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A B S T R A C T

Objective

The objective was to assess the effects of oral administration of sodium butyrate on colon carcinogenesis.

Methods

Carcinogenesis in adult male Wistar rats was induced with 1.2-dimethylhydrazine injections at a dose of
40mg/kg of body weight. A solution of sodium butyrate (3.4%) was given ad libitum for 4 weeks (butyrate
group, n=16) instead of water (control group, n=9). Rats were killed 17 weeks after 1.2-dimethylhydrazine
administration. Aberrant crypt foci and expression of the messenger ribonucleic acid (mRNA) of cyclins D1 and
E were quantified in the colon. Alterations in the fatty acid profile of the colon, liver, intra-abdominal fat and
feces were also analyzed.

Results

A significant decrease in aberrant crypt foci was found in the group taking butyrate. No differences were
found between the groups in the mRNA expression of cyclins D1 and E. Nevertheless, butyrate intake decreased
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the content of stearic and oleic acids in the intra-abdominal fat and docosahexaenoic acid in the liver. Moreover,
these rats presented higher percentages of linoleic acid in the intra-abdominal fat than control rats.

Conclusion

The data indicate that butyrate use in rats reduced preneoplastic lesions and changes in the intra-abdominal
fat and fatty acid profile of the liver, commonly found in colon carcinogenesis.

Indexing terms: Fatty acids. Butyrate. Cyclins. Colonic neoplasms, tumor markers, biological.

R E S U M O

Objetivo

Avaliar o efeito da administração oral de butirato de sódio na carcinogênese do cólon.

Métodos

A carcinogênese em ratos Wistar foi induzida com injeções de 1,2-dimetilhidrazina na dose de 40mg/kg de
peso corporal. A solução de butirato de sódio (3,4%) foi oferecida ad libitum por 4 semanas (grupo butirato,
n=16), em substituição à água (grupo controle, n=9). Os ratos foram sacrificados na 17ª semana após tratamento
com a 1,2-dimetilhidrazina. Focos de criptas aberrantes e a expressão dos genes para o ácido ribonucléico
mensageiro (RNAm) das ciclinas D1 e E foram quantificadas no cólon. Alterações no perfil de ácidos graxos do
cólon, no fígado, na gordura intra-abdominal e nas fezes foram analisadas.

Resultados

Uma significante diminuição nos focos de criptas aberrantes foi encontrada no grupo que recebeu butirato.
Nenhuma diferença foi encontrada na expressão do RNAm das ciclinas D1 e E entre os grupos. Contudo, a
ingestão de butirato diminuiu a quantidade de ácido esteárico e ácido oléico na gordura intra-abdominal e do
ácido docosahexanóico no fígado. Além disso, o grupo butirato apresentou maior percentual de ácido linoléico
na gordura intra-abdominal, comparado com os ratos do grupo controle.

Conclusão

Os dados indicam que o uso de butirato reduz lesões pré-neoplásicas em ratos e diminui as alterações no
perfil de ácidos graxos da gordura intra-abdominal e do fígado, comumente encontradas na carcinogênese
colônica.

Termos de indexação: Ácidos graxos. Butirato. Ciclinas. Neoplasia do colon. Marcadores biológicos de tumor

I N T R O D U C T I O N

Colon cancer affects millions of people all
over the world, killing more than half a million
individuals each year. It is the type of cancer most
affected by diet, so its prevention through diet
has received great attention1-3.

The human colon is important for the

fermentation of unabsorbed polysaccharides which
produces Short-Chain Fatty Acids (SCFA),
especially acetic, propionic and butyric acids, in a

molar ratio of ~60:20:20 in the colon region4. This
ratio may vary depending on the composition of
dietary fiber. Experimental and epidemiological
studies suggest that dietary fiber protects against
colon cancer5,6 when consumed regularly and

modulates immune responses in the intestine and
intestinal microflora1.

During colon carcinogenesis, there is an
increase in the expression of cyclins in the intestinal
mucosa associated with abnormalities in the cell
cycle progression and regulation of cell growth6.
The progression of the G1 phase of the cell cycle
is mediated by the combination of cyclin D1
activity, which binds to Cyclin-Dependent Kinase
(CDK) 4 and 6, and cyclin E with cdk2, forming a
complex that leads to the S phase of the cell
cycle7,8.

Butyrate may explain the protective effect
of soluble fibers against colon cancer. It has
multiple effects on the differentiation of malignant
or normal colon cells9. In vitro studies7,10 demonstrated
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that butyrate is capable of reducing mRNA
expression of cyclins D1 and E, by blocking the
passage of the cell from the G1 phase to the S
phase of the cell cycle and causing cellular
apoptosis. However, little is known about the role
of sodium butyrate in in vivo studies.

Important changes occur at the cellular and
metabolic levels during a carcinogenic process in
the colon. There are evidences of changes in the
lipid metabolism of cancer patients, with varying
percentages of fatty acids present in their blood
plasma and adipose tissue11-13. Studies that assess
the fatty acid profile of these patients have found
that the percentages of Docosahexaenoic (DHA),
oleic and stearic acid increase, and the percentage
of linoleic acid deseases12-14. However, the
mechanisms are unknown.

The objective of this study was to assess
the effect of sodium butyrate given orally during
the initial stage of colon carcinogenesis induced
by 1,2 Dimethylhydrazine (DMH) in Wistar rats,
regarding the presence of Aberrant Crypt Foci
(ACF), expression of colon cyclins D1 and E and
fatty acid profile of the colon, intra-abdominal fat,
liver and feces.

M E T H O D S

Twenty-five 11-week-old male Wistar rats
with an average body weight of 250g were used.
The animals were housed at the Central Animal
House in the Center of Biological and Health
Sciences of the Universidade Federal de Viçosa,
Brazil. The rats were kept in polyethylene cages
(four to five rats per cage) in a room maintained
at a mean temperature of 23ºC, standard
deviation =2ºC, in a 12-h light/dark cycle. The
animals were fed a commercial diet (Nuvilab,
Curitiba, Brazil) proper for laboratory rodents. Body
weight and food intake were monitored weekly.

The rats were divided into two groups: a
control group (CG, n=9), having water ad libitum,
and a butyrate group (BG, n=16), having a solution
of sodium butyrate ad libitum during the firsts 30
days of the experimental period. The butyrate

solution was prepared by dissolving 3.4mL of
butyric acid (Sigma, St. Louis, USA) in 96.6mL of
distilled water, totaling a volume of 100mL. The
final concentration was 372mmol/L. The pH was
adjusted at 7.2-7.4 with 0.1N NaOH. After four
weeks of butyrate availability, all rats had water
ad libitum until the end of the experiment.

Four subcutaneous injections of DMH
obtained from Sigma (St. Louis, USA) were applied
in doses of 40mg/Kg body weight, twice a week,
during the first two weeks to induce preneoplastic
lesions15. DMH was dissolved immediately in a
0.9% solution of NaCl before mixing with a 1.5%
solution of EDTA. The pH of the final solution was
adjusted to 6.5. The rats were killed 17 weeks
after the last DMH injection, after a 12 hours fast.

The colon was removed from the cecum
to the rectum for ACF analysis. The liver and intra-
abdominal fat were collected for fatty acid profile
analysis.

Histopathological analysis

After removal, the tissues were washed in
saline, longitudinally opened through the
antimesenteric margin, embedded in paraffin, with
the mucosa facing the upper side of the slide and
then fixed in 10% formaldehyde for 24 hours. After
fixation, the large intestine was measured and
divided into three equal fragments denominated
proximal, medial and distal, in relation to the
cecum. Then the segments were stained with a
1% methylene blue solution for two minutes, and
rinsed with a Phosphate Buffer (PBS) for further
analysis.

The surface of the intestinal mucosa was
examined under a standard light microscope
(10X magnification) for ACF identification and
categorization, in accordance with the technique
described by Bird16. The ACF were counted in the
entire mucosal surface of the large intestine, from
the cecum to the rectum, by two independent
observers in a double-blind manner.

The ACF were categorized by counting the
foci containing three or less aberrant crypts and
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the foci with more than three aberrant crypts. In
order to analyze the results, first the reduction
potency was calculated, dividing the median of
the ACF number of the CG rats by the ACF median
of the BG rats. The percentage ACF reduction was
then determined by the following formula:

Percentage reduction = 100-100/Potency.

Expression of cyclins

In order to evaluate the effect of the
butyrate on the expression of cyclins D1 and E in
the colonic mucosa, six rats (three from each group)
were killed immediately after the butyrate
ingestion period and the large intestine was fully
removed to prepare the mucosal smear.

After the butyrate ingestion period, colonic
mucosal smears of the medial and distal segments
were obtained, identified and immediately frozen
in liquid nitrogen until analysis. Extraction of mRNA
was conducted as described by Portugal et al.17

and RT-PCR analysis was adapted from Hur et al.18.
The frozen tissues were prepared using Trizol
(Invitrogen, Carlsbad, USA) for total mRNA
extraction from the mucosa of the animals of each
group. Total mRNA was quantified by
spectrophotometry at 260nm and the cDNA band
was prepared for reverse transcriptase (RT). The
cDNA was amplified by PCR using HPRT, cyclin
D1 and cyclin E primers. The reaction was
conducted in a thermocycler with 9µl of mix for
the PCR reaction containing 2.5mM DNTP, Taq
Buffer with 15mM of MgCl2, Taq DNA polymerase
and primer sense and anti-sense 1:1 mixture. The
samples were first incubated at 95ºC for 3min and
denatured at 94ºC for 1min annealing followed
by 2min extension at 72ºC. After the end of the
program with the number of cycles determined
for each primer, the program performed an
extension of 72ºC for 7min. Nucleotide sequences,
PCR product sizes, annealing temperature and
number of cycles for each primer are as follows:
cyclin D1, sense 5’-TGGAGCCCCTGAAGAAGAG-
3’ and anti-sense 5’-AAGTGCGTTGTGCGGTAGC-
3’, 60ºC, 34 cycles. Cyclin E, sense 5’-CTGGC

TGAATGAATGTTTATGTCC-3’, anti-sense 5’-
TCTTTGCTTGGGCTTTGTCC-3’, 60ºC, 34 cycles.
HPRT sense 5’-GTTGGATACAGGCCAGA

CTTTGTTG-3’ and anti-sense 5’-GATTCAACTT
GCGCTCATCTTAGGC-3’, 58ºC, 35 cycles. After
amplification, the PCR products were separated

by polyacrylamide gel (6%) and stained with silver
nitrate. The intensity of each band was measured
by densitometry using the specific program (Gel

Expert®-, Nucleotech) and the data was expressed
in arbitrary units.

Fatty acid analysis

The colon, liver and intra-abdominal fat
were frozen immediately after removal and kept

at –20°C until analysis. In order to determine the
long chain fatty acid profile of these tissues, their
lipids were extracted according to the method

described by Folch et al.19 and methylated
according to Hartman & Lago’s technique20.

The identification of the fatty acid methyl
esters was performed by gas chromatography, by

comparing the retention time of the sample esters
with the reference patterns (Sigma-Aldrich, St.
Louis, USA), using the gas chromatographer GC

17 A Shimadzu/Class GC 10 equipped with a
fused silica chromatographic column SP-2560 of
100mm x 0.25mm internal diameter and flame

ionization detector. The results were expressed as
the percentage of total fatty acids.

The fecal content of short chain fatty acids
(acetic, propionic and butyric acids) were

quantified in accordance with the method
described by Tangerman & Nagengast21. A gas
chromatographer GC 17 A, Shimadzu/Class GC

equipped with a chromatographic column Nukol
with an internal diameter of 30 m x 0.25mm was
used (Supelco, Inc., Bellefonte, PA). A calibration

curve was generated to account for the SCFA.

The Sigma Stat software, version 2.03, was
used for the statistical analysis. The data were
initially analyzed using the Kolmogorov-Smirnov
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test to verify their symmetry. The t test or the
Mann-Whitney test were used to compare two
independent groups, and the Kruskal-Wallis test
was used to compare three independent groups,
complemented by the Dunn’s multiple comparison
procedure. Significance was set at p<0.05.

The experiment respected the Ethical
Principles and Guidelines for Experiments on
Animals, adopted by the Declaration of Helsinki
(2000) and by the Brazilian College on Animal
Experimentation (COBEA).

R E S U L T S

Food intake and weight

There was no significant difference in food

intake between BG and CG (p>0.05). The animal
weights were similar in both groups throughout
the experiment (p>0.05). The average butyrate

intake was 17.1mmol/day for each animal.

Rats treated with butyrate for 4 weeks had
51.4% fewer ACF per whole colon compared with

Table 1. Effect of butyrate on number of 1.2-dimethylhydrazine induced aberrant crypt foci and crypt multiplicity in the large intestine

of male Wistar rats. Universidade Federal de Viçosa (MG), 2005.

Results expressed by the median. Control group (n=9) and Butyrate group (n=16). ACF: aberrant crypts foci.
* Oral butyrate (3.4mL%) was given only during the first weeks of the experiment. ap value of the comparasion  between control group and
butyrate group by Mann-Whitney test; bComparison of the proximal, medial and distal segments for each group was analyzed by Kruskal-Wallis
test. Significant differences were verified (p<0.001). And the distal numbers were higher than of the medial and proximal segments (Dunn‘s test).

Control

Butyrate*

pa

Group

207.0

100.5

0.006

166.0

077.5

0.004

Total ACF Foci≤3 aberrant crypts

32.0

21.5

0.336

Foci>3 aberrant crypts

27.0

18.5

0.203

90.0

50.5

0.002

74.0

34.0

0.051

Proximal Medial Distal

Total ACF/Segmentb

Table 2. Effect of butyrate on main fatty acid contents of the intra-abdominal fat of the male Wistar rats, 17 weeks after 1.2-

dimethylhydrazine administration. Universidade Federal de Viçosa (MG), 2005.

C16:0 (palmitic)

C18:0 (stearic)

C18:1n9 (oleic)

C18:2n6 (linoleic)

30.27

  4.40

44.58

14.44

23.59

  3.52

34.16

29.71

0.064

0.009

0.001

0.013

# Oral butyrate (3.4%) was given during 4 weeks and then replaced by water; *Man Whitney test.

Fatty acid Control group [% total fatty acid] Butyrate group# [% total fatty acid] Value of p*

Table 3. Effect of butyrate on main fatty acid contents of the liver of the male Wistar rats, 17  weeks after 1.2-dimethylhydrazine

administration. Universidade Federal de Viçosa (MG), 2005.

C16:0 (palmitic)

C18:0 (stearic)

C18:1n-9 (oleic)

C18:2n-6 (linoleic)

C18:3n-3 (linolenic)

C20:4n-6 (arachidonic)

C20:6n-3 (docosahexaenoic)

16.98

13.42

12.12

20.68

  0.81

24.24

10.36

19.30

14.80

10.69

20.93

  0.77

24.74

  8.17

0.171

0.210

0.162

0.560

0.589

0.546

0.039

# Oral butyrate (3.4%) was given during 4 weeks and then replaced by water; *Man Whitney test.

Fatty acid Control group [% total fatty acid] Butyrate group# [% total fatty acid] Value of p*
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CG rats. There was no significant effect of butyrate
on crypt multiplicity within the ACF. When the large
intestine was analyzed by segment, BG rats had a
31.5% reduction in total ACF in the proximal
segment, 43.9% in the medial segment and
54.41% in the distal segment compared with CG
(Table 1).

No difference was found in the intensity
and extension of the cyclin D1 and E bands
between BG and CG rats (p=0.400 and p=0.534,
respectively), as shown in Figure 1.

A lower percentage of the stearic and oleic
acids was found in the intra-abdominal fat of the

BG (Table 2). On the other hand, the percentage
of linoleic acid in the intra-abdominal fat was
higher in the BG than in the control group. When

liver fatty acids were analyzed, only DHA was
lower in the BG than in the CG (Table 3).
Nevertheless, the percentage of the other fatty

acids investigated was not different between
groups, nor was the percentage of the colonic fatty
acids. In relation to the fecal fatty acids, differences
in acetic, propionic and butyric acid content
between the two studied groups were not observed
(Table 4).

D I S C U S S I O N

The ACF were observed mainly in the

medial and distal segments, as also described by
Rodrigues et al.15. The butyrate, given only in the
initial phase, was able to reduce total ACF by more

than 50%, confirming its beneficial effect in
chemically-induced colon cancer as shown by other
experimental studies6,22. However, Freeman23

found an increased tumor incidence in rats treated
for 12 weeks with DMH. The difference in this
result could be due to the lower butyrate
concentration in the experimental period after
DMH treatment. The butyrate concentrations
reported in earlier studies are quite varied with no
consensus for an optimal supplementation dose.
In vitro studies7,24,25 tested butyrate concentrations
of 1 to 25mM, whereas experimental and clinical

Figure 1. Messenger ribonucleic acid (mRNA) content of cyclin D1

and cyclin E in the colonic mucosa of male Wistar rats 17

weeks after 1.2-dimethylhydrazine (DMH) administration.

Universidade Federal de Viçosa (MG), 2005.

Note: The messenger ribonucleic acid (mRNA) content of cyclin D1
and cyclin E was estimated by reverse transcription polymerase
chain reaction (RT-PCR), using hypoxanthine
phosphoribosyltransferase (HPRT) as internal control in the
colonic mucosa. (A) Representative inverted images of PCR
product in the colonic mucosa of the control (CG) and butyrate
(BG) groups. The PCR products were separated by SDS-PAGE
(6%) and stained with silver nitrate. (B) Cyclin D1 mRNA levels
in the colon mucosa of the control (CG) and butyrate (BG)
groups. (C) Cyclin E mRNA levels in the colon mucosa of the
control (CG) and butyrate (BG) groups. Quantification of PCR
signals was obtained by densitometry using the program Gel
Expert-Nucleotech.
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Table 4. Effect of butyrate on main short chain fatty acids contents of feces of male Wistar rats, 17 weeks after 1.2-dimethylhydrazine

administration. Universidade Federal de Viçosa (MG), 2005.

Acetic acid

Propionic acid

Butyric acid

0.77

0.19

0.14

0.71

0.17

0.11

0.815

0.815

0.699

# Oral butyrate (3.4%) was given during 4 weeks and then replaced by water; * Man Whitney test.

Short-chain fatty acid Control group [mg/kg feces] Butyrate group# [mg/kg feces] Value of p*

studies tested concentrations of up to 100mg/Kg
of body weight per day26,27.

Butyrate is said to down-regulate the
expression of cell cycle regulators, inhibiting the
proliferation and inducing apoptosis in in vitro colon
cancer cells28. Since genomic alterations
characteristic of the carcinogenic process may
occur as soon as two weeks after DMH induction15,
the present study investigated the effect of butyrate
supplementation on the expression of cyclins D1
and E at the end of the butyrate administration
period. However, differences in cyclin expression
in the intestinal mucosa could not be detected by
RT-PCR. The period chosen for analysis of the
cyclins (two weeks after lesion induction) is

probably not enough to detect changes in cyclin
expression or perhaps having used an entire
segment of the large intestine made the detection

difficult in case of discrete changes. In a
preliminary study done by our group, twice the
concentration was used with the intent of assessing
cyclin expressions, but the animals did not survive
the doses. Otori et al.29 identified the expression
of cyclin D1 when using ACF with more than
seven crypts.  Other mechanisms may be involved
in the beneficial effect of sodium butyrate on colon
preneoplastic lesions. In vitro studies demonstrated
that butyrate can induce apoptosis through
caspase-3 activation9,28 or increase p21 and p27

expressions, which are negative regulators of the
cell cycle25,30,31.

Several studies11,14 reported fatty acid
metabolism changes in colon cancer patients such
as an increase in DHA, stearic and oleic acids and
a reduction in linoleic acid content. Changes, such
as reduced lipid peroxidation, which is

characteristic of cell growth, lead to increased DHA
concentration in tumor tissue11. This study showed
an improvement in the fatty acid profiles of

butyrate-treated rats, due to reduced DHA in the
liver and reduced stearic and oleic acid and
increased linoleic acid in the intra-abdominal fat.

The intra-abdominal fatty acids have a slow
turnover and their composition depends on dietary
intake32. Our results are in accordance with Topping

& Clifton33 that report similar concentration levels,
respectively, acetic > propionic > butyric acids.
The SCFA are quickly metabolized and butyrate

is one of the most important energy sources used
by the colonocytes. Considering the reduced
content of butyrate in the feces of both groups, it
was likely well used by the colonocytes of the
animals given the butyrate solution.

In conclusion, sodium butyrate intake
reduced the number of preneoplastic lesions 17

weeks after DMH treatment and reduced the
changes that occur in the intra-abdominal and liver
lipid profiles caused by the carcinogenic process

in Wistar rats. The results of this investigation
suggest that oral butyrate is able to protect the
intestinal mucosa from chemical carcinogenic
lesions.
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