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Abstract

Increased oxygen consumption and activation of specific metabolic pathways during or after physical exercise lead
to the formation of reactive oxygen and nitrogen species. An investigation was made into the effects of pequi oil
supplementation in protecting liver cells against injury resulting from oxidative stress. The experiments involved 20 male
adult Wistar rats (Rattus norvegicus). The animals were divided into four experimental groups: Group 1: sedentary
control group; Group 2: exercise control group; Group 3: supplemented sedentary group; and Group 4: supplemented
exercise group. Supplementation consisted of pequi oil administered by oral gavage (400 mg). The animals of the
exercised groups were subjected to 20 swimming sessions for 5 weeks (with progressive increase of 10 minutes until
exhaustion). Samples were collected from the right hepatic lobe for histopathological analysis and determination of
malondialdehyde levels. The histopathological analyses revealed that the animals of the exercised control group had
moderate liver damage, while the animals of the supplemented exercised group had slight tissue damage, and the
sedentary control and sedentary supplemented groups showed no tissue damage. The malondialdehyde levels showed
higher and statistically significant in exercise control group when compared to the other evaluated groups (p<0.05).
In conclusion the supplementation with pequi oil had a protective effect on liver cells against damage caused by oxygen
free radicals during strenuous exercise, as demonstrated by the indicator of lipid peroxidation.
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Efeito antioxidante do 6leo de pequi (Caryocar brasiliense) no tecido hepatico
de ratos treinados por exercicios de natacdo exaustivos

Resumo

Aumento do consumo de oxigénio e ativagao de vias metabolicas especificas durante ou apds a atividade fisica
conduz para formacgdo de espécies reativas de oxigénio e nitrogénio. Uma investigacdo foi realizada sobre os efeitos
da suplementagdo com 6leo de pequi na proteg@o das células hepaticas contra lesdes resultantes do estresse oxidativo.
Na realizagdo dos experimentos foram utilizados 20 ratos machos adultos da linhagem Wistar (Rattus novergicus).
Os animais foram divididos em quatro grupos experimentais: grupo 1: grupo sedentario controle; grupo 2: grupo
treinado controle; grupo 3: grupo sedentério suplementado e grupo 4: grupo treinado suplementado. Na suplementagio
foi utilizado o 6leo de pequi ministrado por gavagem oral (400 mg). Os animais dos grupos treinados foram submetidos
a 20 sessoes de natacdo por um periodo de 5 semanas (com aumento progressivo de 10 minutos até a exaustdo). Foram
retiradas amostras do lobo hepatico direito para andlises histopatoldgicas, e dosagem de malondialdeido. As analises
histopatologicas revelaram que os animais do grupo treinado controle tiveram danos hepaticos moderados; ja os
animais do grupo treinado suplementado tiveram danos teciduais leves; os grupos sedentario controle e sedentario
suplementado ndo apresentaram injlrias teciduais. Os niveis de malondialdeido mostraram-se maiores e estatisticamente
significativos no grupo treinado controle quando comparados aos outros grupos avaliados (p<0,05). Podemos concluir
que a suplementacao com 6leo de pequi teve efeito protetor nas células hepaticas contra os danos causados pelos radicais
livres de oxigénio durante os exercicios exaustivos, conforme demonstrado pelo indicador de peroxidagao lipidica.

Palavras-chave: figado, antioxidante, exercicios, estresse oxidativo.
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1. Introduction

Increased oxygen consumption and activation of specific
metabolic pathways during or after physical exercise lead
to the formation of reactive oxygen and nitrogen species
(RONS). It is known that physical exercising leads to the
intense production of RONS arising from the activation of
metabolic pathways such as increased mitochondrial activity
(Fisher-Wellman and Bloomer, 2009; Miranda-Vilela et al.,
2016). These processes lead to high levels of RONS
production because of the body’s inability to balance its
energy demand, causing an imbalance in these pathways
and consequent metabolic damage.

When the body undergoes periods of metabolic
overload, such as that occurring during strenuous exercise,
it accumulates reactive oxygen species (ROS) in the liver
tissue, which can trigger tissue damage ranging from slight
degeneration to cirrhosis. In this regard, the liver is the
organ most susceptible to the damaging effects of ROS,
leading to numerous structural and functional injuries,
which, despite its high regenerative capacity, can result
in irreversible lesions (Araujo et al., 2013).

There are several ways to measure the amount of RONS
produced in a given tissue, as well as the possible damage
these molecules cause. An example is the quantification
of products of lipid peroxidation. One of the products
generated by the breakdown of lipid chains is a substance
known as malondialdehyde (MDA), and high levels of
this substance indicate an increase in membrane lesions
caused by ROS (Bezerra et al., 2004).

Lesions caused by RONS in the liver cells can be
prevented or reduced by the activity of antioxidants, which
are present in many foods. Antioxidants can act directly
to neutralize the effects of free radicals via direct bonds
or participate indirectly in enzymatic systems, forming a
metabolic barrier against the action of ROS and preventing
them from causing severe damage to hepatic tissue (Shami
and Moreira, 2004).

The exploitation of natural antioxidants has become
increasingly important in recent years (Roesler et al.,
2010). Pequi (Caryocar brasiliense) is a tree typical of
the Brazilian cerrado, whose fruit is widely used in folk
medicine. Pequi fruit pulp oil contains various carotenoids
(Miranda-Vilela et al., 2009a). Studies have shown that
the ethanol extract of this fruit has high total phenolic
content and an excellent antioxidant activity via bioactive
molecules (Miranda-Vilela et al., 2009a). Montalvao et al.
(2016) studying the antioxidant effect of pequi oil in
patients with systemic lupus erythematosus have shown
a significant reduction of the inflammatory processes.
However, no consistent data were found about the possible
protective role of the antioxidants contained in pequi oil
during strenuous exercise, in terms of maintaining the
morphological integrity of liver cells, justifying our study.

2. Material and Methods

The experiments involved 20 male adult Wistar rats
(Rattus norvegicus), weighing from 200 to 250g, which
were supplied by the vivarium of the Federal University of
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Goias (UFG). The animals were housed in plastic cages,
each containing five animals, in a room climatized to an
average temperature of 22 °C. The animals were subjected
to a natural photoperiod with water and feed ad libitum
and were divided into four experimental groups with
5 animals: G1) sedentary control group; G2) exercise
control group; G3) sedentary group supplemented with
pequi oil; G4) exercise group supplemented with pequi oil.

Supplementation consisted of 400 mg of pequi oil
extracted from the fruit pulp, administered via gavage
through a gastric tube, 5 times a week, for 4 weeks.
The daily intake of pequi oil was calculated based on
the maximum dose of vitamin A precursor carotenoids
recommended (Miranda-Vilela et al., 2009a). The project
was approved by the Ethics Committee on Animal Use of
UFG (CEUA-UFG, Process No. 024/11).

2.1. Preparation of pequi oil

Pequi fruit (Caryocar brasiliense) were obtained
directly from producers in the region of Goiania. After
removing the rind, the pulp was subjected to extraction
by cold maceration to obtain pequi oil, using ethanol as
solvent. The resulting extract was subjected to low pressure
evaporation at 40 °C in a rotary evaporator, followed by
vacuum drying, from which the oil was extracted and
stored in a freezer in the dark.

2.2. Exercise protocol

The animals of the exercise groups (G2 and G4) were
subjected to 20 swimming sessions over a period of four
weeks, Mondays to Fridays, between 1 pm and 5:30 pm, in
two tanks containing water at 30°C. The training program
consisted of daily swimming sessions, five days per week
(Garciaetal., 2010). In the first week, to adapt them to the
exercise, the animals swam for 10, 20, 30, 40, and 50 minutes
a day. In the second week they swam for 50 minutes
(Monday and Tuesday) and for 60 minutes (Wednesday to
Friday). Starting from the third week, the animals swam
until they reached physical exhaustion. They were then
cuthanized three hours after the last swimming session,
via saturation anesthesia with an intraperitoneal injection
of pentobarbital (20mg/100g body weight).

2.3. Histopathological analysis

Fragments were removed from the right hepatic lobe
and fixed in 10% formaldehyde solution. The tissues
were embedded in Paraplast Plus (Sigma) and Historesin
(Leica). Histological sections (3um) were stained with
Hematoxylin-Eosin and Hematoxylin-Phloxine. The slides
were analyzed and photo-documented using a light
photomicroscope (Leica DM3000).

2.4. MDA levels

Liver homogenate from the animals was used to
determine malondialdehyde levels, using a TBARS Assay
Kit (Cayman Chemical Company, USA). The supernatant
was analyzed in a spectrophotometer at 550nm and
expressed in nmol/mL.
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2.5. Statistical analysis

IBM SPSS Statistics software (version 21) was used
for the statistical analyses. The MDA levels were compared
by analysis of variance (ANOVA) and their means were
tested by Tukey’s test, at a 5% significance level. The data
were expressed as means and standard deviation.

3. Results

Three major groups of pathological changes were
selected and evaluated individually in the histopathology
analysis: hydropic degeneration, fatty degeneration,
and presence of lymphocytic infiltrate, which served as
indicators of liver damage.

The animals of the control group (G1) presented
normal morphological aspects with maintenance of the cell
structure, sinusoids, hepatocytes and Kupffer cells. Focal
regions were found containing lymphocytic infiltration,
hydropic degeneration and fatty degeneration (Figure 1).

The animals of the non-supplemented exercise group
(G2) presented altered histopathological aspects, with cells
showing moderate hydropic degeneration and moderate
fatty degeneration, as well as mild lymphocytic infiltration
(Figure 2).

The animals of the supplemented sedentary group
(G3) showed unchanged histopathological aspects, such as

maintenance of the cellular structure, preserved sinusoids,
intact Kupffer cells, hepatocytes, and preserved blood
vessels and ducts (Figure 3).

The animals of the supplemented exercise group
(G4) presented normal histopathological aspects, with
maintenance of the cell structure, preserved sinusoids,
hepatocytes and Kupffer cells. Focal regions were found
containing hydropic degeneration and fatty degeneration
(Figure 4).

As for thiobarbituric acid-reactive substances in rat
liver tissue, a comparison of groups G1 (0.30+0.05) and
G3 (0.30+0.03); G1 and G4 (0.35+0.55); and G3 and G4
showed no statistically significant differences. However,
higher and statistically significant values were found for
G2 (0.62+0.35) when compared to the other groups under
study (p<0.05), indicating oxidative stress (Figure 5).

4. Discussion

During the performance of strenuous exercise, various
substances are produced by the metabolic process, such
as reactive oxygen species (ROS). Excessive amounts of
ROS are potentially harmful to the body if they are not
quickly neutralized and eliminated. These substances
appear as an organic response to intense physical activity
(Fisher-Wellman and Bloomer, 2009).

Figure 1. Cross section of the right lobe of arat of G1. A, B) Presence of intact hepatocytes (*) and cells in fatty degeneratin (—),
scale bar = 50um. C) Intact hepatocytes and lymphocytic infiltrate surrounding the vessel (—), scale bar = 100um.
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Figure 2. Cross section of the right lobe of a rat of G2. A) Cells in hydropic degeneration (*) and lymphocytic infiltrate (—),
scale bar=50um. B) Cells in fatty degeneration (—), scale bar = 100um. C) Cells in fatty degeneration (—), scale bar =50pum.
D) Presence of cells in hydropic degeneration (—) and blood vessels (*), scale bar = 100pum.

Figure 3. Cross section of the right lobe of a rat of G3. A) Intact hepatocytes (*) and preserved blood vessel (—),
scale bar = 100um. B) Hepatocytes (*) and preserved sinusoids (—), scale bar = 50um.

The excessive formation of ROS is considered harmful
to the organism because they are molecules that can cause
irreversible cell damage, such as destruction of the cell
membrane, permanent binding to functional proteins, and
permanent interaction with DNA, among others, which
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may lead to destructuring of various types of tissues. High
performance athletes are major victims of the oxidative
stress caused by ROS, such as premature aging, muscle
lesions, heart problems, and particularly liver damage
(Araujo et al., 2013).
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Figure 4. Cross section of the right lobe of a rat of G4. A) Intact hepatocytes (*) and cells in hydropic degeneration (—),
scale bar = 50um. B) Hepatocytes (*) and cells in fatty degeneration (—), scale bar = 50um.
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Figure 5. Thiobarbituric acid-reactive substances in rat liver
tissue. G1: control group; G2: non-supplemented exercise
group; G3: sedentary supplemented group; G4: supplemented
exercise group. Level of significance p<0.05.

There are several possible ways to counteract the
effects of ROS, the most common one being the use of
antioxidants. Currently, a variety of substances can be
considered antioxidants and they are already well elucidated
in the literature (Simdes et al., 2014). However, these
substances are still relatively expensive in purified form,
and obtaining them from food is limited when compared
to the amount of ROS produced during strenuous exercise
(El-Saad et al., 2016).

In this study, we chose to test the antioxidant activity
of pequi oil because this fruit has various types of
antioxidants and is used in the production of skin creams
and moisturizing lotions, as a cicatrizer in the Brazil
(Miranda-Vilela et al., 2009b).

The histopathological analysis of the animals of the
exercise group (G2) revealed moderate tissue damage,
such as hydropic and fatty degeneration, in addition to
lymphocytic infiltration. Such damage indicates that the
tissue in question underwent injuries caused by the action
of ROS, which was confirmed by the malondialdehyde

Braz. J. Biol., 2019, vol. 79, no. 2, pp. 257-262

levels. This fact also proves that the exercise protocol was
effective in inducing the production of ROS. The animals
of the supplemented exercise group (G4) showed only
mild tissue damage, indicating the antioxidant potential
of supplementation with pequi oil.

The animals of the sedentary control and supplemented
groups (G1 and G3) showed no significant morphological
damage, proving that the tissue damage in the other groups
was caused by strenuous exercise and the production of
ROS. It is worth mentioning that the sedentary group (G1)
showed no focal lesions and was the most morphologically
preserved group. It can therefore be inferred that the pequi
oil acted as an antioxidant, reducing tissue damage caused
by free radicals during strenuous exercise, acting as a
hepatic protector, forming a barrier against other harmful
metabolic processes such as necrosis, fibrosis, steatosis
and cirrhosis, similar to what Miranda-Vilela et al. (2014)
found in patients in a condition of oxidative stress.

Malondialdehyde was used as a biomarker of free
radicals to characterize oxidative stress at the cellular
level (Hashem et al., 2015). The findings confirmed that
supplementation with pequi oil was effective in protecting
the liver against damage caused by free radicals, since
the supplemented exercise, sedentary and control groups
showed no statistically significant difference, unlike the
non-supplemented exercise group (G2), which showed
a value of p<0.5 compared to the others, indicating cell
damage in this group.

Miranda-Vilela et al. (2014) demonstrated that pequi
oil was able to dramatically reduce the effects of ROS
on hepatic cells. As their experimental model they used
chemotherapeutic drugs, which cause increased oxidative
stress in the liver and consequent accumulation of free
radicals, and supplementation with pequi oil. Their results
demonstrated that this supplementation had a protective
and antioxidant effect on the liver cells, even in the group
subjected to chemotherapeutic drugs, indicating the
versatility of supplementation with pequi oil, which can
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act in the diet of professional athletes as well as in that
of cancer patients.

An analysis of the results of this study revealed that
supplementation with pequi oil has a protective effect
on the liver tissue against injuries caused by ROS, when
comparing the non-supplemented exercise and supplemented
exercise groups, and that pequi oil can be successfully used
as an antioxidant and liver protector. In conclusion the
supplementation with pequi oil has a protective effect on
liver cells against damage caused by oxygen free radicals
during strenuous exercise.
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