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Medicinal plants are rich sources of bioactive compounds with potential for therapeutic, cosmetic and 
food use, and the species Pereskia grandifolia is widely used by low-income populations for nutritional 
and medicinal purposes. The objective of this study was to evaluate the pharmaco-toxic potential of the 
aqueous extract from P. grandifolia leaves, in order to obtain information on the safety of its use. P. 
grandifolia leaves were dried, ground and the obtained flour was subjected to decoction at a 1:25 (wv

-1
) 

ratio. The extract was then centrifuged and the supernatant was collected and lyophilized. The 
genotoxic potential on human leukocytes (comet assay) was evaluated, as well as phospholipase, 
hemolytic, coagulant and fibrinogenolytic activities, besides potential interactions with isolated 
hyaluronidases (evaluated in polyacrylamide gel). The evaluated doses of the aqueous extract from P. 
grandifolia leaves did not induce damage to the genetic material of human leukocytes, phospholipase, 
coagulant and fibrinogenolytic activities, nor altered the electrophoretic migration profile of 
hyaluronidases in polyacrylamide gel. However, the extract induced in vitro hemolysis, in doses higher 
than 10 µg. Therefore, it is premature to recommend the use of this plant for therapeutic purposes 
regarding possible risks and benefits to human health and additional studies of toxicity, efficacy and 
safety are necessary, especially using in vivo assays. 
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INTRODUCTION 
 
Ora-pro-nobis corresponds to different species of the 
genus Pereskia, cacti known as unconventional 
vegetables, consumed by rural and urban populations 
and which contribute to suplement food and family 
economy (Souza, 2009). Pereskia aculeata Miller is the 

most widely investigated species, and it is consumed in 
various regions of Brazil (Takeiti et al., 2009). On the 
other hand, Pereskia grandifolia is very little studied 
regarding its chemical constituents and toxicity. 

P.   grandifolia  is  widely  distributed  throughout  Brazil  
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(Turra et al., 2007). However, the lack of information on 
their nutritional value and toxicity results in a reduction in 
their consumption in Brazil (Rocha et al., 2008). 

In Malaysia, the leaves of this plant are traditionally 
used in the treatment of cancer, hypertension, diabetes 
mellitus and diseases associated with rheumatism, 
inflammation, headache, atopic dermatitis and 
hemorrhoids (Sim et al., 2010). They can also be used for 
gastric pain and ulcer (Goh, 2000); however, for most of 
these effects, there are no studies which confirm these 
therapeutic actions, highlighting the importance of 
research with the objective to increase the 
pharmacological and toxicological characterization of this 
plant. 

Cacti of the genus Pereskia have a high content of pro-
teins with high digestibility, mucilage fiber and minerals 
such as iron and calcium, thus arousing the interest of 
pharmaceutical and food industries. Furthermore, 
different Pereskia species have large amounts of 
bioactive substances, which allow to classify them as 
functional food (Takeiti et al., 2009). Various secondary 
metabolites found in cacti, such as alkaloids, terpenoids, 
anthocyanins, steroids, flavonoids, quinones and lignans 
are commercially used as pharmacons, natural dyes, 
flavoring substances and insecticides (Simões et al., 
2004).  

Despite their beneficial effects, bioactive compounds 
present in medicinal plants, in certain situations, may not 
be innocuous and present toxic, genotoxic and 
carcinogenic effects (Boeira et al., 2010; Osowski et al., 
2010), highlighting the need for wide in vitro and in vivo 
pharmaco-toxic characterizations of the extracts from 
these plants in order to evidence their therapeutic effects, 
as well as the determination of effective and safe 
conditions for their use. Therefore, the objective of this 
study was to evaluate the damage-inducing potential of 
the aqueous extract from P. grandifolia leaves to the 
genetic material of human leukocytes, degradation of 
phospholipids, hemolytic, coagulant, fibrinogenolytic and 
interaction with hyaluronidases, in order to investigate the 
safety of its use by the population and in formulations of 
new products. 
 
 
MATERIALS AND METHODS 
 

Preparation of the extract 
 
P. grandifolia leaves were harvested from a garden, namely Horto 
de plantas Medicinais, at Universidade Federal de Lavras in 
January, 2014. The leaves were washed in tap water, kept in a 
0.1% sodium hypochlorite solution for 1 h, washed in distilled water 
and dried in an oven for 48 h, at a temperature of 35°C. The dried 
leaves were grind in a Willey mill and the obtained flour was 

subjected to decoction in boiling water at a 1:25 (wv
-1

) ratio. The 
extract was then centrifuged at 10,000 × g for 10 min (206 BL 
Fanem Baby®I), the supernatant was collected and  the  precipitate  
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was subjected twice to the extraction process. The extracts were 
then lyophilized (FreeZone LABCONCO 4.5 L benchtop lyophilizer), 
weighed and dissolved in water for the assays. In this study, all 
reagents were of analytical grade. 
 
 
Comet assay 
 

Obtention of human blood and preparation of treatments 
 
The experiment was conducted in accordance with the standards of 

the Ethics Committee on Human Research (COEP) from 
Universidade Federal de Lavras, and has been approved by this 
committee (Protocol 545/281). The peripheral blood of five 
volunteers aged between 21 and 40 years old was used, without 
disease symptoms, and they declared not to have used prescription 
drugs for a minimum of 30 days prior to collection, after free 
informed consent. The blood was collected in vacuum tubes 
containing the anticoagulant heparin and was immediately 

protected from light. The aqueous extract from P. grandifolia leaves 
was then added to 300 µl aliquots of blood diluted in 300 µl 
phosphate buffered saline (PBS) at doses of 10, 30, 60 and 100 μg. 
Negative controls received water in replacement of the treatments. 
The concentration 60 μg chosen for the genotoxicity evaluation of 
the aqueous extract from P. grandifolia leaves correspond to the 
equivalent dose recommended for human consumption of teas, 
infusions and decoctions, seeking benefits to health, considering 
the equivalency between the blood volumes of an adult individual 
and that used in the assay. The blood samples were incubated in 
an oven at 37°C, in the presence of the treatments for 4 h. The 
comet assay was then performed. 
 
 
Obtention of nucleoids and electrophoretic run 

 
The comet assay was performed according to the methodology 
described by Singh et al. (1988), with modifications. Therefore, an 

aliquot (15 μl) of each cell suspension containing the treatments 
was mixed with 100 μl of low melting point agarose (0.5% wv

-1
 in 

PBS), applied to a microscope slide previously coated with 
standard agarose solution (1% wv

-1
 in PBS), immediately overlaid 

with a coverslip and kept at ±4°C for 5 min. For each 
treatment/volunteer, 3 slides were prepared. The coverslips were 
then removed and the slides were immersed in lysis solution (2.5 
mol L

-1
 NaCl, 100 mmol L

-1
 ethylenediaminetetraacetic acid (EDTA), 

10 mmol L
-1

 Tris, 1% Triton X-100, 10% dimethyl sulphoxide 
(DMSO); pH 10), where they remained for 24 h at 4°C, allowing the 
removal of anucleate cells and plasma molecules, as well as the 
lysis of leukocytes, in order to isolate only their nucleoids for 
analysis. After lysis, the slides were kept at ± 10°C for 25 min in a 
freshly prepared electrophoresis solution (1 mmol L

-1
 EDTA, 300 

mmol L
-1

 NaOH; pH 13), in order to expose alkali-labile sites, and 
they were then subjected to electrophoresis, conducted at 25 V for 
35 min. After electrophoresis, the slides were kept in a 
neutralization solution (0.4 mol L

-1
 Tris; pH 7.5) for 30 min, dried 

and fixed with 100% ethanol. All procedures were performed in the 
dark. 
 
 
Staining and analysis 

 
The slides were stained with 45 μl of propidium iodide solution (1 

mg ml
-1

), overlaid with a coverslip and analyzed in an 
epifluorescence microscope (Nikon ECLIPSE E400) at 200× and 
400× magnifications. In order  to  measure  damage  levels  in  DNA  
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molecules of leukocytes, 100 nucleoids of each slide, 3 slides per 
treatment/individual (totaling 300 nucleoids per treatment/individual) 
were counted and classified by the same evaluator, using visual 
score patterns described by Singh et al. (1988). The cells were 
classified according to the size of the “tail” and the diameter of the 
“head” in Class 0: no damage (damage < 5%); Class 1: low 
damage level (5 to 20%); Class 2: intermediate damage level (20 to 
40%); Class 3: high damage (40 to 85%); Class 4: totally damaged 
(damage > 85%). The average damage frequency was calculated 
from the sum of the percentages of damage 1, 2, 3 and 4. 
 
 
Phospholipase activity 
 

Phospholipase activity was evaluated using solid media as 
described by Gutiérrez et al. (1988), replacing agarose with agar. 
The gel was prepared with 0.01 mol L

-1
 CaCl2; 1:3 vv

-1
 egg yolk in 

PBS; 0.005% sodium azide; and 1% bacteriological agar, at pH 7.2. 
After the gel solidified in petri dishes, the aqueous extract from P. 

grandifolia leaves was applied to ~ 0.5 cm gel holes at doses of 1, 
5, 10, 25, 50, 100 and 400 µg, and phospholipase activity was 
evaluated after the plates were kept in a cell culture chamber at 
37°C for 24 h. The formation of a clear halo around the orifice in the 
gel characterized phospholipase activity, which was measured 
according to the halo diameter. 
 
 
Hemolysis of human erythrocytes 

 
For the evaluation of hemolytic activity in solid medium, a gel similar 
to that cited in the methodology for phospholipase activity was 
prepared, with the replacement of egg yolk by erythrocytes in PBS 
solution. The blood was collected in vacuum tubes containing the 
anticoagulant sodium citrate, immediately centrifuged at 400 × g 
(206 BL Fanem Baby®I) for 10 min and subjected to 3 washes at 
the same PBS volume; the erythrocytes were then obtained at 

hematocrit of 100%. After solidification of the gel in a Petri dish, the 
aqueous extract from P. grandifolia leaves was applied to ~ 0.5 cm 
gel holes at doses of 1, 5, 10, 25, 50, 100 and 400 µg, and 
hemolytic activity was evaluated after the plates were kept in a cell 
culture chamber at 37°C for 24 h. The formation of a translucent 
halo around the gel hole characterized hemolytic activity, which was 
measured by the diameter of the halo.  
 
 
Coagulant activity 
 

The coagulant activity was evaluated according to the methodology 
described by Rodrigues et al. (2000) using citrated human plasma 
(200 µl), stabilized at 37°C. The aqueous extract from P. grandifolia 
leaves was added to plasma at doses of 1, 5, 10, 25, 50, 100 and 
400 µg, with subsequent counting of clotting time, gentle agitation 
and constant observation until the formation of a solid clot. 
Incubated plasma and the extracts were observed for 120 min, 
allowing to confirm the absence of coagulant action. 
 
   
Proteolytic activity on fibrinogen  

 
In order to evaluate fibrinogenolytic activity, polyacrylamide gel 
electrophoresis was performed under reducing conditions, as 
described by Laemmli (1970). Different doses of the aqueous 

extract from P. grandifolia leaves (60, 100, 200 and 400 µg) were 
incubated with bovine fibrinogen (80 µg)  for  60  min  at  37°C.  The  

 
 
 
 
samples were analyzed in a polyacrylamide gel prepared at 12% 
(wv

-1
) under denaturing conditions, allowing the observation of α, β, 

and γ chains of the fibrinogen control, as well as the presence of 
fibrinopeptides in the samples in which venom-induced proteolysis 
occurred. 
 
 
Interaction of the aqueous extract from Pereskia grandifolia 
leaves with hyaluronidases 
 
For the evaluation of possible interactions between constituents of 

the extract from P. grandifolia and hyaluronidases, considering 
enzyme fragmentation or structure binding, the polyacrylamide gel 
electrophoresis method described by Leber and Balkwill (1997) was 
used. The hyaluronidases and the extract was incubated at the 
ratios 1:0.5, 1:1, 1:5, 1:10, 1:50 and 1:100 (hyaluronidase/extract; 
ww

-1
) for 30 min at 37°C. Samples were analyzed in a 10% 

polyacrylamide gel in the absence of denaturing agents and without 
boiling to preserve the native structure of the enzymes. After the 

electrophoretic run, staining in Coomassie Blue was carried out for 
30 min and destaining in a 10% acetic acid solution. The analysis of 
the results was performed visually, and migration profiles were 
reported. 
 
 
Statistical analysis 

 
The results of the comet assay were statistically evaluated by 

analysis of variance and the means were compared using the Scott 
Knott test (P < 0.05) with the aid of the R software (R Development 
Core Team, 2011). 

 
 
RESULTS AND DISCUSSION 
 
In the comet assay, in which fragmentation levels of DNA 
molecules obtained from human leukocytes were 
evaluated, there was no statistical difference between the 
nucleoids treated with extracts from P. grandifolia leaves 
and those untreated (negative control), for all damage 
classes (Table 1). It was possible to observe the 
predominance of undamaged nucleoids (class 0), with 
variation in average percentages from 50.97 to 58.63% 
for different doses of the extract and with a low damage 
level (class 1), the averages observed ranged between 
37.60 and 41.10%. Nucleoids with intermediate damage 
levels (class 2) represented low average percentages, 
ranging between 1.84 and 3.70%, and for all doses 
evaluated, nucleoids with high fragmentation levels (class 
3) or totally fragmented DNA (class 4) were absent 
(Table 1). The average damage frequency (Figure 1) 
demonstrates that, in general, there was no significant 
increase in the amount of damaged nucleoids with 
increasing doses of the extract, showing the lack of 
genotoxicity, considering the experimental conditions 
used, thus suggesting an absence, in the composition of 
the aqueous extract from P. grandifolia leaves, of 
molecules capable of inducing genotoxicity and possibly 
mutagenicity to leukocyte DNA. 
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Table 1. Average converted into percentage of nucleoid number per comet class after treatment with the aqueous extract 

from Pereskia grandifolia leaves. 
 

Treatment 
Comet class (%)

1
 

0 1 2 3 4 

C (-)
2
 61.00 ± 10.33

a
 37.67 ± 9.68

a
 1.94 ± 0.68

a
 0.00 ± 0.00

a
 0.00 ± 0.00

a
 

P. grandifolia      

10 µg 56.57 ± 10.14
a
 39.60 ± 9.24

a
 3.60 ± 1.19

a
 0.00 ± 0.00

a
 0.00 ± 0.00

a
 

30 µg 55.17 ± 10.47
a
 40.20 ± 10.96

a
 3.70 ± 1.52

a
 0.00 ± 0.00

a
 0.00 ± 0.00

a
 

60 µg 50.97 ± 10.88
a
 41.10 ± 7.95

a
 3.41 ± 1.51

a
 0.00 ± 0.00

a
 0.00 ± 0.00

a
 

100 µg 58.63 ± 14.23
a
 37.60 ± 14.56

a
 1.84 ± 0.63

a
 0.00 ± 0.00

a
 0.00 ± 0.00

a
 

 

Data represent the average values obtained in 300 nucleoids/treatment/volunteer. 5 volunteers (1 volunteer/experiment) were 
used. Same letters in the columns do not differ by the Scott-Knott test (P <0.05). Classes

1
: (0 = damage<5%); (1 = 5 to 20%); (2 = 

20 to 40%); (3 = 40 to 85%) and (4 = damage>85%). C (-)
2
 = negative control prepared with the addition of water.  
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Figure 1. Damage frequency (DF) in the DNA of human leukocytes treated with 
different doses of the aqueous extract from Pereskia grandifolia leaves. DF: 
sum of damage from class 1 to 4. Same letters in the columns do not differ by 
the Scott-Knott test (P < 0.05). 

 
 

Some researchers have used the comet assay to 
complement the toxicological characterization of plant 
extracts, thus investigating the genotoxic effects of se-
condary metabolites (for example, phenolic compounds, 
alkaloids and terpenes). Pereira et al. (2012) investigated 
the genotoxic potential of white bean flour, containing 
tannins and other phenolic compounds, on the genetic 
material of human leukocytes, and described the pre-
dominance of low fragmentation levels of DNA molecules 
in their results, under the evaluated conditions. Wan 
Ibrahim et al. (2010) evaluated 20 aqueous plant extracts 

and found that only two of them, Vitex Pinnata L. and 
Quercus infectoria Oliver, caused damage higher than 
50% to the DNA of human leukocytes, and they are 
attributed to phenolic content, more specifically to tannic 
acid. Strange et al. (2009) analyzed natural products 
such as guaco (Mikania glomerata Spreng), espinheira-
santa (Maytenus ilicifolia Mart. ex Reiss) and salvia 
(Lippia alba Mill. NE), and observed cytotoxic and 
genotoxic activity induced by metabolites such as 
coumarins, tannins and terpenes, suggesting the need for 
a toxicological characterization of plant metabolites, since  
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Figure 2. PAGE for visualization of 

fibrinogenolytic activity. Evaluation of the 

interaction between fibrinogen and the 
aqueous extract from Pereskia grandifolia 
leaves (AEPGL). Samples: 1- Control, 
Fibrinogen (80 µg); 2- Fibrinogen (80 µg) + 
AEPGL (60 μg); 3- Fibrinogen (80 µg) + 
AEPGL (100 µg ml

-1
); 4- Fibrinogen (80 µg) + 

AEPGL (200 µg); 5- Fibrinogen (80 µg) + 
AEPGL (400 µg ml

-1
). 

 
 

 
 

Figure 3. Effect of the aqueous extract from Pereskia 

grandifolia leaves on the structure of isolated 
hyaluronidases. Samples: 1- pure hyaluronidase (10 μg); 
2- hyaluronidase + aqueous extract from Pereskia 

grandifolia leaves (AEPGL) (1:0.5, w/w), 5 μg extract; 3 
hyaluronidase + AEPGL (1:1, w/w), 10 μg extract; 4- 
hyaluronidase + AEPGL (1:5, w/w), 50 μg extract; 5- 
hyaluronidase + AEPGL (1:10, w/w), 100 μg extract; 6- 
hyaluronidase + AEPGL (1:50, w/w), 500 μg extract; 7- 
hyaluronidase + AEPGL (1:100, w/w), 1000 μg extract. 

 

 

they can cause adverse and/or therapeutic effects 
depending on factors such as dose and duration of use. 
Studies conducted with P. grandifolia leaves showed 

 
 
 
 
the presence of some metabolites with pharmacological 
properties such as saponins (Almeida et al., 2014), 
tannins, flavonoids (Turra et al., 2007) and alkaloids 
(Doetsch et al., 1980). However, some scientific reports 
have demonstrated that these compounds can be toxic to 
mammalian cells, even at low concentrations (Boeira et 
al., 2010; Osowski et al., 2010). In the present study, the 
conditions for the preparation of the extract, the 
evaluated doses and the parameters used in the assays 
resulted in the lack of genotoxicity, even considering the 
presence of compounds from secondary metabolism in 
the extract from P. grandifolia leaves. At the tested 
doses, the aqueous extract from P. grandifolia leaves did 
not induce lysis of phospholipids (results not shown); 
however, it was hemolytic at doses higher than 10 µg 
(results not shown), possibly due to the presence of 
interactions of extract constituents with different 
structures present in erythrocyte membranes, namely, 
proteins or steroids. 

From the metabolites reported in the literature to be 
present in P. grandifolia leaves, saponins have hemolytic 
potential. The ability of saponins to interact with sterols, 
present in the plasma membrane of erythrocytes, 
increases the permeability of this membrane, allowing 
ions and water into the cells, resulting in their rupture and 
release of hemoglobin (Karabaliev and Kochev, 2003). 
Although surfactant and hemolytic properties are striking 
features of saponins, they are not common to all 
saponins and, therefore, it is not possible to conclude that 
they are responsible for the hemolysis observed in 
present study. Thus, additional studies should be 
conducted to verify the hemolytic potential of the aqueous 
extract from P. grandifolia leaves. 

Regarding coagulant activity, none of the tested doses 
was able to induce coagulation, thus suggesting the 
absence of molecules capable of cleaving or interacting 
with components of the coagulation cascade (results not 
shown) in the composition of the evaluated aqueous 
extract. The aqueous extract from P. grandifolia leaves 
was not proteolytic on the fibrinogen molecule or with 
binding properties of this protein in the evaluated 
concentrations (60, 100, 200 and 400 µg), since the 
electrophoretic profile of α, β and γ chains resulting from 
reduced fibrinogen molecules remained unchanged after 
incubation in the presence of the extract for a period of 
60 min (Figure 2). This result corroborates the lack of the 
coagulation effect of the extract on citrated human 
plasma, since one of the coagulation-inducing 
mechanisms is related to the cleavage of fibrinogen 
molecules for the formation of fibrin networks. 

At the evaluated ratios and incubation conditions used, 
no change was observed in the migration profile of the 
enzyme hyaluronidase, commercially obtained, which 
characterizes binding of enzymes to constituents of the 
extract or hyaluronidase fragmentation (Figure 3).  In  the 



 

 

 
 
 
 
samples containing higher doses of the extract, it is 
possible to observe darkened bands in the migration 
profile, which correspond to a higher concentration of 
non-protein compounds, probably secondary metabolites 
and/or carbohydrates present in the extract, but without 
any changes in the electrophoretic profile of 
hyaluronidase molecules. 

Hyaluronidases are enzymes present in our organism 
responsible for the degradation of hyaluronic acid, which 
is part of the composition of interstitial spaces (Stern and 
Jedrzejas, 2006). These enzymes have been widely used 
by cosmetic (mainly to increase skin elasticity, allowing a 
better hydration) and pharmaceutical industries (to loosen 
the tissues, facilitating drug administration), besides 
being a valuable tool for research, since its inhibition 
results in changes in inflammatory response (Dunn et al., 
2010; Menzel and Farr, 1998; Pirrelo et al., 2007). 

Studies conducted with medicinal plants and com-
pounds isolated from these plants show that they have 
potential inhibition of hyaluronidases. Flavonol 
kaempferol competitively inhibits this enzyme (Middleton 
et al., 2000). Polyphenols found in wine also inhibit 
hyaluronidase (Weisse, 1995). Machiah et al. (2006) ob-
served a hyaluronidase inhibitor, purified from medicinal 
plants (Withania somnifera). Choi et al. (2006) also 
studied the inhibition of hyaluronidase using plants 
(Schisandra), and found that the extract of this plant was 
effective in the inhibition of hyaluronidase. These studies 
show that medicinal plants have compounds with 
properties to interact or inhibit hyaluronidases in their 
composition, highlighting the need for an investigation of 
the interaction of plant extracts and their metabolites with 
hyaluronidase. Therefore, the results obtained in the 
present study suggest that the constituents of aqueous 
extract from P. grandifolia leaves have neither bound, nor 
induced cleavage in hyaluronidase molecules, under the 
evaluated conditions, since have not influence the 
electrophoretic migration profile of hyaluronidase. 
 
     

Conclusion 
 

The aqueous extract from P. grandifolia leaves has no 
genotoxic, phospholipase, coagulant, fibrinogenolytic 
potential and interaction and/or cleavage on isolated 
hyaluronidases at the evaluated concentrations. How-
ever, it is premature to recommend the use of this plant 
regarding possible risks and benefits to human health, 
mainly due to the hemolytic activity observed, and 
additional studies of toxicity, efficacy and safety are 
necessary for defining doses, formulations and an 
appropriate usage for human consumption. 
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