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Abstract: Lung cancer is most common cause of cancer deaths globally and is mainly classified into two major types: Small-cell 
lung cancer (SCLC) and non-small cell lung cancer (NSCLC). Majority of lung cancers are NSCLCs, that account for nearly 
90% of cases. Most of lung cancer cases (85%) of are due to long-term tobacco smoking. Presently tobacco smoking is the main 
contributor to lung cancer. Fisetin (3,3′,4′,7-tetrahydroxyflavone) is a naturally occurring flavonoid that is abundant in various 
fruits and vegetables and has been reported to  possesses anti-oxidative, anti-inflammatory and anti-proliferative effects in a 
wide variety of cancer. The aim of the present study is to investigate the growth inhibitory effect of Fisetin on non small cell 
pulmonary carcinoma cells A549 (adenocarcinoma) and NCI-H460 cells (large cell lung carcinoma cells) in vitro. SRB 
(Sulfarhodamine B) dye uptake test and NBT reduction test were performed and the results of the assays demonstrate suppressed 
growth of non small cell lung carcinoma cells upon treatment with Fisetin. 
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I. INTRODUCTION 
Lung cancer is one of the commonest malignancies and is the major causes of death globally exceeding the mortality rates of 
colorectal, breast and prostate cancers combined [Naghma et al., 2012]. Despite improvement in diagnostics and treatment 
modalities, the prognosis remains poor [Makitaro et al., 2002; Barnes 2004]. The mean 5-year survival rate for NSCLC patients is 
approximately 15%. Even with improvements in tumor response to chemotherapy, the long-term survival rate of patients with 
advanced lung cancer remains remarkably low [Jemal et al., 2011]. Lung cancer can be classified into two main subtypes: non-small 
cell lung cancer (NSCLC) and small cell lung cancer (SCLC) based on the histology. Non-small cell lung cancer accounts for more 
than 80% of all lung cancer cases. The most common histological types are adenocarcinoma (AC), squamous cell carcinoma (SCC) 
and large cell lung carcinoma (LCLC] [Robinson et al., 2010]. Small cell lung cancer accounts for approximately 13% of all lung 
cancer cases and is highly associated with tobacco smoking [Govindan et al., 2006; Jackman and Johnson, 2005].  
Natural products are found to be an important source of new drugs. Currently 50% of the anticancer drugs available in the market 
for therapy are derived either directly or indirectly from natural sources [Younes at al., 2007] thus natural bioactive products have 
gained significant interest in scientific world. Flavonoids a group of plant secondary metabolites, are the most abundant 
polyphenolic compounds consumed in human diet and have special ability to target several key cellular phenomenons involved in 
the development of cancer [Beliveau, et al., 2007; Murthy et al., 2009]. Fisetin (3,7,3′,4′-tetrahydroxyflavone) is one of the major 
polyphenolic flavonoids found in various fruits and vegetables such as apples, grapes, persimmons, strawberries, cucumbers, and 
onions. It has been reported that Fisetin can exert numerous beneficial biological activities, including antioxidant [Syed et al., 2016], 
anti-inflammatory [Khan et al., 2008], anti-angiogenic [Murtaza et al., 2009], hypolipidemic [Khan et al., 2015], neuroprotective 
[Mukhtar et al., 2015] and ant-itumor effects [Lall et al., 2016]. The aim of the current study is to investigate the effect of Fisetin on 
growth of non small cell lung carcinoma cell lines A549 and NCI-H460 cells. 

II. MATERIALS AND METHODS 
A. Chemicals  
Fisetin (3,3′,4′,7-tetrahydroxyflavone) was procured from (sigma , St. Louis , MO, USA). A stock solution of 2.86mg/ ml of fisetin 
was prepared in DMSO and stored at -200C.  

B. Procurement and Maintenance of cell Lines 
The NSCLC pulmonary carcinoma cell lines A549 (adenocarcinoma), NCI-H460 (large cell lung carcinoma) and HEK 293 (normal 
human embryonic kidney cells) were procured from National Centre for Cell Science (NCCS), Pune, India. The A-549, NCI-H460 
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and HEK 293 cells were cultured in Hams F12K medium (AL106A- Himedia, India) and RPMI 1640 (AL171A- HiMedia, India) 
and DMEM (AL007- Himedia India) respectively. The media were supplemented with 10% Fetal Bovine Serum (FBS, RM112, 
Himedia, India), 1X and Antibiotic and Antimycotic solution (A007, Himdia, India) for growth of cells, and cells were grown under 
standard growth conditions (95% humidity, 5% CO2 and temperature 37°C) in a CO2 incubator. 
Assays were carried out with the IC50 concentrations of Fisetin which were fixed based on previous studies from the laboratory. 

C.  SRB (Sulfarhodamine B) dye uptake test 
Cell growth was assessed by Sulfarhodamine B (Sigma-Aldrich Co., St. Louis, MO, USA) assay as previously reported (Skehan et 
al., 1990). Briefly cell suspension containing 1X106 cells /ml were plated onto 96 well plates and allowed to attach for 24h at 37°C 
in a 5 % CO2 atmosphere. The cells were then treated with Fisetin and allowed to proliferate, cells were washed with PBS and fixed 
with TCA (trichloroacetic acid) at 4°C for 1h. After washing with water, cells were stained with SRB (0.4%w/v SRB in 1% v/v 
acetic acid in water). The protein-bound dye was solubilized with 10mM tris buffer. Intensity of the colour developed was measured 
at 540 nm. 

D.  NBT Reduction Test 
NBT (Nitro blue tetrazolium) reduction test was performed following the method of Williams et al., 1977.  After proliferation of 
A549 and NCI-H460 cells, 10µl of nitro blue tetrazolium chloride (5mg/ml in phosphate buffered saline- pH7.4) was added to the 
cultured cells (1x 106 /ml) and incubated in a CO2 incubator at 37°C for 5h. The cells were the washed three times with saline and 
the formazan crystals were solubilised by adding 100 µl of isopropanol. The intensity of the color developed was read at 570 nm in 
a micro plate. 

E. Statistical Analysis 
The experiments were carried out in triplicate on atleast three different time intervals and the mean of replicate values were taken. 
Values were expressed as mean ±SD. Statistical analysis of the data was determined by Student’s t-test and comparisons were made 
between the untreated control and the treated groups. 

III. RESULTS 
The results of The SRB assay and NBT assay clearly indicated that A549 and NCI-H460 cells treated with Fisetin showed marked 
decrease in growth which was found to be statistically significant (p<0.001) as compared to control cells (Fig. 1 and Fig. 2). 
However there was no decrease in growth upon treatment with Fisetin in normal kidney cells - HEK 293 (Fig. 3). 

 
Fig. 1  Effect of Fisetin on growth of A549 and NCI-H460 cells  (Sulphorhodamine B assay) 

Effect of Fisetin on growth of A549 and NCI-H46 cells (SRB assay). Treatment of A549 and NCI-H46 cells with Fisetin resulted in 
a significant decrease in cell growth as compared with the control. Data represent mean ± SD of six replicates. Intergroup 
comparisons were made between the cell control and the treated group. Student’s t-test; ***P< 0.001 verses control. 
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Fig. 2 Effect of Fisetin on growth of A549 and NCI-H460 cells (Nitro blue tetrazolium test) 

Effect of Fisetin on growth of A549 and NCI-H46 cells (NBT assay). Treatment of A549 and NCI-H46 cells with Fisetin resulted in 
a significant decrease in cell growth as compared with the control. Data represent mean ± SD of six replicates. Intergroup 
comparisons were made between the cell control and the treated group. Student’s t-test; ***P< 0.001 verses control. 

 
Fig. 3  Effect of Fisetin on growth of HEK-293 cells (Sulphorhodamine B assay and Nitro blue tetrazolium test) 

Effect of Fisetin on growth of HEK-293 cells (SRB and NBT assay). Figure shows the effect of Fisetin on growth of HEK-293 cells. 
Data represent mean ± SD of six replicates. Intergroup comparisons were made between the cell control and the treated group. 
Student’s t-test; ***P< 0.001 verses control. 

IV. DISCUSSION 
Lung cancer is the most common tumor type in the developed world and in 2012 and is the most commonly diagnosed cancer (1.82 
million) and the most common cause of cancer mortality (1.6 million) worldwide [ Ferlay et al., 2012; Sullivan and Planchard 
2016]. Fisetin, a natural polyphenol abundantly found in several fruits and vegetables, has been reported to inhibit growth of various 
cancer cell lines in vitro,  thus the aim of the study was to check the effect of Fisetin on growth and viability of non small cell 
pulmonary carcinoma cells A549 and NCI-H460. Results indicated that Fisetin was found to greatly inhibit the growth of NSCLC 
cells in vitro. As Cancer cells exhibit high proliferative potential, resistance to cell death stimuli and abnormal energy metabolism 
[Czarnecka et al., 2007].  The sulforhodamine B (SRB) that is based on the measurement of cellular protein content is used for cell 
density determination, The method relies on the property of SRB, that binds stoichiometrically to proteins under acidic conditions 
and then can be extracted using basic conditions. Thus the amount of dye that is bound can be used as a substitute for cell mass, 
which was then used to measure cell proliferation. The results of SRB clearly indicated that Fisetin has significantly inhibited the 
growth of pulmonary carcinoma cell lines.  Many tetrazolim salts, including nitro blue tetrazolium-NBT have been used to assay 
cell proliferation and viability. Succinate-tetrazolium reductase, is an enzyme which belongs to the respiratory chain of the 
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mitochondria and it is active only in viable cells [Pelicano et al., 2006]. The results of NBT found to be in agreement with the results 
of SRB assay. Thus the results of the present study clearly indicated the growth inhibitory effect of Fisetin in non-small cell lung 
cancer cells used. 
After observing the growth inhibitory effects of Fisetin on human pulmonary carcinoma cells A549 and NCI-H460 by the above 
mentioned assays. The effect of Fisetin on human embryonic kidney cells (HEK 293) was studied and Fisetin was found to exhibit 
less toxic effect on human embryonic kidney cells as compared to pulmonary carcinoma cells thereby showing selective toxicity of 
Fisetin towards cancer cells. 
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