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ABSTRACT 

In India, nearly three million patients are suffering from Cancer. There is an alarming increase in new cancer cases and 

every year ~ 4.5 million people die from cancer in the world. In recent years there is a trend to adopt botanical therapy that 

uses many different plant constituents as medicine. One plant may be able to address many problems simultaneously by 

stimulating the immune system to help fight off cancer cells. There appears to be exceptional and growing public 

enthusiasm for botanical or "herbal" medicines, especially amongst cancer patients. In present study, we studied the in vitro 

anticancer properties of various fractions of cactus Opuntia dillenii (Ker-Gawl) Haw.employing Erlich ascites carcinoma 

(EAC) cell lines. The EAC cells when treated with fractions of O. dillenii showed apoptosis that was further confirmed by 

fluorescent and confocal microscopy. In addition, Cellular DNA content was determined by Flow cytometric analysis, 

wherein pigment treated cells exhibited 78.88 % apoptosis while pulp and pectin treated cells showed 39 and 38% apoptosis 

respectively. Tunnel assay was carried out to detect extensive DNA degradation in late stages of apoptosis. Apoptosis was 

observed in all fractions; with pigment having very good activity. The data obtained suggests that pigment from O. dillenii 

fruit may be a promising agent for chemoprevention and further studies with other cell lines and animal models would help 

in obtaining a new drug for cancer treatment. 
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INTRODUCTION 
In India, the total cancer cases are likely to rise to 

1,148,757 by 2020 (Takiar et al., 2010).Chemo preventive 

agents’ development is slow and inefficient while natural 

products are more effective and less toxic, and are required 

to reach the objective of cancer prevention. Although 

hundreds of metabolites have been isolated, only a few 

new drugs have been approved (Newman et al., 2007, 

Butler, 2005)5,27. Medical benefits from plants have been 

identified for centuries. Also, herbs and natural products 

have been shown to be lacking in much of the toxicity 

compared to that is observed in synthetic chemicals, thus, 

escalating their demand for long term preventive 

approaches. The development of effective and safe agents 

for prevention and treatment of cancer remains slow, 

inefficient and costly (Zou et al., 2005)34. Several species 

of cactus pear plants (family - Cactaceae) have become 

prevalent in semi-arid regions of the world.  About 1500 

species of cactus belong to genus Opuntia and many of 

them produce edible and highly flavoured fruits. In the 

light of global desertification and declining water 

resources, Opuntia is gaining importance as an effective 

food production system including both the vegetative and 

fruit parts. In addition, ancient people have used Opuntia 

cladode and fruits for their medicinal properties (Cornett, 

2000, Knishinsky, 1971; Abou-Elella et al., 2014)1,10,21. In 

recent years, there has been a surge in interest among the 

scientific community with respect to Opuntia nutritional 

and health-promoting benefits. The nutraceutical benefits 

of Opuntia fruits are believed to stem from their 

antioxidant properties related to ascorbic acid, phenolics 

including flavonoids and a mixture of yellow betaxanthin 

and red betacyanin pigments (Jana S et al., 2012, 

Madrigal-Santillán et al., 2013)19,24. Several in vitro 

studies have shown that phenolic compounds in fruits and 

vegetables have antiproliferative effect (Percival et al., 

2006). Opuntia dillenii (Ker-Gawl) Haw, commonly 

identified as pear bush, prickly pear, mal rachette or tuna, 

is a succulent shrub growing in semi-desert regions in the 

tropics and subtropics (Ahmed et al., 2005)2. O. dillenii is 

used in folk medicine or by herbal healers in many 

countries, for instance in India it is called as “Kanthari” or 

“Nagphana” (Gupta et al., 2002)16, Canary Islands 

(Perfumi et al., 1996)29 and mexico (Cornett, 2000, 

Knishinsky, 1971)10,21,  where it is used in the treatment of 

diabetes (Perez de Paz., 1988), gastric ulcers,  
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 inflammation (Parket et al., 2001), etc. Fruit of this plant 

has been reported to have analgesic (Lorodel Rio & Perez-

Santana, 1999)28 and anti-hyperglycemic (Perfumi et al., 

1996)29 effects. The prickly pears are reported to be 

consumed fresh, after desiccation in sun, in marmalades or 

used as a colouring agent while “nopals” are consumed in 

Mexican regions as a constituent of salads (Chang et al., 

2008, Diaz Medina et al., 2007)7,11. The methanolic 

extracts of fruit of O. dillenii are reported to possess 

notable antioxidant activity and inhibitory effect on low-

density lipoprotein peroxidation (Chang et al., 2008)7. 

Different polysaccharides isolated from aqueous extract of 

O. dillenii, is also reported to exhibit potent 

immunomodulatory activity, inducing production of ROS, 

nitric oxide and pro-inflammatory cytokines like tumour 

necrosis factor α (TNF α) and interleukin 6 (IL 6) 

(Chauhan et al., 2010)8. The seeds of O. dillenii may 

contribute to higher antioxidant activity because of high 

concentrations of polyphenols, flavonoids and unsaturated 

fatty acids (Chang et al., 2008)7. Besides nutritional and 

medicinal properties, Opuntia have several commercial 

applications for example betalain, a water-soluble 

nitrogen-containing pigment found in high concentrations 

in cactus pear plants (Castellar et al., 2003, Diaz et al., 

2007)6,11 can be used as natural food colouring agent. 

Cactus pear extracts have anti-cancer activity; however the 

active component(s) have not been identified. Cactus pear 

extracts can be easily used as dietary supplements as it has 

no toxic effects (Zou et al, 2005)34. Here we attempt to 

describe the in vitro anti cancer properties of the plant O. 

dillenii on Erlich ascites carcinoma (EAC) cell lines.  

 

MATERIALS AND METHODS 
Cell culture and cell lines 

Erlich ascites carcinoma cell line and NIH3T3 cell line 

were obtained from NCCS, Pune, India. Cells were 

cultured in DMEM (M/S Sigma-Aldrich, USA) containing 

inorganic salts, essential amino acids, vitamins, D-glucose, 

Pyruvic acid  and L-glutamine supplemented with 10%  

heat-inactivated fetal bovine serum (M/S Sigma-Aldrich, 

USA), 100 units/mL penicillin, and 100 µg/mL 

streptomycin at 37ºC in 5% CO2. 

 
Figure 1: Schematic representation of the steps involved in the isolation of betalain from O. dillenii fruit pulp by aqueous 

two phase extraction method. 
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Cactus (O. dillenii) pear 

The cactus plant found growing in and around Mandya 

District (Kunthi hills) about 45 km from Mysore was 

collected for its fruits. Based on the taxonomic criteria, the 

cactus was identified to be O. dillenii Haw. 

O. dillenii pear represents the fruit of cactus which in 

developmental stages is green in colour, after maturity and 

ripening, turns violet in colour with spines on surface. The 

fruit has a thick skin containing pectin protecting violet 

colour pulp that is sweetish, with embedded seeds. 

Extraction of pectin from cactus pear peel 

O. dillenii pear fruits, after washing and removal of spines, 

were cut into halves; pulp was scooped along with seeds. 

The halved fruit peels were subjected to drying in a hot air 

oven (53 ± 2°C). The dried peel with residual moisture of 

~5 % was then powdered in Apex mill (M/s Cadmach 

Machinery Co Ltd. Germany). The powdered peel was 

kept in polypropylene airtight containers till use. The 

pectin was extracted from defatted peel powder. Defatted 

peel was then suspended in distilled water to separate 

mucilage.  The residue was subjected to enzymatic 

degradation to obtain starch and protein free sample and 

further extracted in acidic medium on hot water bath to 

obtain pectin. The sample was cooled and filtered using 

muslin cloth. The pectin was precipitatedby suspending 

thefiltrate in alcohol (Happi et al., 2008)18. The 

galacturonic acid content in the isolated pectin was 

estimated by MHDP method (Blumenkrantz et al., 1973)3. 

To 0.2 ml of the sample, 1.2 ml of sulphuric acid was 

added. Using crushed ice, the tubes were refrigerated. The 

mixture was shaken in a vortex mixer and the tubes heated 

in a water bath at 100°C for 5 min. After cooling in a water-

ice bath, with the addition of 20 µl of the m-hydroxy 

diphenyl reagent, the tubes were shaken and within 5 min 

absorbance were recorded at 520 nm using Thermo Helios 

alpha spectrophotometer, Germany.  

Extraction of pigment (Betalain) from O. dillenii pear pulp 

The fresh, mature, reddish purple fruits (cactus pear) were 

taken for the extraction of pulp. Fruits were washed in tap 

water, de-spined manually and peeled. Seeds were 

separated from the pulp by subjecting peeled fruits to 

pulper. The obtained pulp was used for extracting the 

pigment. Pigments (Betalains) were extracted from cactus 

pear pulp by aqueous two phase extraction method for 

pigment isolation from beetroot used by Chetana et al., 

2007 with slight modifications. Briefly, the pre-

determined quantities of Polyethylene glycol (PEG 6000) 

and ammonium sulphate, cactus pear pulp was added and 

mixed for equilibration. Further, allowed for phase 

separation for 4-5 h. After the separation of two phases, the 

pigment rich upper phase was further subjected to 

aqueous–organic phase of chloroform and water, to 

remove PEG. The aqueous layer containing pigment was 

concentrated in flash evaporator at 35±2°C.The isolated 

pigment was characterized by subjecting to LC-MS (Elena 

et al., 2008)12. 

Cell growth assay 

The cells were suspended in a 96-well plate (Corning 

Sigma-Aldrich, USA) at a density of 2×104 cells per well. 

After 48 h, they were treated with various concentrations 

of pigment, pectin and pulp separately, for 48 h. Next, the 

cells were treated with 5 mg/mL MTT in the growth 

medium for 4 h at 37°C. Cell viability was evaluated by 

comparison with a control culture (assumed to be 100% 

viable), measuring the intensity of the blue colour (OD at 

590 nm) using a multi-well reader (Varioskan Flash 

multimode Plate reader, Thermo Scientific, USA). 

Effect of O. dillenii fractions on normal cells 

To test whether pigment, pectin and pulp induced similar 

cell death in normal cells, epithelial cell line NIH3T3 was 

tested.   Cells (5 X 103 per well) were seeded into 96-well 

culture plates in 200μL of the medium at 37°C with 5% 

CO2. After 48 h, the supernatant was removed and new 

media containing various fractions of O. dillenii were 

added separately to the attached cells, incubated for 

another 48 h. Then the cells were subjected to MTT assay 

as above.  

Morphological observation of cells treated with pectin, 

mucilage and pigment 

The morphological changes of the EAC cells treated with 

pectin, pulp and pigment were observed with fluorescence 

and confocal microscopes. For fluorescence microscopy, 

the cells were suspended in a 96-well plate (Corning 

Sigma-Aldrich,USA) at a density of 2×104 cells per well. 

After 48 h of growth, they were treated with various 

concentrations of pigment, pectin and pulp separately, for 

48 h. Then the medium was removed, the cells were 

washed with sterile PBS and then stained with a mixture of 

Ethidium bromide: acrydine orange at 0.9:1 ratio. The cells 

were observed under fluorescence microscope for staining 

after 30 min. For confocal microscopy, poly L-lysine 

coatedsterile glass cover slips were placed in 6 well plates 

and cells were seeded on to the coverslip. These cells were 

treated with pectin, pulp and pigment at4 to 400µM/L.   

The cover glass nearly full of cell on its surface (by 48h) 

was taken for staining with mixture of Ethidium 

bromide:acrydine orange at 0.9:1 ratio.  

Detection of Apoptosis in Cultured Cells by FACS 

Apoptotic cells were detected using FITC-conjugated 

Annexin-V and propidium iodide (PI) (M/S. SigmaCo., 

USA). Cells were washed twice with cold PBS and re-

suspended in Annexin-V binding buffer (10mM HEPES, 

140mM NaCl and 5mM CaCl2) at a concentration of 1X106 

cells/mL. Then single suspension of 1X106 EAC cells was 

prepared in a 5 mL culture tube according to the 

instructions of the kit in which 5µL Annexin-V-FITC at 

10ug/mL and 10µL propidium iodide at 10ug/mL were 

added. Then the tube was gently vortexed and incubated 

for 15 min at room temperature in the dark. Binding buffer 

(400µL) was then added to each tube and the cells were 

analyzed by flow cytometry (Flow check, Beckman 

Coulter, USA). 

Haemolysis assay 

Human whole blood samples (2–3 mL) were centrifuged 

1000 X g for 10 min and the pellets were washed once with 

PBS, once with HKR buffer (pH7.4) re-suspended in HKR 

buffer to 4% erythrocytes, and 50µL was transferred to a 

1.5-mL tube with 950µL of pigment, pectin and pulp or 

0.1% Triton X-100 in HRK buffer to disrupt the RBC 

membrane. After 30 min at 37ºC with rotation, tubes were  
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 centrifuged for 2 min at 1000 X g, 300µL of supernatants 

were transferred to a 96-well plate, and absorbance was 

recorded at 540 nm. 

TUNEL assay 

The TUNEL assay was used to detect apoptotic cells. This 

assay utilizes terminal-deoxynucleotide-transferase (TdT) 

containing FITC labelled dUTP on the 3'-OH ends of 

fragmented DNA (TdT-mediated dUTP Nick-End 

Labeling assay or TUNEL). Cells that 

incorporatedfluorophore become positive for fragmented 

DNA would appear as bright green in their nuclei. The Kit 

instruction was followed (Life Technologies, Bangalore). 

Briefly, cells were grown to about 50 - 75% confluency on 

coverslips in culture media. After 48 h of pectin and 

pigment (0 - 400µM) exposure, the coverslips were 

removed from the media, washed twice with PBS and the 

cells were fixed in freshly prepared 2% formalin in PBS at 

4°C. The cells were permeabilized in PBS containing 0.2% 

Triton X-100 for 5 min on ice and washed with PBS. For 

the coverslips to be tested (by the TUNEL procedure) were 

placed at room temperature and incubated for 5 min in the 

equilibration buffer (supplied by the manufacturer). After 

incubation, this solution was removed and a solution 

containing equilibration buffer (90µl), nucleotide mix 

(10µl) and TdT enzyme solution (2µl) was added, 

incubated in dark at 37ºC for 60 min. The reaction was  

 terminated by washing with 2X SSC followed by a wash 

in PBS. The coverslips were then incubated with primary 

antibody (Anti-BrdU mouse monoclonal antibody PRB-1, 

Alexa Fluor 488 conjugate) for 30 min at room  

Betanin (551 + H2O = 569) 

 
Betacyanin (449) 

 
Betaxanthin (337) 

 
Figure 2: LC MS profile of isolated betalains from cactus pear 
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 temperature away from sunlight.  Then 0.5µL of the 

propidium iodide/RNaseA staining buffer was added. The 

cells were incubated for an additional 30 min at room 

temperature protecting from light during the incubation.  

 The coverslips were then mounted on glass slides for 

confocal microscopy.  

Statistical Analysis 

All measured data were presented as mean ± SD. The 

differences among groups were analyzed using the one-

way ANOVA by SPSS12.0 statistical software. Statistical 

significance was defined as P<0.05. 

 

RESULTS  

Isolation and characterization of pectin and pigment 

 
Figure 3: Cytotoxicity of pectin, pulp and betacyanin on growth of Erlich Ascites Carcinoma cells 

The cells were suspended in a 96-well plate (Corning Sigma-Aldrich) at a density of 2×104 cells per well. After 48 h, 

they were treated with various concentrations of pigment, pectin and pulp separately, for 48 h. Next, the cells were 

treated with 5 mg/mL MTT in the growth medium for 4 h at 37°C. Cell viability was evaluated by comparison with a 

control culture (assumed to be 100% viable), measuring the intensity of the blue color (OD at 590 nm) using a multi-

well reader (Varioskan Flash multimode Plate reader. Thermo Scientific) 

 

    
Control                 Pulp                Pigment                                 Pectin 

Figure 4: Fluorescence microscopic analysis of effect of pectin, pulp and betalain on EAC cell lines 

The cells were suspended in a 96-well plate (Corning Sigma-Aldrich) at a density of 2×104 cells per well. After 48 h of 

growth, they were treated with fractions at various concentrations, separately, for 48 h. Then the medium was removed, 

the cells were washed with sterile PBS and then stained with a mixture of Ethidium bromide:acrydine orange at 0.9: 1 

ratio. The cells were observed under fluorescence microscope by 30 min. of staining. 

    
Control                 Pulp                Pigment                                 Pectin 

Figure 5: Confocal microscopic analysis of effect of pectin, pulp and betalain on EAC cell lines 

Poly L-lysine coated sterile glass coverslips, were placed in 6 well plates and cells were seeded on to the coverslip. These 

cells were treated with pectin, pulp and betacyaninat4 to 400µM/L.   The cover glass nearly full of cell on its surface (by 

48 h) was taken for staining with mixture of Ethidium bromide:acrydine orange at 0.9:1 ratio. 
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 The yield of pectin isolated from the cactus pear skin was 

~17%.The isolated pectin was confirmed by estimating  

 galacturonic acid content by MHDP method .The yield of 

pectin with 74% galacturonic acid was obtained. The 

visible absorption spectra of the isolated betalain (Fig 1) 

was recorded from 240 to 800 nm, where, it showed a 

major absorption peak at 535 nm indicating the presence 

of red pigment betacyanin as the major compound in the 

cactus fruit pulp. LC MS analysis, at absorption maxima at 

535nm, clearly indicated that the pigment was betacyanin 

(Fig 2). 

Pectin, pulp and pigment induced cell proliferation 

inhibition and apoptosis of EAC cells in vitro 

We evaluated the cytotoxic activity of fractions of cactus 

on EAC cell lines by MTT assay. The results indicated that 

the treatment with pigment, pectin and pulp induced dose–

dependent cytotoxicity (Fig 3). Pigment showed more 

activity in lowering cell viability followed by pectin and 

pulp. We found significant cytotoxicity at the250µL 

(275µg) concentration (P<0.05) of betacyanin. However, 

the cytotoxicity decreased after 48 h (data not shown). The 

IC50 of betacyanin (concentration that induces 50% 

inhibition of cell growth) was 71.9µg/ml for EAC at 48 h. 

These data suggest that EAC cells were susceptible to 

betacyanin. Pectin also showed significant cytotoxicity at 

the concentration of 2.5 mg.  

Characterization of the EAC cell death by pigment, pectin 

and pulp 

To explore whether apoptosis played important role in the 

cytotoxicity of pigment, pectin and pulp, EAC cells were 

treated separately with pigment, pectin and pulp for 48 h. 

As shown in Fig 5, the outcome of the Annexin V/PI 

detection showed that betacyanin increased the percentage 

of apoptosis cells in EAC cells (P<0.05) while the 

induction of apoptosis by pectin and pulp was low. Flow 

cytometric results re-confirmed the results of fluorescent 

(Fig 4) and confocal microscopy (Fig 6). The percent of 

apoptosis recorded was 78.88,39 and 38% in pigment, pulp 

and pectin treated cells respectively (Table 1). The 

pigment, betacyanin of the cactus O. dillenii was better in 

inducing apoptosis of EAC cells than the pectin and pulp.  

Effect of pigment, pectin and pulp on normal cells 

The pigment, pectin and pulp when tested on normal cell 

line NIH3T3, marginal death of cells was observed. In the 

case of pulp treatment, the death of cells was more 

compared to pectin and pigment (Fig 7). This indicated that 

the fractions of O. dillenii taken for study were not toxic 

on normal cells. 

TUNEL assay 

Terminal deoxynucleotidyltransferase (TdT) dUTP Nick-

End Labeling (TUNEL) assay has been designed to detect 

apoptotic cells that undergo extensive DNA degradation 

during the late stages of apoptosis (Kyrylkova et al, 

2012)22. DNA breaks induced by pectin and pigment of O. 

dillenii exposed a large number of 3´-hydroxyl ends. These 

hydroxyl groups can then serve as starting points for  

 terminal deoxynucleotidyltransferase (TdT), which adds 

deoxyribonucleotides in a template-independent fashion. 

Addition of the deoxythymidine analog 5-bromo-2´-

deoxyuridine 5´-triphosphate (BrdUTP) to the TdT 

reaction serves to label the break sites. Once incorporated 

into the DNA, BrdU can be detected by an anti-BrdU 

antibody using standard immune histochemical 

techniques. The Alexa Fluor® 488 dye produces  

  

Control Pulp 

  
Pigment Pectin 

Figure 6: Flow cytometric determination and graphical representation of apoptosis on EAC cells 
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 fluorescent conjugates that are brighter and more photos 

stable. Propidium iodide is included to determine the total 

cellular DNA content. TUNEL assay confirmed apoptosis 

due to DNA damage (Fig 8). 

Haemolytic assay 

The % haemolysis for control and samples are represented 

in Fig 9. The results indicated that all samples exhibited 

less than 5% hemolytic activity and did not affect the 

morphology of the erythrocytes and had no cytotoxic 

effects. 

 

DISCUSSION 
Increased consumption of fruit and vegetables is 

associated with prevention of various diseases and the 

oxidative damage, which is an important etiologic risk 

factor for cancer and heart diseases (Zou et al., 2005)34. 

The plant families of the order Caryophyllales, including 

the Cactaceae synthesises betalains, the characteristic red-

violet and yellow, nitrogen-containing pigment, by 

thephenylpropanoid metabolic pathway (Mabry et al., 

1980)23. Betalains are the most characteristic substances of 

O. dillenii, along with α-pyrones, e.g., opuntiol and some 

derivatives (Qiu et al., 2002, 2003, 2007), and several 

phytosterols, one among them is the opuntisterol (C29- 5β-

sterol) and its glucoside, opuntisteroside (Jiang et al., 

2006)20. O. dillenii fruit pulp, an unusual source of taurine 

(244 mg/L) (data not shown), a non standard amino acid of 

plant origin; known to have several health benefits like bile 

acid conjugation (Mizushima et al., 1996)25,  

detoxification (Nakashima et al., 1982)26,  membrane 

stabilization, osmo-regulation, and modulation of cellular 

calcium levels (Birdsall, 1998)4. O. dillenii cladode and 

fruits are palatable, attractively coloured with edible seeds, 

which are known tohave many health-promoting 

components (Cornett, 2000, Knishinsky, 1971)10,21.In a 

recent study, Gupta (2012)17 has isolated Betanin from 

Cactaceae family, which is the key anti-cancer agent 

against human chronic myeloid cancer cell line, and also 

inhibits cervical and bladder cancer. The juicy and purple 

flesh encloses edible seeds, and both constituents contain 

low molecular health-promoting substances in relatively 

high amounts besides fibre (Medina et al., 2007). The 

fruits of Opuntia species (prickly pears) rich in betanin and 

isobetanin are considered a better source of food colorants 

than the presently used red beets (Beta vulgaris L.) 

(Stintzing et al., 2001, Moreno et al., 2008)32. Therefore, 

the pulp, red pigment and pectin occurring in O. dillenii 

isolated in this study were checked for their pro-apoptotic 

activities. The pigments which is mainly composed of 

betalain (betacyanin and betaxanthin) (Fig 1 and 2) and 

pectin induced apoptosis in EAC cell lines in a 

concentration dependent manner with pigment having 

maximum activity which was confirmed with Annexin-V-

FITC flow cytometric analysis (Fig 6). Sreekanth et al., 

(2007)31 have also demonstrated that betalains have 

apoptotic activity against human chronic myeloid 

leukemia cell line (K562) in a concentration dependent 

manner while, Feugang et al., (2010)13 have reported 

inhibitory effects of aqueous extract of cactus pear on 

cancer cell growth via accumulation of intracellular ROS, 

which may activate a series of reactions resulting in 

apoptosis. Hence to know the trigger for apoptosis, 

TUNEL assay was carried out, which revealed that the 

apoptosis is due to DNA damage (Fig 8). For pigment to 

be used as a chemo-preventive agent it should not have any 

effect on the normal cells and hence it was subjected for 

haemolytic assay where all the three fractions of O. dillenii 

did not show any harmful effects (Fig 9). “Let food be your 

medicine”- as rightly said by Hippocrates 2,500 years ago, 

cancer chemoprevention with strategies using foods and 

medicinal herbs has been regarded as one of the most 

perceptible fields for cancer control (Sreekanth et al., 

2007)31. The cactus pear extracts tested in this study could 

be such a candidate in cancer prevention for both normal 

and high-risk populations and prevention of recurrence of 

cancers. Due to the fact that cactus is a wasteland crop and 

does not require agronomic care; it makes a prime 

candidate as a chemopreventive herbal therapeutic. 

Moreover, the safety of plant/ food-derived products, it 

holds promise for long-term use. 

 
Figure 7: Effect of O. dillenii fractions on normal cells 
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Figure 8: Induction of apoptosis analysed by TUNEL assay 

 
Figure 9: Haemolytic assay of O. dillenii fractions 
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Table 1: Flow cytometry of pectin, pulp and betalain 

(pigment) treated EAC cells 

Region Control Pulp Pigment Pectin 

Dead 0.09%  0.90% 3.90% 2.98% 

Apoptic 0.00%  39.49% 78.88% 38.42% 

Viables 98.92%  8.66% 4.59% 13.25% 

Early 

apoptic 

0.99%  50.95% 12.53% 45.35% 
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Abbrevations 

MTT -3-(4, 5- dimethylthiazol-2-yl)-2,5-diphenyl 

tetrazolium bromide; PBS-Phosphate buffer saline; 

FACS-Fluorescence-activated cell sorting; HKR- 

HEPES–Krebs–Ringer; FITC -Fluorescein 

isothiocyanate; SSC- saline-sodium citrate; MHDP- m-

hydroxydiphenyl  

 

REFERENCES 

1. Abou-Elella FM, Mohammed Ali RF.  Antioxidant and 

Anticancer Activities of Different Constituents 

Extracted from Egyptian Prickly Pear Cactus 

(Opuntiaficus-indica) Peel. Biochemistry and 

Analytical Biochemistry 2014; 3: 158  

2. Ahmed MS, EI Tanbouly ND, Islam WT, Sleem AA, 

EI Senousy AS. 2005.Antiinflammatory flavonoids 

from Opuntia dillenii (Ker–Gawl) Haw. flowers 

growing in Egypt. Phytotherapy Research 2005; 19: 

807–809. 

3. Blumenkrantz N, Asboe-Hansen G. New Method for 

Quantitative Determination of Uronic Acids. 

Analytical Biochemistry 1973; 54: 484-489. 

4. Birdsall TC. Therapeutic applications of taurine. 

Alternative Medicine Review 1998; 3: 128–136 

5. Butler MS. Natural products to drugs: natural product 

derived compounds in clinical trials. Natural Product 

Reports 2008; 22: 162–195. 

6. Castellar R, Obón JM, Alacid M, Fernández-López JA. 

Color properties and stability of betacyanins from 

Opuntia fruits. Journal of Agrictural and Food 

Chemistry 2003; 51: 2772-2776. 

7. Chang SF, Hsieh CL, Yen GC. The protective effect of 

Opuntia dillenii Haw. fruit against low-density 

lipoprotein peroxidation and its active compounds. 

Food Chemistry 2008; 106: 569–575. 

8. Chauhan SP, Sheth NR, Jivani NP, Rathod IS, Shah PI. 

Biological actions of Opuntia species. Systametic 

Reviews in Pharmacy 2010; 1: 146-151. 

9. Chethana S, Chetan A, Raghavarao KSMS. Aqueous 

two phase extraction for purification and concentration 

of betalains. Journal of Food Engineering 2007; 81: 

679-68. 

10. Cornett J.  How Indians used desert plants. Nature 

Trails Press; 2000 

11. Díaz Medina E, RodríguezRodríguez EM, Díaz 

Romero C. Chemical characterization of Opuntia 

dillenii and Opuntia ficusindica fruits. Food Chemistry 

2007; 103: 38–45. 

12. Elena C, Elhadi MY. Identification and quantification 

of betalains from the fruits of 10 Mexican Prickly Pear 

Cultivars by HPLC and Electrospray Ionization Mass 

Spectrometry. Journal of Agrictural and Food 

Chemistry 2008; 56: 5758-5764. 

13. Feugang JM, Ye F, Zhang DY, Yu Y, Zhong M, Zhang 

S, Zou C. Cactus pear extracts induce reactive oxygen 

species production and apoptosis in ovarian cancer 

cells. Nutrition and Cancer 2010; 62: 692-699. 

14. Frankfurt OS, Krishan A. Apoptosis-based drug 

screening and detection of selective toxicity to cancer 

cells. Anticancer Drugs 2003; 14: 555-561. 

15. Frati AC, Xilotl Díaz N, Altamirano P, Ariza R, López-

Ledesma R. The effect of two sequential doses of 

Opuntiastreptacantha upon glycemia .Arch. Invest. 

Méd. (Mex). 1991; 22: 333–336. 

16. Gupta RC. A wonder plant; cactus pear: Emerging 

nutraceutical and functional food. In: Khemani LD, 

Srivastava MM, Srivatsava, Shalini (Eds.), Chemistry 

of phytopotentials: Health, Energy and Environmental 

Perspectives. 2012; 183-187. 

17. Gupta RS, Sharma R, Sharma A, Chaudhudery R, 

Bhatnager AK, Dobhal MP, Joshi YC, Sharma MC. 

Antispermatogenic Effect and Chemical Investigation 

of Opuntia dillenii. Pharmaceutical Biology 2002; 40: 

411-415. 

18. Happi ET, Ronkart SN, Robert C, Wathelet B, Paquot 

M. Characterization of pectins extracted from banana 

peels under different conditions using an experimental 

design. Food Chemistry 2008; 108: 463-471. 

19. Jana, S. Nutraceutical and functional properties of 

cactus pear (Opuntia spp.) and its utilization for food 

applications. Journal of Engineering Research and 

Studies 2012; 3: 60-66. 

20. Jiang J, Li Y, Chen Z, Min Z, Lou F. Two novel C29-

5β-sterols from the stems of Opuntia dillenii. Steroids. 

2006; 71: 1073-1077. 

21. Knishinsky R. Prickly pear cactus medicine. Healing 

Art Press, Rochester, Vermont; 1971 

22. Kyrylkova K, Kyryachenko S, Leid M, Kioussi C. 

Detection of apoptosis by TUNEL assay. Methods in 

Molecular Biology 2012; 887: 41-47. 

23. Mabry TJ. Betalains.in: Bell, E.A., Charlwood, B.V. 

(Eds.), Secondary Plant Products. Springer Verlag, 

Berlin, New York; 1980 

24. Madrigal-Santillán E, García-Melo F, Morales-

González JA, Vázquez-Alvarado P, Muñoz-Juárez S, 

Zuñiga-Pérez C, Sumaya-Martínez MT, Madrigal-

Bujaidar E, Hernández-Ceruelos A. Antioxidant and 

Anticlastogenic Capacity of Prickly Pear Juice. 

Nutrients 2013; 5: 4145-4158. 

25. Mizushima S, Nara Y, Sawamura M, Yamori Y. 

Effects of oral taurine supplementation on lipids and 



Pavithra et.al. / Pectin and Isolated betalanins… 

  IJPPR, Volume 7, Issue 6 : December 2015 Page 1110 

sympathetic nerve tone. Advances in Experimental 

Medicine and Biology 1996; 403: 615-622. 

26. Nakashima T, Taniko T, Kuriyama K. Therapeutic 

effect of taurine administration on carbon tetrachloride-

induced hepatic injury. Japanese Journal of 

Pharmacology 1982; 32: 583-589.  

27. Newman DJ, Cragg GM. Natural products as sources 

of new drugs over the last 25 years. Journal of Natatural 

Products 2007; 70: 461–477. 

28. Perez de Paz PL, Medina I. Catalogo de 

lasplantasedicinales de la flora 

canaria.Aplicacionespopulares. La Laguna, Spain: 

Instituto de EstudiosCanarios. 1988 

29. Perfumi M, Tacconi R. Antihyperglycemic effect of 

fresh O. dillenii fruit from Tenerife (Canary Islands). 

Pharmaceutical Biology 1996; 34: 41–47. 

30. Ramesh C. Kidwai Memorial Institute of Oncology, 

Project Report, www.kidwai.kar.nic.in/statistics.htm). 

31. Sreekanth D, Arunasree MK, Roy KR, Chandramohan 

Reddy T, Reddy GV, Reddanna P. Betanin a 

betacyanin pigment purified from fruits of Opuntia 

ficus-indica induces apoptosis in human chronic 

myeloid leukemia Cell line-K562. Phytomedicine 

2007; 14: 739-746. 

32. Stintzing, F.C., Schieber, A., Carle, R.,. Phytochemical 

and nutritional significance of cactus pear. Europen 

Food Research and Technology 2001; 212: 396-407. 

33. Takiar R, Nadayil D. Nandakumar A. A projections of 

number of cancer cases in India (2010-2020) by cancer 

groups. Asian Pacific Journal for Cancer Prevention 

2010; 11: 1045-1049. 

34. Zou DM, Brewer M, Garcia F, Feugang JM, Wang J, 

Zang R, Liu H, Zou C. Cactus pear: a natural product 

in cancer chemoprevention. Nutrition Journal 2005; 4: 

25

 


