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Abstract 
 

Isothiocyanate in the broccoli has proved to improve the organism immunity and anti-cancer ability. However, a high 

cost for extraction and purification of isothiocyanate limits a wide application of this natural compound. The colon 

disease is a common cancer resulting in a high death rate in human. In this report, an inexpensive method was used to 

produce the broccoli crude extracts (BRE) and comprehensively evaluated effects of different BRE concentrations on 

proliferation inhibition and apoptosis in the colon SW620 cells. The results showed that BRE was able to significantly 

suppress proliferation of the cancer cells (P < 0.01). The growth curve further demonstrated that the cancer cell growth 

was significantly inhibited by BRE. The colon cells SW620 incubated by the IC50 BRE showed a shrink and smaller shape 

and a cracking status indicating that these cells were under apoptosis. Two genes, p53 and caspase-3, were induced by 

qRT-PCR to be highly expressed in the SW620 cells treated by the IC50 BRE, further demonstrating that BRE induced 

the cancer cells to apoptosis. © 2019 Friends Science Publishers 
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Introduction 

 

Broccoli, also named as ‘blue cauliflower’, belongs to a 

species of Brassica and is an annual or biennial, edible 

vegetable (Ferruzza et al., 2016). This yummy vegetable 

shows a potential to improve the organism immunity and 

anti-cancer ability (Leenders et al., 2013; Braakhuis et al., 

2016). Previous studies indicated that isothiocyanate 

(ITCS), a hydrolysate product of sulfur glucoside, 

prevalently in the broccoli showed an anti-cancer activity 

(Cheng et al., 2016). This natural compound is also able to 

induce cell apoptosis of the HeLa cell, the hepatocarcinoma 

cell and embryo kidney cell and other human cell lines 

(Vasanthi et al., 2009; Sestili and Fimognari, 2015). But the 

mechanisms for these phenomena were unclear. And the 

signal pathways of ITCS for induction of apoptosis may be 

different among the different cell lines. 

Previously, researchers focused on evaluation of ITCS 

as the anti-cancer active ingredient in broccoli (Chinembiri 

et al., 2014; Singh et al., 2014; Traka et al., 2014). There 

were few reports concerning evaluation of bio-activities of 

other natural compounds in broccoli (Nile and Park, 2014; 

Medina et al., 2015). The additive or accumulative functions 

of multiple ingredients for anti-cancer activity have not yet 

been explored in broccoli. In addition, extraction and 

purification of ITCS from broccoli is currently very costly 

in the technique view. Considered shortages in the previous 

studies, this research is aimed to comprehensively evaluate 

effects of the mixture extracts of broccoli on prevention of 

proliferation of colon cancer cell ‘SW620’ and induction of 

cell apoptosis using the well developed cell biology 

technologies. This study will provide a strong theoretical 

basis for development of the anti-cancer food from broccoli, 

and a practical basis for extension of broccoli as the 

healthcare food in the future. 

 

Materials and Methods 
 

Plant Materials and Reagents 

 

The ripening plants of the hybrid broccoli (Brassica 

oleracea L. cv Yanxiu) was obtained from Jiangsu 

Runqing Shentai Co. Ltd. (Zhenjiang, China). The colon 

cancer cells of Strain SW620 were obtained from 

Shanghai Tumor Institute, Shanghai Jiaotong University 

(Shanghai, China). DMEM high sugar medium, fetal 

cattle serum and 0.25% pancreatic enzyme were bought 

from Gibico, Thermo Fisher Scientific, USA. Four 

methyl even nitrogen effect salt and RNA extraction kit 

were bought from Bio Basic Inc., Canada. RT-PCR and 
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qRT-PCR kits were bought from TaKaRa, China. Other 

reagents were bought from Sigma (USA). 

 

Preparation of Crude 
 

The fresh broccoli was cleanly washed and naturally 

dried. The broccoli flower balls were sliced. 200 g of the 

sliced broccoli were smashed with two volumes of dd 

H2O. The solution was hydrolysated at 60°C, then 

filtered. The supernatant was dried in a vacuum freezing 

dryer and was re-extracted and centrifuged twice using 

methanol. The supernatant as the crude extracts of 

broccoli was dried in a rotary evaporator. The gradual 

concentrations of the crude extract solutions were made 

as listed in Table 1 using 1.0 mg·mL-1 PBS buffer. The 

extract solutions stored at 4°C for a short time till use 

(El-Houri et al., 2014). 
 

SW620 Cells Proliferation Detection 
 

The 4×104 mL-1 cells were added in the 96-well plate. 

The cells were incubated in a carbon dioxide chamber 

with conditions of 5.0% CO2 and 37°C. After the cells 

was sticky to the plate well wall (~24 h), 20 μL of the 

extract solutions was added to each well of the plate 

with three replicates for each concentration of S1- S7 in 

Table 1. 20 μL of the PBS buffer was added as the 

control. The cells were further incubated for 16 h in the 

carbon dioxide chamber with conditions of 5.0% CO2 

and 37°C. After removal of the supernatant, 20 μL of the 

5.0 mg·mL-1 MTT solution was added to each well. The 

cells were incubated for an additional 4 h in the carbon 

dioxide chamber with the same conditions. After 

removal of the supernatant, 150 μL of DMSO was added 

to each well, then the plate was suspended for 10 min 

(Aravind et al., 2015). The D value at 570 nm of the cell 

suspension was determined using DG5033A ELISA 

detector (Pribo Lab Inc., Singapore). The inhibition rate 

of the cell proliferation (IR) was estimated by the 

following formula: 
 

IR = (1- the D value of the tested group) * 100/the D value 

of the control. 
 

Half maximal inhibitory concentration (IC50) represented 

the concentration of the broccoli crude extracts when 

the inhibition rate of the cell proliferation reached 50% 

(Hao et al., 2015). 
 

Growth Curve of the SW620 Cells 
 

The 1.6×105 mL-1 cells were added in the 24-well plate with 

400 μL for each well. After 12 h, the IC50 extract solution 

was added to six wells and the control (PBS) solution 

was added to another six wells, with 80 μL for each 

well. The plate was inoculated for additional 12, 24, 36, 

48 and 60 h in the carbon dioxide chamber with 

conditions of 5.0% CO2 and 37°C. For these five time 

points, 20 μL of the 0.25% trypsin was added to each well 

for digestion of 5 min. Then the cell solution was transferred 

to a 1.5 mL tube and centrifuged at 1500 rpm for 5 min. 

After removal of the supernatant, 20 μL of the PBS solution 

was added to each well and mixed well using pipette. The 

cell numbers were counted using Count Star Cell 

Counter (Ailite International Co. Ltd., China). The alive 

cell numbers of each well were counted every 12 h. The 

growth curve of the SW620 cells was plotted according to 

the observations above. 
 

Morphological Features of the Cell Line SW620 
 

Two plate wells were chosen where the SW620 cells grew 
well. The IC50 extract solution and the PBS solution were 
added to these two wells, respectively, with 1.2 mL for each 
well. After incubation of the cells for 24 h in the carbon 
dioxide chamber with conditions of 5.0% CO2 and 37°C. 
Morphological features of the cells were described under 
electronic microscope observation. 
 

Characterization of Expression Patterns of p53 and 

caspase-3 genes by qRT-PCR 
 

~100 mg fresh cells were collected after incubation of the 
cells with the IC50 extract solution and the PBS solution for 
24 h in the carbon dioxide chamber with conditions of 5.0% 
CO2 and 37°C. Total RNA of the cells was isolated and 
cleaned using BBI RNA extraction kit following the 
instruction. Genomic DNA was removed by DNase 
digestion. Synthesis of cDNA was performed by this 
protocol: incubation of RNA at 65°C for 5 min, reverse 
transcription reaction with enzyme and buffer at 42°C for 2 
h, then reaction termination at after 95°C for 1 min. cDNA 
was stored at 4°C until use. 

Sequences of the p53, caspase-3 and β-actin genes 
were obtained from NCBI data base. Primers used for 
qRT-PCR were designed using the online tool of 
Integrated DNA Technologies. 
The primers were listed: 
 

p53 gene, 5'-AAGACCCAGGTCCAGATGAAGCT-3' and 
5'-GGAGTACGTGCAAGTCA CAGACT-3'. 

 

caspase-3 gene, 5'-TCGGTCTGGTACAGATGTCGATG-
3' and 5'-GTTAACCCGGGTAAGAATGTGCA-3'. 

 

β-actin gene, 5'-GAGACCTTCAACACCCCAGCC-3' and 
5'-GCGTACAGGTCTTTGCGGATG-3. 

 

SYBR was used for qRT-PCR following the protocol: 35 
cycles for 94°C for 20 s, 58°C for 30 s, and 72°C for 5 s. 

A formula of 2-δ δ Ct was used for comparison of the 
gene expression levels between the treated and the 
control cells. 

Table 1: The crude extract solutions with the gradual 

concentrations 

 
Concentration  S1 S2 S3 S4 S5 S6 S7 

（mg/mL） 1 0.5 0.25 0.125 10-1 10-2 10-3 
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Results 
 

Inhibition of Proliferation of Cell Line SW620 by 

Broccoli Extracts 

 

Compared with the control, proliferation of the cell 

SW620 was significantly suppressed by the broccoli 

extracts (P < 0.01) and the inhibition extent was increased 

by a higher concentration of the broccoli extracts. The 

concentration of IC50 was S5, a concentration of 0.1 mg·mL 

of the broccoli extracts (Fig. 1). 

 

Growth Curve of SW620 Cells Affected by the IC50 

Broccoli Extracts 

 

Growth of SW620 cells in the IC50 broccoli extracts was 

significantly slower than that in the control cells (Fig. 

2). The concentration of the SW620 cells incubated in 

the broccoli extracts was also lower than that in the 

control cells. The inhibition extent mounted as the 

incubation time prolonged (Fig. 2). 

 

Morphological Features in the SW620 Cells Affected by 

the IC50 Broccoli Extracts 

 

In most cases, the colon SW620 cells presented a fusiform 

or oval shape in the control (Fig. 1). However, the cells 

incubated by the IC50 broccoli extracts showed a shrink and 

smaller shape (Fig. 1). Some cells appeared a cracking 

status and produced numerous cracking pieces (Fig. 1), 

indicating these cells were under apoptosis. 

 

Expression Patterns of p53 and caspase-3 Genes in the 

SW620 Cells 

 

Two genes, p53 and caspase-3, proved to be inductively 

expressed to an extensive high level during the cell during 

apoptosis (Jost et al., 1997; Hentze et al., 2001). These two 

genes were induced to be highly expressed in the SW620 

cells treated by the IC50 broccoli extracts (Fig. 4 and 5). 

Particularly, expression of the caspase-3 gene was highly 

induced to an extensive high level compared to the control 

(Fig. 5). This indicated that the broccoli extracts were able 

to simulate expression of the genes related to the cell 

apoptosis. 

 

Discussion 
 

The anti-cancer substances in broccoli proved a potential to 

inhibit the formation of rat thoracic tumors (Jahangir et al., 

2009; Lee et al., 2013; Natella et al., 2016). Broccoli and 

other cruciferous plants were able to inhibit growth of white 

blood and cancer cells in a certain extent (Herr and Buchler, 

2010; Lippmann et al., 2014). A large number of 

experiments demonstrated that the mechanism of ITCS as 

the tumor suppressor in broccoli was interpreted as "Phase 

Two Enzymes" (Nile and Park, 2014). More studies 

discovered that broccoli had effects on human cancer cells. 

ITCS was the major active ingredient in broccoli. 

Aforementioned, isolation and purification of ITCS is very 

expensive. Therefore, it needs further studies to explore 

inexpensive and efficient ways to develop values of the 

active ingredients in broccoli so that this vegetable will be 

more practical to our human health (Herr and Buchler, 

2010; James et al., 2012). 

Apoptosis is an important process of the programmed 

cell death. Numerous factors involve regulation of this 

process, including the activator, apoptosis-promoting 

gene and tumor suppressor genes, etc (Berube et al., 

2005; Roos and Kaina, 2006). Over-expression of the 

p53 and caspase-3 genes is conductive for suppression 

of proliferation of the cancer cells (Kim et al., 2009; 

Zhong et al., 2011). The human colon is a prevalent 

cancer resulting in a large quantity of death every year 

(Siegel et al., 2016). Our study indicated that the broccoli 

extracts were able to initiate over-expression of the p53 and 

caspase-3 genes in the colon SW620 cells (Fig. 4 and 5). 

This may be the major factors resulting in a large 

quantity of apoptosis of the colon SW620 cells 

incubated by the broccoli extracts as we observed in Fig.  

 
 

Fig. 1: Inhibition of the colon cell SW620 proliferation by the 

broccoli extracts 

 

 
 

Fig. 2: Growth curve of the SW620 cells incubated in the IC50 

Broccoli extract and the PBS buffer 
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Conclusion 

 

All evidences in this study constitute the conclusion that 

the broccoli extracts are able to suppress proliferation of 

the colon SW620 cells through initiation of the 

apoptosis process. The prominent feature of this study is 

that we used inexpensive chemicals and simple 

protocols for production of the broccoli extracts so that 

the cost of the processing is low. This may lead to rapid 

development of the broccoli extracts used as the natural 

anti-cancer reagent that benefits our human health in the 

future. Remarkably, the inexpensive chemicals and simple 

protocols for production of the broccoli extracts was 

applied, so that the cost of the processing is lower. This may 

lead to a wide application of the broccoli extracts as the 

natural anti-cancer resources that benefits our human health 

in the future. 
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Fig. 4: Expression of the p53 gene in the SW620 cells treated by 

the IC50Broccoli extract and the control 
 

 
 

Fig. 5: Expression of the caspase-3 gene in the SW620 cells 

treated by the IC50Broccoli extract and the control 
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