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 Background: Having non-toxic anticancer agents are targeted by 

researcher in the biomedical field around the world. Cancer-fighting 

phytochemicals have been potentially identified in several medicinal 

plants for cancers therapy. Apoptosis paid a great promise to study 

mechanism of cancer treatment. Objectives: This study aimed to 

investigate the antioxidants activities of the aqueous ethanolic extract of 

sweet red pepper (Capsicum Spp.) and its effects on colorectal cancer cell 

lines (CaCO-2). Methods: Phytochemical constituents and anticancer 

efficacy of sweet red pepper extract were evaluated. The apoptotic 

mechanism of the extract was proved by using real time polymerase chain 

reaction (RT-PCR) for apoptotic related genes (Bax, caspase 3 and Bcl-2). 

Results: The results showed that sweet red pepper extracts exhibited 

powerful antioxidant activities. Moreover, this extract could trigger 

apoptosis in human colorectal tumor cells by overexpressing apoptotic 

genes (Bax and caspase 3) and down-expressing the anti-apoptotic Bcl-2 

genes. Conclusion: The sweet red pepper extract could inhibit CaCO-2 

cellular proliferation by inducing apoptosis due to their phytochemical 

contents.   

 

INTRODUCTION: such as leucopenia and cardio-toxicity 

have been reported caused by oxidative 

stress [5, 6]. Finding new natural therapeutic 

agents as anticancer agents have been 

reported [7]. 

Cancer led to million deaths all over 

the world, particularly, colorectal 

malignancy is tumor-related deaths [1]. 

Recently, two million new different cancer 

cases were diagnosed and more than half 

million-cancer death was occurred in 

United States [2]. Colorectal cancer 

development is a multi-factorial including 

family history, age, gender, high-fat diets, 

diabetes, inflammatory bowel diseases, 

ulcerative colitis and lack of physical 

activity [3, 4]. Chemotherapy is common to 

treat different types of cancer; however, its 

side effects on normal tissues still one of 

the most restricted reasons to use it as the 

optimal drug of choice. Upon the treatment 

with the chemotherapy, several side effects 

Phytochemicals are crucial for health 

care and potentially used in the prevention 

and treatment of vigorous diseases such as 

cancer and cardiovascular disorders [8]. 

Phenolic compounds are identified as 

plants secondary metabolites. For instance, 

flavonoids, phenols, tannins, lignins, 

coumarins and xanthones have been used 

in pharmaceutical studies with high impact 

in cancer treatment [9]. The health 

beneficial effects of these polyphenols 

showed anti-carcinogenic activities that 
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could be due to cell cycle arrest or 

apoptotic promotion [10]. 

identified by taxonomist at Botany 

Department, Faculty of Science, Tanta 

University. Vegetables were cut, dried in 

shed at room temperature and then 

grounded to obtain fine powder. Fifty 

grams of the grinded plants were extracted 

in 500 ml of 70% ethanol. Samples were 

filtered and the crude extracts were used 

for the assessment of antioxidants and 

anticancer properties. 

Red sweet pepper (Capsicum Spp.) is a 

vegetable with potential antioxidant 

efficacy that belonging to Solanaceae 

family [11]. They contain essential vitamins 

such as pro-vitamin A and vitamin C. 

Furthermore, sweet red peppers exhibit 

high content of natural constituents such as 

quercetin, luteolin, and capsaicinoids [12]. 

Sweet red peppers are promising source of 

pharmacological bioactive compounds 

majorly phytochemicals and essential oils 

make them potential antioxidant, anti-

inflammatory, anti-mutagenic, anti-

hemorrhagic and anti-cancerphytonutrients 
[13-16]. These phytochemicals could support 

immune function and useful for 

therapeutic purposes in the treatment of 

asthma, arthritis, rheumatism and reduces 

cancer and cardiovascular disease risks [17]. 

Furthermore, it has been reported that red 

sweet pepper extracts improve the status of 

experimental animals with streptozotocin-

induced diabetic neuropathy [18]. 

Total phenolic contents  

The content of the total phenolic in the 

sweet red pepper extract were assessed by 

using the Folin-Ciocalteau reagent. 

Briefly, the extract solutions (100 μl) were 

added to working Folin reagent (1 ml) and 

1 ml sodium bicarbonate solution. Then, 

this mixture was incubated for 15 min. By 

using a spectrophotometer (Biowave, 

S2100, UK) determining the absorbance of 

the resulting color at 730 nm was obtained. 

The gallic acid calibration curve was used 

to obtain the corresponding concentration 

of the total phenolic in the sweet red 

pepper extract. The unit of the total 

phenolic was mg GAE/g extract. The pathogenesis of colorectal cancer 

and chemotherapeutic resistance may be 

due to the disturbances in apoptotic 

pathways. Food constituents including 

polyphenols, glucosinate, flavonoids; 

butyrate and capsaicinoids secondary 

products are known to prevent colorectal 

cancer development by enhancing DNA 

damage followed by apoptosis [19]. 

Therefore, in the current study, the 

efficacy of sweet red pepper extracts as 

antioxidants was assessed by analyzing 

their phytochemicals content and the study 

was extended to evaluate the anticancer 

efficacy of the extract and the molecular 

mechanism by which this extract induce 

apoptosis in human colorectal tumor cell 

lines via determining the expression of 

main genes involved in apoptosis. 

Total flavonoids contents 

 Total flavonoids were determined by 

using the colorimetric method of 

aluminum chloride, quercetin was used as 

a standard. Briefly, half milliliters of the 

aqueous ethanolic extract solution was 

mixed with 5% sodium nitrate. Post 6 min, 

aluminum chloride and sodium hydroxide 

were added and left for 15 min. UV-

Visible Ultraspec 2000 spectrophotometer 

was used to read the absorbance of the 

mixtures at 510 nm. The total flavonoids 

content were calculated as milligrams of 

quercetin equivalents.  

Total antioxidants capacity (TAC)  

By using phosphomolybednum 

method, the total antioxidant capacity was 

evaluated in the red pepper extract that 

expressed as ascorbic acid equivalent. 

Briefly, 100 l of the hydro-alcoholic 

extract were mixed with molybdate 

reagent solution, incubation (90 min at 95 
C), and then cooled for 20-30 min and the 

absorbance was measured at 695 nm. 

 

MATERIALS AND METHODS:                             

Plant materials and pepper extract  

Sweet red pepper plants were 

purchased from the Carfour hyper in Tanta 

City, Egypt. The plant materials were 
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Free radicals scavenging activity by 

DPPH  

tumor cells death (IC50) was detected 

from the sigmoidal curve.  

The crude extract was used for 

evaluating the free radicals scavenging 

capacity spectrophotometrically. Briefly, 

100 μl of the crude extract was added to 2 

ml of freshly prepared DPPH (0.0025%) 

solution and post 30 min. The sample 

solution (As) and control solution (Ac) 

absorbance’s were provided at 517 nm.  

Gene expression analysis by real-time 

quantitative polymerase chain reaction 

Extraction of the total RNA from 

tumor cells was performed by using 

RNeasy Mini kit. The concentration and 

purity of the resultant RNA was assessed, 

complementary DNA was prepared by 

using Quant script reverse transcriptase 

and then amplified through 2X Maxima 

SYBR Green/ROX qPCR Master Mix 

(Thermo Scientific, # K0221) and gene-

specific primers. The reaction volume and 

qPCR thermal conditions were performed. 

The melt curve was produced at the last 

cycle (60-95 °C). The fold of change in the 

apoptotic related genes was determined by 

using the 2-ΔΔCt method and critical 

threshold quantities [21]. 

Saponin and anthocyanin contents 

According to the methods by 

Ebrahimzadeh and Niknam (1998), 

saponin and anthocyanin contents in the 

sweet red pepper extract were determined 
[20]. 

Cell culture and CaCo-2 cell lines 

The human colorectal cancer cell line 

CaCo-2 cells were purchased from 

VACSERA Tissue Culture Unit (Cairo, 

Egypt). These cells were propagated in its 

suitable medium and then centrifuged at 

1500 rpm for 5 minutes. Cell pellets were 

re-suspended in culture medium for 

cellular passaging at stabilizing conditions. 

Culture renewal was performed at cellular 

confluence (70-80%). Logarithmically 

growing cells were used for all the 

experiments. 

Statistical analysis  

The individual data obtained from each 

experiment as mean ± S.D. By using one-

way ANOVA, the statistical differences 

between the experimental groups were 

addressed. The statistical significances 

were obtained at the p values that of less 

than 0.05. 

 

Cytotoxicity analysis by MTT assay RESULTS: 

The MTT assay protocol was used to 

check the cytotoxic effects of the extracts 

on CaCo-2 cells. By diluting the extract in 

saline at different concentrations (5-100 

μg/ml), the 70–80% confluent CaCo-2 

cells were exposed to the extracts 

concentrations in triplicate, incubated at 

suitable conditions for 24 hours and then, 

10 μl MTT solution was added to each 

well. This was followed by incubation for 

4 h at 37 °C. The MTT solution was 

eliminated, and the purple formazan 

crystals produced were dissolved in 

DMSO. Tamoxifen (Tam) is a positive 

standard. By using ELIZA reader 

(StatFax-2100, Awareness Technology, 

Inc.), the absorbance of the purple color 

could be detected at 570 nm. The certain 

concentration that showed half of colon 

Phytochemical contents of sweet red 

pepper extract 

Phytochemical constituents including 

total phenolic, total flavonoids, total 

antioxidant capacity (TAC) and 

scavenging activities of the DPPH radicals 

were determined in the extract aqueous 

ethanolic of sweet red pepper. The results 

showed that this extract exhibited potential 

phytochemicals content. The level of total 

phenolic compounds represented 1.292 mg 

gallic acid equivalents (GAE) per ml of 

extract. Total flavonoids in the aqueous 

ethanolic extract of sweet red pepper were 

0.159 mg quercetin equivalent/ml extract. 

The TAC using phosphomolybedate 

method was 0.138 mg/ml. The percentage 

of inhibition by radical binding activity of 

DPPH, and the inhibitory concentration 

that represented 50% (IC50) values were 
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shown in figure. 1. Sweet red pepper 

extract was determined to be active in free 

radicals scavenging properties, the data of 

the present study denoted that the 

percentage of DPPH free radical 

scavenging activity caused by sweet red 

pepper extracts represented 64 % and their 

IC50 value was 0.094 mg/ml (Figure 1). 

expression level of the apoptotic gene, 

caspase-3, was up-regulated after 

treatment with the sweet red pepper extract 

for 24 hours with folds of change 6.28, 

when compared with control CaCo-2 cells 

without treatments (Figure 4). Down-

regulation in the expression level of the 

anti-apoptotic gene, Bcl-2, in CaCo-2 cells 

due to plants extract exposure with 

expression level (0.065) as compared to 

control group which showed fold of 

change 1 (Figure 5). 

Cytotoxic effect of sweet red pepper 

extract against colorectal cancer cell 

lines 

Human colon tumor cell lines were 

treated with different concentrations of 

sweet red pepper extracts. Their cytotoxic 

and anti-proliferative effects were 

determined based on the ability of 

colorectal cancer cell lines to reduce MTT 

producing the formazan dye. As shown in 

figure 2, the results revealed that red 

pepper vegetables extracts exhibited 

selective cytotoxicity in the colon cancer 

cell lines with a potential cytotoxic effect 

to a minimum concentration killing 50 % 

of colon cancer cell (IC50) 25 µg/ml.  

 

DISCUSSION: 

Colorectal cancer is a complex disease 

caused by multiple cells signaling 

disruptions, its treatment is depends on 

using radiotherapy, chemotherapy, and 

surgery [22]. Chemotherapeutics could kill 

cancer cells through different mechanisms, 

for instance, DNA damage triggering, cell 

cycle arresting, and DNA repair inhibition. 

However, the cytotoxicity’s of these 

chemotherapeutics, and resistance as well 

as the severe adverse reactions are major 

concerns [23]. 

Apoptotic effect of sweet red pepper 

extract against colorectal cancer cell 

lines Due to the capability of natural 

products derived from plants to promote 

apoptosis and cell cycle arrest without 

toxic effect on the healthy cells, these 

natural compounds can be used for 

effective cancer prevention and treatment 
[24]. These natural constituents including 

alkaloids, polysaccharides, polyphenols 

and diterpenoid have become new 

promising anticancer agents. Currently, 

natural products enter in half of the used 

anticancer drugs in the markets [25]. 

Real time PCR was used to detect the 

relative expression of apoptosis related 

genes, Bax and caspace-3, and anti-

apoptosis gene, Bcl-2, that corresponding 

to the alterations in the transcription levels 

of these genes in cancer cells post-

treatment with the extract under the study 

for 24 hours. To conduct real time PCR, 

we first isolated total RNA from CaCo-2 

cells. The isolated RNA was reversed 

transcribed into cDNA for qPCR. The 

housekeeping gene encoding GAPDH was 

used as an internal reference for 

normalization. The expression level of the 

target gene in control CaCo-2 cells was 

considered the baseline. The results of 

qPCR demonstrated significant up-

regulation (p ≤ 0.05) in the expression 

level of the apoptotic gene, Bax, in CaCo-

2 cells following treatment of the sweet 

red pepper extracts. A significant up-

regulation was reported 3.72 fold of 

change (Figure 3). Moreover, the 

Interestingly, various species of 

Capsicum plants have been reported for 

their potential activities as anti-

inflammatory, anti-allergic and anti-

mutagenic [13-16]. It has been reported that 

there was a strong relationship between the 

prevention the risk of certain types of 

cancer and vegetables intake with [26]. 

Therefore, in the present study, the 

phytochemicals constituents in the sweet 

red pepper extract were evaluated. The 

antioxidant activities of flavonoids which 
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are beneficial to human health by 

scavenging harmful radicals have been 

addressed in the extract under the present 

study based on quercetin equivalent. The 

DPPH radicals are well known in the 

model system to evaluate the scavenging 

properties of numerous natural products. 

The scavenging activity of the prepared 

extract against DPPH radicals showed 

promising percentage. Our data were in 

accordance with the previous studies 

reported the phytochemical constituents in 

Capsicum plants [27]. 

was evaluated. Gene expression analysis 

results by using RT-PCR of apoptotic and 

anti-apoptotic related genes of colon 

cancer cell lines treated with the extract 

indicated that sweet red pepper extract 

enhanced apoptosis in colon cancer by up-

regulating apoptotic genes and down-

regulating the anti-apoptotic genes that 

might be related to the antioxidant 

properties of these extract. These could 

help in development of good therapeutic 

strategy in colon cancer treatment 

targeting apoptosis induction using 

naturally occurring vegetables without 

harmful effects on normal cells. The data 

in this study is agreed with the previous 

studies demonstrated the anticancer effect 

of Capsaicin plants against human cancers 

by inducing apoptosis [31, 35]. Furthermore, 

it has been reported that Capsaicin 

vegetables could promote apoptosis in 

human lung cancer through binding the 

membrane calcium channel protein 

receptors known as TRPV6 and the 

downstream Calpain signaling pathway [42-

36].  

The present study was extended for in 

vitro evaluation of the anti-proliferative 

effect of sweet red pepper extract against 

the colon cancer cells and the obtained 

results revealed that the inhibitory 

concentration that kills 50 % (IC50) of cells 

for broccoli was low (25 µg/ml) indicating 

that this extract has a powerful anticancer 

efficacy. Our results were in line with 

previous study revealed the cytotoxic and 

genotoxic activities of Capsicum spp 

extracts [28]. Amruthraj et al. also reported 

the in vitro studies on the efficacy of some 

capsaicinoids as anticancer [29]. Chapa-

Oliver and Mejía-Teniente also reported 

that Capsaicin plants showed cancer-

suppressing activity [30]. The potential 

anticancer activity of sweet pepper extracts 

was evaluated against breast (MCF-7) and 

prostate (PC-3) carcinoma cell lines in 

vitro [31]. 

 

CONCLUSION: 

Herbal medicine, in particular, 

Capsicum peppers have promising natural 

pharmacological bioactive constituents. 

The hydro-alcoholic extract of sweet red 

pepper showed antioxidant, anticancer 

efficacy, and inhibited the proliferation of 

colon cancer cells through inducing 

apoptosis. Therefore, Capsicum peppers 

plants are promising candidates for human 

health due to their powerful antioxidant 

and anticancer activities. Sweet red 

peppers are good source of compounds 

that could be beneficial for colon cancer 

treatment.  

It has been reported that most types of 

cancers express the anti-apoptotic proteins 

such as Bcl-2. Some of digestive organs 

including colon vigorously resist apoptosis 
[32]. The molecular mechanisms and the 

downstream regulatory signaling networks 

by which natural products do their 

anticancer effects have been reported [33]. 

Zhang et al. reported that Capsaicin 

enhances the antitumor activity via 

increased ERK signaling in hepatic cancer 

cells and experimental mouse tumors 

model [34]. In this study, the contribution of 

apoptosis induction in inhibiting colorectal 

cancer development after the treatment 

with sweet red pepper vegetables extracts 
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Figure (1): Phytochemicals analysis of sweet 

red paper extract (all units were mg/ml). TAC: 

Total antioxidant capacity, IC50: Inhibitory 

concentration that that give 50 % DPPH 

scavenging activity. 

Figure (2): The viability of colorectal 

cancer cell lines post 24 h of sweet 
red pepper extract treatment. 

 

Figure (5): Real-time quantitative PCR analysis 

showing the expression of apoptotic related Bcl-

2 genes in CaCo-2 cells after 24 h of sweet red 

pepper extract treatment.  

* means significant change (p ≥ 0.05). 

 

 

  

Figure (4): Real-time quantitative PCR 

analysis showing the expression of apoptotic 

related Caspase-3 genes in CaCo-2 cells 

after 24 h of sweet red pepper extract 

treatment.  

*means significant change (p ≥ 0.05). 

 

Figure (3): Real-time quantitative PCR 

analysis showing the expression of apoptotic 

related Bax genes in CaCo-2 cells after 24 h of 

sweet red pepper extract treatment.  

* means significant change (p ≥ 0.05). 


