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The cactus pear (Opuntia spp.) is known to have bioactive compounds which work in the prevention of 
various diseases, especially cancer. The objectives of the study were to characterize the chemical 
profile and genetic diversity, through chromatic tests and 

1
H NMR, using multivariate analysis, and 

assess the cytotoxic potential of cactus pear varieties of Opuntia and Nopalea genera grown in the 
semi-arid region of Brazil in dry and wet seasons. In the study of chemical prospecting and cytotoxic 
activity, crude ethanol extracts from cladodes of varieties (IPA-100003, IPA-100004, IPA-200021, IPA-
200205, IPA-200008, IPA-200149 and IPA-200016) were used. The cytotoxic activity was evaluated by the 
MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl bromide tetrazolin] against HCT-116 (human colorectal), 
SF-295 (human glioblastoma) and OVCAR-8 (human ovarian cancer). The group of chemicals which 
stand out are the carbohydrates and glycosylated substances, lipids (fatty acids and steroids) and 
phenolic compounds (flavonoids), which vary both between the botanical varieties studied and among 
the collection periods. The analysis of the NMR spectra of 

1
H cactus pear varieties by methods of 

multivariate analysis finds genetic diversity among the materials in the dry and rainy seasons. The 
ethanol extract (50 μg ml

-1
) shows limited growth inhibitory effect on the cancer cell lines examined. It is 

concluded that the cytotoxic activity of cactus pear cladodes is attributed to phenolic compounds 
especially the flavonoids. It is recommended that population at risk utilize these materials as 
preventative natural dietary supplements against cancer. 
 
Key words: Anticancer, cactus pear, flavonoids, food analysis, forage, phenolics, semiarid. 
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INTRODUCTION 
 
The cactus pear of the genera Opuntia and Nopalea are 
widely (about 550.000 ha) cultivated in the semi-arid 
region of northeastern Brazil, and represent an important 
forage option in the dry season. This region is 
characterized by having an average temperature greater 
than 30°C, high rate of annual evaporation, greater than 
2000 mm, and average of less than 750 mm rainfall, 
concentrated in a single period of 3 to 5 months, in 
addition, in some years the lack of rain is prolonged, 
resulting in periods of drought (Araújo et al., 2005; 
Medeiros et al., 2005).  

Due to the cactus pear having morphophysiological 
mechanisms to absorb small amounts of rain water and 
reduce water loss through transpiration, it is well-adapted 
to arid and semi-arid regions, where water is a limiting 
factor in agricultural production. For this reason, 
cultivation of the cactus pear is a viable alternative 
source of income for inhabitants of these regions in the 
dry season, who depend in agriculture for their livelihood 
(Oliveira et al., 2010). Due to the increase in arid and 
semi-arid areas and the reduction of water resources in 
the world, cactuses are gaining importance in human and 
animal food, medicine, cosmetics and the pharmaceutical 
industry (Shedbalkar et al., 2010). 

The World Health Organization (WHO) has expressed 
its position on the need to value the use of medicinal 
plants in the health field, taking into account that 80% of 
the population uses plants or their preparations as 
regards the primary health care. Beside this, there are 
several auxiliaries, including the social and economic 
spheres, which work in advancing health through the use 
of medicinal plants. Since there are social classes with 
low financial power what have no access to allopathic 
medicine (Nascimento et al., 2016). In this context, only 
in 2011, phytotherapy in Brazil generated revenues R$ 
1.1 billion. Therefore, the popular and institutional interest 
has grown to strengthen phytotherapy in the Unified 
Health System (SUS) as the use of medicinal plants and 
their rituals provides an economical way healing for most 
of the population, contributes significantly to the attention 
primary health (Nascimento et al., 2016). 

Since 2007, the SUS provides herbal plant derived, 
such that currently offers the use of 12 herbal medicines 
of the National List of Essential Medicines (RENAME) 
available SUS (Holy Bramble, Guaco, Artichoke, Aroeira, 
Cascara, Devil's claw, Isoflavone-of-soy, Catnail, Mint, 
Aloe, Willow, Plantago) all these plants adapted the 
conditions of the Brazilian semi-arid (Nascimento et al., 
2016). 

The Ministry of Health issued in February, 2009, the 

National Relationship Medicinal Plants of Interest to the 
SUS (RENISUS). This list includes 71 plants species that 
have the potential to generate products of interest to 
SUS. The list view was and is directing studies and 
research that could subsidize the maintenance of herbal 
ratio available for use by the population, with safety and 
efficacy for the treatment of some diseases (Nascimento 
et al., 2016). Due to increased public interest in the use 
of these plants and their therapeutic potential, the 
scientific community has been searching for ways to 
obtain new herbal (Peixoto et al., 2014). 

The species Opuntia ficus-indica is known to be an 
important source of bioactive compounds, such as 
betalains, polyphenols, carotenoids, vitamin C and 
minerals. The plant also prevents disease via its 
antioxidant, anticancer, neuroprotective and anti-
proliferative properties, in addition to being used in the 
treatment of gastritis, hyperglycemia, arteriosclerosis, 
diabetes, inflammation and pain management (Morales et 
al., 2012). Nuclear magnetic resonance spectroscopy 
(NMR) is a powerful analytical tool for the 
characterization of heterogeneous materials from natural 
sources. Among the main features of the natural sources, 
isotopes 

1
H, 

13
C and 

31
P are the most commonly used in 

the studies, as they are the most abundant elements in 
nature and due to the sensitivity of their nuclei. So the 
high-resolution NMR technique, such as 

1
H, is a viable 

alternative in the study of organic compounds due to the 
simplicity and the importance of information generated 
(Iulianelli and Tavares, 2011). 

Due to a wide genetic diversity in Opuntia and Nopalea 
genera, with about 300 species (Mondragón-Jacobo and 
Pérez-González, 2001), there is a need to characterize 
the varieties grown in Brazil in order to get nutritional 
information and bioactive properties. The objectives of 
the study were to characterize the chemical profile and 
genetic diversity, through chromatic tests and 

1
H NMR, 

using multivariate analysis, and assess the cytotoxic 
potential of cactus pear varieties of Opuntia and Nopalea 
genera grown in a semi-arid region of Brazil during the 
dry and rainy seasons. 
 
 
MATERIALS AND METHODS 

 
Plant 

 
In the study, cladodes of different varieties of three years old cactus 
pear were used, collected in the experimental station of the 
Agronomic Institute of Pernambuco (IPA), located in the city of 
Arcoverde, State of Pernambuco, Brazil. The materials used
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are listed in Table 1. Secondary and tertiary cladodes of each 
variety were collected from six plants, at 8:00 am on February 19, 
2013 (dry season) and on May 10, 2013 (rainy season). After 
collection the material was cleaned with brush, cut into small pieces 
(2 to 3 cm in length) and dried in a forced air circulation oven at 
55°C, where it remained for 72 h until constant weight. The dried 
material was crushed in a Willey® type mill and packed in sealed 
plastic pots. 
 
 
Ethanol extraction 
 
The extraction of the crushed material (10 g) was performed with 
95% ethanol at room temperature, covering the entire sample with 
the solvent. The samples were in contact with the solvent for eight 
days, and stirred daily, renewing the extractor solvent every two 
days. After this period, the extracts were filtered and concentrated 
using a rotary evaporator under reduced pressure at 40 °C, yielding 
the crude ethanol extract, and kept in glass vials sealed at room 
temperature (22°C) until use (Vizcaino et al., 2007). 
 
 
Chemical prospection 
 
One milligram of each sample (crude ethanolic extract) was used 
for the identification of the major classes of chemicals, using the 
protocols described in Matos (2009). The intensity of the color 
and/or appearance of a precipitate in the performance of chemical 
reactions were interpreted as responses to the tests. The alkaloids 
were detected by precipitation method using a reactive Bouchardat 
(A), Mayer (B), Dragendorf (C) and Bertrand or silico-tungstic acid 
(D); Steroids were detected by the Liebermann-Burchard reaction; 
tannins by precipitation methods with iron salts and gelatin; 
flavonoids detected by the reactions of Shinoda e Taubouk; 
saponins by the agitation of the aqueous extract with persistent 
foaming (Desoti et al., 2011). 
 
 
1H NMR spectra 
  
1H NMR spectra of crude ethanolic extracts were obtained from s 
200 MHz NMR Oxford® spectrometer. For analysis of the 1H core 
sample solutions were prepared using approximately 20 mg of 
extract and 0.6 ml of deuterated methanol (99.95%) as solvent. 
Samples were placed into NMR tubes five mm in diameter and 
subsequently in a five mm probe. Typical acquisition parameters 
included frequency of observation of 200.0 MHz, acquisition time 
4.0 s, spectral 3200.0 Hz window, pulse width 0.0 µs, number of 
accumulations (410), interval between pulses 1.0 s. The spectra 
were processed by MestReNova® program version 6.1.0 and the 
chemical shifts are expressed in ppm (Iulianelli and Tavares, 2011; 
Prestes et al., 2012). 
 
 
Determination of cytotoxic activity 
 
The evaluation of the cytotoxic effect of crude ethanolic extracts on 
human tumor cells was performed by MTT test [3- (4,5-
dimethylthiazol-2-yl)-2,5-diphenyl bromide tetrazolin] in triplicate. 
The tumor cell lines OVCAR-8 (human ovarian), HCT-116 (human 
colorectal) and SF-295 (human glioblastoma), used in this study 
were provided by the National Cancer Institute (USA), which were 
cultured in RPMI® 1640, supplemented with fetal bovine serum 
(10%) and antibiotics (1%), kept at a constant temperature of 
(37°C) and CO2 (5%). The cells were distributed into 96 well plates 
at following densities: 0.1 × 106 cells ml-1 (OVCAR-8 and HCT-116) 
and 0.7 × 105 cells ml-1 (SF-295). The crude ethanolic extract from 
cladodes  of  cactus  pear  varieties  were  diluted   in   pure   sterile  

 
 
 
 
dimethyl sulfoxide (DMSO) at a concentration 50 μg ml-1, and 
added to the wells, which were maintained for 72 h under controlled 
conditions of temperature (37°C) and CO2 (5%). After this period, 
the plates were centrifuged (1500 rpm / 15 min) and the 
supernatant discarded. Each well received 150 µL of MTT solution 
(0.5 mg/ml), and the plate was kept for 72 h in a climatised oven. At 
the end of the period, the plates were centrifuged again (3000 rpm / 
10 min), the supernatant discarded and the pellet suspended in 150 
µl of DMSO. Quantification of low salt in living cells was performed 
in a spectrophotometer plates at 595 nm (Mosmann, 1983). An 
intensity scale was used to assess the cytotoxic potential of the 
samples tested: Sample with no activity (NA), with little activity (LA, 
inhibiting cell growth varying from 1 to 50%) with moderate activity 
(MO, inhibition of cell growth ranging from 50 to 75%) and much 
activity (MA, growth inhibition ranging 75 to 100%). 
 
 
Statistical analysis 
 
The experimental design used was randomized blocks, with seven 
treatments, represented by the varieties with three repetitions. The 
experimental plots consisted of two plants. Analyses were 
performed in triplicate, and the results were expressed as mean ± 
standard deviation using the Excel program of Microsoft Office® 
2010. Genetic diversity among the varieties was estimated using 
the measure of similarity expressed by the Jaccard index, according 
to Cruz et al. (2012). Hierarchical clustering method UPGMA 
(Unweighted Pair Group Method with Arithmetic Mean), 
Optimization method of Tocher (Rao, 1952) and method of Principal 
Component Analysis (Cruz et al., 2012) were carried out. The 
analyses of these data were carried out with the help of the 
statistical program, GENES® - Computer Application in Genetics 
and Statistics (Cruz, 2001). 

 
 

RESULTS AND DISCUSSION 
  
Chemical prospection 
 

The results of the phytochemical screening of crude 
ethanol extract of varieties of cactus pear, Opuntia and 
Nopalea, in the dry and rainy seasons are shown in Table 
2. Of the tests for the identification of the main classes 
(alkaloids, steroids, tannins, flavonoids and saponins) 
present in the cactus pear of cladodes the presence of 
flavonoids and steroids in all varieties were detected in 
both periods studied (dry and wet). The presence of 
tannins was detected in the IPA-200149 variety in the dry 
season, and the IPA-100003, IPA-200016, IPA-200205 
varieties in the rainy season. The presence of flavonoids 
and steroids on cladodes of cactus pear (Opuntia ficus 
indica) was cited by Brás (2011) and Soares (2012), the 
presence of tannins in the cactus pear cladodes was 
reported by Mendez et al. (2012) studying Opuntia ficus 
indica, and Bari et al. (2012) researching Opuntia 
monacantha, corroborating the results obtained in this 
work. This means that the species of the genera Opuntia 
and Nopalea have secondary metabolites with bioactive 
properties and can act to prevent disease. 

The results of the phytochemical profile of cactus pear 
varieties for the flavonoids and tannins indicate a 
difference between the varieties and collection periods, 
since the intensity of the response  of  the  samples  were  
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Table 1. Varieties of cactus pear, genres Opuntia e Nopalea, used in the study 
and grown in the state of Pernambuco, Brazil. 
  

N° Varieties Espécie Common name 

1 IPA-100003 Opuntia fícus indica IPA-20 

2 IPA-200016 Opuntia stricta Elephant Ear Mexican 

3 IPA-200008 Opuntia atropes F-08 

4 IPA-100004 Nopalea cochenillifera Small palm 

5 IPA-200021 Nopalea cochenillifera F-21 

6 IPA-200205 Nopalea cochenillifera IPA-Sertânia 

7 IPA-200149 Opuntia larreri - 

 
 
 
Table 2. Phytochemical profile of crude ethanol extract of varieties of cactus pear, Opuntia and Nopalea genres during the dry and rainy 
seasons. 
 

Varieties 

Alkaloids Steroids 

(Liebermann-
Burchard) 

Tanins Flavonoids Saponins 

A B C D Gelatin 0.5% FeCl3 2% 
Magnesium tape 

(Shinoda) 

Fluorescence 

(Taubouk) 
Foam 

 Dry season 

IPA-100003 - - - - + - - + ++ - 

IPA-200016 - - - - + - - + ++ - 

IPA-200008 - - - - + - - ++ ++ - 

IPA-100004 - - - - + - - + + - 

IPA-200021 - - - - + - - + ++ - 

IPA-200205 - - - - + - - + ++ - 

IPA-200149 - - - - + + + ++ +++ - 

 Rainy season 

IPA-100003 - - - - + - + +++ +++ - 

IPA-200016 - - - - + + + +++ +++ - 

IPA-200008 - - - - + - - +++ +++ - 

IPA-100004 - - - - + - - +++ +++ - 

IPA-200021 - - - - + - - +++ +++ - 

IPA-200205 - - - - + - + +++ +++ - 

IPA-200149 - - - - + - - ++ ++ - 
 

Key: (A) Bouchardat, (B) Mayer, (C) Dragendorf, (D) Bertrand ou Silico-tungstic acid;  “+++” (High intensity), “++” (medium intensity), “+” (low 
intensity), “-“ (negative reaction). 

 
 
 
different, comparing them to their listed white (reagents 
absence of extracts) furthermore, depending on the 
collection period phytochemical class has been detected 
or not (Table 2). The flavonoid results for both methods of 
investigation Shinoda (tape-magnesium) and Taubouk 
(fluorescence), was more intense in the rainy season for 
all varieties except the IPA-200149, whose variety stood 
out in the dry season when  the second method 
(Taubouk) was used. These results confirm the difference 
in composition and content of secondary metabolites 
between species, botanical varieties and among the 
seasons of collection of the material. The production 
and/or accumulation of secondary metabolites in the 
rainy season is probably an adaptation of the genera 
Opuntia and Nopalea to withstand the dry season. Where 

these substances accumulated in the rainy season would 
act as antioxidants natural against oxidative stress 
suffered by the plant in the dry season. 

The secondary metabolites (phenolic compounds, 
terpenes and nitrogen compounds) are related to osmotic 
adjustment and protection against reactive oxygen 
species (ROS), as well as to stabilize proteins and cell 
membranes in plants exposed to abiotic and biotic 
stresses (Ramakrishna and Ravishankar, 2011; 
Rodziewicz et al., 2014). 
 
 
1
H NMR spectra 

 
The chemical shift observed in the 

1
H NMR spectrum of 
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crude ethanol extract from varieties of cactus pear 
Opuntia and Nopalea in the dry and rainy season are 
shown in Table 3. The 

1
H signal located between 0.8 to 

3.0 ppm refers to lipids (diterpenes, fatty acids and 
steroids) in the sample; signals between 3.2 and 5.0 ppm 
are related to heteroatoms (OH, NH, SH, PH, BH) 
glycosylated substances; signals between 5.0 and 5.8 
refer to the anomeric carbon 

1
H, referring to 

carbohydrates; and the range between 6.0 and 8.0 ppm 
refers to 

1
H attached to the aromatic ring, phenolic 

compounds in general are included and the range 9 to 10 
ppm refers to aldehyde 

1
H (Iulianelli and Tavares 2011; 

Ribeiro and Souza, 2007). The profile of the 
1
H NMR 

spectra of cactus pear varieties signals towards 
divergence of substances among chemical compounds 
present groups in the Opuntia and Nopalea genres, both 
within species and between species and time of 
collection of material (Table 3, Figures 1 and 2). 

In the dry season, in the Opuntia (V1, V2, V3, V7), 
there is the presence of fatty acids, steroids, 
carbohydrates and phenolics. However, range V2 does 
not detect the presence of phenolic compounds (Figure 
1). Nopalea (V4, V5 and V6) show the existence of 
carbohydrates, fatty acids, steroids, but the presence of 
phenolic compounds was not detected (Figure 2). In the 
rainy season, in the Opuntia (V1, V3, V7), there is the 
presence of fatty acids, steroids, carbohydrates and 
phenolics. In the variety V2 fatty acids and phenolic 
compounds were not detected, only the presence of 
carbohydrate (Figure 1). Nopalea (V4, V5 and V6) shows 
the existence of carbohydrates, fatty acids, steroids and 
phenolic compounds. However, for the V4 the existence 
of fatty acids was not noticed (Figure 2). The failure to 
detect phenolic compounds, steroids and fatty acids in 
the extract of some cactus pear varieties is probably due 
to the limited power of the equipment in addition to 
possible interference between the substances present in 
the sample, since the analyses were carried out in 
ethanol extract. In these same samples the presence of 
phenolic compounds, steroids and fatty acids were 
detected in all varieties in both periods studied (dry and 
wet) in the phytochemical screening (Table 2). 

The cactus pear varieties studied show more expressive 
levels of carbohydrates, glucoside substances and 
phenolic compounds in the rainy season than in the dry 
season. However, fatty acids and steroids at that time are 
less significant compared to the dry period (Figures 1 and 
2). Ribeiro et al. (2010), studying the carbohydrates 
(galactose, xylose, arabinose, glucose, fructose, 
rhamnose, sucrose and uronic acid) present in the cactus 
pear cladodes (Opuntia spp.), varieties (giant, round, 
copena F1 and clone 20), grown in Northeastern Brazil, 
reported variations in the amount of total sugars and 
composition between genotypes, cladodes order, and 
collection season of the material. The researchers 
reported that the total carbohydrates in cactus pear 
cladodes (giant and clone  20)  were  higher  in  the  rainy  

 
 
 
 
season, corroborating the results obtained in this work. 
However, in varieties (round and copena F1) the total 
carbohydrate content was higher in the dry season. 

Sánchez-Rodríguez et al. (2011 and 2012), studying 
the influence of water stress in the profile of phenolic 
compounds reported differences between content and 
composition of phenolic compounds, flavonoids and their 
glycosides between tomato varieties, depending on the 
availability of water to which they were submitted, some 
genotypes present higher content and composition of 
phenolic compounds, flavonoids and their glycosides 
under irrigation, other contents were higher in conditions 
of water stress. Overall, the authors report that total 
phenolic compounds in varieties are higher under 
irrigation, supporting the results presented in this paper 
where the secondary metabolites in particular the 
phenolic compounds accumulated in the rainy season 
contributes in the osmotic adjustment and protection 
against reactive oxygen species, as well as to stabilize 
proteins and cell membranes in plants exposed to water 
stresses in dry season (Ramakrishna and Ravishankar, 
2011; Rodziewicz et al., 2014). 

El-Kaoua et al. (2006), investigating the influence of 
drought on the content of fatty acids in wheat (Triticum 
aestivum L.) varieties (Nasma and Tigre), reported that 
water stress changes the amount and composition of 
fatty acids. Water stress reduced the total fatty acid 
content in both varieties studied. This reduction was more 
dramatic for unsaturated octadecatrienoic acid (18:3) in 
parallel there was an increase in the percentage of 
saturated fatty acids (16:0 and 18:0). Furthermore, the 
lipid composition (glycolipids and phospholipids) was 
reduced by drought stress in both varieties. However, 
there was an increase in neutral lipids (diacylglycerol and 
triacylglycerol) under water stress. The authors 
considered the synthesis of neutral lipids as a 
mechanism of action against water stress. In addition, 
free fatty acids, released during the water deficit by action 
of lipases on polar lipids, can be stored in triacylglycerols 
to prevent oxidation by free radicals and active forms of 
oxygen. The authors also reported that the reduction 
octadecatrienoic acid (18:3) in wheat plant is related to 
the formation of methyl jasmonate (Me-JA) through 12-
oxophytodienoic acid (12-OPDA) in chloroplasts. The 
(Me-JA) is considered a growth and development 
regulator in plants, and together with other 
cyclopentanone molecules, particularly jasmonic acid 
(JA) and its conjugates of amino acids influence various 
metabolic processes relating to tolerance to water stress. 
Bourgou et al. (2010), investigating the content and 
composition of fatty acids and essential oils in Black 
Cumin (Nigella sativa) under salt stress reported that 
both the content, as well as the composition of fatty acids 
and essential oils were modified by salt stress. The 
content of total fatty acids was reduced, however the 
percentage of linoleic acid (18:2) was increased. 
Furthermore,  the  content   of   essential   oils   increased  
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Table 3. Chemical shift observed in the 1H NMR spectrum of crude ethanol extract of cactus pear varieties of Opuntia and Nopalea genres 
in the dry season and rainy. 
 

Hydrogen 

Chemical shifts (ppm) of cactus pear samples 

Dry season Rainy season 

V1 V2 V3 V4 V5 V6 V7 V1 V2 V3 V4 V5 V6 V7 

1
H of lipids 

0.86 1.13 0.86 0.89 0.86 0.89 0.86 1.27 1.26 0.86 1.28 1.26 0.68 0.83 

0.89 1.17 0.89 1.17 0.89 1.28 0.89 1.59  0.90 2.69 1.57 0.88 0.86 

1.02 1.20 1.13 1.28 1.01 2.15 1.13 2.04  0.97  2.03 0.99 0.94 

1.13 1.28 1.17 2.15 1.28  1.17   1.01  2.06 1.12 0.98 

1.17 2.15 1.20  1.59  1.20   1.28  2.27 1.27 1.24 

1.20  1.28  2.04  1.28   1.59  2.31 1.58 1.56 

1.23  1.59  2.07  1.59   1.77  2.34 2.03 2.01 

1.28  2.04  2.28  2.15   2.08   2.27 2.04 

1.59  2.32  2.30  2.32   2.29   2.31 2.21 

1.98    2.32     2.32   2.34 2.25 

2.04    2.77     2.58   2.76 2.29 

2.15         2.80    2.73 

2.27             2.76 

2.31              
               

1
H linked 

heteroatoms
 

3.20 3.54 3.35 3.39 3.47 3.37 3.35 3.18 3.13 3.32 3.34 3.49 3.62 3.30 

3.40 3.58 3.39 3.44 3.62 3.39 3.39 3.23 3.18 3.34 3.52 3.63 3.63 3.49 

3.43 3.62 3.43 3.61 3.66 3.44 3.58 3.53 3.21 3.38 3.65 3.65 3.64 3.62 

3.46 3.65 3.44 3.65 3.68 3.61 3.61 3.66 3.34 3.52 3.67 3.67 3.66 3.64 

3.61 3.71 3.54 3.70 3.71 3.65 3.65 3.68 3.35 3.78 3.70 3.69 3.68 3.67 

3.65 3.75 3.58 3.74 3.74 3.70 3.68 3.70 3.49 3.82 3.79 3.70 3.69 3.72 

3.68 3.78 3.61 3.78 3.78 3.74 3.70 3.79 3.62 3.88 3.82 3.73 3.72 3.75 

3.70 3.84 3.65 3.83 3.82 3.77 3.71 3.82 3.64 4.00 3.89 3.76 3.76 3.78 

3.74 3.86 3.70 4.05 4.08 3.98 3.74 3.90 3.67 4.06 4.00 3.79 3.78 4.47 

3.78 4.08 3.71 4.07 4.45 4.01 3.78 4.06 3.68 4.51 4.06 3.85 4.47 4.51 

3.83 4.35 3.74 4.11  4.03 3.83 4.51 3.69 4.55 4.51 4.04 4.51  

3.98 4.39 3.78 4.44  4.05 4.07 4.55 3.73  4.55 4.47 4.62  

4.01 4.45 3.83 4.48  4.07 4.44  3.76   4.51   

4.05 4.49 4.07   4.44 4.48  3.79      

4.07 4.52 4.44   4.48   3.82      

4.12 4.59 4.48      3.86      

        4.04      

        4.09      

        4.37      

        4.47      

        4.51      

        4.52      

        4.59      

               

1
H linked 

anomeric 
carbon 

5.37 5.09 5.37 5.37 5.09 5.08 5.09 5.42 5.11 5.14 5.14 5.11 5.11 5.11 

5.39 5.11 5.39 5.39 5.11 5.10 5.10  5.13 5.16 5.16 5.13 5.13 5.13 

5.88 5.37   5.37 5.37 5.37  5.38 5.40 5.62 5.38 5.37 5.30 

 5.39   5.39 5.39 5.39  5.39 5.42  5.40 5.39 5.37 

 5.57   5.48    5.59 5.62    5.38 

 5.59             
               

1
H linked 

aromatic 
ring 

6.18 6.40 6.09 6.18   6.19 6.69 6.40 6.22 6.23 6.00 6.72 6.58 

6.19  6.17 6.19   6.20 6.70 6.41 6.42 6.33 6.30 7.39 6.59 
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Table 3. Cont’d. 
 

 

6.71  6.19 6.38   7.05 6.70  6.61 6.44 6.59 7.41 7.16 

6.78  6.38    7.06 6.71  6.63 6.73 6.60  7.39 

7.11  6.39    7.09 6.72  6.73 6.97 7.40  7.40 

7.13  6.41    7.13 6.73  6.91 7.34 7.41  7.56 

7.15  6.67     7.04  6.94 7.46    

7.16  6.68     7.06  7.43 7.57    

  6.68     7.07  7.44 7.62    

  6.86     7.08  7.56 7.94    

  6.88     7.08  7.95 8.04    

  6.92     7.11  8.06     

  6.93     7.12       

  7.31     7.14       

  7.94     7.43       

  7.95     7.44       

  8.02            

  8.02            

  8.03            

  8.06            

  8.07            

               
1
H linked 

aldehyde 
       9.53 9.52 9.53 9.53 9.52 9.52 9.50 

 
 
 

Table 4. Grouping of the seven varieties of cactus 
pear of Opuntia and Nopalea genres grown in the 
semiarid region of Pernambuco, based on the 1H 
NMR spectrum in the dry season, the similarity 
measure expressed by the Jaccard index and the 
Tocher optimization method. 
 

Group Varieties 

I 
4, 5, 2, 3, 6 and 

1 

II 7 

 
 
 
under conditions of salt stress. The increase detected in 
the lipid substances in cactus pear in the dry season is 
probably due to increased waxes, cutin, suberin, 
triterpenoids, neutral lipids, essential oils, carotenoids, 
tocopherols, ABA, jasmonate, as well as the accumulation 
of fatty acids, palmitic, linoleic and linolenic acids, as 
these molecules are increased under drought (Buchanan 
et al., 2009). 

Thus, the storage of carbohydrates, glucosides 
substances and phenolic compounds in the rainy season 
will serve as molecules, that will act against water stress 
during the dry season (Tao et al., 2015; Zhong et al., 
2010). In addition, the accumulation of some fatty acids 
and steroids in the dry season could also contribute to 
tolerance to water stress (Bourgou et al., 2010; El-Kaoua 
et al., 2006; Yeilaghi et al., 2012). 

Table 5. Grouping of the seven varieties of 
cactus pear of Opuntia and Nopalea genres 
grown in the semiarid region of Pernambuco, 
based on the 1H NMR spectrum in the rainy 
season, the similarity measure expressed by 
the Jaccard index and the Tocher optimization 
method. 
 

Group Varieties 

I 1 and 7 

II 3 and 5 

III 4 

IV 2 

V 6 

 
 
 

Genetic diversity through 
1
H NMR 

 

The analysis of the 
1
H NMR spectra of cactus pear 

varieties by methods of multivariate analysis found 
genetic diversity among the materials in the dry and rainy 
seasons. Furthermore, there was a difference in 
identifying groups of similar subjects in the two seasons 
(Tables 4 and 5, Figures 3 to 6). In the dry season, using 
the Tocher grouping method, the varieties were grouped 
into two distinct groups. Group I was represented by 
genotypes 1, 2, 3, 4, 5 and 6, and group II was 
represented by genotype 7 (Table 4). By hierarchical 
clustering method UPGMA, genotypes were grouped into  
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Dry season Rainy season 

 

 

Figure 1. 1H NMR spectrum of crude ethanol extract of varieties of cactus pear (Opuntia), collected in the dry and rainy seasons. (V1) IPA-100003 (O. ficus indica), (V2) IPA-200016 (O. 
stricta), (V3) IPA-200008 (O. atropes) and (V7) IPA-200149 (O. larreri) 
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Figure 2. 1H NMR spectrum of crude ethanol extract of varieties of cactus pear (Nopalea), collected in the dry and rainy seasons. (V4) IPA-100004 (N. cochenillifera), (V5) IPA-
200021 (N. cochenillifera) and (V6) IPA-200205 (N. cochenillifera). 

 
 
 

 
 
 

 

Group I 

Group II 

Group III 

 
 

Figure 3. Representative dendrogram grouping by UPGMA seven varieties of cactus pear of Opuntia and Nopalea genres grown in the 
semiarid region of Pernambuco, based on the 1H NMR spectrum in the dry season. 

 
 
 

four groups considering a cut of 69% of the 
relative genetic distance, group I represented by 
genotypes 4 and 5, group II with genotypes 1 and 
2, group III at 3 and 6, group IV by 7 (Figure 3). 

The sorting method of grouping by principal 
component analysis, the scores dispersions chart, 
grouped the genotypes into four groups, group I 
was composed of genotypes 4, 5, 6 and 7, group 

II by genotype 2, the group III by 1, and the group 
IV by 3 (Figure 5). 

In the rainy season, aging using the Tocher 
grouping method, the varieties were grouped into
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Figure 4. Representative dendrogram grouping by UPGMA seven varieties of cactus pear of Opuntia and Nopalea genres 
grown in the semiarid region of Pernambuco, based on the 1H NMR spectrum in the rainy season 

 
 
 

 
 

Figure 5. Graphical dispersion of the seven varieties of cactus pear Opuntia and Nopalea genres, from the first, 
second and third main component (C1, C2, C3) based on the 1H NMR spectrum of the dry season 

 
 
five distinct groups, group I represented by genotypes 1 
and 7, group II by genotypes 3 and 5, group III by 4, 
group IV by 2 and group V by 6 (Table 5). The UPGMA 
method grouped genotypes into four distinct groups, 
considering a cut of 82% relative genetic distance, group 
I was represented by varieties 1 and 7, group II by 2, 
Group III by 4 and 6, the group IV by 3 and 5 (Figure 4). 
The principal components method grouped the varieties 
into five distinct groups, group I represented by varieties 
2, 5 and 6, group II by 1, Group III by 7, group IV by 3 
and group V by 4 (Figure 6). 

The principal component analysis shows that the use of 
the first three variables were sufficient to account for 

almost 71% and 67% of the total variation obtained 
between the seven genotypes in the dry and rainy 
seasons, respectively (data not shown). Thus, a 
reasonable description of the genetic diversity of 
genotypes can be made by these components in two-
dimensional or three-dimensional plane. According to 
Silva and Padovani (2006), it is necessary that the first 
main components accumulate at least 70% of the total 
variation to explain the variability manifested among 
individuals, leading to interpretation of the phenomenon 
with considerable simplification of the features in two-
dimensional or three-dimensional plane. 

Considering the consensus of most of the groups in the  
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Figure 6. Graphical dispersion of the seven varieties of cactus pear Opuntia and Nopalea genres, from the 
first, second and third main component (C1, C2, C3) based on the 1H NMR spectrum of the rainy season 

 
 
 

dry season, genotypes 1 and 2; 4, 5 and 6; 3 and 6; were 
considered similar, and variety 7 considered different 
from the others. In the rainy season, the multivariate 
analysis were different to group similar genotypes, 
accordingly, varieties 1 and 7, as well as 3 and 5 were 
considered similar. Varieties 4 and 2 were classified 
different from the others. This means that the varieties 
grouped in the same group in each season are not 
different in their chemical composition. 
 
 
Determination of cytotoxic activity 
 

The results of the cytotoxic activity against human cancer 
cell ethanol extract of cactus pear varieties (Opuntia and 
Nopalea), collected in the dry and rainy seasons are 
shown in Figure 7. The response of cactus pear extracts 
in the concentration used has little or no activity (cell 
growth inhibition lower than 50%) against human cancer 
cell lines used in the study. Cytotoxic activity of the 
extracts against cancer cells varied among varieties, 
sampling stations and between the material and cell 
types. 

The cactus pear extracts that had the best responses 
against the growth of cancer cells HCT-116 (human 
colorectal) were: IPA-200008 (V3), IPA-100004 (V4), 

IPA-200021 (V5) and IPA-200205 (V6) (dry season), and 
IPA-100003 (V1), IPA-200016 (V2), IPA-100004 (V4) and 
IPA-200021 (V5) (rainy season), reducing average 
growth by around 14% and 17%, respectively for the dry 
and rainy seasons. For cell SF-295 (human glioblastoma) 
reduction in growth was around 24% for the extracts of 
varieties IPA-100003 (V1), IPA-200016 (V2), IPA-100004 
(V4), IPA-200021 (V5) and IPA-200205 (V6) (dry 
season), and 33% for the IPA-200016 (V2) (rainy 
season). For OVCAR-8 cells (human ovary) reduction in 
growth was around 16% for the two periods between the 
varieties IPA-200021 (V5) and IPA-200205 (V6) (Figure 
7). The growth inhibition of cancer cells was higher in the 
rainy season, with the exception IPA-200008 (V3) and 
IPA-200205 (V6) for HCT-116; IPA-200205 (V6) for SF-
295; IPA-100003 (V1) and IPA-200149 (V7) for SF-295 
(Figure 7). The sensitivity of cancer cells to the extracts 
of cactus pear varieties differ among cell types. The SF-
295 cells (human glioblastoma) were the most sensitive, 
followed by HCT-116 (human colorectal) and OVCAR-8 
(human ovarian) (Figure 7). 

The results presented in this study are consistent with 
those reported by Chavez-Santoscoy et al. (2009), 
studying the anticancer activity of fruit extracts of nine 
species of cactus pear (Opuntia spp.) on the proliferation 
of breast cancer cells (MCF-7), prostate (PC3), colorectal  
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Figure 7. Cytotoxic activity against human cancer cells (a) HCT-116 (human colorectal), (b) SF-295 (human 
glioblastoma) and (c) OVCAR-8 (human ovary) of crude ethanol extract of cactus pear varieties (Opuntia and 
Nopalea), collected in the dry and rainy season. (V1) IPA-100003 (O. ficus indica), (V2) IPA-200016 (O. stricta), (V3) 
IPA-200008 (O. atropes), (V4) IPA-100004 (N. cochenillifera) (V5) IPA-200021 (N. cochenillifera) (V6) IPA-200205 (N. 
cochenillifera) and (V7) IPA-200149 (O. larreri). The bars represent the mean (n = 3) ± standard deviation 

 
 
 
(Caco-2), and liver (HepG2). The researchers reported 
cactus pear variation between species compared to 
cytotoxic activity and variation in sensitivity among the 
types of cancer cells to the cactus pear extracts (0.5%) 
incubated for 48 hours. The most sensitive cancer cells 
were the colon (Caco-2) and prostate (PC3), with mean 
reduction in growth of around 15% and 23%, 
respectively. In this study the response of cactus pear 
species showed little activity (inhibition of cell growth less 
than 50%) against cancer cell lines used in the study. 

Zou et al. (2005) studied the aqueous  extract  effect  of  

fruit and cactus pear seeds (Opuntia spp.) on the 
proliferation of cervical cancer cells (TCL1, HeLa and 
Me180), ovary (IOSE, OVCA420 e SKOV3) and bladder 
(UM-UC6, T24 e UM-UC9), reported a difference 
between the sensitivity of cancerous cells used extract 
concentrations (0.5, 1, 5, 10 and 25%) and exposure time 
(1, 3, and 5 days). The authors reported that the 
concentration of the aqueous extract from cactus pear 
fruits (1%) is effective in 40-60% inhibition of growth of 
cervical cancer cells and immortalized cervical 
epithelium; and the inhibition of growth may  get  close  to  
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100%, depending on the cancer cell, the dose and time of 
exposure to the extracts. Naselli et al. (2014) studying the 
anticancer activity of O. ficus indicates fruit extracts on 
the proliferation of colorectal cancer carcinoma cells 
(Caco-2), have reported that inhibition of growth of 
cancer cells depends on the concentration of extract 
used. The concentration of 400,000 μg.mL

-1
 extract 

inhibited 50% of Caco-2 growth inhibition reaches 100% 
the concentration (750,000 μg.mL

-1
), when incubated for 

48 hours. These studies corroborate the results 
presented in this study, and enhance the cytotoxic activity 
of cactus pear extracts against some cells of human 
cancer, where this activity depends on the concentration 
and time of exposure to the extract. 
Kim et al. (2013) studied the anticancer activity of 
cladodes extracts of O. humifusa and reported growth 
inhibition of 80.2% for SW480 cells (cervical cancer) and 
54.4% for MCF7 cells (breast cancer). The researchers 
report differences in anticancer activity among the 
extracts (hexane, ethyl acetate, acetone, methanol and 
methanol/water) concentrations (6.25, 12.5, 25, 50 and 
100 µg ml

-1
) and the test time (24, 48 and 72 hours). 

Overall inhibition of growth of cancer cells of extracts 
from cladodes does not reach 50% when used at 
concentrations (50 µg ml

-1
) for 72 h, confirming the results 

of our work. 
The anti-cancer property of cactus pear extracts have 

been attributed to the antioxidant properties of phenolic 
compounds, mainly phenolic acids, flavonoids, 
betacyanins and betaxantins (Dhaouadi et al., 2013; Kim 
et al., 2013; Serra et al., 2013; Zou et al., 2005). Although 
the chemicals responsible for cytotoxic activity in this 
work have not been isolated, it is certainly in the class of 
flavonoids. 

The low percentage of inhibition of cancer cell growth 
found in this study is probably related to most glycosidic 
flavonoids present in the extract with sugar moieties 
attached to the hydroxyl at C-3, thus losing its antioxidant 
capacity (Santos-Zea et al., 2011). Furthermore, it can be 
attributed to sub-dose (50 µg ml

-1
 or 0.005%), since most 

of the studies in the literature reports close to 100% 
inhibition at higher doses. Also, most studies were 
conducted with fruit extracts (pericarp + seeds) and this 
work with cladodes. 

Furthermore, the limited cytotoxic action of ethanolic 
extract of cactus pear against cancer cells (HCT-116, SF-
295 and OVCAR-8) in the concentration 50 µg ml

-1
 may 

be due limited interaction between the phenolic 
compounds present in extract and cancer cells (Peixoto 
et al., 2014). Despite the cytotoxic activity of cactus pear 
cladodes extracts having shown low values against 
cancer cell lines studied in this research, the results are 
important for the use of these materials as preventative 
natural dietary supplements against cancer in normal 
populations at risk. Additional precision research needs 
to be carried out to identify and quantify the bioactive 
compounds present in the cladodes and other plant 
organs. 

 
 
 
 
Conclusions 
 
The cactus pear varieties (IPA-100003, IPA-100004, IPA-
200021, IPA-200205, IPA-200008, IPA-200149 and IPA-
200016) feature seasonal and genetic variability of the 
chemical compounds. The cytotoxic activity of cactus 
pear cladodes (Opuntia and Nopalea) against human 
cancer cell lines is attributed to phenolic compounds, 
especially the flavonoids and/or steroids. 
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