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Abstract

We determined the effect of fish oil (FO) ingestion on colonic carcinogenesis in rats. Male Wistar rats received 4 subcutaneous
injections (40 mg/kg body weight each) of 1,2-dimethylhydrazine (DMH) at 3-day intervals and were fed a diet containing 18%
by weight FO (N = 10) or soybean oil (SO, N = 10) for 36 weeks. At sacrifice, the colon was removed, aberrant crypt foci were
counted and the fatty acid profile was determined. Intestinal tumors were removed and classified as adenoma or carcinoma.
Liver and feces were collected and analyzed for fatty acid profile. FO reduced the mean (+ SEM) number of aberrant crypt
foci compared to SO (113.55 + 6.97 vs 214.60 £ 18.61; P < 0.05) and the incidence of adenoma (FO: 20% vs SO: 100%), but
carcinoma occurred equally in FO and SO rats (2 animals per group). The polyunsaturated fatty acid (PUFA) profile of the colon
was affected by diet (P < 0.05): total w-3 (FO: 8.18 £ 0.97 vs SO: 1.71 £ 0.54%) and total w-6 (FO: 3.83 £ 0.59 vs SO: 10.43 +
1.28%). The same occurred in the liver (P < 0.05): total w-3 (FO: 34.41 £ 2.6 vs SO: 6.46 + 0.59%) and total w-6 (FO: 8.73
1.37 vs SO: 42.12 + 2.33%). The PUFA profile of the feces and liver polyamine levels did not differ between groups (P > 0.05).
In conclusion, our findings indicate that chronic FO ingestion protected against the DMH-induced preneoplastic colon lesions
and adenoma development, but not against carcinoma in rats.
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Introduction

Colorectal cancer is the second leading cause of cancer
death and the third most common type of cancer in both men
and women in Western countries (1) and itis an increasing
cause of death in Brazil (2). The process of carcinogenesis
can be divided into three major stages: initiation, promotion
and progression. Aberrant crypt foci (ACF) are considered
to be putative preneoplastic colon lesions that may be early
indicators of colon carcinogenesis (3,4). ACF and tumors
can be chemically induced by administering chemical
carcinogens to experimental animals, among them, 1,2-di-
methylhydrazine (DMH) or azoxymethane (5,6). DMH is one
of the agents most frequently used in experimental models
of colon carcinogenesis in rodents (6,7).

The occurrence of colorectal cancer is strongly cor-
related with nutritional factors (8,9) and therefore dietary

recommendations have been established to encourage
people to change their habits in order to reduce the risk of
colon cancer, the burden of personal suffering and the costs
of treatment (10). However, the exact nature and extent of
the relationship of colorectal cancer with specific nutrients
is not understood (11).

Fat seems to be one of the mostimportant determinants
of colorectal cancer. Studies indicate that specific fatty
acids can modulate the development of colorectal cancer
(12,13). For example, w-3 polyunsaturated fatty acids
(PUFAs) have been shown to inhibit the in vitro growth of
several human malignant cell lines (14). Fish oil is rich in
w-3 PUFAs with a predominance of eicosapentaenoic acid
and docosahexaenoic acid. It has been reported that fish
oil may induce apoptosis and cell differentiation and reduce
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cell proliferation (11,15). Since a diet rich in w-3 PUFAs is
desirable for the prevention of colorectal cancer, it would
be important to determine if fish oil would have protective
effects on chemically induced colorectal cancer.

While diets rich in w-3 PUFAs can attenuate the develop-
ment of colorectal cancer (10,16), diets rich in w-6 PUFAs
(e.g., linoleic acid) may contribute to the development of
cancer (10). This is a matter of concern since Western diets
usually contain high levels of w-6 PUFAs. The fatty acid
composition of tissues reflects the type of dietary lipid (17).
The accumulation of w-3 PUFAs in the cell membrane may
act at different levels, including membrane fluidity, recep-
tor binding, signal transduction, and enzyme activity (e.g.,
ornithine decarboxylase, ODC) (11,18).

ODC is a key rate-limiting enzyme in polyamine biosyn-
thesis (e.g., putrescine, spermidine, and spermine). High
ODC activity and polyamine levels were found in human
colorectal neoplasia (18). The bioactive amines constitute a
group of cell components that are important in the regulation
of cell proliferation and cell differentiation. There is evidence
suggesting a role for polyamines in programmed cell death
(19). The importance of the polyamines for cell function is
reflected by a strict regulatory control of their intracellular
levels (20). Depletion of polyamines leads to changes in the
expression of numerous growth-related genes (19). How-
ever, the molecular mechanisms by which the expression
of these genes is controlled are unknown (19).

Therefore, the aim of the present study was to investigate
the effects of fish oil ingestion on colonic carcinogenesis in
rats treated with DMH.

Material and Methods

Animals

Eleven-week-old male Wistar rats (average weight of
248.5 + 5.2 g) provided by the Central Animal House at
the Federal University of Vigosa, MG, Brazil, were kept
in collective polyethylene cages (3 to 4 animals per cage)
in a temperature-controlled room (23.7 + 1.6°C and 70.2
+ 7.5% relative humidity) with a 12-h dark/light cycle. All
experimentation was conducted in accordance with the
Ethical Principles in Animal Experimentation adopted by the
Declaration of Helsinki (2000; http://www.wma.net) and by
the Brazilian College on Animal Experimentation (COBEA,;
www.cobea.org.br).

Experimental design

Animals were randomly assigned to two groups of 10
animals each as follows: fish oil (experimental) and soybean
oil (control). During the first 2 weeks of the experiment, all
animals were given 4 subcutaneous injections of 40 mg/kg
body weight DMH (Sigma, USA), two injections in the 1st
week, and two in the 2nd week, on nonconsecutive days
(7). DMH was prepared immediately before use, dissolved
in 0.9% NaCl containing 1.5% EDTA as vehicle at a final

Braz J Med Biol Res 42(12) 2009

A.P.B. Moreira et al.

concentration of 10 mg/mL, and final pH was adjusted t0 6.5.
Food and water were provided ad libitum and the animals
were sacrificed after an additional 36 weeks. Animal weight
was monitored weekly and food intake daily throughout the
experiment. Food intake of 3 rats/cage was determined and
then the average diet consumption/rat was calculated.

Diets

The composition of the diets was based on the American
Institute of Nutrition (21), following the AIN-93M protocol
recommended for the maintenance of adult animals. Both
the fish oil and soybean oil diets contained 18% by weight
of lipids, simulating Western diets: 31.47% cornstarch,
15.5% dextrinized cornstarch, 10% sucrose, 15.1% casein,
18% fish oil or soybean oil, 5% cellulose, 3.5% mineral
mix, 1% vitamin mix, 0.18% L-cystine, and 0.25% choline
bitartrate.

Sample collection

After sacrifice, the large intestine was removed, opened
longitudinally, washed gently, and fixed flat on a styrofoam
board in 10% buffered formaldehyde for 48 h for ACF
analysis. One fragment of the large intestine was collected,
frozen inliquid nitrogen, and kept at-80°C until the analysis
of fatty acid profile. Intestinal tumors were removed and
fixed in 10% buffered formaldehyde for further analysis.
The liver was removed, frozen in liquid nitrogen and kept
at -80°C until the analyses of fatty acids and polyamines.
All animal feces were collected from each cage during the
15 days that preceded euthanasia and kept at -20°C until
the analysis of fatty acids.

Fatty acid analysis

The lipids from the oils used in the diets, from tis-
sues (colon - portion between the middle and distal seg-
ments and liver) and from feces were extracted with 2:1
chloroform:methanol (22) prior to analysis. The fatty acids
were esterified (23) and tridecanoic acid - C13:0 (Sigma-
Aldrich, USA) was used as an internal standard. The fatty
acid methyl esters were determined by gas chromatogra-
phy (Shimadzu, Japan). The fatty acid methyl esters were
identified by comparing the retention times of the samples
with reference to standards (Sigma-Aldrich) and quantified
by the method of Satchithanandam et al. (24). Fecal lipids
were measured in the lipid fractions from the pool of feces
obtained from each cage.

Counts of aberrant crypt foci

After 48 h of fixation the intestine was divided into three
fragments of equal length (~8 cm), i.e., proximal, middle and
distal regions. They were stained with 0.1% methylene blue
for approximately 2 min and washed in phosphate buffer.
ACF were identified and counted under a light microscope
(100X) by two pathologists unaware of the treatments (4,7).
The ACF were grouped as a function of the size of the foci:
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small ACF (aberrant crypts per focus <3, ACF <3), and large
ACF (aberrant crypts per focus =24, ACF 24) (4).

Tumor analysis

Intestinal tumors were prepared for conventional his-
topathological analysis. After fixation, the material was
dehydrated in alcohol, diaphanized in xylol and embedded
in paraffin. Four-micrometer thick sections were cut, stained
with hematoxylin and eosin and examined at 40X magnifi-
cation under a light microscope. Tumors were analyzed by
using three to four slides and classified as either adenoma
or carcinoma by the method of Pozharisski (25).

Polyamine analysis

Liver spermidine, spermine and putrescine levels were
determined. The amines were extracted with 5 g/100 mL
trichloroacetic acid by the method of Vale and Gléria (26).
The extract was analyzed by ion pair high performance
liquid chromatography using ion pairing in a reverse phase
column, post-column derivatization with o-phthalaldehyde
and fluorescent detection at 340 nm excitation and 550
nm emission (26).

Statistical analysis

Data were analyzed by the Mann-Whitney test or the
Student t-test. The Fisher exact method was used to analyze
tumor incidence. Data were analyzed with the Sigma Stat
for Windows software (SPSS Inc., USA) and differences
were considered to be significant at P < 0.05.

Results

The fatty acid composition of the oils used are given
in Table 1. The major differences are (means + SD): fish
oil (w-3 fatty acids: 44.63 + 2.24%; w-6 fatty acids: 4.37
0.15%) and soybean oil (w-3 fatty acid: 6.93 + 0.11%; w-6
fatty acid: 60.75 = 1.79%).

Food intake did not differ significantly between the fish
oil and soybean oil groups. Furthermore, animals gained
weight similarly throughout the experiment irrespective of
treatment (data not shown).

The total ACF number and the number of small ACF
(<3) were significantly lower in the fish oil group compared
to control (soybean oil). However, the number of large ACF
(=4) did not differ between groups (Table 2).

The incidence of adenomas was 20% in the fish oil
group (2 of 10 rats) and 100% in the soybean oil group
(10 of 10 rats), whereas the incidence of carcinomas was
equal in rats consuming fish oil (2 of 10 rats) or soybean
oil (2 of 10 rats).

While animals receiving fish oil presented a higher per-
centage of total w-3 PUFAs in the colon than those receiving
soybean oil, animals from the soybean oil group showed a
higher percentage of total w-6 PUFAs than animals from
the fish oil group (Table 3). Similarly, a higher percentage of
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Table 1. Fatty acid composition of the fish and soybean oils used
in the present study.

Fatty acid Fish oil Soybean oil
Linoleic acid (C18:2w-6) 2.78+0.09 60.75+1.79
Arachidonic acid (C20:4w-6) 0.73 £0.04 -
Docosadienoic acid (C22:2w-6) 0.87 £ 0.02 -
a-Linolenic acid (C18:3w-3) 0.80+0.04 6.93+0.11
Eicosapentaenoic acid (C20:5w-3) 24.01 +1.07 -
Docosahexaenoic acid (C22:6w-3) 19.82+1.15 -
Total w-6 437+0.15 60.75+1.79
Total w-3 4463+224 6.93+0.11

Data are reported as means + SD of weight percent for 3 indepen-
dent analyses. w-6 or w-3 free fatty acids were determined by gas
chromatography. - = not detected.

Table 2. Effects of fish oil or of soybean oil diets on aberrant crypt
foci (ACF) in the large intestine of rats treated with 1,2-dimeth-
ylhydrazine.

Fish oil Soybean oil
ACF <3 90.55 +4.74 184.35 £ 14.70*
ACF 24 23.00 £ 3.21 30.25 £ 5.81
Total ACF 113.55 £ 6.97 214.60 + 18.61*

Data are reported as means + SEM for 10 rats in each group.
Rats received 4 subcutaneous injections of 1,2-dimethylhydra-
zine (40 mg/kg body weight each) twice a week on nonconsecu-
tive days for 2 weeks and were submitted to diets containing
18% of either fish oil or soybean oil ad libitum for 36 weeks. *P <
0.05 compared to fish oil in diet (Mann-Whitney test).

w-3 PUFAs was observed in the liver of animals ingesting
the fish oil than in the liver of animals of the soybean oil
group, whereas the percentage of w-6 PUFAs was higher
in the soybean oil group (Table 3). Although fish oil contains
a higher percentage of eicosapentaenoic acid than doco-
sahexaenoic acid, animals in the fish oil group presented a
higher percentage of docosahexaenoic acid than animals
of the soybean group in both colon and liver (Table 3).
The profile of fatty acids in the animals’ feces was dif-
ferent from that accumulated in the liver and colon, with
a prevalence of saturated fatty acids. The fish oil group
excreted a significantly higher percentage of myristic acid
(1.03+0.16 vs 0.23 + 0.01%), pentadecanoic acid (0.35 +
0.01 vs 0.21 + 0.05%), palmitic acid (7.50 + 1.03 vs 7.20
1 0.55%), and heptadecanoic acid (0.59 + 0.06 vs 0.23 +
0.01%) compared to the soybean oil group. However, the
feces of animals of the soybean oil group were significantly
higher in docosanoic acid than animals of the fish oil group
(1.24 £0.03 vs0.49+0.07%). No differences were observed
between groups in total w-3 PUFAs (fish 0il: 0.84 + 0.18 vs
soybean oil: 0.98 + 0.38%) or in total w-6 PUFAs (fish oil:
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Table 3. Effects of fish oil (FO) or soybean oil (SO) diets on the fatty acid profile of large intestine and
liver of rats treated with 1,2-dimethylhydrazine.

Fatty acid (%) Large intestine Liver

FO SO FO SO
Myristic acid (C14:0) 1.37£0.36 - 0.54 +£0.17 -
Pentadecanoic acid (C15:0) 0.15+0.03 - 0.12 £ 0.01 -
Palmitic acid (C16:0) 8.06 £ 1.20*  3.83+0.41 10.79£0.99 11.09 £ 0.94
Stearic acid (C18:0) 4.02+0.79 421+1.13 5.99 +1.07 440+1.11
Palmitoleic acid (C16:1) 2.65 + 0.56 - 256 £0.92* 0.84+0.23
Oleic acid (C18:1w-9) 7.75+1.87* 4.39+0.65 9.82+0.83 12.28+0.88
Eicosanoic acid (C20:1) 0.32+0.10 - 0.25 +£0.01 -
Eicosadienoic acid (C20:2) 0.46 £ 0.07 - - -
Linoleic acid (C18:2w-6) 212+0.34* 543+1.94 4.23+0.98% 32.99 +2.87
y-linolenic acid (C18:3w-6) - 0.97 £0.15 - -
Dihomo-y-linolenic acid (C20:3w-6) - 0.81+0.23 - 0.64 +0.11
Arachidonic acid (C20:4w-6) 1.71+£0.55* 4.19+1.39 3.86+£0.88* 7.50+1.03
Docosadienoic acid (C22:2w-6) 0.64 +0.14 - - -
a-linolenic acid (C18:3w-3) 0.69+0.24* 1.99+0.29 - -
Eicosapentaenoic acid (C20:5w-3) 2.71+0.64 - 9.80 + 2.65 -
Docosahexaenoic acid (C22:6w-3) 547 +0.83* 1.71+£0.54 2391+1.69* 4.47+0.83
Total w-3 8.18+0.97* 1.71+0.54  34.41+26* 6.46 + 0.59
Total w-6 3.83+0.59* 10.43+1.28 8.73+1.37* 42.12+2.33

Data are reported as means + SD as % by weight for 10 rats in each group. Rats received 4 subcutane-
ous injections of 1,2-dimethylhydrazine (40 mg/kg body weight each) twice a week on nonconsecutive
days for 2 weeks and were submitted to diets containing 18% of either fish oil or soybean oil ad libitum
for 36 weeks. - = not detected. *P < 0.05 compared to soybean oil-treated group of the same tissue

(Student t-test).

2.37 + 0.44 vs soybean oil: 3.14 £ 0.17%).

The prevalent polyamine in the liver was spermine,
followed by spermidine. Putrescine, which is a precursor
of polyamines, was not detected in the liver of animals in
either group. There was no significant difference in the
levels of spermine (fish oil: 4.08 + 1.86 and soybean oil:
5.42 £ 0.51 mg/100 g) or spermidine (fish oil: 3.08 + 1.15
and soybean oil: 3.15 + 0.50 mg/100 g).

Discussion

In this study of the effect of fish oil on colon carcinogen-
esis, we showed that rats consuming a diet enriched in fish
oil (18%) for 36 weeks exhibited a significant reduction in
DMH-induced ACF. This reduction was due to the reduc-
tion of ACF <3 as ACF 24 was not affected. Since ACF is
a putative preneoplastic colon lesion that may be an early
indicator of colon carcinogenesis (3), these findings suggest
that the ingestion of fish oil protected against the initiation
of ACF development in the rat colon.

We also investigated the effect of fish oil on the incidence
of tumors. Our results demonstrated that the incidence of
adenomas was significantly reduced in animals receiving a

Braz J Med Biol Res 42(12) 2009

diet containing fish oil, whereas the incidence of carcinomas
was not affected by the type of diet consumed. On the basis
of these results, it is likely that fish oil consumption may
protect against the development of colonic tumors in the
stage before the formation of carcinomas.

Although our study was not designed to identify mecha-
nisms, the inhibitory effects of w-3 PUFAs on carcinogenesis
have been attributed by others to cyclooxygenase-2 down-
regulation, and to the decreased production of prostaglandin
E2 as a result of the competition between w-6 and w-3
PUFAs for desaturases, elongases, cyclooxygenases, and
lipoxygenase enzymes (10). ltis likely that w-3 PUFAs have
greater affinity for these enzymes than do w-6 PUFAs (15).
Prostaglandin E2 itself is known to promote carcinogenesis
by inhibiting apoptosis and inducing cell proliferation and
angiogenesis (27,28). Furthermore, eicosanoids produced
from eicosapentaenoic acid are less pro-inflammatory than
the arachidonic acid-derived mediators (10).

These are the first observations regarding the effects of
the ingestion of fish oil for a long period on the lipid profile
of large intestine, liver and feces. Our data showed that
colon and liver had a fatty acid profile similar to that of the
oil in the diet. The group that received fish oil presented a
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higher concentration of w-3 PUFAs in the colon and liver,
whereas the group treated with soybean oil presented a
higher concentration of w-6 PUFAs. These results confirm
and extend data reported by Hendrickse et al. (17) and
Senkal et al. (29) showing that the fatty acid composition of
tissues reflects the type of dietary fat. In addition, the higher
content of docosahexaenoic acid in the colon and liver of
rats from the fish oil group in the present study suggests
that eicosapentaenoic acid from the diet was converted to
docosahexaenoic acid by the delta-6-desaturase enzyme.
It should be mentioned that the levels of eicosapentaenoic
acid in the diet were higher than those of docosahexaenoic
acid.

We also showed that w-3 and w-6 PUFA excretion
through the feces was similar for the groups studied, but
was lower than in the liver and colon, suggesting a high
utilization of PUFAs present in the experimental diets by
the animals.

Eicosapentaenoic acid was not detected in the tissues
or feces of animals, which ingested soybean oil, but doco-
sahexaenoic acid was detected. These animals received
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