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Abstract
The hunt for novel anticancer drugs with minimal side effects continues. This study strengthens the claim by providing 
biochemical evidences of anticancer activities of Bauhinia variegata bark extracts on lung carcinoma cells (A549 and 
H460). Bark extracts of Bauhinia variegata were prepared by different solvents using Soxhlet apparatus and tested for their 
antioxidant potential by DPPH assay. The lung cancer cell lines were treated with Bauhinia variegata bark extracts and 
viability of cells was measured by MTT assay; metastatic ability was determined through Scratch assay and effect on DNA 
integrity was shown by gel electrophoresis. The Petroleum Ether Bark Extract (PEBE) inhibits proliferation (A549, IC50 
= 1.5 mg/ml) at 48 h treatment. DNA damage was observed in A549 cells by agarose gel electrophoresis. The Chloroform 
Bark Extract (CBE) inhibited proliferation of H460 (IC50 = 1 mg/ml) with DNA damage after 24 h treatment. Soft agar 
assay indicated decreased ability to form colonies and scratch test showed impaired migration of A549 and H460 to PEBE 
and CBE treatment respectively. Apoptosis was detected using fluorescent dye staining in A549 and H460 cells. Caspase 3 
activity was increased significantly in A549 and H460 cells. PEBE and CBE decrease the mitochondrial membrane potential 
gradient (∆Ψm) of A549 and H460 cells respectively. This study categorically proves the cytotoxic activity of Bauhinia 
variegata bark extracts on A549 and H460 cells.
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Abbreviations: Non-Small Cell Lung Cancer (NSCLC), 
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT), Petroleum Ether Bark Extract (PEBE) , 
Chloroform Bark Extract (CBE), Petroleum Ether (PE), 
N-hexane (HX), Chloroform (CHL), Ethyl Acetate (EA), 
Methanol (MET), Water (AQ), Dimethyl sulfoxide (DMSO), 
2, 2-Diphenyl-1-picrylhydrazyl (DPPH), Standard Deviation 
(SD), Standard Error of Mean (SEM), Dulbecco’s Modified 
Eagle’s Medium (DMEM), 2′,7′-dichlorodihydrofluorescein 
diacetate (H2DCF-DA), Phosphate Buffer Saline (PBS), 
Hydrogen peroxide (H2O2), TAE (Triacetate- EDTA), Sodium 
Chloride (NaCl), Half Maximal Inhibitory Concentration 
(IC50), Tetramethyl Rhodamine, Methyl Ester (TMRM), 

4′,6-diamidino-2-phenylindole (DAPI), Analysis Of Variance 
(ANOVA), Acridine Orange (AO), Ethidium bromide (EtBr)

1. Introduction
Exponential increase in cancer incidences is a global 
burden. Every year India reports about 70,275 lung 
cancer cases (fourth among all cancers) with 50 %  
mortality within a year and 5-year survival has remained 
at 11-17 % for these lung cancer patients1,2. Non-small 
cell lung cancer (NSCLC) contributes for about 85 % 
of the lung cancer cases while 15 % cases are SCLC2. 
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The most typical NSCLC is adenocarcinoma (40 %), 
followed by large cell carcinoma (15 %)3. Hence, in 
this study A549 (adenocarcinoma) and H460 (large 
cell carcinoma) cell lines were used. The 5-year relative 
survival rate of lung cancer has increased with time, 
but less than 21 %3. The poor survival rate along with 
low efficacy and side effects of chemotherapy (20-30 %) 
are major causes of concern in lung cancer4,5. The side 
effects related to present drugs motivates scientists to 
search for anticancer compounds from natural sources 
such as plant phytochemicals. Phytocomponents 
have lower toxicity providing an attractive alternative 
in cancer therapy6,7. Plant of our interest is Bauhinia 
variegata, a species in the legume family, Fabaceae. It 
is commonly known as Mountain Ebony, which is a 
medium-sized deciduous tree found throughout India. 
Bauhinia variegata L. has been mentioned in traditional 
texts to have multiple pharmacological activities8 with 
preliminary proof of in-vitro cytotoxic activity of leaf 
and bark extracts. Government of India has given a 
lot of emphasis on bringing its traditional ayurvedic 
knowledge to greater acceptability through validation 
using biochemical mechanisms involved9.

Cancer cells has increased ROS levels as compared 
to their normal counterparts and are detoxified by 
complex antioxidative mechanisms11. Progression of 
cancer has been shown to follow changes in ROS10-12. 
A fall out in Oxidative stress happens due to imbalance 
between the systems which generates and scavenges 
ROS. Cell apoptosis progresses with distinct biochemical 
pathways and plays a critical role in development 
and homeostasis13. Cancer cells have the ability to 
circumvent apoptosis making proteins involved in the 
apoptotic cascades as ideal targets for cancer therapy16. 
Reestablishing apoptotic programming in malignant 
cells selectively kills tumor cells and caspases as primary 
inducers of apoptosis provide an ideal platform to 
develop effective therapeutic strategies for cancer14,15. 
Here, we report the biochemical basis for the effective 
anticancer potential of Bauhinia variegata bark extracts 
on lung cancer.

2. Material and Methods

2.1 Plant Material Collection and 
Phytoextraction

Bauhinia variegata bark was collected from Waghai 
botanical garden, Dang, Gujarat during December- 
January each year and was validated by the Department 
of Botany, The Maharaja Sayajirao University of Baroda, 
India. The bark was washed, surface sterilized with 0.1 
% mercuric chloride, rinsed - shade dried, powdered 
and packed into a thimble for extraction by Soxhlet 
method with eluotropic series for 8-12 hr16. The dry 
sample was dissolved in DMSO to form a 100 mg/ml 
stock & filtered by a 0.22 µm syringe filter for further 
use.

2.2 Qualitative Analysis of Phytoextracts
Qualitative analysis (alkaloids, fatty acids, cardiac 
glycosides, flavonoids, glycosides, phenols, resins, 
saponins, steroids, tannins, terpenoids) of Bauhinia 
variegata bark extracts was done using standard 
procedures17,18.

2.3 Determination of Antioxidant 
Activity by DPPH Assay

The antioxidant activity was measured using DPPH 
free radical assay by a standard protocol17. 

2.4 In Vitro Culturing of Human Lung 
Cancer Cell Lines

Human lung cancer cell lines A549 and H460 were 
obtained from (NCCS, Pune, India). Cell lines were 
grown as per the standard protocol in controlled 
environment and supplements19. 

2.5 MTT Method (Cytotoxic Assay)
The stock solutions of Bauhinia variegata bark extracts 
were prepared in 0.5 % Dimethyl Sulfoxide (DMSO) 
and diluted for further use (DMSO concentration 
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did not exceed 0.1 %). Cytotoxic potential of extract 
was determined by MTT assay19. Cells were grown 
in 96-well plates overnight and treated with different 
concentrations of bark extracts for 24 h, 48 h and 72 
h time points. Untreated cells were taken as control. 
After 24, 48 and 72 h of incubation of cell lines with 
bark extracts, MTT assay was done using standard 
protocols19. The absorbance of each well was measured 
at 575 nm. IC50 value of extracts was calculated by 
determining percentage cell growth inhibition using 
Graph Pad Prism 6.0 software.

2.6 Soft Agar Colony Formation to 
Evaluate Cellular Transformation

For Colonogenic assay, the cells were plated in 6-well 
tissue culture plate with 5,000 viable cells (per well) 
as determined by the Trypan blue staining20. A549 
and H460 cells were allowed to grow overnight and 
after 24 h the fresh media modified with different 
concentrations of the different extracts were added for 
48 h and 24 h respectively. The number of A549 and 
H460 cells after treatment with respective extracts were 
counted using a Neubauer Chamber. 2 % Agar was 
melted and cooled to 40°C in a water bath and media 
containing serum was added in equal volume to give 
1 % base agar solution. 500μl of the base agar solution 
was pipetted into each well of a 24-well plate. 0.7 % agar 
was melted and cooled to 40 °C and mixed with media 
containing A549 cells treated with PEBE for 48 h.

For H460, 0.7 % agar was mixed with media 
containing H460 cells treated with CBE for 24 h. 500μl 
of this solution was pipetted onto the top agar. Cell 
number was maintained at 1250-1500 cells per well. The 
cells could grow for 13 -15 days for both cell line and in 
every 3-4 days, 200 μl of fresh media was added above 
the top layer as a feeder. After 15 days, the medium 
above the cells was removed and rinsed carefully with 
PBS. 2-3 ml of a mix of 6.0 % glutaraldehyde and 0.5 % 
crystal violet was added on cells and left for a minimum 
20 min. The glutaraldehyde crystal violet mixture was 
removed and rinsed with water. The colony size was 
measured using Image J software.

2.7 Wound Healing Assay/Scratch Test
Cancer cells undergo epithelial to mesenchymal 
transition during metastasis21,22. Cells were grown 

and starved in low serum media (1.5 ml; 2 % serum in 
DMEM) overnight. A549 and H460 cells monolayers 
were scraped during a line to make a “scratch” with a 
pipette 200 µl tip. Cells were washed with PBS and low-
serum media (2 % serum to prevent cell proliferation) 
was replaced with media containing different 
concentrations of extracts. A549 cells were treated with 
PEBE extract for 48 h and H460 cells with CBE for 24 h.  
Plates were placed in an incubator at 37 °C for 0-36 
h. Cells were stained with crystal violet and images 
were captured at different time-points from 0 to 36 h 
respectively. The pictures acquired for every sample 
was further analyzed quantitatively by using computing 
software.

2.8 DNA Fragmentation Examination
A549 and H460 cells (5 x 106) were grown for 24 h and 
treated with various concentrations of PEBE and CBE 
for 48 h and 24 h, respectively. Cells were collected, 
washed with 1× PBS and centrifuged at 300 g. Cell pellet 
was collected and resuspended in 0.5 ml lysis buffer and 
incubated for 1.5 h at 37 °C followed by centrifugation 
at 10 K rpm for 15 min (at room temperature). Pellet 
was discarded and supernatant was mixed with equal 
volume of isopropanol followed by an addition of 25 µl 
of 4M NaCl and incubated at -20 ºC overnight. Mixture 
was centrifuged again at 10 K rpm for 20 min and the 
pellet was dissolved in 40 µl ddH2O. 5 µl of RNase A (10 
mg/ml) was added to the lysate and further incubated 
for 1 h at 37 ºC. The DNA was then electrophoresed in a 
1.8% agarose gel in TAE (triacetate-EDTA) buffer (pH 
8.0). After electrophoresis, ethidium bromide was used 
to stain the DNA and visualized using a gel-doc system 
(BIO-RAD).

2.9 Analysis of Intracellular Reactive 
Oxygen Species by DCHF-DA

The 2′, 7′-dichlorodihydrofluorescein diacetate 
(H2DCF-DA) fluorescent probe is commonly 
employed that enabled the monitoring of intracellular 
accumulation of ROS. A549 and H460 cells were grown 
overnight in 6 well plates. Cells were treated with PEBE 
(A549) and CBE (H460) respectively and incubated 
for various time intervals (0 to 10h). At the end of the 
incubation period, the media was removed and 5 μM 
of DCHF-DA which is diluted in media was added to 
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the cells and incubated for 40 min at 37 °C. Remove 
the dye, trypsinize the cells and add media to stop its 
action. Centrifuge it at 1500 rpm for 3 min. The cells 
were then washed thrice with PBS and fluorescence 
intensity (excitation = 485 nm and emission = 530 nm) 
was measured by fluorimeter7,23. 

2.10  Fluorescent Microscopy Analysis 
by DAPI Staining and Acridine 
Orange/Ethidium Bromide Staining

Cell nuclear morphology was checked by fluorescence 
microscopy using DAPI24 and AO/EtBr staining16,25. 
A549 cells were treated with the PEBE for 48 h and 
H460 cells with CBE for 24 h followed by DAPI and 
AO/EB dye mix and examined under a Nikon Eclipse 
Ti fluorescence microscope.

2.11  Determination of Caspase-3 
Activity in Cell Lines

Bio Vision Caspase-3 Colorimetric assay kit (K-106) 
was used to determine caspase-3 levels in A549 and 
H460 cell lines as per the protocol mentioned in the kit 
instruction manual. 

2.12  TMRM Staining for Mitochondrial 
Membrane Potential Measurement

A549 and H460 cells were grown in 6-well plates and 
treated with PEBE (IC50, 48 h) and CBE (IC50, 24 h) 
respectively. The cells were stained with tetramethyl 
rhodamine, methyl ester and perchlorate (TMRM, 100 
nM) at 37 °C for 30 minutes25,26. After PBS wash, the 
cells were imaged using a fluorescence microscope.

2.13 Statistical Analysis
All experiments were done in triplicate, and data 
expressed as mean ± standard error of mean (SEM). 

3. Results 

3.1 Extract Preparation and 
Determination of Antioxidant 
Potential 

Bauhinia variegata bark was ground after washing 
and drying, the powder so obtained was weighed and 

subjected to solvent extraction by Soxhlet apparatus. 
Various fractions of crude extracts were collected and 
tested for their effects on A549 and H460 cell lines. 
The classes of phytocomponents present in these 
extracts were identified to be oils and fats, alkaloids, 
carbohydrates, saponin and glycosides in PEBE (while 
phenols, flavonoids and triterpenoids were absent and 
the CBE contained phytochemicals like (oils and fats, 
alkaloids, saponin, polyphenols, cardiac glycoside, 
tannin, and terpenoids (Data not shown here). GC-
MS chromatogram of the PEBE of Bauhinia variegata 
clearly showed the presence of 18 compounds and GC-
MS chromatogram of the CBE of Bauhinia variegata 
clearly showed the presence of 08 compounds (Data 
not shown here). 

Further, the antioxidant potential of the extracts 
was determined by DPPH assay which showed that 
n-hexane and petroleum ether extracts showed lesser 
antioxidant activity as compared to other extracts. 
The methanolic and water extracts showed maximum 
antioxidant activity with the strongest DPPH radical 
scavenging activity among all the extracts (Figure 
1). Percentage scavenging of DPPH free radical with 
different concentrations of Bauhinia variegata bark 
extracts here.

Figure 1.  Percentage scavenging of DPPH free radical 
with different concentrations of Bauhinia variegata bark 
extracts.

0 50 100
ug/ml

150

3.2 MTT Assay: Potential for Cytotoxicity 

3.2.1 Cytotoxic Screening of Extracts on A549 
Cells by MTT Assay

The effect of the various extracts was evaluated on A549 
cell line. Cytotoxic activities against A549 cells growth 
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were measured after treating with phytochemical 
extracts of PE, N-hexane, Chloroform, Ethyl acetate, 
Methanol and Water of Bauhinia variegata at 
concentrations of 0.25 mg/ml to 8mg/ml for 24 h, 48 h 
and 72 h. The results showed that A549 cells responded 
to the cytotoxic effects of the plant extracts in a dose 
and time-dependent manner.

Petroleum ether and n-Hexane extracts showed 
the foremost cytotoxic effect on A549 cell line as 
compared to other extracts at 48 h treatment. The 
polarities of Petroleum ether and n-hexane are almost 
similar and both the solvents have shown almost 
similar composition. Hence, it’s likely that the cytotoxic 
agent (s) in both the solvents are identical. Therefore, 
Petroleum ether bark extract (PEBE) has been selected 
for the further study due to lesser yield of n-hexane 
extract. The cytotoxicity of PEBE on A549 cells 
increased from 33 % to 30 % to 26 % after 24, 48 and 72 
h respectively. The cytotoxicity of PEBE on A549 cells 
is shown in Figure 2 a, b, c. 

3.2.2 PEBE Inhibit Growth and Proliferation of 
A549 Cells

Examination of A549 cell morphology was done at 48 h  
treatment of PEBE and it was observed that from 
0.5, 1, 1.5, 2 and 4 mg/ml concentrations cells had 
altered morphologically and started to shrink showing 
the symptoms of the cell death. The morphological 
examination of the cells after PEBE treatment showed 
cell shrinkage and rounding up of the cells which are 
typical features of cell death as shown in Figure 3. 

3.2.3 Determination of IC50 Value of PEBE Extract

Effect of different concentrations of PEBE of Bauhinia 
variegata on the viability of A549 cells for different time 
measure (at 24 h, 48 h and 72 h) was assessed. The IC50 
values were 2.8 mg/ml for 24 h, 1.6 mg/ml for 48 h and 
1.5 mg/ml for 72 h as shown in Figure 4. The extract 
was more potent after 48 h treatment; hence this time 
point was selected for further experiments (Figure 4).

3.3 MTT Assay - H460 Cells

3.3.1 Cytotoxic Screening of Extracts on H460 
Cells 

The effect of the extracts on H460 cell line showed 
that the chloroform bark extract (CBE) had a greater 

Figure 2.  The effect of Bauhinia variegata bark extracts 
against A549 cell line for 24 h, 48 h and 72 h. Percentage 
growth proliferation of A549 cells was assayed at 100 mg/
ml concentration of extracts using MTT assay as described 
in the Methods section (a) Effect of different concentrations 
of different bark extracts on A549 cells for 24 h (b) Effect 
of different concentrations of different bark extracts on 
A549 cells for 48 h (c) Effect of different concentrations of 
different bark extracts on A549 cells for 72 h respectively. 
Date represented as the mean± standard deviation of at 
least three experiments. ***P<0.001.

(a)

(b)

(c)
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PEBE (1.5mg/ml)

PEBE (0.5mg/ml)

PEBE (2mg/ml)

PEBE (1mg/ml)

PEBE (4mg/ml)

d

b

e

c

f

Figure 3.  Morphological effects of A549 untreated cells (a) without treatment and cells exposed to 
(b) PEBE (0.5 mg/ml), (c) PEBE (1 mg/ml), (d) PEBE (1.5 mg/ml), (e) PEBE (2 mg/ml), (f) PEBE(4 mg/ml) of 
Bauhinia variegata.

Figure 4. IC50 values of crude petroleum ether bark extract of Bauhinia 
variegata on A549 cells for 24 h, 48 h, and 72 h (n=3). 
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a

b

c
Figure 5.  The effect of Bauhinia variegata bark extracts against H460 cell line for 24 h, 48 h, and 72 h. Percentage growth 
proliferation of H460 cells was assayed at 100 mg/ ml concentration of extracts using MTT assay as described in the 
Methods section — a) Effect of different concentrations of different bark extracts on H460 cells for 24 h b) Effect of different 
concentrations of different bark extracts on H460 cells for 48 h c) Effect of different concentrations of different bark extracts 
on H460 cells for 72 h respectively. Date represented as the mean ± standard deviation of at least three experiments. 
****P<0.0001.
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cytotoxicity at 24 h treatment. The cytotoxicity of CBE 
on H460 cells was time dependent demonstrating a 
potent and definite growth inhibitory effect as shown 
in Figure 5. The cytotoxicity of CBE on H460 cells 
increased from 30.9 % to 27.9 % to 26 % after 24, 48 
and 72 h respectively. The difference in the behavior of 
both cell lines may be due to their different molecular 
characteristics which are targeted by the different 
phytochemicals present in the two bark extracts (Figure 
5 a, b, c).

3.3.2 CBE Inhibits Growth and Proliferation of 
H460 Cells

Examination of H460 cell morphology was done at 
24 h treatment of CBE and it was observed that from 
0.5, 1, 1.5, 2 mg/ml concentrations, cells had changed 
morphologically and started to shrink showing the 
symptoms of the cell death. 

The morphological examination of the cells after 
CBE treatment showed as cell shrinkage and rounding 
up of the cells which are typical feature of cell death as 
shown in Figure 6. 

3.3.3 Determination of IC50 Value of CBE Extract

Effect of different concentrations of CBE of Bauhinia 
variegata on the viability of H460 cells for different 
time interval (at 24 h, 48 h and 72 h) was assessed. The 
IC50 values were 1.0 mg/ml for 24 h, 0.78 mg/ml for 
48 h and 0.74 mg/ml for 72 h as shown in Figure 7. 
The extract was more potent after 24 h than after 48 h 
treatment. The inhibitory concentrations for 24 and 48 h  
do not show much difference. So, the 24 h treatment 
was selected for further experiments on H460 cells 
(Figure 7).

3.4. Colony Growth Inhibition Studies - 
Soft Agar Assay

3.4.1 PEBE Inhibits A549 Colony Growth

The ability of PEBE to inhibit the expansion of tumors 
(cell colonies) and therefore the spread of cancer cells 
was assayed in vitro. PEBE significantly decreased A549 
colony growth in a concentration-dependent manner 
showing significant antitumorigenic activity at 2 mg/
ml as shown in Figure 8. The mean tumor diameter 
in the control (untreated) was 46.2 µm, while at 2 mg/

ml treatment the diameter was reduced to 30.4 μm 
as shown in Figure 8i. Quantitative analysis of these 
results is shown in Figure 8ii. 

3.4.2. CBE Inhibits H460 Colony Growth

CBE significantly decreased colony growth of H460 
cells in a concentration-dependent manner with a 
significant antitumorigenic activity at a concentration 
of 2 mg/ml Figure 9. The mean tumor diameter for 
control (untreated) is 63.38 μm which decreased to 
27.93 μm in 2 mg/ml concentration treatment and 
showed a reduction in size of around 33.27 μm in 
diameter as shown in Figure 9i. Lower concentrations 
of 1 and 1.5 mg/ml showed no significant difference 
in mean tumor diameter as compared to control cells. 
Quantitative analysis of these results is shown in Figure 
9ii. 

3.5 Wound Healing Assay/ Scratch Test

3.5.1 PEBE Showed Slower Migration in A549 
Treated Cells

Cell migration was investigated by performing the 
cell scratch assay. In A549 cells, as compared with the 
control group, gradual reduction was noticed within 
the number and rate of migrated cells with PEBE 
treatment. A slower rate of migration was observed 
with 0.5 and 1 mg/ml PEBE treatment while at 2 mg/
ml the cells were unable to survive. Hence, this dose 
was excluded from the study. The distance was more 
between the edges of the wound when A549 cells were 
treated with PEBE for 12 to 36 h, demonstrating the 
reduced migration of A549 cells as shown in Figure 10i. 
Quantitative analysis of the scratch diameter is shown 
in Figure 10ii. 

3.5.2 CBE Showed Slower Migration in H460 
Treated cells

The effect of different concentrations of CBE extract 
on H460 cells after 24 h treatment indicated a dose- 
dependent decrease in viability of cells in comparison to 
control cells. H460 cells also showed slower migration 
and wound healing with 1 mg/ml and 1.5 mg/ml CBE 
treatment. CBE impaired cell migration for 12 to 30 
h as shown in. The cells lost their viability at 2 mg/ml 
treatment, and hence this dose was not included for 
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a

d

b

e

c

Figure 6.  Morphological effects of H460 untreated cells a) without treatment, and cells exposed to b) CBE (0.5 mg/ml), 
c) CBE (1 mg/ml), d) CBE (1.5 mg/ml), e) CBE (2 mg/ml) of Bauhinia variegata.

Figure 7.  IC50 values of crude chloroform bark extract of Bauhinia variegata on H460 cells for 24 h, 48 h, and 72h (n=3).

the comparison as shown in Figure 11i. Quantitative 
analysis of the scratch diameter is shown in Figure 11 ii. 

3.6 DNA Fragmentation Studies

3.6.1 PEBE Induces Cellular DNA Fragmentation 
in A549 Cells

In order to explain the mechanism of cell apoptosis 
mediated by PEBE, we performed a DNA fragmentation 
assay, since DNA fragmentation is the characteristic 

for apoptosis. Treatment of cells with different 
concentrations of PEBE for 48 h, led to a decrease in 
band intensity of DNA with increasing concentration 
of PEBE in 1 % agarose gel electrophoresis as shown 
in Figure 12a. A typical DNA ladder pattern of 
internucleosomal fragmentation was observed with 
after 48 h of treatment as shown in Figure 12b. The 
late stages of apoptosis are characterized by damage 
(fragmentation) of DNA27. These data suggest that 
PEBE extract is an effective inducer of Apoptosis. 
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a b c d

(i)

(ii)
Figure 8.  Representative images for in vitro assay to assess the anti- tumorigenic activity of the PEBE on A549 cells. Cell 
colonies in soft agar in (i) a) Untreated cells, b) 0.5 mg/ml PEBE treatment, c) 1 mg/ml PEBE treatment, d) 2 mg/ml PEBE 
treatment; n = 3. Quantitative analysis of mean tumor (colony) diameter of different concentrations of PEBE is shown in (ii) 
Values are the means ± SD of at least three independent experiments; ***P<0.001, ns = non-significant.

3.6.2 CBE Induces Cellular DNA Fragmentation in 
H460 Cells

Fragmentation of genomic DNA (light fragments) was 
observed in H460 cell line treated with 2 and 4 mg/
ml of CBE for 24 h as shown in Figure 13. A typical 
ladder pattern of internucleosomal fragmentation 
was observed in H460 cell line after 24 h at higher 
concentrations of CBE. Low-molecular-weight DNA 
from these cells was resolved in 2.0 % agarose gels. 
These data suggest that CBE is a potent inducer of 
apoptosis. Further studies are needed to establish the 
role of the interaction of CBE with DNA in cancer cells. 

3.7 Quantification of ROS

3.7.1 Effects of PEBE on Intracellular ROS Levels of 
A549 Cells- DCHF-DA Assay

ROS levels were examined at indicated time points (0 
to 10 h) after PEBE treatment on A549 cells and it was 
seen that the ROS levels reached a maximum at about 6 
h (29.5 %, as compared to 8 % at 0 h), but subsequently 
decreased as shown in Figure 14. On treatment with 
PEBE, intracellular ROS elevates at initial hours and 
decrease subsequently which suggest they could be 
activating downstream signaling pathway resulting in 
apoptosis. These results indicate that ROS production 
is an early phase event in apoptosis induced by PEBE. 
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a b c d

(i)

(ii)
Figure 9.  Representative images for the in vitro assay to assess the anti-tumorigenic activity of the CBE on H460 cells. 
Cell colonies in soft agar in (i) a) Untreated cells, b) 1mg/ml CBE treatment, c)1.5 mg/ml CBE treatment, d) 2mg/ml CBE 
treatment; n = 3. Quantitative analysis of mean tumor (colony) diameter of different concentrations of CBE is shown in (ii) 
Values are the means ± SD of at least three independent experiment: **P<0.01., ***P<0.001.

3.7.2 Effects of CBE on Intracellular ROS Levels of 
H460 Cells - DCHF-DA Assay

Recent studies have shown that ROS levels in a cell 
may have a significant role to play in the outcome of 
therapeutic agents28. After exposure of H460 cells 
to CBE, ROS levels first increase then there is a little 
decrease at 6h and then stability increase within the 
cells as shown in Figure 15. Data showed that CBE 
increased ROS generation from 2 to 10h treatment. 

3.8 Alterations in Nuclear Morphology - 
DAPI Staining

DAPI staining was done after treatment of A549 cells 
with PEBE (1 mg/ml) showed chromatin condensation, 
nuclear fragmentation (“horse-shoe” like appearance 

of nucleus) and cell shrinkage with an increase in 
apoptotic bodies in cells treated with 1.5 mg/ml PEBE 
for 48 h as shown in Figure 16 a, b, c. The control cells 
had round homogenous nuclei. The morphological 
changes associated with apoptosis such as margination 
of nucleus, chromatin condensation and nuclear 
fragmentation marked by arrows in Figure 16 d, e, 
f in H460 cells after 24h treatment with increasing 
concentrations (IC50) of extracts is very distinct. 

3.9 AO/EtBr Staining
Live cells with normal morphology were abundant 
in the A549 control group whereas early apoptotic 
cells were observed on treatment with 1 mg/ml PEBE 
concentration. Both early and late apoptotic cells were 
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(i)

(ii)
Figure 10.  Representative images are the results of in vitro scratch test to assess effect of PEBE on cell migration of A549 
cells; n = 3. PEBE inhibits migration of A549 cells as shown in (i). Wound healing assay to determine the effect of PEBE on 
A549 cell migration at 0.5, 1, 1.5 and 2mg/ml concentrations for 36h.Quantitative analysis of wound size (µm) within 36 
h. is represented in (ii). Error bars indicates the standard error of the mean of three independent experiments. **P<0.01, 
***P<0.001.
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(i)

Figure 11. Representative images for the results of in vitro scratch test to assess effect of CBE on cell migration; n = 3. CBE 
inhibits migration of H460cells (i) Wound healing assay to determine the effect of CBE on H460 cell migration. Quantitative 
analysis of wound size (µm) within 30 h. is measured here in (ii) Error bars indicate the standard error of the mean of three 
independent experiments: ***P<0.001.

(ii)
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 Lane 1- 100 
kbladder 
Lane 2- Control 
Lane 3- 0.5 mg/ml 
Lane 4- 1 mg/ml 
Lane 5- 1.5 mg/ml 
Lane 6- 2 mg/ ml 
Lane 7- 4 mg/ml 
 

 Lane 1- Control 
Lane 2- 0.5 mg/ml 
Lane 3- 1 mg/ml 
Lane 4- 1.5 mg/ml 
Lane 5- 2 mg/ ml 
 

Figure 12. Representative images of DNA laddering in A549 cells (a) Cells treated with different concentrations of PEBE 
for 48 h results in decrease in DNA bands with increasing concentration of PEBE in 1% agarose gel electrophoresis, (b) 
Cells treated with increasing concentrations of PEBE for 48 h. and results in typical laddering pattern in 1.8% agarose gel 
electrophoresis.

Figure 13. Representative images of DNA laddering in H460 cells. Cells treated with increasing concentrations of CBE for 
24 h and results in typical laddering pattern in 1.8% agarose gel electrophoresis.

 Lane 1- 100bp ladder 

Lane 2- control cells 

Lane 3- 0.75mg/ml 

Lane 4 - 1mg/ml 

Lane 5 - 1.5mg/ml 

Lane 6 - 2mg/ml 

Lane 7 - 4mg/ml 

Lane 8 - 100bp ladder  

 

Ladder 

1.8% gel 

 DNA bands intensity decreasing 
with increasing concentrations of 
PEBE on A549 cells. 

 1% gel 

12 a 

 DNAfragmentation with 
increasing concentrations of 
PEBE on A549 cells. 

 1.8% gel 

12 b 
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Figure 14. Time - dependent changes in ROS levels of A549 cells at different concentrations of PEBE. Data expressed as 
mean ± SEM, **p < 0.01, ***p < 0.001 as compared to control.

Figure 15.  Time - dependent changes in ROS levels of H460 cells at different concentrations of CBE. Data expressed as mean 
± SEM, **p < 0.01, ***p < 0.001 as compared to control.

Untreated A549 cells 1 mg/ml 1.5 mg/ml

a. b. c.
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Figure 16. The effect of PEBE on apoptotic potential in A549 cells was evaluated using DAPI staining. a) control group; b) 
in the presence of 1 mg/ml; c) 1.5mg/ml of PEBE of Bauhinia variegata for 48 h under fluorescence microscope, Scale bar-
100 um, Mag- 40x. Effect of CBE on apoptotic potential in H460 cells was evaluated using DAPI staining d) control H460 cells 
e) 1 mg/ml f) 1.5 mg/ml CBE of Bauhinia variegata for 24 h under fluorescence microscope, Scale bar-100 um, Mag- 40x. 
Arrow indicates chromatin condensation, nuclear fragmentation, horse- shoe shape nuclei and cell shrinkage in treated 
cells as compared to control cells.

Figure 17. A549cells were stained by AO/EB and observed under fluorescence microscope: a) A549 control group;  
b) in the presence of 1mg/ml; c) 1.5mg/ml; d) 2mg/ml of PEBE for 48h. Control wells were treated with equivalent amount 
of medium alone. Green live cells showed normal morphology with uniform nuclei; yellow early apoptotic cells showed 
nuclear margination and chromatin condensation. Late orange/red apoptotic cells showed fragmented chromatin and 
apoptotic bodies.

 

Figure 18. H460 cells were also stained by AO/EB and observed under fluorescence microscope: a) control group; b) 
in the presence of 1mg/ml; c) 1.5mg/ml of CBE for 24h. Green live cells showed normal morphology with uniform nuclei; 
yellow early apoptotic cells showed nuclear margination and chromatin condensation. Late orange/red apoptotic cells 
showed fragmented chromatin and apoptotic bodies.

 L 

  EA 

 EA 

  EA 

 EA 

LA 

 

LA 

 AB 

Untreated A549 cells 1mg/ml

1.5mg/ml 2mg/ml

Untreated H460 cells 1mg/ml 1.5mg/ml
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Figure 19. A549 cells were seeded in 24 well plates, then treated with PEBE in concentration and time - dependent 
manner. Caspase-3 activity were measured spectrophotometrically by detection of chromophore pNA at 405nm. Data 
expressed as mean ± SEM, n=3 **p < 0.01, ***p < 0.001 as compared to control.

Figure 20. H460 cells were seeded in 24 well plates, then treated with CBE in concentration and time - dependent manner. 
Caspase-3 activity were measured spectrophotometrically by detection of chromophore pNA at 405nm. Data expressed as 
mean ± SEM, n=3 **p < 0.01, ***p < 0.001 as compared to control.

observed in A549 cell line treated with 1, 1.5 and 2 mg/
ml concentrations. The 2 mg/ml treatment showed 
the greatest number of apoptotic bodies, and the cells 
were mostly in the late apoptotic stage as shown by 
arrows in Figure 17 a, b, c, d. Live cells appeared green, 
while early apoptotic appeared bright green or yellow 
and late apoptotic appeared red with condensed and 
fragmented nuclei. 

For H460 cell line, live cells with normal morphology 
were abundant in H460 control group. H460 cell line 
treated with 1 mg/ml CBE showed early apoptotic 
cells while H460 cell line treated with 1.5 mg/ml CBE 

showed late apoptotic bodies as shown in Figure 18 a, 
b, c. 

3.10  Caspase-3 Activity in Cell Lines 
after PEBE and CBE Treatment

Caspase-3, a marker of apoptosis and has shown to be 
adequate for potent activation of apoptosis29,30. Caspase 
3 activity significantly increased in PEBE treated A549 
cells and CBE treated H460 cells at the IC50 value after 
24 h to 48 h treatment. After 48 h of incubation of 
A549 cell line with PEBE there was a 3-fold increase in 
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caspase-3 levels as compared to A549 control cells as 
shown in Figure 19. 

Caspase-3 activity significantly increased at IC50 
value of CBE from 12 h to 24 h treatment in H460 cell 
line as shown in Figure 20. From these data, we can say 
that Caspase-3 may also function before or at the stage 
when commitment to loss of cell viability is made. 

3.11  Alteration in Mitochondrial 
Membrane Potential by TMRM 
Staining

Cell health can be assessed by proper functioning of 
mitochondria which can be monitored by observing 
changes in mitochondrial membrane potential (MMP). 
The role of intrinsic apoptosis pathway was further 

Figure 21. Cells were stained with TMRM and imaged by standard fluorescence techniques. PEBE (1mg/ml, 1.5mg/ml) for 
48 h did not show significant change in TMRM fluorescence intensity in A549 cells (a - c), while CBE (1mg/ml, 1.5mg/ml) for 
24 h significantly decreased TMRM florescence intensity in H460 cells (d - f).

Untreated H460 cells 1mg/ml 1.5mg/ml

d. e. f.

Untreated A549 cells 1mg/ml 1.5mg/ml

a. b. c.

validated by the changes in mitochondrial membrane 
potential in A549 cells treated with PEBE (1 mg, 1.5 
mg) for 48 h and H460 cells treated with CBE at (1 mg, 
1.5 mg) for 24 h. PEBE and CBE significantly decreased 
the mitochondrial membrane potential (∆Ψm) in A549 
as shown in Figure 21 a, b, c and H460 cells as shown in 
Figure 21 d, e, f with increasing concentrations. 

4. Discussion
Our data validates with proof of mechanism 
demonstrating the efficacy of Bauhinia variegata PEBE 
against A549 cells proliferation and CBE against H460 
cells thus targeting two types of lung cancer cell lines 
widely used for such studies31,32. We demonstrate potent 
antiproliferative activity with very low antioxidant 
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capacity indicating its function via modulation of 
cellular redox status. 

All of the Bauhinia variegata bark extracts were 
differently inhibiting A549 cells proliferation but 
petroleum ether extract was found to be the foremost 
potent inhibitor of A549 cells proliferation at 48 h 
treatment which was estimated by MTT assay (Figure 
2) with IC50 of 1.5 mg/ml at 48 h treatment (Figure 4). 
The IC50 value of PEBE was determined and guided 
the treatment design. The ability of PEBE to inhibit 
the expansion of tumors (cell colonies) and therefore 
the spread of cancer cells was assayed in vitro. We next 
assessed the effect of PEBE treatment on Clonogenic 
survival of the A549 cells. Clonogenic study revealed 
that PEBE showed significant anti-tumorigenic activity 
as shown in (Figure 8) and (Figure 10) showed a 
depreciation in the wound closure ability of A549 cells 
after treatment in time and dose dependent manner 
as compared to the control cells. The study also tried 
to probe into the molecular mechanism behind the 
cytotoxic effect of PEBE. Cytoarchitectural changes 
due to DNA fragmentation is one of the hallmarks of 
apoptotic pathway. Treatment with PEBE showed a 
decrease in DNA bands (Figure 12a) and fragmentation 
of genomic DNA was observed at 48 h treatment 
(Figure 12b). Increase in ROS levels in cancer cells may 
contribute to the biochemical and molecular changes 
necessary for tumor initiation, promotion, progression, 

and chemoresistance. The pattern of changes in ROS 
level was monitored (Figure 14) as it has a bearing 
on the drug sensitivity of the cell towards anticancer 
compounds. This result indicates that ROS production is 
an early phase in apoptosis induced by PEBE treatment. 
The morphological changes were detected by DAPI 
staining (Figure 16 a, b, c) and AO/EtBr staining as 
shown in (Figure 17 a, b, c, d). Caspase-3, an important 
effector of apoptosis got activated by PEBE treatment 
on A549 cells after 48 h (Figure 19). The decrease in 
MMP of A549 cells treated with various concentrations 
of PEBE was observed using TMRM dye (Figure 21a, b, 
c as compared to control cells showing the occurrence 
of apoptosis. 

Comparative studies were also carried out in 
H460 cells (large cell carcinoma). All of the Bauhinia 
variegata bark extracts were differently inhibiting H460 
cells proliferation but chloroform bark extract was 
found to be the foremost potent inhibitor of H460 cells 
proliferation followed by petroleum ether bark extract 
as shown in (Figure 5) with IC50 of 1 mg/ml at 24 h 
(Figure 7). Clonogenic ability of CBE shows significant 
difference in mean tumor diameter as shown in (Figure 
9) and slower migration and wound healing was 
observed in (Figure 11) as compared to H460 control 
cells. CBE acted via the apoptotic pathway & showed 
fragmentation of genomic DNA in dose and time 
dependent manner (Figure 13). Increase in ROS was 

Figure 22. Proposed signaling pathways activated by Petroleum ether and Chloroform bark extracts of Bauhinia variegate 
leading to the observed anticancer effect.
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responsible for CBE-induced apoptosis in H460 cell 
line (Figure 15). Morphological changes in apoptotic 
cells were detected by DAPI staining (Figure 16 d, e, 
f) and AO/EtBr staining as shown in (Figure 18 a, b, 
c). Unraveling the molecular mechanism showed that 
CBE causes the activation of caspase-3 in H460 cells at 
24 h treatment. Further, there is a decrease in MMP of 
H460 cells treated with various concentrations of CBE 
as compared to untreated cells, which was observed 
using TMRM dye. 

PEBE and CBE induced apoptosis of A549 and H460 
cell lines may be through the activation of caspase-3 
signaling and mitochondrial cell death mediated 
pathway, leading to the observed anti cancerous effect 
as shown in Figure 22. Our data suggest that PEBE and 
CBE possess strong antiproliferative effects against 
lung cancer cells with low toxicity. Plants are such a 
repertoire of molecules with phenomenal properties 
waiting to be unraveled. Study like this may seem like 
a drop in the ocean but they are necessary in retaining 
a hope for an alternative drug for the cancer treatment. 

5. Conclusion
Thus, it can be concluded that phytocomponents from 
Bauhinia variegata hindered a normal growth of A549 
and H460 cancer cell lines by inducing apoptosis, 
inhibiting colony formation, decreasing cell migration, 
increasing intracellular ROS levels, activating Caspases 
and decreasing Mitochondrial matrix potential. We 
have narrowed down on few phytocomponents by GC-
MS analysis and one of this could be a strong contender 
for treatment of this disease.

6. Acknowledgement
TK did most of the experiments, AD helped in data 
analysis, JV and DJ helped with some experiments, 
SP helped in establishing the cell culture facility, 
PR conceptualized the project. We thank the Forest 
Officer, Waghai Botanical Garden, for permission to 
collect samples. The project was supported by research 
grant to PR and fellowship to TK by Gujarat State 
Biotechnology Mission, Gandhinagar, India.

7. References
1. Parikh PM, Ranade AA, Govind B, Ghadyalpatil N, Singh 

R, Bharath R, et al. Lung cancer in India: Current sta-
tus and promising strategies. South Asian J Cancer. 2016; 
5(03):093-5. https://doi.org/10.4103/2278-330X.187563. 
PMid:27606289. PMCid:PMC4991145

2. Zappa C, Mousa SA. Non-small cell lung cancer: Current 
treatment and future advances. Transl Lung Cancer Res. 
2016; 5(3):288. https://doi.org/10.21037/tlcr.2016.06.07. 
PMid:27413711. PMCid:PMC4931124

3.  Lu T, Yang X, Huang Y, Zhao M, Li M, Ma K, et al. Trends 
in the incidence, treatment, and survival of patients with 
lung cancer in the last four decades. Cancer Manag Res. 
2019; 11:943. https://doi.org/10.2147/CMAR.S187317. 
PMid:30718965. PMCid:PMC6345192

4. Debevec L, Debeljak A. Multidisciplinary management of 
lung cancer. J Thorac Oncol. 2007; 2(6):577. https://doi.
org/10.1097/JTO.0b013e318060f16d. PMid:17545858

5. Huang CY, Ju DT, Chang CF, Reddy PM, Velmurugan 
BK. A review on the effects of current chemotherapy 
drugs and natural agents in treating non-small cell lung 
cancer. Biomedicine. 2017; 7(4). https://doi.org/10.1051/
bmdcn/2017070423. PMid:29130448. PMCid:PMC5682982

6. Jin S, Park HJ, Oh YN, Kwon HJ, Kim JH, Choi YH, et al. 
Anti-cancer activity of Osmanthus matsumuranus extract 
by inducing G2/M arrest and apoptosis in human hepa-
tocellular carcinoma Hep G2 cells. J Cancer Prev. 2015; 
20(4):241. https://doi.org/10.15430/JCP.2015.20.4.241. 
PMid:26734586. PMCid:PMC4699751

7. Richardson JS, Sethi G, Lee GS, Malek SN. Chalepin: 
isolated from Ruta angustifolia L. Pers induces mito-
chondrial mediated apoptosis in lung carcinoma cells. 
BMC Complement  Altern Med. 2016; 16(1):1-27. https://
doi.org/10.1186/s12906-016-1368-6. PMid:27729078 
PMCid:PMC5059921

8. Mali RG, Dhake AS. Evaluation of effects of Bauhinia 
variegata stem bark extracts against milk-induced eosino-
philia in mice. J. Adv. Pharm. Technol. Res. 2011; 2(2):132. 
https://doi.org/10.4103/2231-4040.82949. PMid:22171306. 
PMCid:PMC3217693

9. Katoch D, Sharma JS, Banerjee S, Biswas R, Das B, Goswami 
D, et al. Government policies and initiatives for develop-
ment of Ayurveda. J Ethnopharmacol. 2017; 197:25-31. 
https://doi.org/10.1016/j.jep.2016.08.018. PMid:27543425

10. Aggarwal V, Tuli HS, Varol A, Thakral F, Yerer MB, Sak 
K, et al. Role of reactive oxygen species in cancer progres-
sion: Molecular mechanisms and recent advancements. 
Biomolecules. 2019; 9(11):735. https://doi.org/10.3390/
biom9110735. PMid:31766246. PMCid:PMC6920770

https://doi.org/10.4103/2278-330X.187563
https://doi.org/10.21037/tlcr.2016.06.07
https://doi.org/10.2147/CMAR.S187317
https://doi.org/10.1097/JTO.0b013e318060f16d
https://doi.org/10.1097/JTO.0b013e318060f16d
https://doi.org/10.1051/bmdcn/2017070423
https://doi.org/10.1051/bmdcn/2017070423
https://doi.org/10.15430/JCP.2015.20.4.241
https://doi.org/10.1186/s12906-016-1368-6
https://doi.org/10.1186/s12906-016-1368-6
https://doi.org/10.4103/2231-4040.82949
https://doi.org/10.1016/j.jep.2016.08.018
https://doi.org/10.3390/biom9110735
https://doi.org/10.3390/biom9110735


195Khanna et al.,

Journal of Natural Remedies | ISSN: 2320-3358 http://www.informaticsjournals.com/index.php/jnr | Vol 22 (2) | April 2022

11. Galadari S, Rahman A, Pallichankandy S, Thayyullathil F. 
Reactive oxygen species and cancer paradox: To promote 
or to suppress? Free Radic Biol Med. 2017; 104:144-64. 
https://doi.org/10.1016/j.freeradbiomed.2017.01.004. 
PMid:28088622

12. Kirtonia A, Sethi G, Garg M. The multifaceted role of reac-
tive oxygen species in tumorigenesis. Cell Mol Life Sci. 
2020:1-25.

13. Hensley P, Mishra M, Kyprianou N. Targeting caspases 
in cancer therapeutics. Biol. Chem. 2013; 394(7):831-43. 
https://doi.org/10.1515/hsz-2013-0128. PMid:23509217. 
PMCid:PMC3721733

14. Jelínek M, Balušíková K, Schmiedlová M, Němcová-
Fürstová V, Šrámek J, Stančíková J, et al. The role of 
individual caspases in cell death induction by taxanes in 
breast cancer cells. Cancer Cell Int. 2015; 15(1):1-6. https://
doi.org/10.1186/s12935-015-0155-7. PMid:25685064. 
PMCid:PMC4329194

15. Olsson M, Zhivotovsky B. Caspases and cancer. Cell 
Death Differ. 2011; 18(9):1441-9. https://doi.org/10.1038/
cdd.2011.30. PMid:21455218. PMCid:PMC3178435

16. Khazaei M, Pazhouhi M. Antiproliferative effect of Trifolium 
pratens L. extract in human breast cancer cells. Nutr Cancer. 
2019; 71(1):128-40. https://doi.org/10.1080/01635581.2018.
1521443. PMid:30596276

17. Bhandari J, Muhammad B, Thapa P, Shrestha BG. Study of 
phytochemical, anti-microbial, anti-oxidant, and anti-can-
cer properties of Allium wallichii. BMC Complement Altern 
Med. 2017; 17(1):1-9. https://doi.org/10.1186/s12906-017-
1622-6. PMid:28178952. PMCid:PMC5299666

18. Kothari S, Mishra V, Bharat S, Tonpay SD. Antimicrobial 
activity and phytochemical screening of serial extracts from 
leaves of Aegle marmelos (Linn.). Acta Pol. Pharm. 2011; 
68(5):687-92.

19. Zhao T, Pan H, Feng Y, Li H, Zhao Y. Petroleum ether extract 
of Chenopodium album L. prevents cell growth and induces 
apoptosis of human lung cancer cells. Exp Ther Med. 2016; 
12(5):3301-7. https://doi.org/10.3892/etm.2016.3765. 
PMid:27882153. PMCid:PMC5103781

20. Franken NA, Rodermond HM, Stap J, Haveman J, Van 
Bree C. Clonogenic assay of cells in vitro. Nat Protoc. 
2006; 1(5):2315-9. https://doi.org/10.1038/nprot.2006.339. 
PMid:17406473

21. Liang CC, Park AY, Guan JL. In vitro scratch assay: A 
convenient and inexpensive method for analysis of cell 
migration in vitro. Nat Protoc. 2007; 2(2):329-33. https://
doi.org/10.1038/nprot.2007.30. PMid:17406593

22. Liu N, Li Y, Su S, Wang N, Wang H, Li J. Inhibition of cell 
migration by ouabain in the A549 human lung cancer cell 

line. Oncol Lett. 2013; 6(2):475-9. https://doi.org/10.3892/
ol.2013.1406. PMid:24137350. PMCid:PMC3789103

23. Hsia TC, Yu CC, Hsu SC, Tang NY, Lu HF, Huang YP, et 
al. Cantharidin induces apoptosis of H460 human lung 
cancer cells through mitochondria-dependent pathways. 
Int J Oncol. 2014; 45(1):245-54. https://doi.org/10.3892/
ijo.2014.2428. PMid:24818581

24. Lin W, Ye H. Anticancer activity of ursolic acid on human 
ovarian cancer cells via ROS and MMP mediated apoptosis, 
cell cycle arrest and downregulation of PI3K/AKT pathway. 
J Buon. 2020; 25(2):750-56.

25. Alizadeh J, Zeki AA, Mirzaei N, Tewary S, Moghadam AR, et 
al. Mevalonate cascade inhibition by simvastatin induces the 
intrinsic apoptosis pathway via depletion of isoprenoids in 
tumor cells. Sci Rep. 2017; 7(1):1-4. https://doi.org/10.1038/
srep44841. PMid:28344327. PMCid:PMC5366866

26. Bang M, Do Gyeong Kim EL, Kwon KJ, Shin CY. Etoposide 
induces mitochondrial dysfunction and cellular senescence 
in primary cultured rat astrocytes. Biomol Ther. 2019; 
27(6):530. https://doi.org/10.4062/biomolther.2019.151. 
PMid:31646843. PMCid:PMC6824621

27. Elmore S. Apoptosis: A review of programmed cell 
death. Toxicol Pathol. 2007; 35(4):495-516. https://doi.
org/10.1080/01926230701320337. PMid:17562483. 
PMCid:PMC2117903

28. Perillo B, Di Donato M, Pezone A, Di Zazzo E, Giovannelli 
P, Galasso G, et al. ROS in cancer therapy: The bright side 
of the moon. Exp Mol Med. 2020; 52(2):192-203. https://
doi.org/10.1038/s12276-020-0384-2. PMid:32060354 
PMCid:PMC7062874

29. Clark AC, MacKenzie SH. Targeting cell death in tumors 
by activating caspases. Curr Cancer Drug Targets. 2008; 
8(2):98-109. https://doi.org/10.2174/156800908783769391 
PMid:18336192. PMCid:PMC3119715

30. Kumar S. Caspase function in programmed cell death. Cell 
Death Differ. 2007; 14(1):32-43. https://doi.org/10.1038/
sj.cdd.4402060. PMid:17082813

31. Ji BC, Yu CC, Yang ST, Hsia TC, Yang JS, Lai KC, et al. 
Induction of DNA damage by deguelin is mediated through 
reducing DNA repair genes in human non-small cell lung 
cancer NCI-H460 cells. Oncol. Rep. 2012; 27(4):959-64. 
https://doi.org/10.3892/or.2012.1622. PMid:22227970. 
PMCid:PMC3583480

32. Tiloke C, Phulukdaree A, Chuturgoon AA. The antip-
roliferative effect of Moringa oleifera crude aqueous leaf 
extract on cancerous human alveolar epithelial cells. 
BMC Complement Altern Med. 2013; 13(1):1-8. https://
doi.org/10.1186/1472-6882-13-226. PMid:24041017. 
PMCid:PMC3852616

https://doi.org/10.1016/j.freeradbiomed.2017.01.004
https://doi.org/10.1515/hsz-2013-0128
https://doi.org/10.1186/s12935-015-0155-7
https://doi.org/10.1186/s12935-015-0155-7
https://doi.org/10.1038/cdd.2011.30
https://doi.org/10.1038/cdd.2011.30
https://doi.org/10.1080/01635581.2018.1521443
https://doi.org/10.1080/01635581.2018.1521443
https://doi.org/10.1186/s12906-017-1622-6
https://doi.org/10.1186/s12906-017-1622-6
https://doi.org/10.3892/etm.2016.3765
https://doi.org/10.1038/nprot.2006.339
https://doi.org/10.1038/nprot.2007.30
https://doi.org/10.1038/nprot.2007.30
https://doi.org/10.3892/ol.2013.1406
https://doi.org/10.3892/ol.2013.1406
https://doi.org/10.3892/ijo.2014.2428
https://doi.org/10.3892/ijo.2014.2428
https://doi.org/10.1038/srep44841
https://doi.org/10.1038/srep44841
https://doi.org/10.4062/biomolther.2019.151
https://doi.org/10.1080/01926230701320337
https://doi.org/10.1080/01926230701320337
https://doi.org/10.1038/s12276-020-0384-2
https://doi.org/10.1038/s12276-020-0384-2
https://doi.org/10.2174/156800908783769391
https://doi.org/10.1038/sj.cdd.4402060
https://doi.org/10.1038/sj.cdd.4402060
https://doi.org/10.3892/or.2012.1622
https://doi.org/10.1186/1472-6882-13-226
https://doi.org/10.1186/1472-6882-13-226

