized by several 
biochemical and morphological events, such as nuclear 
fragmentation, internucleosomal DNA fragmentation 
(Wyllie, 1980), cell shrinkage (Saraste and Pulkki, 2000), 
chromatin condensation (Lu et al., 2012), formation of 
apoptotic bodies, loss of plasma membrane asymmetry 
(van Engeland, 1998), and disruption of mitochondrial 
membrane (Biasutto et al., 2010). An attempt is made to 
understand the mechanism(s) followed by alkaloids from 
S. amaranthoides, we have investigated the effect(s) of 
alkaloids on the A549 cell lines. 
 
 
METHODOLOGY 
 
Collection of plant material and preparation of crude extract 
 
S. amaranthoides Burm. F (Asteraceae) plant leaves were collected 
from Tirunelveli district. The Plant was examined and botanically 
identified by a botanist V. Chelladurai Research Officer-Botany. The 
collected leaf was shade dried for three weeks to get consistent 
weight and made in to coarse powder and was used for further 
studies.  
 
 
Preparation of ethanolic extract 
 
The leaf powder was soaked in the petroleum ether for two days to 
dissolve the chlorophyll and then the leaf material was transferred 
in to the ethanol for five days. On fifth day, leaf material was 
filtered. The filtered extract was subjected to rotary evaporator to 
remove the ethanol and to get the concentrated extract in powder 
form.  
 
 
Purification of alkaloids from crude extract 
 
The order of solubility for alkaloids: 
chloroform>acetone>ethanol>methanol>ethyl acetate>ether>n 
hexane silica gel G60 emulsion was used as a stationary phase in 
glass column. (1.5 × 50 cm) and chloroform and acetone (10:1, 9:2, 
8:3, 7:4) were used as mobile phases. A larger section of the 
alkaloids are easily soluble in chloroform and relatively less soluble 
in other organic solvents. The UV-vis spectrophotometer was used 
to measure the absorbance of the alkaloids on a Cary E-100 Varion 
type spectrophotometer. The absorbance was measured between 
200-800 nm.  
 
 
HPLC 
 
HPLC system used consisted of a HPLC binary pump, diode array 
detector (DAD), and an auto-sampler injector compartment (1200 
series, Agilent Technologies, Germany). For separation, C-18, 150 
mm, 64.6 mm i.d and 5 mm particle size Thermo Hypersil GOLD 
column was chosen as the reverse phase while the mobile phase 
was 0.1% formic acid in water (solvent A) and 0.1% formic acid in 
acetonitrile (solvent B) with the gradient setting of solvent B: 5% (5 
min), 5-90% (60 min), 5% (4 min) at a flow rate of 1 ml/min. 
Detection wavelengths were both set at 280 and 360 nm with 
constant injection volume of 20 ml. A 3200 QTrap LC/MS/MS 
system was used  for the mass  spectrometry analysis, with the iron 

 
 
 
 
source and voltage maintained at 500uC and 24.5 kV for negative 
ionization, respectively. The nitrogen generator was set at 60 psi 
curtain gas flow, 60 psi exhaust gas flow, and 90 psi source gas 
flow. The scanning modes selected were enhance mass 
spectrometer (EMS) and enhance ion product (EIP) for full scan 
mass spectra that ranged from mass to charge ratio (m/z) of 100-
1200. 
 
 
Cell culture conditions 
 
The A549 lung adenocarcinoma cell line was procured from 
National Centre for Cell Science (NCCS), Pune, India with the 
passage number of 11. Cells were maintained in DMEM 
supplemented with 10% fetal bovine serum, along with 100 units/ml 
penicillin and 100 μg/ml streptomycin. Cells were cultured in a 
humidified atmosphere with 5% CO2 at 37°C. Cells were grown in 
75 cm2 cultures and after a few passages, cells were seeded in a 
96-well plate. The experiments were done at 70 to 80% confluence. 
Upon reaching confluence, cells were detached using trypsin-EDTA 
solution. 
 
 
Cell proliferation assay 
 
Proliferation of A549 cells was assessed by MTT assay (Safadi et 
al., 2003). Cells were seeded into 96-well plates at 5 × 104 cells per 
well 24 h before treatment. After treatment with drugs, cell 
proliferation was determined using MTT (3-(4,5 dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide) assay. Briefly, 15 μl (5 mg/ml) 
MTT solutions was added to each well, and incubated at 37°C for 4 
h, after which the MTT solution was discarded and 200 μl of 
dimethylsulfoxide (DMSO) was added to dissolve the crystals of 
formazan dye by pipetting up and down. Spectroscopic absorbance 
of each well was measured at 570 nm using an ELISA reader 
(BIORD) at 570 and 630 nm as background using a microplate 
reader (Synergy H1 Hybrid). The IC50 value was determined from 
the dose response curve. 
 
 
Ethidium bromide/acridine orange (dual staining) 
 
Ethidium bromide/acridine orange staining was carried out by the 
method of Gohel et al. (1999). A549 cells were plated at a density 
of 1×104 in 48-well plate. They were allowed to grow at 37°C in a 
humidified CO2 incubator until they were 70-80% confluent. Then 
cells were treated with 15.625 and 31.25 µg/ml (selected based on 
the IC50 concentration) of alkaloid fraction for 24 h. The culture 
medium was aspirated from each well and cells were gently rinsed 
twice with PBS at room temperature. Then equal volumes of cells 
from control and drug treated were mixed with 100 μl of dye mixture 
(1:1) of ethidium bromide and acridine orange and viewed 
immediately under Nikon inverted fluorescence microscope (Ti 
series) at 10x magnification. A minimum of 300 cells were counted 
in each sample at two different fields. The percentage of apoptotic 
cells was determined by [% of apoptotic cells = (total number of 
apoptotic cells/total number of cells counted) ×100]. 
 
 
Assessment of nuclear morphology after propidium iodide 
staining 
 
Propidium iodide staining was carried out by the method of 
Chandramohan et al. (2007). A549 cells were plated at a density of 
1 × 104 in 48-well plates. They were allowed to grow at 37°C in a 
humidified CO2 incubator until they are 70-80% confluent. Then 
cells were treated with 15.625 and 31.25 µg/ml of alkaloid for 24 h. 
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by alkaloids from S. amaranthoides in A549 cell lines. S. 
amaranthoides is well known plant for the different 
pharmacological activities which includes hepatopro-
tective, wound healing, antibacterial activity, anti-inflam-
matory and antioxidant activity. Cytotoxic activity of S. 
amaranthoides was not reported earlier. In the current 
report, the type of apoptosis and molecular changes 
occurred were reported. Depending on the current study 
the alkaloid fraction showed a good cytotoxic effect on 
A549 cell line with ic50- 29.78 µg/ml. The alakloids are 
considered to be active against cancer cell in vitro when 
the IC50 is within the concentration range of 1-50 µM 
(Boik, 2001). Dose and time dependent (Figure 2) 
cytotoxicity of alkaloids on cancer cell lines were 
observed. This suggested that treatment with alkaloids 
inhibited the growth and reduced the viability of these 
cells. The induction of apoptosis has been described as a 
standard and best strategy in anticancer therapy (Russo 
et al., 2006; Hannun, 1997). 

The phase-contrast microscopical studies help to 
identify the early stage of apoptosis which are 
characterized by the reduced size of the cells, blistering 
and blebbing of the nuclear membrane (Xu et al., 2004; 
Willingham, 1999). As seen in the dose and time- 
dependent treatment (Figure 8), cells get started to 
separate from the surface of the culture plates. 
Condensation of the nuclear chromatin is one of the 
apoptotic character that leads to breakup of the 
chromatin leading to nuclear fragmentation (Willingham, 
1999).  

In the present study the detection of early and late 
apoptosis was performed with dual staining. Based on 
the results, we have found that alkaloids induced 
apoptosis with a significant increase the concentration 
29.57 µg/ml in A549 cell lines. This was proven with the 
signs of nuclear fragmentation and chromatin conden-
sation. This can be further supported by the results of cell 
cycle distribution which showed the accumulation of cells 
in the S phase and the decrease of cell percentage in the 
G0/G1phase.  

Accumulation of cells in S phase may have contributed 
to the high level of apoptosis in A549 cells (Pozo-
Guisado et al., 2002). The cells blocked in the S phase 
are now a check point that inhibits the replication due the 
DNA damage which caused a decrease in cell survival 
(Bunch and Eastman, 1997; Shi et al., 2001). Hence the 
above data suggests that the alkaloids altered the cell 
cycle in a dose-dependent manner, and this could explain 
the observed correlation cell growth inhibition, cell cycle 
blockade and cell death (Arora et al., 2011). 
 
 
Conclusion 
 
The current study states that alkaloids possess strong 
inhibitory effects on cell growth and is capable of inducing  

 
 
 
 
apoptosis in A549 cells. Alkaloids also appear to affect 
the cell cycle which can induce apoptosis. The present 
findings provide valuable information in the development 
of natural compounds for use in cancer therapy.  
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