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ABSTRACT: Colorectal cancer is a life-threatening disease. This study evaluates whether sour
coconut (Butia capitata) prevents the appearance of aberrant crypt foci (ACF) in the colon
of rats, induced with 1,2-dimethylhydrazine (DMH). The test subjects were divided into four
treatment groups: I - Control; II - aqueous extract of sour coconut pulp; III - DMH and IV
- Aqueous extract of sour coconut pulp + DMH. The colons of the subjects were submitted to
ACF count, analysis of gene expression and histopathological. The count of ACF differed in
the proximal portion of the colon between animals treated III and IV, with a lower count in
Treatment IV (p <0.05). The interleukin-1 (IL-1) gene (p <0.05) was less expressed in Treatment
IV. In the histopalogic analysis of the colons in Treatment IV, less dilation was observed at the
base of the crypts and the lumen was moderately dilated. The sour coconut acted in preventing
the appearance of ACF, probably due to its high composition in bioactive compounds, such as
phenolic compounds, polyunsaturated fatty acids and vitamin E.The anti-inflammatory capacity
reduces the expression of the IL-1 gene and preserves the histo-architecture of the colon.

1. INTRODUCTION

Colorectal cancer (CRC) results from a series of genetic
alterations that lead to a progressive and irreversible loss of
normal control of cell growth and differentiation. There are
several molecular pathways from normal mucosa to colorectal
carcinoma, which explains the existence of intestinal tumors of
different biological nature and may afford specific targets for
both prevention and cure (De Leon & Percesepe, 2000). This
biology provides an excellent way to study genetic abnormalities
involved in tumor formation. Results of such research led to the
formulation of a general model for colorectal tumorigenesis, in
which the accumulation of genetic alterations is responsible for
successive waves of clonal expansion that occur during tumor
promotion and progression (Fearon & Vogelstein, 1990).

Aberrant crypt foci (ACF) are the first preneoplastic lesions
observed in rodent colorectal carcinogenesis models, which
suggests that the ACF are precursor lesions of adenomas and

cancers (Bird, 1987; Hurlstone et al., 2005; Kim et al., 2008;
Seike et al., 2006; Takayama et al., 1998). ACF consists of
large, thickened intestinal crypts with varying degrees of atypia
or nuclear dysplasia, which are easily visible in the colon of test
subjects treated with a carcinogen and stained with methylene
blue (Gregorio et al., 1997; Roncucci et al., 1991).

Neoplasms result from genetic alterations that affect the
stages of cell development, including the mechanisms of
proliferation and death by apoptosis (Curioni et al., 2001;
Tajra et al., 2007; Wenjing et al., 2020). When cell damage
becomes irreversible, tumor-suppressor proteins activate the
intrinsic pathway of apoptosis and trigger cell death (Akhter
et al., 2014; Beckerman & Prives, 2010; Einsele-Scholz et al.,
2016; Grivicich et al., 2007; Villunger et al., 2003).

Many cancers lead to mechanisms that allow affected cells to
escape death or lose the ability to interrupt the cell cycle (Akhter
et al., 2014; Opferman, 2016). The increased expression of
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some genes belonging to the family of anti-apoptosis proteins
and inflammatory cytokines activate transcriptional regulators
at the tumor site, which keep cells alive and increase tumor
mass (Grivennikov et al., 2010; Voronov & Apte, 2015).

Like other diseases of multifactorial causes, cancer is
apparently associated with oxidative stress in the cell. Preventive
measures against damage can be adopted, which include a
diet rich in antioxidant compounds. The main compounds
with this property are of vegetable origin, such as vitamin C,
vitamin E, carotenoids, and phenolic compounds (Degáspari &
Waszczynskyj, 2004; Silva et al., 2010).

Brazil has a wide variety of fruits distributed throughout
different regions and many are still largely unexplored, such as
the ”coquinho azedo” or sour coconut (Butia captata), which
is a palm tree of the Arecaceae family native to the Cerrado
region in the states of Bahia, Goiás, and Minas Gerais. The
fruits are spherical and become yellow when ripe. They have a
fibrous edible pulp, which is both sweet and sour. The nut is also
edible. Being palatable and nutritional, the fruits are broadly
consumed not only unprocessed but also as juices, popsicles,
jellies, liqueurs, cakes, and ice cream (Lima et al., 2010).

Our analysis of the chemical composition of 100g of
sour coconut pulp demonstrated its high nutritional value
and antioxidant activity: total energy (83.34 Kcal.100g−1);
carbohydrate (12.51%); lipid (3.42%); protein (0.74%);
vitamin C (53.57 mg.100g−1); β-carotene (8.56 mg.100
g−1); vitamin E (121.07 µg.100g−1); α-tocopherol (39.84
µg.100g−1); α-tocotrienol (28.02 µg.100g−1); γ-tocoferol
(22.99 µg.100g−1); γ-tocotrienol (11.11 µg.100g−1); β-
tocoferol (19.11 µg.100g−1); cupper (1.8 mg.100g−1); pheno-
lic compounds total (493.60 mg.Eq−1 of galic acid) and antiox-
idant activity (4.74 µM of Trolox.g−1), reference tab (Barbosa
et al., 2021). Other data not evaluated by our group were
tabulated from the reference (Faria et al., 2008): tannic acid
(116 mg.100g−1) and 10.1% of fiber.

The sour coconut may become a source of bioactive
compounds important for growth, development and protection
against diseases, thereby complementing its acceptance as a
nutritional source. Mindful of this possibility, our group
evaluated whether the aqueous extract of sour coconut pulp acts
in the prevention of ACF or pre-neoplastic lesions, chemically
induced in the colon of rats with 1,2-dimethylhydrazine
(DMH).

2. MATERIALS AND METHOD

2.1. Test subjects and diets

The forty male Wistar rats used in our experiments were
twelve-weeks old and weighed approximately 120-150 grams.
The animals were kept in individual cages at the Experimental
Nutrition Laboratory of the Department of Nutrition and
Health of the Federal University of Viçosa, Viçosa, Minas
Gerais, Brazil, at a temperature of 22 ◦C ± 2 ◦C, in a 12-hour
photoperiod. The test subjects were divided into four treatment
groups: I - Control; II - Aqueous extract of the sour coconut

pulp (pulp:water; 50:50); III – DMH; and IV - Aqueous
extract of the pulp of sour coconut + DMH. Animals from all
treatments received water ad libitum, Nuvilab CR1 rodent chow
(QUIMTIA®, Paraná, Brazil) and aqueous extract of Butia
capitata pulp by gavage, 1.0 mL/day for 9 weeks (treatments
II to IV). DMH (Sigma® Chemical Co., St. Louis, Missouri,
USA), was dissolved in 0.9% saline solution containing 1 mM
EDTA (Sigma® Chemical Co., St. Louis, Missouri, USA)
and 10 mM sodium citrate (Sigma® Chemical Co., St. Louis,
Missouri, USA), pH 8, animals in groups I and received only
the vehicle without DMH. The Ethics Committee on the Use
of Animals - CEUA / UFV, approved the experiment, process
No. 17/2014.

2.2. InducƟon of the appearance of ACF with the administraƟon of
1,2-Dimethylhydrazine (DMH) and collecƟon of material

Test subjects which were submitted to the appearance of
ACF received an intraperitoneal injection of DMH (Sigma®
Chemical Co., St. Louis, Missouri, USA) twice a week and
over a period of two weeks, with a dose of 40mg/kg of body
weight (Newell & Heddle, 2004). Seven weeks after the
final application of DMH (Sigma® Chemical Co., St. Louis,
Missouri, USA), the animals of all treatment groups were
euthanized with anesthesia with 5% isoflurane (Cristália®, São
Paulo, Brazil), using an inhalation device to minimize suffering.
A portion of the animals’ large intestines, from the cecum to the
anus, was then removed.

2.3. PreparaƟon of Ɵssue for aberrant crypt foci count

The removed large intestine was washed in a phosphate buffer
solution (PBS) and opened longitudinally along the counter
mesenteric margin, placed in paraffin plates, with the mucosa
facing the top of the plate and fixed in Carson’s formalin for
24 hours. After fixation, the large intestine was then measured
and divided into three equal fragments called proximal, medial,
and distal, in relation to the cecum. The fragments were then
stained in a 0.1% methylene blue (Sigma® Chemical Co., St.
Louis, Missouri, USA) solution for 2 minutes and washed in
PBS to remove excess dye for further analysis. The counting
was performed with the aid of a light microscope (Olympus®
America Inc., CBA model, Center Valley, Pennsylvania, USA)
at 100x magnification by two double-blind trained observers.
The number of aberrant crypts per focus, that is, foci with up to
three crypts and foci with more than three crypts stratified the
ACF categorization (Bird, 1987).

2.4. Reverse transcriptase and polymerase chain reacƟon (RT-PCR)

2.4.1 ExtracƟon and quanƟficaƟon of mRNA and cDNA synthesis

The total mRNA of the large intestine was extracted
using the TRIZOL reagent (Invitrogen®, Rockville, Maryland,
USA), according to the manufacturer’s recommendations.
To eliminate DNA contamination, the total mRNA was
treated with RNase-free DNase (Thermo Fisher®, Waltham,
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Massachusetts, USA). After extraction, the RNA was quan-
tified and analyzed on a 1.3% (w/v) denaturing agarose gel
(Thermo Fisher®, Waltham, Massachusetts, USA) stained with
ethidium bromide (Bio-Rad®, Hercules, California, USA) at
0.1 µg/mL. The synthesis of cDNA was performed using two
µg of total RNA, oligodT [18] (Thermo Fisher®, Waltham,
Massachusetts, USA) and Superscript II reverse transcriptase
(Thermo Fisher®, Waltham, Massachusetts, USA), according to
the manufacturer’s specifications.

2.4.2 QuanƟficaƟon of mRNA by real-Ɵme polymerase chain
reacƟon (q-PCR)

The entire real-time PCR procedure was conducted

according to the Applied Biosystems®Waltham, Massachusetts,
EUA manuals. Real-time PCR reactions were performed
using the 7500 Real Time PCR Systems (Applied

Biosystems®Waltham, Massachusetts, EUA) specific
oligonucleotides, treatment cDNA, and SYBR Green PCR

Master Mix (Applied Biosystems®Waltham, Massachusetts,
EUA). The amplification conditions were 95 ◦C for 10 min,
40 cycles of 94 ◦C for 15 seconds, 60 ◦C for 1 minute.
For the quantification of gene expression, the comparative
method Ct: 2-∆C was used as an endogenous control
for normalization of qRT-PCR data, the Glyceraldehyde-3-
Phosphate Dehydrogenase (GAPDH ) gene was used. The
oligonucleotides used are shows in Table 1.

2.5. Processing to obtain histological secƟons and preparaƟon of
the countermensteric porƟon of the proximal colon for image
acquisiƟon

Colon fragments were submitted to histological processing
to obtain histological sections and make slides. The histological
sections obtained were adhered to the slides and stained with
hematoxylin (Sigma®Chemical Co., St. Louis, Missouri, USA)
for oneminute, washed in distilled water for 15minutes, stained
in eosin (Sigma® Chemical Co., St. Louis, Missouri, USA) for
one minute and rinsed in water. They were then dried on a
hot plate andmounted with Canada balm (Merck®, Darmstadt,
Germany). The prepared slides were used for histopathological
evaluation. The images were selected and obtained using
the AX-70 photomicroscope (Olympus® America Inc., model
CBA, Center Valley, Pennsylvania, USA). To obtain images
of the contra mesenteric margin, the colon was washed in
phosphate buffer solution (PBS), stained with 1% methylene
blue in Petri dishes and placed on glass slides with the contra
mesenteric margin facing up. The ACF images were obtained
under a microscope (Olympus® America Inc., model CBA,
Center Valley, Pennsylvania, USA) at 100X magnification.

2.6. StaƟsƟcal analysis

Statistical Package for the Social Sciences (SPSS®), version
20.0, was used for the statistical analysis. Descriptive data were
presented including frequencies, mean and standard deviation
(SD). The type of distribution of quantitative data, normal or
non-normal, was verified before each association analysis, using
the Shapiro Wilk test. The Kruskal Wallis test was performed
to compare three or more groups in independent samples with
non-normal distribution. The Mann-Whitney U test was used
to investigate the difference between two groups with non-
normal distribution and the Tukey test (ANOVA) for difference
between two groups with normal distribution. The (p) value was
fixed up to 5% in order to obtain 95% confidence.

3. RESULTS AND DISCUSSION

3.1. Aberrant crypt foci count

The number of ACF in the proximal portion of the colon
after the use of aqueous extract of the pulp of sour coconut was
lower in Treatment IV when compared to Treatment III, which
received only DMH. A lower incidence of ACF was observed
with foci up to three crypts, p<0.05 (Table 2). No differences
were observed in the medial and distal portions in any other
treatment (data not shown).

Research involving sour coconut is still in an early stage.
This study is unprecedented and evaluated whether the aqueous
extract of sour coconut pulp prevents the appearance of ACF in
the colon of rats. The CRC starts from ACF identified as pre-
neoplastic lesions, which precede the evolution of adenomatous
polyps. The assumption is that the greater the number of
ACF, the greater will be the probability that the tumor will
appear (Varago et al., 2017).

DMH is a drug widely used to induce ACF in rodents. These
ACF can be distributed in different portions of the proximal,
medial or distal colon, depending on the type of study (Gomides
et al., 2015, 2014; Marcon et al., 2020; Reis et al., 2019; Rosa
et al., 2015). In this study, there was a lower prevalence of ACF
in the proximal colon of animals in Treatment IV (Table 2).

3.2. Gene expression

The expression analysis of the P21, P53, BCL-2, BAD, BAX,
IL-1 and TNF-α genes was performed, using GAPDH as an
endogenous control. A difference appeared in the expression
of the BAD, BAX and IL-1 genes (Figure 1). There was no
difference in the expression of the P21, P53, BCL-2 and TNF-α
genes (data not shown). Figure 2 shows some functions of the
proteins produced from the genes quantified in this study.

Proteins known as tumor suppressors control these check-
points. Among them, two stand out: p53 and p21. These pro-
teins are inhibitors of cyclin-dependent kinases (Cdks), which
interrupt the cell cycle when DNA damage occurs (Wenjing
et al., 2020). When the damage to DNA is irreversible, the
p53 protein accumulates in the cell and activates transcription
of genes encoding the pro-apoptotic proteins Puma and Noxa.
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Table 1
Specific oligonucleotides forreverse transcriptase quantitative
Genes Primers
GAPDH Sense: 5’-CAAGTTCAACGGCACAGTCA-3’ Antisense: 5’-CCTGGAAGATGGTGATGGGT-3’
P21 Sense: 5’-CTGGATGCTAGAGGTCTGC-3’ Antisense: 5’-AGAGTTGTCAGTGTAGATGC-3’
P53 Sense: 5’-TCTGTTTCAAAAAGCAAAAAGATGAC-3’ Antisense: 5’-ATAGCAAGGAAAGTCATGAACTGCCA-3’
BCL-2 Sense: 5’-ATCGCTCTGTGGATGACTGAGTAC-3’ Antisense: 5’-AGAGACAGCCAGGAGAAATCAAAC-3’
BAD Sense: 5’-GCCAACAACAGTCATCATGG-3’ Antisense: 5’-CCATCCCTTCATCTTCCTCA-3’
BAX Sense: 5’-AGGGTGGCTGGGAAGGC-3’ Antisense: 5’-TGAGCGAGGCGGTGAGG-3’
IL-1 Sense: 5’-AAGACAAGCCTGTGTTGCTGAAGG-3’ Antisense: 5’-TCCCAGAAGAAAATGAGGTCGGTC-3’
TNF-a Sense: 5’- AAATGGGCTCCCTCTCATCAGTTC-3’ Antisense: 5’- TCTGCTTGGTGGTTTGCTACGAC-3’

GAPDH : Glyceraldehyde-3-Phosphate Dehydrogenase gene, P21: p21 protein gene, P53: p53 protein gene, BCL-2: B-cell lymphoma protein gene 2, BAD: protein X associated
with Bcl-2 gene, BAX : bak related to Bcl-2 gene, IL-1: interleukin-1 gene, TNF-a: tumor necrosis factor-alpha gene.

Figure 1. Comparison between treatments of BAD, BAX and IL-1 gene expression by RT-PCR of the colon of Wistar rats exposed to
1,2-dimethylhydrazine (DMH), 40mg/kg for nine weeks using as control endogenous the GAPDH gene. Data are shown as mean ± SD. a,b Different
letters in the columns indicate statistical significance between treatments (p <0.05), and the same letter does not differ statistically by the Tukey test. I:
Control; II: Aqueous extract of the sour coconut pulp; III: DMH; IV: Aqueous extract of the sour coconut pulp + DMH.

Table 2
Number of aberrant cryptfoci (ACF) with
up to three crypts and with more than three
crypts in the proximal colon of Wistar rats
exposed to 1,2-dimethylhydrazine (DMH),
40mg/Kg for nine weeks.

Up to 3 ACF Greater than 3 ACF
Treatment Proximal Colon Proximal Colon
I (n = 3) 0,0±0,0a 0,0±0,0a

II (n = 3) 0,0±0,0a 0,0±0,0a

III (n = 7) 5,79±2,40b 2,21±2,23b

IV (n = 7) 3,07±1,43c 0,21±0,39c

Data are shown as mean ± SD. I: Control; II: Aqueous extract of the sour
coconut pulp; III: DMH; IV: Aqueous extract of the sour coconut pulp +
DMH. a,b,cThe means followed by the same letter in the column do not
differ significantly and the means followed by different letters, differ by Mann
Whitney’s U test with 5% probability. ACF = aberrant crypt foci, DMH: 1,2-
dimethylhydrazine.

These proteins can associate with protein X associated with Bcl-
2 (Bax) and bak related to Bcl-2 (Bak), thereby facilitating the
formation of oligomeric complexes in the outer mitochondrial
membrane and activating the apoptosis process (Akhter et al.,
2014; Beckerman & Prives, 2010; Einsele-Scholz et al., 2016).
In this study, the increase in BAX gene expression in Treatment
III did not influence the decrease in ACF in the proximal
colon of the animals compared to Treatment IV, indicating that

the increase in the respective gene probably does not lead to
activation of the mitochondrial pathway of apoptosis.

In the early stages of CRC, the p53 protein is active and
inactivationmutations of its gene occur later on because they are
rare in polyps, but common in carcinomas (Klumb & Júnior,
2002; Vousden, 2005). To halt the cell cycle, p53 protein it
stimulates the expression of the p21 protein gene, an inhibitor of
the cycle during the transition from the G1/S phases or during
the S phase (Abbas & Dutta, 2009; El-Deiry, 2016). In the
present study, no difference appeared in the expression of the
P53 gene and the P21 gene in any treatment; it was not possible
to correlate the expression of these genes with the prevention of
ACF incidence in the proximal colon of animals in Treatment
IV compared to Treatment III.

A signaling pathway known as phosphatidylinositol-3-
kinase-Akt (PI3K-Akt) stimulates animal cell survival and
growth by phosphorylation of the Bad protein. Phosphorylated
Bad becomes inactive and releases B-cell lymphoma protein
2 (Bcl2) which inhibits the apoptosis process. The balance
between Bcl2 and Bad activities can determine whether cells live
or die (Willis &Adams, 2005). In the present study, there are no
differences in the expression of the BCL2 gene, but differences
in the expression of the BAD gene were observed in treatments
III and IV (p<0.05). The decrease in ACF in IV treatment was
probably not influenced by the lower expression of the BAD
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Figure 2. Possible mechanism of action of sour coconut in preventing the appearance of aberrant crypt foci due to the action of 1,2-dimethylhydrazine.
In the figure top left, it is possible observe a set of enterocytes from the colon crypts supported on the basal lamina. On the right, a enterocytes is
highlighted, showing the action of IL-1 and TNF-α in signaling and activating the NFκB transcriptional regulator, which moves to the nucleus (in
greater magnification on the left of the figure), activating genes from the inflammatory response and one anti-apoptotic gene of Bcl-2 protein.Bcl-2 is
an anti-apoptotic protein when activated inhibits the formation of the oligomeric complex that releases cytochrome c from the mitochondria. Bcl-2 is
inhibited by the Bad protein. It is believed that sour coconut may act by decreasing the expression of the IL-1 gene and consequently decreasing the
extracellular concentration of this cytokine, leading to a lower incidence of aberrant crypt foci (ACF) in the colon, probably by decreasing the cell
signaling that activates NFκB. Two mechanisms of action of the p53 protein canalso be seen. First, after detecting DNA damage, p53 is
phosphorylated and activated by ATM and ATR, p53 enters the nucleus where it acts in the expression of the p21 protein gene that will interrupt the
cell cycle through the inhibition of two cyclin/Cdk complexes. Second, p53 acts as a promoter of apoptosis after irreversible DNA damage caused by
1,2-dimethylhydrazine (DMH), stimulating the formation of the oligomeric complex of Bax and Bak in the inner mitochondrial membrane with the
release of cytochrome c and consequent activation of the cell death by apoptosis.

gene.
The increased expression of genes belonging to the BCL-

2 family (example: Bcl-2), through the activity of the
inflammatory cytokines tumor necrosis factor alpha (TNF-α)
and interleukin-1 (IL-1), activates at the site nuclear factor
kappa B (NFκ-B), a transcriptional regulator, which keeps
cells alive and increases tumor mass (Grivennikov et al., 2010;
Voronov & Apte, 2015) and leads to inflammation induced by
oxidative stress.

This persistent inflammatory and oxidative environment
creates a vicious cycle, which can damage healthy epithelial and
stromal cells and result in carcinogenesis. Studies have shown

that the suppression of TNF and IL-1 decreases the expression
of nuclear factor kappa-light-chain-enhancer of activated B
cells (NF-κB), inhibiting the proliferation of myeloid leukemia
and lymphoma cells. IL-1 can be produced and secreted
during colonic inflammation by infiltration of myeloid cells,
colonic epithelial cells and other stromal cells. IL-1 can
also inhibit apoptotic events initiated in some cells, allowing
their proliferation and greater accumulation of mutations and
result in a malignant phenotype (Federico et al., 2007; Giri &
Aggarwal, 1998; Hussain & Harris, 2007; Voronov & Apte,
2015).
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In this study, IL-1 gene expression was lower in Treatment IV,
where a lower incidence of ACF was observed in the proximal
colon of the animals. Although there was an increase in
the expression of the pro-apoptotic genes BAD and BAX in
Treatment III, the higher incidence of ACF suggests that the
increased expression of the IL-1 gene in this treatment may have
exerted pro-inflammatory and anti-apoptotic activity. As earlier
mentioned, in Treatment IV there was a lower expression of the
IL-1 gene, which suggests that the aqueous extract of coconut
pulp may have had an anti-inflammatory effect and, therefore,
influenced the decrease in the incidence of ACF in the colon of
the test subjects due to its abundance in phenolic compounds
with antioxidant properties.

Several studies have demonstrated the effectiveness of
phenolic compounds in inhibiting the proliferation of human
CRC cells in culture (Koh et al., 2018; Lee et al., 2020;
Mazewski et al., 2018; Riahi-Chebbi et al., 2019; Subramanian
et al., 2016). Inhibition of the appearance of tumors and
pre-neoplastic lesions in the colon of animals (Gunasekaran et
al., 2019; Koh et al., 2018; Lee et al., 2021, 2020). These
studies evidenced that phenolic compounds induce apoptosis
and activate or inhibit cell signaling pathways that act in the
prevention of tumors, promote cell cycle interruption, control
the expression of genes of inflammatory markers, cytokines,
metastasis and angiogenic markers, preventing cell migration
and invasion as well as decreasing the production of reactive
oxygen species (ROS).

Similar effects were observed in the present study with the
reduction of IL-1 gene expression with consequent reduction of
ACF counts in the proximal colon of animals in Treatment IV.
The phenolic compounds in sour coconut may have thus acted
to repress expression of the IL-1 gene with a decrease in the
extracellular concentration of this cytokine and consequently
a decrease in the cell signaling that activates NFκB, thereby
protecting the colon of rats from the deleterious effects of the
DMH (Figure 2).

The pulp of sour coconut contains high levels of polyunsatu-
rated fatty acids (PUFAs), a total of 24% in 100g (Lopes et al.,
2012; Martínez et al., 2012; Stahl et al., 2002). PUFAs exert
growth inhibitory, pro-apoptotic and anti-inflammatory effects
on CRC cells. PUFA metabolites like prostaglandins (PGs),
leukotrienes (LTs) and lipoxins (LXs) play a significant role in
colon cancer (C. Zhang et al., 2015).

In two studies, rats were induced to CRC with DMH and
treated with fish oil and corn oil. In both studies, the test
subjects treated with fish oil had an improvement in the effects
caused by DMH on colon cells with activation of the intrinsic
apoptosis pathway, attenuating carcinogenesis, suggesting that
this pathway is unregulated by PUFAs (Agnihotri et al., 2016;
Sharma et al., 2016). Although no increase in the expression
of pro-apoptotic genes was observed in this study, Treatment
IV decreased ACF and the expression of the IL-1 gene, a pro-
inflammatory cytokine, which demonstrates that the presence
of PUFAs may also have contributed to the colon protection
of animals. Similar data were observed by (Rosa et al., 2015)

who induced ACF in the colon of rats fed normal lipid diets
plus 4% olive, fish, flaxseed or soy oil (control). In the proximal
portion of the colon, lower levels of ACF were found in the
fish and linseed oil groups. This behavior was not, however,
observed in the middle and distal regions, data corroborated in
the present study. The fish oil group showed higher expression
of transforming growth factor β (TGF-β) and lower expression
of interleukin-8 (IL-8) in relation to the other treatments.
According to the authors, fish oil demonstrated a protective
effect on the precancerous mucosa of the colon in animals
treated with DMH with a beneficial effect on inflammatory
modulation.

Vitamin E is a generic term which refers to a family
of compounds which may be divided into the subgroups
tocopherols and tocotrienols. Although all-natural forms of
vitamin E have potent antioxidant activity, tocotrienols are
significantly more potent than tocopherols in inhibiting tumor
cells (Magalhães et al., 2017). Our research group was the
first to assess the vitamin E profile in the pulp and nut of the
sour coconut. Of the eight vitamin E counterparts, five were
identified in the pulp and nut, with the most prevalent being
α-tocopherol, totaling 121.07 mcg.100g −1.

A study with the bioactive form of vitamin E, δ-tocotrienol,
showed beneficial effects on chemically induced colorectal
carcinogenesis in animals, with inhibition of tumor growth
and development and prevention of colorectal polyps. The
same observation in human CRC cell culture showed inhibition
of cell proliferation, migration and invasion, in addition
to inducing cell death. According to the authors, this
effect of δ-tocotrienol on cells in culture occurred through
the decrease in the expression of epithelial (E-cadherin) and
mesenchymal (vimentin) transition markers, of metastasis
(matrix metalloproteinase 9), of angiogenesis [factor of vascular
endothelial growth of angiogenesis (VEGF)], inflammation
(NF-κB), Wingless/β-catenin-related integration site signaling
(Wnt/β-catenin), in addition to apoptosis induction (Husain et
al., 2019).

A similar study with human CRC cell culture with another
bioactive form of vitamin E, γ-tocotrienol, also demonstrated
inhibition of cell growth, induction of apoptosis, cell cycle
arrest, and suppression of the Wnt pathway (J.S. Zhang et
al., 2013). In the present study, there was a decrease in the
incidence of ACF in the proximal colon of the animals treated
IV, which suggests a possible anti-tumor activity attributed to
this vitamin and its bioactive derivatives, supposedly due to its
anti-inflammatory property, since there was a lower expression
of IL-1 gene.

3.3. Histopathological analysis and visualizaƟon of aberrant crypt
foci in the counter mesenteric margin porƟon of the colon

Histological sections of the colon of animals fromTreatments
I (Control) and II (aqueous extract of sour coconut pulp)
showed normal crypts with a narrow lumen, showing prismatic
enterocytes with nuclei in the basal portion of the cells and
marked abundance of goblet cells (Figure 3A and B). Observing
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Figure 3. Photomicrographs of histological sections of the colon of animals from Treatment I (Control), in (A) and from Treatment II (Aqueous extract
of sour coconut pulp) in (B). There are normal Lieberkühn intestinal crypts, showing a narrow lumen (arrowheads), with prismatic enterocytes (arrows)
and numerous goblet cells displaying a clear halo (asterisk). Hematoxylin and Eosin (HE) staining. Bar = 25 µm. Photomicrograph (C) of histological
section of the colon of animal from Treatment III (DMH). Note Lieberkühn’s intestinal crypts with increased lumen (arrows) and marked reduction of
goblet cells (asterisk), with nuclear atypia at the base of the crypt, characterized by process of dysplasia (arrowhead). In the photomicrograph (D), of a
histological section from the colon of an animal from treated IV (Aqueous extract of sour coconut pulp + DMH), at higher magnification, less
dilatation is observed at the base of the crypts, with a moderately dilated lumen (arrow). Hematoxylin and Eosin (HE) staining. (A, B and C)
magnification = 400x and Bar = 25 µm; (D) magnification = 1000x and Bar= 75 µm. DMH: 1,2-dimethylhydrazine.

the superior view of the portion of the counter mesenteric
margin of the proximal colon of the animals in Treatments I and
II, no ACF was observed (Figure 4A and B).

The histopathological analysis of the histological sections of
the colon of the animals of Treatments III (DMH) and IV
(aqueous extract of sour coconut pulp + DMH), evidenced a
reorganization in the histoarchitecture of the intestinal crypts
(Figure 3C and D).

In the histological sections of the colon of the animals of
Treatment III (Figure 3C), ACFwas characterized by an increase
in the diameter of the crypts, with an observed dilation of
the lumen and massive decrease in goblet cells. At the base
of the crypt, a marked proliferation with intense dysplasia of

enterocytes appeared, both elongated and reorganized in the
form of pseudostratified epithelium. Observing the superior
view of the portion of the counter mesenteric margin of the
proximal colon of the animals, one could visualize foci with two
(Figure 4C), three (Figure 4C1) and eight (Figure 4C2) aberrant
crypts.

In the histological sections of the large intestine of the
test subjects in Treatment IV, less dilatation was observed
at the base of the crypts, with a moderately dilated lumen
(Figure 3D). Analyzing the images of the superior view of the
contra mesenteric margin, one could visualize foci with two
(Figure 4D), three (Figure 4D1) and six (Figure 4D2) aberrant
crypts in the colon of the animals. In Figure 4C and D,
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Figure 4. Top view of the counter mesenteric margin portion of the proximal colon of animals from treatments I to IV. In treatments I (figure A) and II
(figure B) no aberrant crypt foci (ACF) were observed. Arrows show normal crypt foci in both treatments. In Treatment III, in Figure C one can
observe foci with two aberrant crypts (long arrows), in C1 and C2 foci with three crypts and eight aberrant crypts (long arrows) respectively. In
Treatment IV, in Figure D we can see foci with two aberrant crypts (long arrows), in D1 and D2 foci with three crypts and six aberrant crypts (long
arrows) respectively. In figures C and D, it is also possible to observe a reorganization of the architecture of the contra mesenteric margin of the colon of
the animals from treatments III and IV. Staining with methyleneblue, magnification = 100x.

one could also observe a reorganization of the architecture of
the contra mesenteric margin of the colon in the animals of
Treatments III and IV. The test subjects in Treatment IV had
a lower incidence of ACF.

The data observed in the present study corroborate those
reported by (Gunasekaran et al., 2019) who evaluated the pre-
ventive activity of the phenolic compound p-methoxycinnamic
acid in rats chemically induced to CCR with DMH. In the
histopathological analysis of the colon, the authors observed
that the control group presented normal colonic mucosa, while
the group that received DMH presented irregular mucosa,
necrosis and neoplastic transformation of the glands. The
group that received p-methoxycinnamic acid for a longer period
had regular glands without hyperplasia. The test subjects that
received the phenolic compound also had a reduced number of
ACF.

The same was observed by Hamiza et al. (2012) when
evaluating the effect of tannic acid on DMH-induced changes
in colon histoarchitecture. The control group presented
normal colonic histoarchitecture with glandular structure and
normal mucosa, with a slight infiltrate of inflammatory cells.
The group that received DMH had massive infiltration of
inflammatory cells with formation of crypt abscesses. The
groups that received increasing concentrations of tannic acid
showed substantial improvement in mucosal histoarchitecture
with mild inflammatory cell infiltrate. The data observed in
the present study are in agreement with those found by those

authors, which suggests that the high amount of phenolic
compounds in sour coconut protected the colon mucosa of
the animals undergoing Treatment IV, thus preserving its
histoarchitecture.

In another study (Husain et al., 2019) using δ-tocotrienol,
a bioactive form of vitamin E to inhibit CRC growth and
development, the authors observed that the test subjects which
received this compound had mild hyperplasia and normal
colonic mucosa when compared to the group that received only
the carcinogenesis-inducing drug. The findings of the present
study are also in agreement with those authors, demonstrating
that sour coconut is a source of phenolic compounds and
vitamin E, thus acting to prevent the appearance of ACF, as well
as to preserve the histoarchitecture of the colon of the animals
used in this experiment.

Noteworthy is that Treatment III showed the greatest
expression of the BAD, BAX and IL-1 genes, which suggests
that the increase in the expression of these genes may be
related to poor prognosis in the prevention of ACF chemically
induced with DMH in the colon of Wistar rats. Furthermore,
in Treatment IV, expression of these genes was attenuated
(Figure 2), with a lower incidence of ACF and preservation of
colon histoarchitecture, thus demonstrating that sour coconut
negatively regulates the responses of inflammatory cells and is
effective in preventing CRC.
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4. CONCLUSION

Sour coconut probably prevents ACF due to numerous
bioactive and especially phenolic compounds, PUFAs and
vitamin E, which seems to have contributed to high anti-
inflammatory potential and control of the expression of the IL-1
gene. Our results suggest that the consumption of sour coconut
should be encouraged in a healthy nutritional diet, mainly due
to the presence of bioactive compounds.

CONFLICTS OF INTEREST

All the authors declare that there are no conflicts of interests.

ORCID

Antônio Frederico de Freitas Gomides 0000- 0001-5540-2734

Luana Venuto Santos 0000-0002-2801-2455

Maria Cristina de Albuquerque Barbosa 0000-0003-2957-342X

Leandro de Morais Cardoso 0000-0003-0625-9999

Maria do Carmo Gouveia Peluzio 0000-0003-4665-7043

Tiago de Melo Silva 0000-0003-0574-4247

Thaisa Netto Souza Valente 0000-0002-5708-7325

Pedro Augusto Braga dos Reis 0000-0003-2396-3662

Maria Anete Santana Valente 0000-0002-8914-0493

FUNDING

This work was supported by the Brazilian agencies National
Council for Scientific and Technological Development (CNPq;
http://www.cnpq.br/), (MCTI/CNPq Nº 480007/2013),
Foundation for Research Support of the State of Minas Gerais -
FAPEMIG, Financier of Studies and Projects (FINEP; http://w
ww.finep.gov.br/), Dean of Postgraduate Studies and Research
at the Federal University of Juiz de Fora - Minas Gerais, Brazil
(PROPP-UFJF).

ETHICAL APPROVAL

TheEthics Committee on theUse of Animals - CEUA /UFV,
approved the experiment, process No. 17/2014.

AUTHOR CONTRIBUTIONS

Antônio Frederico de Freitas Gomides: Conceptualization,
Methodology, Research, Writing, Visualization and Supervi-
sion; Luana Venuto Santos: Curatorship, Writing; Maria
Cristina de Albuquerque Barbosa: Conceptualization, Method-
ology, Review; Leandro deMorais Cardoso: Conceptualization,
Methodology, Review; Maria do Carmo Gouveia Peluzio:
Resources, Research, Review; Tiago de Melo Silva: Research;
Thaisa Netto Souza Valente: Formal analysis, Curatorship;
Pedro Augusto Braga dos Reis: Validation, Formal Analysis,
Review; Maria Anete Santana Valente: Conceptualization,
Methodology, Validation, Research, Resources, Writing, Super-
vision and Project Management.

REFERENCES

Abbas, T., Dutta, A., 2009. p21 in cancer: intricate networks andmultiple
activities. Nature Reviews Cancer. 9, 400–414. https://doi.org/10
.1038/nrc2657

Agnihotri, N., Sharma, G., Rani, I., Renuka, Bhatnagar, A., 2016. Fish
oil prevents colon cancer by modulation of structure and function of
mitochondria. Biomedicine & Pharmacotherapy. 82, 90–97. https://
doi.org/10.1016/j.biopha.2016.04.045

Akhter, R., Sanphui, P., Biswas, S.C., 2014. The essential role of p53-
up-regulated modulator of apoptosis (Puma) and its regulation by
FoxO3a transcription factor in beta-amyloid- induced neuron death.
Journal of Biological Chemistry. 289, 10812–10822. https://dio.org/
10.1074/jbc.M113.519355

Barbosa, M.C.A., Rosa, Q.S., Cardoso, L.M., Gomides, A.F.F., Bar-
bosa, L.C.A., Sant’anna, H.M.P., Pinheiro, S.S., Peluzio, M.C.G.,
Teixeira, R.D.B.L., Valente, M.A.S., 2021. Composition proximate,
bioactive compounds and antioxidant capacity of Butia capitata. Food
Science and Technology. 1, 1–6. https://doi.org/10.1590/fst.26720

Beckerman, R., Prives, C., 2010. https://doi.org/10.1101/cshperspect
.a000935

Bird, R.P., 1987. Observations and quantification of aberrant crypts in the
murine colon treated with a colon carcinogen: preliminary findings.
Cancer Letters. 37(2), 90157–90158. https://doi.org/10.1016/0304
-3835(87)90157-1

Curioni, O.A., Magalhães, M.R., Carvalho, M.B., Rapoport, A.,
Rosa, M.P., 2001. Correlação clínico-patológica entre a presença da
necrose microscópica e a revolução do carcinoma epidermoide inicial
da laringe. Revista Brasileira Otorrinolaringologia. 67(6), 819–823.
https://doi.org/10.1590/S0034-72992001000600010

De Leon, M.P., Percesepe, A., 2000. Pathogenesis of colorectal cancer.
Clinical Review, Digest and Liver Disease. 32, 80361–80369. https://
doi.org/10.1016/S1590-8658(00)80361-8

Degáspari, C.H., Waszczynskyj, J.N., 2004. Propriedades antioxidantes
de compostos fenólicos. Visão Acadêmica. 5(1), 33–40.

Einsele-Scholz, S., Malmsheimer, S., Bertram, K., Stehle, D., Johan-
ning, J., Manz, M., Daniel, P.T., Gillissen, B.F., Schulze-Osthoff, K.,
Essmann, F., 2016. Bok is a genuine multi-BH-domain protein that
triggers apoptosis in the absence of Bax and Bak. Journal of Cell
Science. 129(1), 2213–2223. https://doi.org/10.1242/jcs.181727

El-Deiry, W.S., 2016. p21 (WAF1) mediates cell-cycle inhibition, relevant
to cancer suppression and therapy. Cancer Research. 76, 5189–5191.
https://doi.org/10.1158/0008-5472.CAN-16-2055

Faria, J.P., Almeida, F., Silva, L.C.R., Vieira, R.F., Silva, D.B., Agostini-
Costa, T.S., 2008. Caracterização da polpa do coquinho-azedo (Butia
capitata). Revista Brasileira Fruticultura. 30(3), 827–829.

Fearon, E.R., Vogelstein, B., 1990. A genetic model for colorectal
tumorigenesis. Cell. 61, 90186–90187. https://doi.org/10.1016/
0092-8674(90)90186-1

Federico, A., Morgillo, F., Tuccillo, C., Ciardiello, F., Loguercio, C., 2007.
Chronic inflammation and oxidative stress in human carcinogenesis.
International Journal of Cancer. 121, 2381–2386. https://doi.org/
10.1002/ijc.23192

Giri, D.K., Aggarwal, B.B., 1998. Constitutive activation of NF-kappaB
causes resistance to apoptosis in human cutaneous T cell lymphoma
HuT-78 cells: autocrine role of tumor necrosis factor and reactive
oxygen intermediates. Journal of Biological Chemistry. 273, 14008–
14414. https://doi.org/10.1074/jbc.273.22.14008

Gomides, A.F.F., Gonçalves, R.V., Paula, S.O., Comastri, D.S.,
Peluzio, M.C.G., 2015. Defatted flaxseed meal prevents the appear-
ance of aberrant crypt foci in the colon of mice increasing the gene
expression of p53. Nutrición Hospitalaria. 31, 1675–1681. https://

N a t u r a l R e s o u r c e s f o r H u m a n H e a l t h 2023, 3, 75–85 | 83

https://doi.org/10.53365/nrfhh/150399
https://doi.org/10.1038/nrc2657
https://doi.org/10.1038/nrc2657
https://doi.org/10.1016/j.biopha.2016.04.045
https://doi.org/10.1016/j.biopha.2016.04.045
https://dio.org/10.1074/jbc.M113.519355
https://dio.org/10.1074/jbc.M113.519355
https://doi.org/10.1590/fst.26720
https://doi.org/10.1101/cshperspect.a000935
https://doi.org/10.1101/cshperspect.a000935
https://doi.org/10.1016/0304-3835(87)90157-1
https://doi.org/10.1016/0304-3835(87)90157-1
https://doi.org/10.1590/S0034-72992001000600010
https://doi.org/10.1016/S1590-8658(00)80361-8
https://doi.org/10.1016/S1590-8658(00)80361-8
https://doi.org/10.1242/jcs.181727
https://doi.org/10.1158/0008-5472.CAN-16-2055
https://doi.org/10.1016/0092-8674(90)90186-1
https://doi.org/10.1016/0092-8674(90)90186-1
https://doi.org/10.1002/ijc.23192
https://doi.org/10.1002/ijc.23192
https://doi.org/10.1074/jbc.273.22.14008
https://doi:10.3305/nh.2015.31.4.8279
https://doi:10.3305/nh.2015.31.4.8279


A. Gomides et al View Article Online

doi:10.3305/nh.2015.31.4.8279
Gomides, A.F.F., Paula, S.O., Gonçalves, R.V., Oliveira, L.L., Fer-

reira, C.L.L.F., Comastri, D.S., Peluzio, M.C.G., 2014. Prebiotics
prevent the appearance of aberrant crypt foci (ACF) in the colon
of Balb/C mice for increasing the gene expression of p16 protein.
Nutrición Hospitalaria. 30, 883–890. https://doi:10.3305/nh.2014
.30.4.7672

Gregorio, C., Losi, L., Fante, R., Modica, S., Ghidoni, M., Pedroni, M.,
Tamassia, M.G., Gafà, L., De Leon, M.P., Roncucci, L., 1997.
Histology of aberrant crypt foci in the human colon. Histopathology.
31, 328–334. https://doi.org/10.1046/j.1365-2559.1997.d01-626.x

Grivennikov, S.I., Greten, F.R., Karin, M., 2010. Immunity, inflam-
mation, and cancer. . Cell. 140, 883–899. https://doi.org/10.1016/
j.cell.2010.01.025

Grivicich, I., Regner, A., Rocha, A.B., 2007. Apoptosis: Programmed Cell
Death. Revista Brasileira de Cancerologia. 53(3), 335–343. https://
doi.org/10.32635/2176-9745.RBC.2007v53n3.1801

Gunasekaran, S., Venkatachalam, K., Namasivayam, N., 2019. Anti-
inflammatory and anticancer effects of p-methoxycinnamic acid, an
active phenylpropanoid, against 1,2-dimethylhydrazine-induced rat
colon carcinogenesis. Molecular and Cellular Biochemistry. 451(1-2),
117–129. https://doi.org/10.1007/s11010-018-3398-5

Hamiza, O.O., Rehman, M.U., Tair, M., Khan, R., Khan, A.Q.,
Lateef, A., Ali, F., Sultana, S., 2012. Amelioration of DMH-Induced
Colon Oxidative Stress by Tannic Acid in Wistar Rats. Asian Pacific
Journal of Cancer Prevention. 13, 4393–4402. https://doi.org/10
.7314/APJCP.2012.13.9.4393

Hurlstone, D.P., Karajeh, M., Sanders, D.S., Drew, S.K., Cross, S.S.,
2005. Rectal aberrant crypt foci identified using high-magnification-
chromoscopy colonoscopy: biomarkers for flat and depressed
neoplasia. American Journal of Gastroenterology. 100, 1283–1289.
https://doi:10.1111/j.1572-0241.2005.40891.x

Husain, K., Zhang, A., Shivers, S., Davis-Yadley, A., Coppola, D.,
Yang, C.S., Malafa, M.P., 2019. Chemoprevention of Azoxymethane-
induced Colon Carcinogenesis by Delta-Tocotrienol. Cancer Preven-
tion Research. 12(6), 357–366. https://doi.org/10.1158/1940-6207
.CAPR-18-0290

Hussain, S.P., Harris, C.C., 2007. Inflammation and cancer: an ancient
link with novel potentials. International Journal of Cancer. 121,
2373–2380. https://DOI:10.1002/ijc.23173

Kim, J., Jennie, N.G., Arozulllah, A., Ewing, R., Llor, X., Carroll, R.E.,
Benya, R.V., 2008. Aberrant crypt focus size predicts distal polyp
histopathology. Biomarkers & Prevention. 17, 1155–1162. https://
doi:10.1158/1055-9965.EPI-07-2731

Klumb, C.E., Júnior, G.B.C., 2002. Avaliação dos métodos de detecção
das alterações do gene e proteína P53 nas neoplasias linfoides. Revista
Brasileira Hematologia e Hemoterapia. 24(2), 111–125. https://doi
.org/10.1590/S1516-84842002000200008

Koh, S.J., Choi, Y.I., Kim, Y., Kim, Y.S., Choi, S.W., Kim, J.W.,
Kim, B.G., Lee, K.L., 2018. Walnut phenolic extract inhibits
nuclear factor kappaB signaling in intestinal epithelial cells, and
ameliorates experimental colitis and colitis-associated colon cancer
in mice. European Journal of Nutrition. 58(4), 1603–1613. https://
doi.org/10.1007/s00394-018-1704-3

Lee, S.H., Lee, H.S., Lee, J., Amarakoon, D., Lou, Z., Noronha, L.E.,
Herald, T.J., Perumal, R., Smolensky, D., 2021. Polyphenol
Containing Sorghum Brans Exhibit an Anti-Cancer Effect in Apc
Min/+ Mice Treated with Dextran Sodium Sulfate. International
Journal of Molecular Science. 1(15), 8286. https://doi.org/10.3390/
ijms22158286

Lee, S.H., Lee, J., Herald, T., Cox, S., Noronha, L., Perumal, R., Lee, H.S.,
Smolensky, D., 2020. Anticancer Activity of a Novel High Phenolic

Sorghum Bran in Human Colon Cancer Cells. Oxidative Medicine
and Cellular Longevity. 2020, 2890536. https://doi.org/10.1155/
2020/2890536

Lima, V.V.F., Silva, P.A.D., Scariot, A., 2010. Boas práticas de manejo
para o extrativismo sustentável do coquinho azedo, Embrapa Recursos
Genéticos e Biotecnologia.

Lopes, R.M., Silva, J.P., Vieira, R.F., Silva, D.B., Gomes, I.S., Agostini-
Costa, T.S., 2012. Composição de ácidos graxos em polpa de frutas
nativas do cerrado. Revista Brasileira de Fruticultura. 34(2), 635–675.
https://doi.org/10.1590/S0100-29452012000200041

Magalhães, H.M., Brandão, T.M., Stracieri, J., Jesus, H.F.,
Mendes, D.S.T., Pasqual, M., 2017. Evaluating chemical
composition of Butia capitata pulp among various populations
and locations using multivariate analysis. African Journal
of Biotechnology. 16(38), 1902–1910. https:doi:10.5897/
AJB2017.16107

Marcon, L.D.N., Moraes, L.F.S., Cruz, B.C.S., Teixeira, M.D.O.,
Gomides, A.F.F., Ferreira, C.L.L.F., Oliveira, L.L., Peluzio, M.C.G.,
2020. Yacon (Smallanthus Sonchifolius)-Based Product Increases
Fecal Short-Chain Fatty Acids Concentration and Up-Regulates T-
Bet Expression in the Colon of BALB/c Mice During Colorectal
Carcinogenesis. Journal of Food Science & Nutrition. 6(69), 1–12.
https//doi:10.24966/FSN-1076/100069

Martínez, R., Torres, A., Meneses, M.A., Figueroa, J.G., Pérez-
Álvarez, J.A., Viuda-Martos, M., 2012. Chemical, technological and
in vitro antioxidant properties of mango, guava, pineapple and passion
fruit dietary fibre concentrate. Food Chemistry. 135(3), 1520–1526.
https://doi.org/10.1016/j.foodchem.2012.05.057

Mazewski, C., Liang, K., De Mejia, E.G., 2018. Comparison of the effect
of chemical composition of anthocyanin-rich plant extracts on colon
cancer cell proliferation and their potential mechanism of action using
in vitro, in silico, and biochemical assays. Food Chemistry. 1(242),
378–388. https://doi.org/10.1016/j.foodchem.2017.09.086

Opferman, J.T., 2016. Attacking cancer’s Achilles heel: antagonism of
anti-apoptotic BCL-2 family members. . Federation of European
Biochemical Societies Journal. 283(14), 2661–2675. https://doi:10
.1111/febs.13472

Reis, S.A., Dias, M.M.E., Siqueira, N.P., Conceição, L.L.,
Peluzio, M.C.G., 2019. Kefir reduces the incidence of pre-neoplastic
lesions in an animal model for colorectal cancer. Journal of Functional
Foods. 53, 1–6. https://doi.org/10.1016/j.jff.2018.11.050

Riahi-Chebbi, I., Souid, S., Othman, H., Haoues, M., Karoui, H.,
Morel, A., Srairi-Abid, N., Essafi, M., Essafi-Benkhadir, K., 2019.
The Phenolic compound Kaempferol overcomes 5-fluorouracil resis-
tance in human resistant LS174 colon cancer cells. Scientific Reports.
17(1), 195–195. https://doi.org/10.1038/s41598-018-36808-z

Roncucci, L., Stamp, D., Medline, A., Cullen, J.B., Bruce, W.R.,
1991. Identification and quantification of aberrant crypt foci and
microadenomas in the human colon. Human Pathology. 22, 287–
294. https://doi:10.1016/0046-8177(91)90163-j

Rosa, D.D., Reis, S.A., Siqueira, P.S., Vilela, R., Machado, A.B.F.,
Silva, L.L., Fontes, P.A., Tafuri, N.F., Leite, J.P.V., Matta, S.L.P.,
Peluzio, M.C.G., 2015. Extract of the Bark of Bathysa cuspi-
data Attenuates the Development of Chemically-Induced Preneo-
plastic Colorectal Lesions in Rats. Brazilian Archives of Biol-
ogy and Technology. 58, 732–772. https://doi.org/10.1590/S1516
-89132015050228

Seike, K., Koda, K., Oda, K., Kosugi, C., Shimizu, K., Nishimura, M.,
Shioiri,M., Takano, S., Ishikura, H., Miyazaki,M., 2006. Assessment
of rectal aberrant crypt foci by standard chromoscopy and its
predictive value for colonic advanced neoplasms. The American
Journal Gastroenterology. 101, 1362–1369. https://doi:10.1111/j

N a t u r a l R e s o u r c e s f o r H u m a n H e a l t h 2023, 3, 75–85 | 84

https://doi:10.3305/nh.2015.31.4.8279
https://doi:10.3305/nh.2014.30.4.7672
https://doi:10.3305/nh.2014.30.4.7672
https://doi.org/10.1046/j.1365-2559.1997.d01-626.x
https://doi.org/10.1016/j.cell.2010.01.025
https://doi.org/10.1016/j.cell.2010.01.025
https://doi.org/10.32635/2176-9745.RBC.2007v53n3.1801
https://doi.org/10.32635/2176-9745.RBC.2007v53n3.1801
https://doi.org/10.1007/s11010-018-3398-5
https://doi.org/10.7314/APJCP.2012.13.9.4393
https://doi.org/10.7314/APJCP.2012.13.9.4393
https://doi:10.1111/j.1572-0241.2005.40891.x
https://doi.org/10.1158/1940-6207.CAPR-18-0290
https://doi.org/10.1158/1940-6207.CAPR-18-0290
https://DOI:10.1002/ijc.23173
https://doi:10.1158/1055-9965.EPI-07-2731
https://doi:10.1158/1055-9965.EPI-07-2731
https://doi.org/10.1590/S1516-84842002000200008
https://doi.org/10.1590/S1516-84842002000200008
https://doi.org/10.1007/s00394-018-1704-3
https://doi.org/10.1007/s00394-018-1704-3
https://doi.org/10.3390/ijms22158286
https://doi.org/10.3390/ijms22158286
https://doi.org/10.1155/2020/2890536
https://doi.org/10.1155/2020/2890536
https://doi.org/10.1590/S0100-29452012000200041
https:doi:10.5897/AJB2017.16107
https:doi:10.5897/AJB2017.16107
https//doi:10.24966/FSN-1076/100069
https://doi.org/10.1016/j.foodchem.2012.05.057
https://doi.org/10.1016/j.foodchem.2017.09.086
https://doi:10.1111/febs.13472
https://doi:10.1111/febs.13472
https://doi.org/10.1016/j.jff.2018.11.050
https://doi.org/10.1038/s41598-018-36808-z
https://doi:10.1016/0046-8177(91)90163-j
https://doi.org/10.1590/S1516-89132015050228
https://doi.org/10.1590/S1516-89132015050228
https://doi:10.1111/j.1572-0241.2006.00578.x
https://doi:10.1111/j.1572-0241.2006.00578.x


A. Gomides et al View Article Online

.1572-0241.2006.00578.x
Sharma, G., Rani, I., Bhatnagar, A., Agnihotri, N., 2016. Apoptosis-

Mediated Chemoprevention by Different Ratios of Fish Oil in
Experimental Colon Carcinogenesis. Cancer Investigation. 27, 220–
230. https://doi:10.1080/07357907.2016.1183023

Silva, M.L.C., Costa, R.S., Santana, A.S., Koblitz, M.G.B., 2010.
Compostos fenólicos, carotenoides e atividade antioxidante em
produtos vegetais, Semina: Ciências Agrárias., pp. 669–682.

Stahl, W., Van, D.B.H., Arthur, J., Bast, A., Dainty, J., Faulks, R.M.,
Gärtner, C., Haenen, G., Hollman, P., Holst, B., Kelly, F.J.,
Polidori, M.C., Rice-Evans, C., Southon, S., Vliet, T.V., Vinã-
Ribes, J., Williamson, G., Astley, S.B., 2002. Bioavailability and
metabolism. Molecular Aspects of Medicine. 23, 39–100. https://
doi10.1016/s0098-2997(02)00016-x

Subramanian, A.P., Jaganathan, S.K., Mandal, M., Supriyanto, E.,
Muhamad, I.I., 2016. Gallic acid induced apoptotic events in HCT-
15 colon cancer cells. World Journal Gastroenterology. 22(15), 3952–
3961. https://doi.org/10.3748/wjg.v22.i15.3952

Tajra, J.B.M., Malafaia, O., Czeczko, G., Santos, E.A.A., Ribas, C.A.P.M.,
Wagaa-Gasser, A.M., Naufel, C.R., Inácio, C.M., 2007. Estudo da
expressão citofotométrica do marcador tumoral caspase-3 no adeno-
carcinoma de cólon. ABCDArquivos Brasileiro de Cirurgia Digestiva.
20, 250–253. https://doi.org/10.1590/S0102-67202007000400007
https://doi.org/10.1590/S0102-67202007000400007

Takayama, T., Katsuki, S., Takahashi, Y., Ohi,M., Nojiri, S., Sakamaki, S.,
Kato, J., Kogawa, K., Miyake, H., Niitsu, Y., 1998. Aberrant crypt
foci of the colon as precursors of adenoma and cancer. The New
England Journal of Medicine. 339, 1277–1284. https://doi:10.1056/
NEJM199810293391803

Varago, R.C., Pimenta, B.B., Kaneshima, E.N., Souza-Kaneshima, A.M.,
Pedroso, R.B., Silva, P.C.S.J., Becker, T.C.A., 2017. http://www.eaic
.uem.br/eaic2017/anais/artigos/1881.pdf

Villunger, A., Michalak, E.M., Coultas, L., Müllauer, G.B., Michael, J.A.,
Jerry, M.A., Andreas, S., 2003. p53-and drug-induced apoptotic
responses mediated by BH3-only proteins puma and noxa. Science.
302, 1036–1038. https://doi:10.1126/science.1090072

Voronov, E., Apte, R.N., 2015. IL-1 in Colon Inflammation, Colon
Carcinogenesis and Invasiveness of Colon Cancer. Cancer Microen-
vironment. 8, 187–200. https://doi:10.1007/s12307-015-0177-7

Vousden, K.H., 2005. Apoptosis. p53 and PUMA: a deadly duo. Science.
309, 1685–1686. https://doi:10.1126/science.1118232

Wenjing, Q.I., Jinjiao, L.I., Xiaohua, P.E.I., Yueshuang, K.E., Qing-
pan, B.U., Xiuzhen, N.I., 2020. –Actin facilitates etoposide-induced
p53 nuclear import. Journal of Biosciences. 45(34), 1–8. https://doi:
10.1126/science.1118232

Willis, S.N., Adams, J.M., 2005. Life in the balance: how BH3-only
proteins induce apoptosis. Current Opinion in Cell Biology. 17, 617–
625. https://doi.org/10.1016/j.ceb.2005.10.001

Zhang, C., Yu, H., Ni, X., Shen, S., Das, U.N., 2015. Growth inhibitory
effect of polyunsaturated fatty acids (PUFAs) on colon cancer cells
via their growth inhibitory metabolites and fatty acid composition
changes. PLOS ONE. 17(4). https://doi.org/10.1371/journal.pone
.0123256

Zhang, J.S., Li, D.M., Ma, Y., He, N., Gu, Q., Wang, F.S., Jiang, S.Q.,
Chen, B.Q., Liu, J.R., 2013. γ-Tocotrienol Induces Paraptosis-Like
Cell Death in Human Colon Carcinoma SW620 Cells. PLOS ONE.
8(2), 57779–57779. https://doi.org/10.1371/journal.pone.0057779

N a t u r a l R e s o u r c e s f o r H u m a n H e a l t h 2023, 3, 75–85 | 85

https://doi:10.1111/j.1572-0241.2006.00578.x
https://doi:10.1080/07357907.2016.1183023
https://doi10.1016/s0098-2997(02)00016-x
https://doi10.1016/s0098-2997(02)00016-x
https://doi.org/10.3748/wjg.v22.i15.3952
https://doi.org/10.1590/S0102-67202007000400007
https://doi.org/10.1590/S0102-67202007000400007
https://doi:10.1056/NEJM199810293391803
https://doi:10.1056/NEJM199810293391803
http://www.eaic.uem.br/eaic2017/anais/artigos/1881.pdf
http://www.eaic.uem.br/eaic2017/anais/artigos/1881.pdf
https://doi:10.1126/science.1090072
https://doi:10.1007/s12307-015-0177-7
https://doi:10.1126/science.1118232
https://doi:10.1126/science.1118232
https://doi:10.1126/science.1118232
https://doi.org/10.1016/j.ceb.2005.10.001
https://doi.org/10.1371/journal.pone.0123256
https://doi.org/10.1371/journal.pone.0123256
https://doi.org/10.1371/journal.pone.0057779

	INTRODUCTION
	MATERIALS AND METHOD
	Test subjects and diets
	Induction of the appearance of ACF with the administration of 1,2-Dimethylhydrazine (DMH) and collection of material 
	Preparation of tissue for aberrant crypt foci count
	Reverse transcriptase and polymerase chain reaction (RT-PCR)
	Extraction and quantification of mRNA and cDNA synthesis
	Quantification of mRNA by real-time polymerase chain reaction (q-PCR)

	Processing to obtain histological sections and preparation of the countermensteric portion of the proximal colon for image acquisition
	Statistical analysis   

	RESULTS AND DISCUSSION
	Aberrant crypt foci count
	Gene expression
	Histopathological analysis and visualization of aberrant crypt foci in the counter mesenteric margin portion of the colon

	CONCLUSION

