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ABSTRACT Pereskia aculeata Miller is known in Brazil as ora-pro-nobis (OPN) and has been used commonly in the

folklore medicine. The purpose of our study was to evaluate the composition and the effects of OPN flour on the metabolic

profile and intestinal motility of Wistar rats. Animals were divided randomly into five groups (n = 10): G1 (control group) and

G2 (treated with OPN flour). For the intestinal motility: G3 (control group), G4 (treated with senne), and G5 (treated with

OPN flour). After 40 days, G1 and G2 were euthanized and metabolic profiles were analyzed (glycemia, cholesterol,

triglycerides, high density lipoprotein [HDL-c], C reactive protein, AST, ALT, Lee Index, weight, and visceral fat). The flour

of OPN was effective in reducing percentage of weight gain, visceral fat, levels of total cholesterol, triglycerides, low density

lipoprotein, very low density lipoprotein, and increased HDL-c. Significance was also found in the distance covered by the

activated charcoal from the pylorus to the beginning of the cecum, which was higher in animals treated with OPN. Our results

indicate that OPN flour may bring health benefits, as the improvement of the intestinal motility, and it is associated with

reduction of visceral fat and lipid profile, as well as the increase of HDL-c levels. With these results, we may suggest that the

incorporation of this flour in different industrial products may be a convenient and effective way for the intake of healthier

products.
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INTRODUCTION

Non-communicable chronic diseases such as diabetes
(DM), metabolic syndrome (MS), and cardiovascular

diseases (CVD) are among the leading causes of death in the
modern societies. These diseases are associated with dysli-
pidemia, obesity, and insulin resistance arising from changes
in lifestyle and physical inactivity.1–3

Plants may be used in popular medicine for prevention or
help in the treatment of these diseases and many studies
have been designed to evaluate the actual effects in health
promotion or prevention of risk factors.4–6

Pereskia aculeata Miller belongs to the Cactaceae family
and is popularly known in Brazil as ora-pro-nobis (OPN). The
leaves are good source of calcium, magnesium, manganese,
zinc, and rich in dietary fiber and arabinogalactan content,

which make it an agriculturally and economically important
food source. It also contains vitamin C and folic acid and a
high content of amino acids, mainly tryptophan.7–10

This plant has been described as possessing anti-
inflammatory and antinociceptive effects and compounds as
di-tert-butylphenol isomers, tryptamine, mescaline, petuni-
din, hordenine, abrine, and quercetin were identified in its
leaves. Besides being used as food by poor people, it is also
used in popular medicine as laxative, emollients, and to treat
skin wounds and inflammation.11,12

The use of plants for functional purposes in production of
processed products can be a viable and easy option for
prevention of diseases. The production of functional flours is
useful since different products nutritionally enriched can be
developed. Furthermore, products commonly acquired by
consumers or products enjoyed by children can be quick and
easy alternatives to improve the nutritional value of meals.
With this worry, we aimed to verify in this study, the effects
of Pereskia aculeata (OPN) flour on the metabolic profile
and in the intestinal motility of Wistar rats, as well as to
study its composition.
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MATERIAL AND METHODS

Preparation of the OPN flour

Pereskia aculeata Miller leaves were removed from the
branches and rinsed in distilled water and immersed in a
solution of 200 mL of sodium hypochlorite distilled water
(1:1) and later dehydrated in a ventilated oven at a tem-
perature of 60�C for 24 h. Then the material was crushed in
the mill (Model MA090- Marconi�), screened at 60 mesh
sieve, and the flour obtained was wrapped in glasses with
airtight lids.

Preparation of the supplemented rat feed

The rat feed was prepared weekly, in a proportion of 30%
and 70% flour/commercial feed: the commercial rat feed
was crushed and mixed with the OPN flour. This mixture
was molded and the resulting pellets were dried in an air
circulating oven at 65�C for about 8 h, stored in polyethyl-
ene packaging, and refrigerated at 5�C until its utilization.

Ethical principles

Throughout the experiment, the animals were fed and
watered ad libitum and were cared for according to the
recommendations of the Canadian Council’s ‘‘Guide for the
care and use of experimental animals.’’ This research was
approved by the Animal Research Ethics Committee of the
University of Marı́lia, protocol 90/2013 (UNIMAR/Marı́lia,
SP, Brazil).

Animal groups

Male Wistar rats with 230–250 g were kept in the vivar-
ium at UNIMAR and housed in collective cages under a 12-
h dark/12-h light cycle, room temperature of 22�C – 2�C,
and relative air humidity of 60% – 5%. After a period of
acclimation to laboratory conditions, the animals were di-
vided randomly in the following experimental groups
(n = 10 per group): G1 that was fed water and rat food ad
libitum (control group 1), and G2 that was fed water and rat
food supplemented with OPN ad libitum.

The weight gain was evaluated once a week and the
consumption of the animals was recorded based on the
leftovers found each day.

Blood collection and analysis

After the experimental period (40 days), the animals were
euthanized with a lethal intraperitoneal injection of thio-
pental (200 mg/Kg) until complete sedation. Immediately
after death, blood samples were collected from the vena
cava to evaluation of the biochemical profile: glycemia,
triglycerides (TG), total cholesterol (TC), low density li-
poprotein, very low density lipoprotein, high density lipo-
protein (HDL-c), high sensitivity C reactive protein
(hsCRP), aspartate aminotransferase (AST), and alanine
aminotransferase (ALT). The glycemia, lipid profile, and
hsCRP were measured in mg/dL and AST and ALT in U/L.

Atherogenic index (AI) and protection index (PI) were
calculated according to Schulpis, Karikas13 and Munshi,
Joshi, Rane14: AI = (TC–HDL-c)/HDL-c. The PI is calcu-
lated as follows: {[AI (G1)—AI (G2)]/AI (G1)} · 100.

Anthropometric parameters

After euthanasia, the body weight and length were eval-
uated to determine the Lee index = cube root of body weight
(g)/nose-anus length (cm) and the percentage of weight
gain. Values above 0.3 indicate overweight.15,16 An incision
was also made in the abdominal region and the visceral fat
was removed and weighed.

Intestinal motility test

The intestinal motility test was evaluated according to the
model described by Michelin, Salgado17 with modifications.
Cassia angustifolia suspension was used as comparison for
the results. After a 24-h fast, the control group and treated
groups were gavage fed, according to: G3 that was treated
with 0.2 mL of propylene glycol; G4 that was treated with
0.2 mL Cassia angustifolia (senne) suspension prepared with
propylene glycol, 50 mg/mL (dose of 30 mg/kg); and G5 that
was treated with 0.2 mL of OPN flour suspension prepared
with propylene glycol, 50 mg/mL (dose of 30 mg/kg).

Forty-five minutes later, the groups were gavage fed 0.2 mL
of a 10% activated charcoal suspension in 5% gum arabic.
Two hours after the administration of activated charcoal, the
animals were euthanized with a lethal intraperitoneal injection
of thiopental (200 mg/Kg). After death was confirmed, the
intestines were removed and their length and the distance
traveled by the activated charcoal were measured.

Composition of the OPN flour and the rat feed

The rat feed, OPN flour, and the rat feed added with OPN
flour were evaluated in terms of its moisture content (total
dry extract) using the gravimetric method in an oven at
105�C for 16 h until it reached a constant weight. Amount of
lipids was evaluated by Soxhlet extraction. Total nitrogen
was performed by the Kjeldahl method, multiplying the
values of total nitrogen by 6.25 to obtain the equivalent
values in protein. Ashes were analyzed in a muffle furnace at
550�C, carbohydrates by difference, as well as crude fiber.18

All the analyses were performed in triplicate.

Statistical analysis

Kruskal–Wallis supplemented with Dunn test was used
for the statistical analysis and the variables are presented
as mean and standard error mean, adopting a 5% level of
significance.

RESULTS

In Table 1, we may observe that OPN decreased total
lipids, weight gain, visceral fat, and Lee index and increased
levels of HDL-c. OPN group presented an AI lower (Table 2)
than the control and by calculating the percentage of
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cardiovascular protection (PI), we found that this plant re-
duces the risk of cardiovascular disease by 67.1%. Our results
did not show significant differences in the food consumption
among the groups (data not showed).

For the intestinal motility evaluation, significant differ-
ences were found among OPN group (G5) compared to
senne group (G4) and control group (Table 3). The distance
covered by the activated charcoal from the pylorus to the
beginning of the cecum was higher in animals treated with
OPN.

Table 4 shows that the rat feed mixed with OPN flour pre-
sented higher values of calories, carbohydrates, and total fat.

DISCUSSION

Obesity is related to several chronic degenerative disor-
ders, as well as visceral fat that is related to the accumula-
tion of fat mass in the abdominal area, and is considered a
good predictor of CVD once it may promote deleterious
effect on the metabolic and hemodynamic profile, and is
related to glucose intolerance, insulin resistance, systemic
arterial hypertension, and dyslipidemias. Lee index is an
anthropometric parameter used to assess over weight and
obesity in rats.15,16,19 Our results showed significant reduc-
tion of body weight gain visceral fat and Lee Index in ani-
mals treated with OPN flour although observing in Table 3
that the rat feed mixed with the OPN flour possesses an
energy value higher than the regular rat feed. Furthermore,

by analyzing the AI (Table 1) and the PI, we may say that
OPN exhibits a high index of heart protection. These results,
together with the positive effects observed in the lipid pro-
file, suggest that this flour may reduce the risk factors for
obesity, DM, MS, and CVD.

Our search in the literature resulted in only one study
where authors investigated the effects of OPN in the meta-
bolic profile. This investigation was performed by Souza et
al.7 that evaluated the effects on the biochemical profile of
Wistar rats and did not find significant modifications on the
lipid profile after the treatment, except for increments in the
HDL-c levels. They also did not find significant changes in
the Lee Index, but observed significant reduction on the
visceral fat gain in animals with regular diet.

Almeida, Corrêa11 showed that rats fed a hypercaloric
diet that received Pereskia grandifolia flour showed more
effectiveness in reducing weight gain and presented reduced
body mass index, Lee index, glycemia, and lower levels of
triglycerides. Authors concluded that daily consumption of
this flour could prevent obesity and CVD.

CRP has been considered an inflammatory marker, which is
normally regulated by cytokines as interleucin-1, IL-6, and
tumor necrosis factor a, and may be used for the initial de-
tection of a low-grade inflammation condition.20,21 Our results
did not show variations in animals treated with OPN flour.

Elevation in the blood levels of AST and ALT may in-
dicate the destruction of liver cells. No significant alter-
ations were observed in the group treated with OPN,
suggesting that, for this parameter, this flour is safe for
consumption.22

Table 1. Mean and Standard Deviation of the

Biochemical and Anthropometric Parameters

in the Control Group (G1) and OPN Group (G2)

Parameters G1 G2

Glycemia (mg/dL) 138.73 – 55.79 (Aa) 167.50 – 50.01 (A)
Total cholesterol (mg/dL) 53.55 – 4.95 (B) 47.00 – 6.38 (A)
Triglycerides (mg/dL) 123.36 – 23.04 (B) 44.30 – 12.61 (A)
HDL-c (mg/dL) 32.64 – 2.62 (A) 39.20 – 5.55 (B)
LDL-c (mg/dL) 28.00 – 8.16 (B) 15.70 – 4.79 (A)
VLDL-c (mg/dL) 16.73 – 8.08 (B) 9.20 – 3.05 (A)
hsPCR (mg/dL) 0.07 – 0.03 (A) 0.07 – 0.02 (A)
AST (U/L) 117.27 – 29.08 (A) 113.10 – 25.78 (A)
ALT (U/L) 70.45 – 15.41 (A) 76.60 22.61 (A)
Weight gain (g) 65.82 – 6.82 (B) 53.75 – 6.51 (A)
Weight of visceral fat (g) 5.48 – 2.30 (B) 2.17 – 0.88 (A)
Lee index (g/cm) 0.286 – 0.007 (B) 0.238 – 0.001 (A)

aDifferent letters indicate a significant difference between the treatments at a

level of 5%. LDL-c, low density lipoprotein; OPN, ora-pro-nobis; VLDL-c,

very LDL; HDL-c, high density lipoprotein; hsPCR, high sensitivity protein C

reactive; AST, aspartate aminotransferase; and ALT, alanine aminotransferase.

Table 2. Mean and Standard Deviation of AI

in the Control Group (G1) and OPN Group (G2)

Parameters G1 G2

AI 0.612 (B) 0.192 (A)

AI, atherogenic index.

Table 3. Mean and Standard Deviation of the

Distance Covered by the Activated Charcoal

from the Pylorus to the Beginning of the Cecum

G3 G4 G5

73.79 – 8.13 (A) 84.54 – 5.55 (B) 91.13 – 3.21 (C)a

aDifferent letters indicate a significant difference between the treatments at

a level of 5%.

G3, group treated with propylene glycol; G4, group treated with senne; and

G5, group treated with OPN.

Table 4. Mean and Standard Deviation of the Composition

of OPN Flour, Commercial Rat Feed, and Commercial

Rat Feed (70%) Mixed with OPN Flour (30%)

Samples OPN flour Rat feed

Rat feed
70% + OPN
flour 30%

Energy value (kcal) 323.63 – 1.17 350.06 – 1.15 366.19 – 1.26
Moisture at 105�C

(% m/m)
5.90 – 0.09 9.60 – 0.09 1.01 – 0.04

Ashes (% m/m) 17.83 – 0.04 7.32 – 0.14 11.58 – 0.14
Carbohydrates (% m/m) 48.39 – 0.96 57.15 – 1.09 64.59 – 0.44
Proteins (% m/m) 24.17 – 0.98 22.38 – 0.88 22.38 – 0.88
Total fat (% m/m) 3.71 – 0.16 3.55 – 0.29 5.31 – 0.23
Crude fiber (% m/m) 32.80 – 1.88 7.04 – 0.08 14.39 – 0.30
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Some of the benefic effects of OPN may be attributed to
the higher content of vitamin C, carotene, and fibers. Mercê
et al.8 showed that the leaves of this plant have high content
of fibers. Takeiti et al.9 also found high content of vitamin C
in the leaves, as well as carotenoids. Souza et al.23 studied
essential oil from P. aculeate and found 30 components, but
the most prevalent was oxygenated diterpenes. Some au-
thors have shown that vitamin C, carotenoids, and fibers are
associated with reduction of risk factors for MS, DM, and
CVD. Vitamin C and carotenoids may act as antioxidants,
thus reducing the effects of free radical and inflammation
processes in the organism. As obesity, DM, and MS are
related to oxidation and inflammation, we may suggest that
the presence of antioxidants in the OPN flour is useful in
preventing these chronic diseases.24,25

Acute evaluation of intestinal motility of the animals
showed that this plant has potential to treat obstipation.
Besides, during the 40 days of the experimental period,
animals treated with OPN flour showed intestinal motility
higher than the control and senne groups. Constipation may
affect individuals at any age and can be described as one of
the most prevalent disorders found by doctors and it is re-
lated to significant medical expenses and the negative in-
terference in quality of life. Individuals more than 65 and
women are usually more affected than men. There is a
plethora of allopathic and nonallopathic medications avail-
able for the treatment of this condition; however, many are
ineffective and have high cost.26,27 Many studies show that
several plants may exhibit laxative effects and one of them
is the well-known senne. Many compounds such as naph-
thalene, sennosides, anthraquinone, acetophenones, flavo-
noids, and xanthones in its leaves and pods can be associated
to the increase in the intestinal motility.28,29 No studies in
the literature were found to compare the effects of this plant
in the gastrointestinal tract with our results.

CONCLUSION

Our results with the use of OPN flour are promising be-
cause they indicate that this product can bring health ben-
efits, as the improvement of the intestinal motility, and is
associated with reduction of visceral fat and lipid profile, as
well as the increase of HDL-c levels. Thus, the incorpora-
tion of this flour in different industrial products may be a
convenient and effective way for the intake of healthier
products.

AUTHOR DISCLOSURE STATEMENT

No competing financial interests exist.

REFERENCES

1. Ingaramo RA: Obesity, diabetes, and other cardiovascular risk

factors in native populations of South America. Curr Hypertens

Rep 2016;18:9.

2. Castoldi A, Naffah de Souza C, Câmara NO, Moraes-Vieira PM:
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