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Sodium butyrate does not decrease the evolution of precancerous lesions in rats!

Butirato de sddio ndo diminui a evolugdo de lesdes pré-neoplasicas em ratos
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ABSTRACT

Purpose: To evaluate the preventive effect of sodium butyrate in the appearance of aberrant crypt foci (ACF) in rats after induction
with the carcinogen 1,2-dimethylhydrazine (DMH). Methods: Forty Wistar rats were separated into four groups (n=10) distributed as
follows: control 1, control 2, butyrate 1 and butyrate 2. The groups control 1 and butyrate 1 remained under experimentation for 4
weeks, while the groups control 2 and butyrate 2 remained for 8 weeks. In the first four weeks, the animals of the control groups received
water ad libitum and the animals of the butyrate groups received a sodium butyrate solution (3.4%) ad libitum. Injections of the drug
1,2-dimethylhydrazine were applied during the two first weeks of the experiment in all the animals, concurrently with the application of
sodium butyrate. The large intestine of the animals was removed, for the analysis of the ACF and of the content of polyamines. The
animal feces were collected for the analysis of the SCFA profile. Results: The spermidine presented a higher concentration in the group
butyrate 2 in comparison to the group control 2. There was a significant difference in the concentration value (umol/mL) of acetate in
comparison to the groups control 2 and butyrate 2. Conclusion: The use of sodium butyrate together with the induction of colorectal
cancer was not effective in the prevention of the disease progression.
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RESUMO

Objetivo: Avaliar o efeito preventivo do butirato de sodio no surgimento de focos de cripta aberrante (FCA) em ratos apds a indugdo
com o carcindgeno 1,2-dimetilhidrazina. Métodos: Quarenta ratos foram divididos em quatro grupos, com dez animais em cada. Os
grupos controle 1 e butirato 1 ficaram em experimentagdo por 4 semanas e os grupos controle 2 e butirato 2 por oito semanas. Nas
primeiras quatro semanas, os animais dos grupos controle receberam agua ad libitum ¢ os animais dos grupos butirato receberam solugéo
de butirato de sodio (3,4%) ad libitum. Em todos os animais foram aplicadas quatro injegdes subcutaneas da droga 1,2-dimetilhidrazina
nas duas primeiras semanas, concomitante a administracdo do butirato de sddio. Foi retirado o intestino grosso dos animais, para analise
dos FCA e do teor de poliaminas. As fezes dos animais foram recolhidas para analise do perfil de AGCC. Resultados: A espermidina
apresentou maior concentragdo no grupo butirato 2 em relagdo ao grupo controle 2. Foi encontrada diferenca significativa no valor da
concentragdo de acetato quando comparado os grupos controle 2 e butirato 2. Conclusio: A utilizagdo do butirato de sodio concomitante
a indugdo do cancer colorretal ndo se mostrou efetiva na prevengao da progressao da doenga.

Descritores: Neoplasias do Colo. Lesdes Pré-Cancerosas. Butiratos. Ratos.
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Introduction

The colorectal cancer (CRC) is characterized by the
uncontrolled growth of neoplastic cells due to many genetic errors
that accumulate in the cells over the years, with invasive potential,
which may propagate for other regions'. According to Stevens
et al.?, the first indication of the development of cancer is the
presence of aberrant crypt foci (ACF) of precancerous lesions.

Polyamines are very important for human cancers and are
widely requested in the tumor growth process. The ability of
the cells to synthesize polyamines may not be enough for all the
demand and, in these cases, they may derive from external sources,
such as the diet and microorganisms present in the intestinal tract>*.
Polyamines, according to the diversity of the functions in the cell
metabolism and proliferation, are requested in great amounts
in tissues with fast growth and development. Increases in the
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concentration of spermidine and putrescine may occur in response
to brain, liver of intestinal injury, cerebral ischemia, hormone
effects or growth factors®.

A regulatory mechanism of the concentration of
intracellular polyamine is its capture through the intestinal cells.
After being captured, it is preferably taken to the tumors and
proliferating tissues®. Therefore, the inhibition of the biosynthesis
of polyamines in cancerous tissue is one of the main objectives of
the researches involving polyamines®*.

It is believed that an adequate diet could avoid the
occurrence of three to four million new cases of cancer a year.
People who consume diets rich in fruits and vegetables seem to
have a low incidence of many kinds of cancer, including CRC?.

According to Rose et al.®, fibers could work as anti-
carcinogenic components by several mechanisms. One of them
includes the fermentation of soluble fibers in the colon by the
intestinal microflora producing short-chain fatty acids (SCFA)®.
The SCFA include acetate, propionate, butyrate and isobutyrate,
which are fuels for the cells of the colonic mucosa’.

The SCFA can also be transferred to the bloodstream
by a mechanism still unknown, in which they interact with two
receptors attached to the protein G, the GPR43, which joins to
acetate and propionate and the GPR41, which joins to butyrate
and isobutyrate®.

Butyrate presents several effects on CRC prevention:
apoptosis induction in cells with DNA mutation’; decrease in the
expression of inflammatory proteins, such as COX-2'; angiogenesis
inhibition'!; inhibition of the transcription of mitotic factors, of
which cyclin D1 depends, thus inhibiting the phosphorylation of
the retinoblastoma protein (Rb), blocking the cell cycle and
retaining the cells in the phase G,; promotion of the expression of
the cyclin-inhibiting protein at p21 in cells with injuries in their
DNA with the retention of the cell proliferation; stimulation of
the production of mucin-2 (MUC2), which is recognized as a
preventive factor against the CRC for protecting the cell surface
from variations in the intestinal environment, such as the
presence of microorganisms, toxins, digestive enzymes, pH
changes and others'?.

Due to several evidences of the benefits provided by
butyrate in the prevention of precancerous lesions and development
of CRC, the present work aimed to evaluate the preventive effect
of sodium butyrate in the appearance of ACF in rats after the
induction with the carcinogen 1,2-dimetylhydrazine (DMH).

Methods
Animals and diets

Forty 11-week old male Wistar rats were used. They
stayed in individual cages at the temperature of 23°C + 2°C, in
photoperiod of 12 hours.

The animals were divided into four groups so that the
difference between the averages of the weights among the groups
would not surpass 5g. They were distributed as follows: control 1
(n=10), control 2 (n=10), butyrate 1 (n=10) and butyrate 2 (n=10).
In the first four weeks of the experiment, the animals in the
control groups received water ad libitum and the animals in
the butyrate groups received a sodium butyrate solution (3.4%)
ad libitum. In the four following weeks, the sodium butyrate
solution for the group butyrate 2 was interrupted and all the
groups received water ad libitum. All of the groups received a
commercial diet (Nuvilab®). The diet composition was based on
the American Institute of Nutrition. It was used the diet AIN93M,
recommended for the maintenance of adult animals's. The
consumption of the diets and the weight of the animals were
monitored weekly, during the whole experiment.

The sodium butyrate solution was prepared with 34 mL
of butyric acid (SIGMA®, USA) and distilled water enough to
achieve 1000 mL, the pH was adjusted for approximately 7.4 with
NAOH solution at 0,1 N,

Administration of 1,2-dimethylhydrazine and material
collection

Four subcutaneous injections of 1,2-dimethylhydrazine
(SIGMA®, USA) were applied at the doses of 40mg/Kg of weight,
twice a week, during the first two weeks of the experiment, for
all the animals, concurrently with the administration of sodium
butyrate. The 1,2-dimethylhydrazine (DMH) was prepared
immediately before the use, dissolved in a NaCl 0.9% solution,
with 15% of EDTA and pH 6.55.

The animals of the groups control 1 and butyrate 1 were
euthanized after four weeks and those in the groups control 2 and
butyrate 2, after eight weeks, as illustrated in Figure 1. The large
intestine of the animals was removed, from the cecus to the anus,
for the analysis of the ACF and polyamine contents. The feces of
the animals were removed for the analysis of the SCFA profile.

Legend:
C1 = group control 1
B1 = group butyrate 1
C2 = group control 2
B2 = group butyrate 2
& = Start of the DMH administration
¥ = Start of the administration of DMH and
sodium butyrate solution
4= End of the administration of sodium
butyrate
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FIGURE 1 - Experimental design
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Preparation of the tissue for the ACF counting

The intestines of 5 animals of each group were removed
and washed in a physiological saline solution, longitudinally
opened by the counter-mesenteric border, placed in paraffin
plaques, with the mucosa turned to the superior part of the plaque
and then fixed in formaldehyde, at 10%, for 24 hours. The large
intestine was measured and divided into three equal fragments
called proximal, medium and distal, in relation to the cecum. For
the counting of ACF, it was considered only the distal segment,
which was dyed in Methylene Blue Solution at 0.1%'°.

The surface of the intestinal mucosa was observed with
the use of a binocular optical light microscope, with magnification
of 10x for the identification and categorization of the ACF,
according to the Bird technique'®. The ACF were counted in the
whole surface of the large intestine mucosa, by two observers in
the double-blind manner. The categorization of the ACF was based
on the number of aberrant crypt foci, in other words, foci with
three or less crypts and foci with more than three crypts.

The percentage of the reduction of ACF with three or
less aberrant crypts and with more than three aberrant crypts in
the different weeks studied was achieved as follows: first, it was
calculated the percentage of ACF presented by the group butyrate
1, through a rule of three, where the ACF of the group control 1
was considered as 100%. This result is subtracted by 100%,
resulting in the percentage of reduction of the group butyrate 1 in
relation to the group control 1. The same procedure was performed
to calculate the percentage of reduction of the group butyrate 2 in
relation to the group control 2.

Quantification of the content of polyamines (BH)

The contents of polyamines (putrescine, spermidine and
spermine) and bioactive amines (histamine and cadaverine) were
investigated in the large intestine, distal segment, of 5 animals
from each group. The extraction of the polyamines was carried
out according to Vale and Gléria'”. The polyamines were separated
by High Perfomance Liquid Chromatography (HPLC) per ion
pairing in reversed phase column and quantified by fluorimetry
after post-column derivation with ftaldialdehyde and detected by
fluorescence at 340 and 450 nm of excitation and emission,
respectively'. The chromatograph used was a Shimadzu (Kyoto,

Japan) apparatus. The analyses were carried out in duplicate, and
the detection limit was 0,04mg/100g.

Quantification of short-chain fatty acids in the feces

The feces of all the animals were collected in the two
days preceding the euthanasia and were stored at 20°C for further
analysis of the short-chain fatty acids (acetate, propionate and
butyrate). The material was extracted and analyzed according to
the methodology of Smiricky-Tjardes et al.'®.

Statistical analysis

It was used the SPSS (Statistical Package for the Social
Sciences) software system, version 15.0. We compared group
control 1 with butyrate 1 and group control 2 with butyrate 2,
because the experimental times were distinct. The comparison
among the groups was carried out by the Mann-Whitney test, when
the data were non-parametric and by the T-test, when data were
parametric. The p value was fixed in 5% (p<0.05).

Ethical considerations

This project was approved by the Ethics Committee of
the Department of Veterinary Medicine of the Federal University
of Vigosa, processed 12/2009, and the experiment was carried out
according to the Ethical Principles in Animal Experimentation,
adopted by the Brazilian College of Animal
Experimentation (COBEA).

Results
Animal weight control

During the experiment, the control group 1 presented
higher weight gain in relation to the butyrate group 1. There was a
significant difference (p<0.05) between the weight gain of the
groups control 1 and butyrate 1 in the third and fourth weeks. It
was observed that the weight gain of the group control 2 was higher
than the weight gain of the group butyrate 2, except in the fifth,
sixth and eighth weeks. The Figure 2 demonstrates the evolution
of the weight of the animals during the 8 weeks of study.
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* + Mann-Whitney non-parametric test, p<0.05

FIGURE 2 - Evolution of the weight of the animals
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Number and characterization of the aberrant crypts

The results of the counting of the aberrant crypt can be seen on Tables 1 and 2.

TABLE 1 - Number of aberrant crypt after four weeks of study

Categorization Control 1 Butyrate 1
of ACF n Average =DP Median Average +DP Median p*
<3 5 353+£17.72 26.0 25.25+21.51 16.50 0.14
>3 5 1.5+1.27 1.5 1.75+1.44 1.75 0.61
Total 10 35.7+19.68 25.5 27.0+£22.23 17.25 0.14

* Mann Whitney non-parametric test, p<0.05

TABLE 2 - Number of aberrant crypt foci after eight weeks of study

Categorization Control 2 Butyrate 2
of ACF n Average £DP Median Average £DP Median p*
<3 5 15.8 +12.03 12.0 8.50+£2.27 16.50 0.22
>3 5 93+11.20 2.0 4.13+4.95 2.50 0.46
Total 10 32.0+£22.50 20.0 12.88 +4.29 11.75 0.11

* Mann Whitney non-parametric test, p<0.05

Analysis of polyamines of the intestinal tissue to the control 1 and butyrate 1. However, when the group control

2 was compared to the butyrate 2, a significant difference was

The contents of polyamines are described in the Figure found (p<0.05) among the medians of the concentrations of

3. The average concentrations (mg/100g) of putrescine, histamine, spermidine. The concentrations of cadaverine were not detected
spermine and spermidine were similar (p>0.05), when compared in any of the samples.
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* Mann-Whitney non-parametric test, p<0.05

FIGURE 3 - Concentrations of polyamines in the large intestine (distal segment)
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Lipid profile of short-chain fatty acids (SCFA) in the
feces

The lipid profile of short-chain fatty acids: acetate,
propionate and butyrate from the total feces of the animals were

1,2

’

Concentration of SCFA
(lunol/mL}

+

1

0,8
*

0,6 +
0,4
0,2

0

analyzed. A significant difference was observed (p<0.05) in the
concentration value (umol/mL) of acetate in comparison to the
groups control 1 and butyrate 1, and in comparison to the groups
control 2 and butyrate 2. The lipid profile of SCFA of the feces is
demonstrated in the Figure 4.

B Acetate
= Propionate

Butyrate

Control 1 Butyrate 1

* + T-test, parametric test, p<0.05

Control 2 Butyrate 2

FIGURE 4 — Concentration of SCFA in the feces

Discussion

The animals presented a similar response for weight gain
in the end of the experiment, demonstrating that the administration
of sodium butyrate did not change their weight evolution.

The use of butyrate in the prevention of CRC has raised
some controversies'. Precancerous lesions or ACF were found
during the two phases of this experiment (four and eight weeks).
However, there was no significant difference between the groups
that received butyrate and the control groups.

Raju et al* reported that factors such as the dose of the
carcinogen, administration routine, time of intervention, age, sex
of the animals, location, appearance of the lesions in the colon
and the selection of the animal are decisive to understand the
ongoing relation between the ACF development and the formation
of tumors®. This is so because, according to their development
stage, the ACF are heterogeneous in their molecular composition
and may have their growth inhibited or stimulated by several
components.

Although some studies demonstrate that butyrate
presents a preventive effect, forbidding the proliferation of
colonocytes?', our work could not corroborate such ability.

The identification of ACF and its regression caused by
several kinds of treatment with butyrate varies a lot. In the study
of Kanna et al.* the identification of ACF was possible after
sixteen weeks of induction with the carcinogen, concurrently
with the treatment with butyrate, and decreases were verified in
the precancerous lesions?. Raju et al.? tested different doses
of butyrate during five consecutive weeks; two weeks before the
induction, two weeks concurrently with the administration of the
carcinogen and one week after the induction®. In this study, ACF
was identified 16 weeks after the beginning of the experiment
and butyrate was able to decrease or increase the lesion according
to the quantity applied.

High levels of polyamines are associated with the cell
proliferation and the decrease in apoptosis®®. The content of
these compounds in the colorectal tissue with neoplasms can be
up to four times higher when compared to the normal tissue*, and
they can be considered a trustable biomarker for the neoplastic
growth?,

The results of this study demonstrated that the
development of precancerous lesions of the groups control 1 and
butyrate 1 was similar, which is corroborated by the similarity in
the number of ACF in the animals of both groups and also by the
similarity in the concentration of polyamines. Nevertheless,
spermidine presented a higher concentration in the group butyrate
2, in comparison to the group control 2. This result may indicate
that, in a long term, the group butyrate 2 will present a higher
number of ACF, compared to the group control 2, due to the
supplementation with butyrate. Our result is in accordance with
Liu and Xu'", which demonstrated that, when used before the
formation of de precancerous lesions, butyrate will be a potentiating
agent in the formation of these lesions'®.

As for the concentration of short-chain fatty acids in the
feces, only acetate differed in the group butyrate 1, when compared
to the control 1 and group butyrate 2, when compared to the control
2. Such result leads to the conclusion that the acids evaluated
(propionate and butyrate) were more used as a source of energy
by the colonocyte itself and that maybe because there is a higher
concentration of butyrate in the beginning of the development of
the lesion, the compound potentialized the development of
precancerous lesions in the experimental period evaluated.

One of the limitations of our study was the measurement
of the amount of butyrate used by the large intestine after
digestion, since we had to decide to count the crypts in this tissue.
Other studies should define the direct action of the SCFA in the
colon.
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Conclusion

The results of the present study lead to the conclusion
that the use of sodium butyrate together with the induction of
the colorectal cancer was not effective in the prevention of the
disease progression.
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