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ABSTRACT: Cancer is one of the most dangerous diseases globally, and it 

appears due to extreme free radical damage, some chemicals, and a lack of 

physical activity which dispute causes damage to the cellular DNA, protein, 
and lipids. A number of treatment methods are available, but they cause 

unwanted side effects. The use of plant-derived products in the treatment of 

cancer prominently reduces adverse and toxic side effects. The present study 
investigated the antiproliferative effects of Naraveliya zeylanica L. against 

the human lung cancer cell line A549. The cytotoxicity potential of ethanol 

extract of N. zeylanica was tested on A549 cell line by dose-dependent 
manner at concentrations ranging from 100-1000 µg/mL, and the viability of 

treated cells was evaluated by MTT assay. Different morphological changes 

in the cells and mode of cell death were analyzed by acridine 

orange/ethidium bromide (AO/EB) staining, single-cell gel electrophoresis 
(comet) assay and Hoechst staining methods. JC1 staining was adopted to 

check mitochondria-mediated apoptosis. Ethanol extract of N. zeylanica 

significantly inhibited the growth of lung cancer (A549) cells with induction 
of apoptosis. The IC50 concentration of (435.50 ± 0.05 µg/ml) the extract 

remarkably induced the A549 cell apoptosis and reduced the mitochondrial 

membrane potential. Taken together, our findings indicated that the ethanol 

extract of N. zeylanica possessed potent antiproliferative and apoptotic 
activities. 

INTRODUCTION: From ancient times, herbal 

plants have been used for various medical purposes 

in several countries as a primary source. Because of 

their innate multipotential properties, it has been 

used for various diseases. Thus, several researches 

were undergoing to investigate the potential 

medicinal properties and uses of compounds in 

medicinal plant extracts for the preparation of 

drugs 
1
.  
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In Asian and African populations, various 

medicinal plants have been used for thousands of 

years in folk medicines, and several plants are 

consumed for their health benefits. According to 

the World Health Organization (WHO), some 

nations still rely on plant-derived treatment as their 

main source of medicine, and developing nations 

are utilizing the benefits of naturally sourced 

compounds for therapeutic purposes 
2
.  

Compounds which have been identified and 

extracted from terrestrial plant source for their 

anticancer properties include polyphenols, 

brassinosteroids, and taxols. Plant-derived drugs 

are desired for cancer treatment as they are natural 

and readily available drugs. Traditionally, the plant 

naravelia (Naravelia zeylanica) is used for the 
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treatment of various diseases like pitta, 

helminthiasis, dermatopathy, leprosy etc. 
3
 Further, 

it shows multiple pharmacological activities like 

antibacterial, antioxidant, antiulcer and anti-

helmintic 
4
. Thus, the present study was carried out 

to evaluate the anticancer activity of ethanol extract 

of N. zeylanica against the A549 lung cancer cell 

line. 

MATERIALS AND METHODS: 

Collection and Identification of Plant: The leaves 

of Naravelia zeylanica were collected from Kolli 

hills, Tamil Nadu, India, and it were identified and 

authenticated (BU002) by The Rapinat Herbarium, 

St. Josephs College, Trichy. 

Extraction: The N. zeylanica leaves were shade-

dried and coarsely powdered using a pulverizer. 

Then, the powder was successively extracted with 

ethanol (80 ºC) using a Soxhlet apparatus. The 

solvent was removed by vacuum distillation in a 

rotatory evaporator at 60 ºC. The extract was 

filtered through Whatman no. 1 filter paper and 

concentrated on a water bath to a syrupy mass and 

stored in a desiccator for future use. 

Purchasing of Cell Lines and Culture: Human 

lung cancer cell lines A549 was acquired from 

National Center for Cell Science (NCCS), Pune, 

India. The cells were cultured in DMEM medium 

supplemented with 10% FBS, and with Penicillin at 

100 µ/mL and streptomycin at the concentration of 

100 µg/mL were used as antibiotics (Himedia, 

Mumbai, India), at 37 ºC in a humidified 

atmosphere of 5% CO2 in an incubator (Forma, 

Thermo Scientific, USA). 

Cell Viability Assay: The MTT tetrazolium salt 

colorimetric assay 
5
 was performed to measure the 

cytotoxicity as revealed in cell viability. In this 

assay, mitochondrial enzyme converts soluble MTT 

into an insoluble colored formazan product in live 

cancerous cells, which may be measured 

spectrophotometrically 
6
. The cells were seeded in 

96 well plates at a density of 5000 cells/ well and 

kept for 24 h (37°, 5% CO2). After 24 h, prepared 

concentrations of ethanol extract of N. zeylanica 

(100-1000 µg/ml) was added. The extract was 

dissolved in DMSO, and control cells contained 

DMSO at the equivalent concentration (0.02%) of 

treated cells. After 24 h of incubation, 20 μl of 

MTT solution (5 mg/ml in phosphate buffer 

solution) was added and kept the plate for 3 h at 37 

ºC. To dissolve formazan crystals formed, medium 

containing MTT was gently replaced by DMSO. 

Absorbance was measured at 560 nm using an 

ELISA plate reader (Bio-Rad Hercules, California, 

USA). Data were collected for three times, each in 

triplicate values was used to calculate the means 

and the standard deviations. The percentage of 

inhibition was calculated from the following 

formula: 

  

From the values, the obtained IC50 values for the 

ethanol extract of N. zeylanica were calculated by 

plotting percentage inhibition against different 

concentrations. 

Acridine Orange (AO) and Ethidium Bromide 

(EB) Fluorescent Assay: Normally, cell division 

genetically regulated by programmed cell death 

called apoptosis, which controls the development 

of organisms, include organs and tissues by 

eliminating damaged cells, abnormal cells and 

physiologically functionless cells. The ongoing 

research on oncology mainly focused on the genes 

and signals capable of regulating apoptosis. Thus, 

the efficacy of the anticancer agent is checked by 

their ability to promote apoptosis in cancer cells 
7
. 

AO and EB staining 
8, 9

 was performed against 

A549 lung cancer cells treated with IC50 

concentration of ethanol extract of N. zeylanica for 

2 h were cultured separately in 6-well plates, where 

DMSO (0.02%) was used as solvent control. The 

cells (25 µL of suspension containing 5000 cells) 

were incubated with acridine orange and ethidium 

bromide solution (1 part of 100 µg/mL each of 

acridine orange and ethidium bromide in PBS) and 

examined in a fluorescent microscope (Carl Zeiss, 

Jena, Germany) using a UV filter (450–490 nm).  

Three hundred cells per sample were counted, in 

triplicate, for each time point and scored as viable 

or dead, and if dead whether by apoptosis or 

necrosis as judged from the nuclear morphology 

and cytoplasmic organization. The percentages of 

apoptotic and necrotic cells were then calculated. 

Morphological features of interest were 

photographed. 
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Hoechst 33528 Staining: A549 lung cancer cells 

were cultured in separate 6-well plates and treated 

with 24 h IC50 concentrations of ethanol extract of 

N. zeylanica. After the respective period of 

incubation time, treated and control cells were 

harvested and stained with Hoechst 33258 stain (1 

mg/mL, aqueous) for 5 min at room temperature 
10

. 

A drop of cell suspension was placed on a glass 

slide, and a coverslip was laid over to reduce light 

diffraction. At randomly 300 cells, in triplicate, 

were observed at 400X in the fluorescent 

microscope fitted with a 377–355 nm filter, and the 

percentage of cells that reflected pathological 

changes was calculated 
11

. Data were collected for 

three replicates each and used to calculate the 

means and the standard deviations. 

Assessment of Mitochondrial Membrane 

Potential (JC1 Staining): Mitochondrial 

membrane potential (Δψm) was assessed using the 

fluorescent probe JC-1, which produces orange-red 

fluorescence when accumulated in the 

mitochondria of healthy cells but fluoresces green 

when leached out into the cytosol due to loss of 

Δψm resulting in a negative internal potential 
12

. 

The A549 lung cells were grown in glass coverslips 

(22 × 9 × 22 mm) placed in the wells of 6-well 

plates and treated with the ethanol extract of N. 

zeylanica at the 24 h IC50 concentration, and 0.02% 

DMSO was used as solvent control. The cells were 

stained with JC-1 dye after 12 and 24 h exposure. 

The mitochondrial depolarization patterns of the 

cells were observed in the fluorescent microscope 

and the pathological changes in the cells were 

observed and recorded. Data were collected for 

three replicates each and used to calculate the 

means and the standard deviations. 

Single Cell Gel Electrophoresis (Comet assay): 
DNA damage of individual cells was identified by 

using the comet assay 
13

. The cells were treated 

with ethanol extract of N. zeylanica for 24 h. The 

harvested cells were suspended in low melting 

point agarose in PBS and pipetted out to 

microscope slides pre-coated with a layer of normal 

melting point agarose. The slides were chilled on 

ice for 10 min and then immersed in lysis solution 

(2.5 M NaCl, 100 mM Na2EDTA, 10 m MTris, 0.2 

mMNaOH [pH 10.01] and Triton X-100) was 

incubated overnight at 48 ºC in order to lyse the 

cells and permit DNA unfolding.  

Thereafter, the slides were exposed to alkaline 

buffer (300 m MNaOH, 1 mM Na2-EDTA, 

[pH>13]) for 20 min to allow DNA unwinding. The 

slides were washed with buffer (0.4 M Tris, pH 

7.5) to neutralize the excess alkali and to remove 

the detergents before staining with ethidium 

bromide (20 mL in 50 mg/mL). Photomicrographs 

were obtained using a fluorescent microscope. 150 

cells from each treatment group were digitized and 

analyzed using CASP software. The images were 

used to determine the DNA content of individual 

nuclei and to evaluate the degree of DNA damage 

representing the fraction of DNA in the tail, so as 

to assign the cells among the five categories: dead, 

highly damaged, damaged, slightly damaged and 

intact. Data were collected for three replicates each 

and used to calculate the means and the standard 

deviations. 

RESULTS AND DISCUSSION: 

Effects of Ethanol Extract Treatment on the 

Viability of Lung Cancer Cells: The inhibitory 

effects of the ethanol extract of N. zeylanica using 

different concentrations of about 24 h on A549 

lung cancer cells were investigated adopting MTT 

assay. The assay was aimed to determining the 

integrity of mitochondria so as to reflect on the 

viability or otherwise of the cells. It was recorded 

that the ethanol extract of N. zeylanica was 

cytotoxic to A549 lung cancer cell lines in a dose 

and duration-dependent manner. The IC50 of 

ethanol extract of N. zeylanica was calculated as 

435.50 ± 0.05 µg/ml Fig. 1. 

 
FIG. 1: INHIBITORY CONCENTRATION ON (IC50) OF 

THE ETHANOL EXTRACT TO A549 LUNG CANCER 

CELL LINES 
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Morphological Changes in Lung Cancer Cells: 
AO & EB staining followed by fluorescent 

microscopy revealed apoptosis by fluorescence 

emission, which depends on the viability and 

membrane integrity of the cells. Uniformly green 

fluorescing nuclei with a highly organized cellular 

structure indicated the normal and viable cells Fig. 

2. Apoptosis, or programmed cell death, is 

characterized by a number of characteristic 

features, which include chromatin fragmentation 

and condensation, membrane blebbing, 

internucleosomal DNA cleavage, caspase 

activation, and translocation of phosphatidylserine 

from the inner to the outer leaflet of the plasma 

membrane 
14

. Hence, the induction of apoptosis is 

one of the useful approaches in cancer therapies 
15

. 

Liu et al., 2009 proposed that AO penetrated 

normal and early apoptotic cells with intact 

membranes, fluorescing green when bound to DNA 
16

. EB only entered cells with damaged membranes, 

such as late apoptotic and dead cells, emitting 

orange-red fluorescence when bound to 

concentrated DNA fragments or apoptotic bodies 
17

. Green fluorescing nuclei with perinuclear 

chromatin condensation were revealed in the bright 

green patches or fragments indicated cells in the 

early phase of apoptosis.  

  
FIG. 2: MORPHOLOGICAL CHANGES OBSERVED 

FOR CONTROL AND ETHANOL EXTRACT OF N. 

ZEYLANICA TREATED A549 CELLS STAINED WITH 

ACRIDINE ORANGE AND ETHIDIUM BROMIDE 

Orange to red fluorescing nuclei with highly 

condensed or fragmented chromatin indicated that 

the cells were in a late stage of apoptosis. 

Uniformly orange to red fluorescing nuclei with no 

indication of chromatin fragmentation, but the 

entire cells as well as nuclei were swollen to large 

size indicated necrotic cells Fig. 2. Data on cells 

indicating apoptotic and necrotic morphologies, 

produced on treatment with the ethanolic extract of 

N. zeylanica for 24 h through manual counting 

which are presented.  

That is revealed the complex is highly efficient in 

bringing about apoptosis in a high manner, but 

necrosis was also produced to a certain extent. To 

detect apoptosis at a basic level, we adopted 

Hoechst staining, which revealed the changes in 

gross cytology of the cell, with special reference to 

cytoplasm and nucleus. The final stage of apoptosis 

is characterized by DNA degradation and cell 

damage into dense membrane-surrounded 

fragments (apoptotic bodies). Some apoptotic 

bodies contain fragments of the nucleus, while 

others contain only cytoplasm 
18

. Cells that have 

died by apoptosis will generally display condensed 

DNA and fragmented nuclei; meanwhile, the 

healthy and necrotic cells do not 
19

. After treatment 

with IC50 concentration of the ethanol extract of N. 

zeylanica for 24 h, the cells were observed for 

cytological changes. The observations revealed that 

the treatment about chromatin fragmentation, 

binucleation, cytoplasmic vacuolation, membrane 

blebbing, and late apoptosis indication of dot-like 

chromatin, although fairly good percentage of cells 

indicated features of necrotic death. Data collected 

from manual counting of cells with normal and 

abnormal nuclear features are shown in Fig. 3. 

  
FIG. 3: MORPHOLOGICAL FEATURES OF NUCLEI 

OBSERVED FOR CONTROL AND ETHANOL EXTRACT 

OF N. ZEYLANICA TREATED LUNG CANCER CELLS 

STAINED WITH HOECHST 33258 

Mitochondrial Membrane Potential (Δψm): This 

assay to detect the changes in mitochondrial 

function employs the fluorescent cation JC-1, 

which emits red fluorescence when sequestered in 

to the mitochondria of healthy cells with high 

Δψm. Cells Δψm undergoing apoptosis are no 

longer able to sequester the JC-1 cation into the 

mitochondria due to loss of Δψm and so cells 

fluoresce green. The Fig. 4 shows the results of JC-

1 staining of lung cancer cells treated with the 

extract at its 24 h IC50 concentration. The treatment 

led to a high proportion of apoptotic cells in A549 

lung cancer cell line. 
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FIG. 4: PHOTOMICROGRAPHS  OF A549 LUNG 

CANCER CELLS, JC1 DYE ACCUMULATED IN THE 

MITOCHONDRIA OF HEALTHY CELLS AS 

AGGREGATES (RED- ORANGE FLUORESCING); IN 

CELLS TREATED WITH ETHANOL EXTRACT OF N. 

ZEYLANICA DUE TO COLLAPSE OF MITOCHONDRIAL 

MEMBRANE POTENTIAL, THE JC-1 DYE RETAINED 

INTO THE CYTOPLASM IN ITS MONOMERIC FORM, 

WHICH FLUORESCED GREEN 

Assessment of DNA Damage by Commet Assay: 
Single cell gel electrophoresis assay (comet assay) 

is considered to be rapid, simple, visual, and 

sensitive 
20

. In the comet assay DNA of damaged 

single cells takes the appearance of a comet, with 

head and tail regions. The CASP image analysis 

software is of help in (i) analysis of a variety of 

geometric and densitometry parameters, and (ii) 

measuring the amount of DNA in the head (intact 

DNA) and the tail (DNA with strand breaks) 

regions Fig. 5. Since the tail length and density 

reflect the extent of strand breaks in DNA, the 

percentage of DNA in the tail provides a 

quantitative measure of the damaged DNA as a 

fraction of the total DNA. The results revealed that 

DNA damage was induced in a high percentage in 

lung cancer cells (A549) by the ethanol extract of 

N. zeylanica. 

  
FIG. 5: DNA DAMAGE IN ETHANOL EXTRACT OF N. 

ZEYLANICA TREATED LUNG CANCER CELLS IS 

REVEALED IN THE COMET ASSAY 

CONCLUSION: The present study unambi-

guously showed that the ethanolic extract of N. 

zeylanica has showed stronger antiproliferative 

effect on A549 lung cancer cell line in a 

concentration dependent manner.  

The mechanism underlying morphological changes 

were also produced, nuclei alteration thus highly 

interrupt the nucleus structure of the cells, 

induction of DNA damage and alteration in 

mitochondrial transmembrane potential. Our 

findings also support the other results that the 

suggested ethanol extract of N. zeylanica leads to 

DNA damage, as well as mitochondrial membrane 

changing effect on A549 lung cancer cell line and 

is therefore worthy of further investigation needed 

in this plant.  
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