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RESUMEN

Efecto del aceite de pescado de la dieta en cancer de
colon inducido por dimetilhidrazina en ratas.

Este estudio fue realizado para examinar la eficacia de
la suplementacién de aceite de pescado en la carcinogéne-
sis de colon en ratas wistar machos. Para la induccion del
cancer de colon, las ratas fueron tratadas semanalmente
con una inyeccidon subcutanea de 1,2-dimethyl hydrazine
(DMH) a una dosis de 20 mg/kg de peso durante cinco se-
mana. A continuacion, algunas ratas tomaron aceite de pes-
cado durante 4 semanas, o durante 17 semanas (grupo
DMH-FO17). Las ratas restantes continuaron sin ningun tipo
de suplementacion durante las mismas 4 semanas (grupo
DMH4), o 17 semanas (grupo DMH17). Otros dos grupos de
ratas no recibieron DMH y un grupo consumié aceite de pes-
cado (grupo FO17) y el otro solamente una dieta normal y
es considerado como el grupo control (grupo CN). Al final
del experimento, las ratas fueron sacrificadas; y a continua-
cion fueron evaluadas mediante analisis bioquimico y bio-
logia molecular asi como examen histopatoldgico. El resul-
tado mostro un incremento en los niveles de lactato
deshidrogenasa (LDH), malondialdehido (MDS) y fosfatasa
alcalina (ALP) en ratas DMH en comparacién con el control.
Los cambios inducidos en el higado y el colon por DMH fue-
ron significativamente mejorados con la suplementacién de
aceite de pescado en el grupo DMH-FO17. El analisis mole-
cular revelo que el tratamiento con DMH indujo alteraciones
de la expresion de los genes p53, p27 y p21 e incremento el
perfil de bandas de DNA relacionadas con el cancer, mien-
tras que los grupos FO17 Y DMH-FO17 mostraron mejores
resultados. El examen histologico del grupo DMH17 revelo
adenocarcinoma de colon y algunas lesiones en tejidos de
higado de rata. La mejora en el perfil histologico fue notable
en el higado y colon del grupo DMH-FO17. En conclusion, los
presente resultados demuestran el efecto anti-carcinogénico
del aceite de arenque contra la carcinogénesis de colon indu-
cida por DMH en ratas. El efecto inhibidor de FO fue debido a
la modulacién de parametros bioquimicos elevados, dafo a
DNA y lesiones histopatoldgicas causadas por DMH.

PALABRAS CLAVE: Aceite de pescado — Cancer colo-
rrectal - DMH — Expresion génica — Ratas.

SUMMARY

Dietary fish oil modulates the effect of
dimethylhydrazine-induced colon cancer in rats.

This study was conducted to examine the efficacy of fish
oil supplementation in male wistar rat colon carcinogenesis.

In order to induce colon cancer, the rats were given a weekly
subcutaneous injection of 1,2-Dimethylhydrazine (DMH) at a
dose of 20 mg/kg b.w. for five weeks. Afterwards, some of
the rats ingested fish oil for either 4 weeks (DMH-FO4
group), or 17 weeks (DMH-FO17 group). The remaining rats
continued without any supplementation for the same 4
weeks (DMH4 group), or 17 weeks (DMH17 group). Another
two groups of rats did not receive the DMH and were given
fish oil (FO17 group) or a normal diet only and considered as
the control group (CN group). At the end of the experiment,
the rats were sacrificed; and were subsequently subjected to
biochemical and molecular biological analyses as well as
histopathological examinations. The results showed increased
levels of lactate dehydrogenase (LDH), malondialdehyde
(MDA) and alkaline phoshatase (ALP) activities in the DMH
rats compared to the control. The liver and colonic changes
that were induced by DMH were significantly improved
through fish oil supplementation in the DMH-FO17 group.
The molecular analysis revealed that DMH treatment
induced the expression alterations of genes p53, p27 and
p21 and increased DNA band patterns related to cancer,
while both FO17 and DMH-FO17 groups showed much
better results. A histopathological examination of the DMH17
group revealed colon adenocarcinoma and several lesions
in rat liver tissues. An improvement in the histopathological
picture was seen in the livers and colons of groups DMH-
FO17. In conclusion, the present results demonstrated the
anti-carciongenic effect of herring fish oil against DMH
induced colon carcinogenesis in rats. The inhibitory effect of
FO was due to the modulation of elevated biochemical
parameters, DNA damage, gene expression and
histopathological lesions caused by DMH.

KEY-WORDS: Colorectal cancer — DMH — Fish oil —
Gene expression — Rats.

1. INTRODUCTION

Among the factors that contribute to the
appearance of cancer, diet plays a fundamental
role. Fats are the main component related to the
increase in the incidence of cancerous diseases,
particularly breast, prostate and colorectal cancer.
Colon cancer is one of the leading causes of death
in both men and women in Western countries
(Parker et al., 1995; and Jemal et al., 2003) and it
became the number six leading cause of cancer
deaths in Egypt (WHO report, 2006). Several
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approaches to lowering the incidence of colon
cancer have included attempts at dietary prevention
and chemoprevention (Giovannucci and Willett;
1994; Rao et al., 2001, Levin et al., 2008, Dougherty
et al., 2009 and Wong, 2010).

The relationship between nutrition and cancer is
complex; where nutrition constitutes an important
aspect of the life of cancer patients. Wynder et al.,
1969, suggested that dietary factors in general, and
dietary fat in particular, play a role in the etiology of
colon cancer. Since then, several epidemiological
and case-control studies provided evidence for an
association between the intake of dietary fat
and total calories and an increased risk for the
development of colon cancer (Giovannucci and
Willett, 1994, Dougherty et al., 2009). However,
assumptions that eating a diet with a high
polyunsaturated fat content (rich in n-3 fatty acids)
may decrease the risk of colorectal cancer have
been hypothesized in relation to fish and fish oil
(Tavani et al., 2003). Diets rich in n-3 fatty acids
(marine oils) reduce the risk of chemically induced
colon carcinogenesis compared with diets high in
n-6 fatty acids and/or saturated fatty acids. This
suggests that the composition of ingested dietary
fatty acids is more critical to colon cancer risk than
is the total amount of fat (Chang et al., 1998 and
Sarotra et al.,, 2010). In addition, laboratory animal
model assays have indicated that the influence of
type and amount of dietary fat is exerted foremost
during the post-initiation phase of carcinogenesis
(Reddy et al., 1991). In general, the overall
evidence from studies with laboratory animals is
consistent with the epidemiological data. The
beneficial effects of n-3 fatty acids are postulated to
be associated with the known anti-inflammatory
actions of n-3 FAs; however, the specific
mechanism(s) of action has not been defined. The
results of numerous studies (Narayanan et al.,
2001; Stoll, 2002; Cheng et al., 2003; Granados et
al., 2006) illustrated a lower morbidity and
therefore improved quality of life after using n-3
polyunsaturated fatty acids (PUFAs). In general, an
increased n—3 fatty acid consumption ameliorates
or decreases the risk of a variety of diseases. N-3
fatty acids have definite roles in cardiovascular
disease, cognitive development and learning, visual
function, the immune-inflammatory response,
pregnancy outcomes, neurological degeneration,
and cancer (Seo et al., 2005, jwanny et al., 2009).

DMH (1,2-Dimethyl hydrazine) was used as a
potent and complete carcinogen for the colon, since it
has been reliably used to induce the initiation and
promotion steps of colon carcinogenesis in rodents
either after a single dose (Ward, 1974) or after five
doses over 5 successive weeks (jwanny et al., 2009).

The mechanisms by which n-3 PUFAs decrease
colon tumor formation has not been fully elucidated.
The examination of genes up- or down- regulated at
various stages of tumor development via the
monitoring of gene expression relationships will help
to determine the biological processes ultimately
responsible for the protective effects of n-3 PUFAs.

The development of malignant tumors is associated
with excessive cell proliferation, deregulation of
cellular differentiation, insufficient apoptosis and
genomic instability (Kornberg et al., 2005). p53, a
protein encoded by the TSG p53 functions as a
guardian of the genome facilitating cell cycle arrest,
differentiation and apoptosis thereby decreasing the
accumulation of mutant cell populations (Levine,
1997, Thapa et al, 2010), p21 and p27, cyclin
dependent kinase inhibitors, are important regulators
of cell cycle progression (Watson et al., 2008).

Therefore, the present study was designed to
investigate the therapeutic effect of fish oil
(obtained from byproducts of the fish canning
industry) on chemically induced colon cancer in
rats using a colon specific carcinogen; i.e. DMH.
This was carried out by assessing biochemical
and histopathological alterations, evaluating DNA
damage and analyzing the expression of p53, p21
and p27 genes in relation to fish oil as biomonitor
chemoprevention.

2. MATERIALS AND METHODS
2.1. Materials

The human colon cancer cell line (HCT116) was
kindly donated from the National Cancer Institute,
Cairo, Egypt. It was placed on 96 multi-well plates for
24 h before treatment with the compound(s) to allow
for the attachment of the cells to the walls of the plates.

The carcinogenic agent, 1,2 dimethylhydrazine
dihydrochloride 99+% (DMH) was obtained from
Sigma-Aldrich, Steinheim, Germany.

Herring Fish oil was obtained from the byproducts
of fish canning industries, Egypt. The fish oil was
extracted and purified according to Folch et al.
(1957). Fish oil was ingested every 2 days at a dose
of 0.3% wt/wt diet (Jwanny et al., 2004).

2.2. Methods

The fatty acid composition of fish oil was
identified by GLC after methylation according to the
method of Lepage and Roy (1986) and Jwanny et
al. (2001). Cytotoxicity tests of the purified fish oil
were assayed using the sulforhodamine B (SRB)
assay according to the method described by
Skehan et al., 1990.

2.3. Experimental Animals

Fifty-six male Wistar strain rats weighing 75-100g
were obtained from the Animal House Colony,
National Research Center, Cairo, Egypt. The
animals were kept individually in wire bottomed
cages at room temperature (25 = 2°C) under a
12-hour dark-light cycle. They were maintained on a
standard laboratory diet and water ad libitum. The
animals were allowed to adjust to their new
conditions for one week before commencing the
experiment and then they were distributed into seven
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cages (8 rats/each). All animals received humane
treatment, in compliance with the guidelines of the
Animal Care and Use Committee of the National
Research Center, Egypt. At the end of the
experimental period, blood samples were drawn
from each rat separately using capillary tubes, and
centrifuged at 4000xg for 10 min. Separated sera
were used for different biochemical analyses. Liver
and colon were removed and used for molecular
biology analyses and histological tests.

2.4. Experimental design

The Institutional Animal Ethics Committee
approved the study. The experimental design is
illustrated in Fig. 1. For the induction of colon cancer,
40 rats were subcutaneously injected with the
carcinogenic material (DMH), once a week, for five
successive weeks at a dose of 20 mg/kg b.w.
according to Cheng et al., 2003 and Jwanny et al.,
2009. After the 5 weeks of ingestion, this point was
considered as time zero of the experiment and the
animals were then divided into 5 groups (8 rats/
each) as follows: one group (8 animals) were
sacrificed for analysis (group DMHO); two groups of
DMH-rats continued for either 4 or 17 weeks without
FO supplementation (groups DMH4 & DMH17,
respectively); the last 2 DMH-rat groups were treated
with fish oil for either four weeks (group DMH-FO4),
or for 17 weeks (group DMH-FO17).

Another two groups of rats (8/each) were
subcutaneously injected with saline instead of the
DMH, with the same dose for five weeks and one of
them was sacrificed for analysis (control group,
CN). The last group received the same dose of fish
oil for the same 17 weeks (group FO17).

2.5. Biochemical analyses

Blood sera from the rats of all experimental
groups were obtained from the whole blood by
allowing it to coagulate for 20 min at 4°C then

centrifuging at 2000 g for 15 min and immediately
subjecting it to biochemical analysis. The distal
colon and whole liver were quickly removed, rinsed
in ice-cold saline, blotted on filter paper, and kept in
formalin 10% until histological examination.

Determination of malondialdehyde (MDA)

The concentration of malondialdehyde (MDA)
was measured with a thiobarbituric acid test
according to the method described by Ohkawa et
al. (1979) using a Biodignostic kit, Egypt. The
results were expressed as nmol thiobarbituric acid
reactive substances/ml. nmol/ml.

Determination of lactate dehydrogenase (LDH)

LDH activity (U/ L) was estimated according to
the method of Buhl and Jackson (1978) using a
Stanbio Laboratory kit, USA.

Determination of Alkaline Phoshatase (ALP)

Determination of ALP (IU/L) was carried out
according to the DGKC indications, Germany (1972).

Determination of Aspartate aminotransferase
(AST) and Alanine aminotransferase (ALT)

AST and ALT activities were measured using
kits of QCA, Spain, according to the method of
Reitman and Frankel, (1957). AST and ALT
activities were expressed as U/L.

2.6. RAPD-PCR analysis

The use of molecular markers has provided
important advances in the characterization and
genetic variation in many species, including yeasts
and mammals (Gallego et al.,, 2005; Horng et al.,

t
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Figure 1
Experimental design.
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2004). PCR-based techniques, such as RAPDs,
have previously allowed for the discrimination as
well as estimation of genetic variation attributed to
genotoxic elements such as DMH.

The genomic DNA was isolated from the colon
and liver of rats using phenol/chloroform extraction
and the ethanol precipitation method with minor
modifications. Purity of the DNA was evaluated by
absorbances at 230, 260, and 280 nm (Aquardo et
al., 1992). When impurities were present (pure DNA
has a ratio of A260/A230=1.7-2.2), the DNA sample
was passed through the commercial UltraClean Soil
kit until satisfactory purity was reached.

To generate RAPD profiles from rat DNA,
10-mer primer kits A and D from the Operon
Technologies (USA), were used. DNA amplification
reactions were performed under conditions reported
by Khalil et al. (2007, 2008). PCR amplification
was conducted in 20 ul reaction volume containing
100 ng genomic DNA; 100 uM dNTPs; 40 nM
primer (Operon, Almeda, CA, USA); 2.5 units of
Taq DNA polymearse and 5 pl promega 10X Taq
DNA polymearse buffer. The reactions were carried
out in a Thermocycler (Applied Biosystems 9700)
programmed with an initial denaturation of 5 min at
94°C, followed by 45 cycles of 0.5 min at 94°C, 1
min at 36°C and 2 min at 72°C and finally, one
cycle at 72°C for 5 min. The PCR product was
analyzed by electrophoresing 15 ul of the amplified
mixture on agarose gel. The Gel-Pro Analyzer (Media
Cybernetics) was used to document ethidium
bromide DNA gels.

2.7. Semi-quantitative Reverse
Transcription-PCR

RNA extraction and Synthesize
of First-strand cDNA

Immediately after kiling the animals, colon
tissues from the rats of each experimental group
were kept in liquid nitrogen until used for gene
expression analysis. Stored colon tissue samples

were used to extract the total RNA. Total RNA was
isolated from 100 mg of tissue by the standard TRizol
extraction method (Invitrogen, UK) and recovered in
100 pl molecular biology grade water. In order to
remove any possible genomic DNA contamination, the
total RNA samples were pre-treated using DNA-free™
DNase treatment and removal reagents kit (Ambion,
Austin, TX, USA) following the manufacturer’s
protocol. The RNA concentration was determined by
spectrophotometric absorption at 260 nm.

To synthesize the first-strand cDNA, 5 ug of the
complete Poly(A)+ RNA isolated from rat samples
was reverse transcribed into cDNA at a total volume of
20 pl using 1 pl oligo (poly(deoxythymidine)18) primer.
The composition of the reaction mixture consisted of
50 mM MgCI2, 10x reverse transcription (RT) buffer
(50 mM KCI; 10 mM Tris-HCI; pH 8.3), 200 U/ pl
reverse transcriptase (RNase H free), 10 mM of each
dNTP, and 50 uM of oligo(dT) primer. The RT reaction
was carried out at 25°C for 10 min, followed by 1 h at
42°C, and finished with a denaturation step at 99°C for
5 min. Afterwards, the reaction tubes containing RT
preparations were flash-cooled in an ice chamber until
being used for DNA amplification through polymerase
chain reaction (PCR).

RT-PCR assay

The first strands of cDNA from different colon
tissue samples were used as templates for the
semi-quantitative RT-PCR with a pair of specific
primers in a 25-ul reaction volume. The sequences
of specific primer and product sizes are listed in
Table 1. B-Actin was used as a housekeeping gene
for normalizing mRNA levels of the target genes. The
reaction mixture for RT-PCR consisted of 10 mM
dNTP’s, 50 mM MgCI2, 10x PCR buffer (50 mM KCI;
20 mM Tris-HCI; pH 8.3), 1U/ ul taq polymerase and
autoclaved water. The PCR cycling parameters of the
studied genes (p53, p21 and p27) were performed
as the PCR condition summarized in Table 1. The
PCR products were then loaded onto 2.0% agarose
gel, with PCR products derived from the B-actin of

Table 1
Primers and PCR thermocycling parameters
Primer Sequence (5°-3°) PCR conditions RT-PCR (bp)
p53 CGCAAAAGAAGAAGCCACTA 25 cycles: 94°C, 30 s; 65°C, 30 s; 118
TCCACTCTGGGCATCCTT 68°C, 1 min
Final extension: 68°C, 2 min
p21 ACCTCTCAGGGCCGAAAAC 25 cycles: 94°C, 30 s; 65°C, 30 s; 88
TAGGGCTTCCTCTTGGAGAA 68°C, 1 min
Final extension: 68°C, 2 min
p27 CAGAGGACACACACTTGGTAGA 35 cycles: 93°C, 30 s; 56°C, 45 s; 124
TCTTTTGTTTTGAGGAGAGGAA 74°C,45s
Final extension: 74°C, 10 min
B-Actin  GTGGGCCGCTCTAGGCACCAA 25 cycles: 94°C, 30 s; 65°C, 30 s; 540
CTCTTTGATGTCACGCACGATTTC 68°C, 1 min

Final extension: 68°C, 2 min
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the different rat samples. Each reaction of the RT-
PCR was repeated with ten rats, generating new
cDNA products at least ten times per group.

2.8. Histopathological examination

Tissue specimens from liver and colon were
fixed in neutral buffered formalin 10 % and
processed by the conventional method, embedded
in paraffin, sectioned at 4-5 um and stained by
Haematoxylin and Eosin (Bancroft et al., 1996)

2.9. Statistical Analysis

Data from the biochemical analysis was
statistically analyzed according to the method of
Fisher, 1970. Data from the molecular biology
studies were analyzed using the General Liner
Models (GLM) procedure of Statistical Analysis
System (SAS, 1982) followed by the Scheffé-test to
assess significant differences among groups. All
statements of significance were based on a
probability of P < 0.05.

3. RESULTS

3.1. Fatty acid analysis of fish oil

Fatty acid methyl esters were subjected to GLC
analysis. Data presented in Table 2 revealed the
presence of 36.2% (wt/wt) as n-3 PUFAs, of which
21.6% was eicosapentaenoic acid (EPA) and 11.0%
was docosahexaenoic acid (DHA) and 4.5% (wt/wt)
was n-6 PUFAs. The n-6/n-3 ratio = 0.12

3.2. Cytotoxic activity

The cytotoxic activity of fish oil in the human
colon cancer cell line (HCT116) revealed that the
dose value of fish oil exposure required to reduce
survival in the cell lines to 50% (IC 5,) was a very
small dose (1.4 ug/ml).

Table 2
Fatty acid composition of herring fish
oil methyl esters

Total Saturated FAs 26.2
Cizo 0.0
Ciso 7.8
Cieo 18.4
Cooo 0.0
Total Monounsaturated FAs 24.8
Cien 1.1
Cig- 11.5
Coo:1 12.2
Total Polyunsaturated FAs 40.7
Cigzne 0.0
Cigans 3.6
Cao4ne 4.5
Coo:5n.3 (EPA) 21.6
Caz6n.3 (DHA) 11.0

3.3. Biochemical parameters

The Results in Table 3 show that the DMHO
group exhibited significantly higher values in MDA,
LDH levels, ALP and AST activities compared to
the control (+92.18%, +469.92, +165.6%, and
143.8%, respectively, P < 0.001 for all).

Compared to DMHO, Both MDA levels and ALP
activity changed insignificantly after 4 weeks
whether the rats were treated (DMH-FO4) or
untreated (DMH4). However, the DMH-FO17 group
exhibited a significant decrease both in MDA levels
and ALP activity compared to DMHO (—28.43%,
P < 0.01, -54, P < 0.001, respectively).

Table 3
Effects of DMH and/or dietary fish oil on the measured biochemical parameters in experimental animals
CN DMHO DMH4 DMH-FO4 DMH17 DMH-FO17 FO17

(nmgﬁm) 733 £ 027 14.08° + 073 13.80 = 0.87 1269 = 044 1273 * 0.23 10.08° + 0.67 9.65 + 0.51
(LU[;II__') 171.16 = 3.76 975.47* * 40.02 766.36 * 32.08 750.02 + 60.41 717.97 = 34.75 55823 * 24.83 315.32 * 22.45
(ﬁJL/E) 14557 + 241 386.58* = 10.15 364.85 + 9.75 380.41 + 32.44 24955 + 550 177.82° + 12.62 19522 + 12.77
(Alﬁlj-) 2461 + 089  60.00® = 354 100.29 + 6.89 71.25™ + 427 300.00 + 25.07 80.50 + 10.05 50.86 + 5.82
(ﬁl;[) 34.72 = 0.90 4500 + 387 5363 + 360 42.75° + 256 9825 + 10.79 136.50° + 427  38.00 + 5.29

N.B. significance values are given in superscript above each number if found as follows; # (p<0.05) and * (p<0.01)when comparing
DMHO vs CN, ° (p<<0.05)and ™ (p<<0.01)when comparing DMH-FO4 vs DMH4 and °® (p<<0.05)and  (p<<0.01)when comparing

DMH-FO17 vs DMH17.
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When compared to DMHO, LDH levels exhibited
mildly lower levels both in DMH4 and DMH-FO4
groups (—21.44%, P <0.05, —23.11%, P <0.05,
respectively) after 4 weeks. Also, DMH-FO17
exhibited highly significantly lower levels of LDH
(—42.77%, P <0.001). On comparing DMH-FO 17
with DMH17, a significantly lower level (—22.25%,
p<0.01) was also observAST activity increased
dramatically in all DMH groups at 4 and 17 weeks
(+143.82%, +67.14%, +400.0%, respectively,
P <0.001 for all). FO groups inhibited this marked
elevation starting from week 4 (DMH-FO4, +18.75%,
P >0.005) to week 17 (DMH-FO17, 34.17%, P >0.05,)
compared to DMHO. Also at week 17 (DMH-FO17)
ALT activity decreased dramatically by 73.17%
(P <0.001) compared to DMH17.

After the 17 weeks, ALT activity increased
significantly in DMH17 compared to DMHO (+118.33%,
P <0.001). This dramatic increase was inhibited
by —62.85% (p<0.01) with the FO treatment in
DMH-FO17.

3.4. RAPD fingerprinting pattern

To evaluate the genetic variability among the
cancer drug treated rat genomes and their control,
5 primers (10-mer random primers) were used to
determine DNA fingerprinting. All of the primers
used gave positive and detectable bands (Fig. 2).
These random primers amplified a total of 151
different bands, ranging from 96 to 924 base pairs.

Liver

1500 bp-
1000 bp-

500 bp-
400 bp-

1500 bp-
1000 bp-

500 bp-
400 bp-

1500 bp-
1000 bp-

500 bp-
400 bp-

1500 bp-
1000 bp- S

500 bp-
400 bp-

1500 bp-

1000 bp-

500 bp-
400 bp-

Figure 2
Comparison of RAPD fingerprinting profiles of different rat genomic DNA. a, b, ¢, d and e agarose gels represent PCR products with primers
D01, D03, D04, D06 and AQ6, respectively. Lane 1 represents DNA marker. Lanes 2 and 9 represent control group. Lanes 3 and 10 represent
rats of DMHO group. Lanes 4 and 11 represent rats of DMH4 group. Lanes 5 and 12 represent rats of DMH17 group. Lanes 6 and 13
represent rats of group DMH-FO4. Lanes 7 and 14 represent rats of group DMH-FO17. Lanes 8 and 15 represent rats of group FO17.
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Over all samples, the number of RAPD bands
generated per primer varied between 20 and 56
bands, with an average of 46.2 = 2.8 bands per
primer. Nearly the same results were obtained
when the PCR assay was performed for each
sample within each group (7 rats).

The bands obtained from the colon and liver
samples in the protected groups with fish oil
(DMH-FO4 and DMH-FO17) were similar when
compared with untreated rats (CN). Where, of
the scorable bands, 83 (54.9%) were similar
“monomorphic” for the untreated control,
protected and fish oil samples. The bands were
similar for the colon and liver samples in the
untreated control and the short and long duration
protection with fish oil as well as the fish oil
samples (Fig. 2). However, the DNA of the colon
and liver samples induced with cancer drugs
revealed the appearance of 68 (45%) new bands
(polymorphic), which did not appear in the
samples of the other groups (Fig. 2). These new
bands, which included an increase in the band
number, could be considered as “genus
diagnostic” markers which are attributed to the
DMH treatment. In addition, the appearance of
these new bands was more evident in the colon

A

Control DMHO DMH4

than in the liver as shown in the primers DO1
and DO06. However, primers A06 and D03
revealed an increase in the number of these
new bands in liver samples more than in colon
samples (Fig. 2).

3.5. Semi-quantitative RT-PCR

Reverse transcription polymerase chain reaction
was conducted to verify the expression of the P53,
P21 and P27 genes which are related to cancer
progression in the colon tissues of male rats
exposed to DMH and fish oil for several time
intervals using gene expression analysis (Table 1).

The results of the present study revealed that
the expression level of the p53 gene was
significantly higher in colon tissues treated with
DMHO than untreated tissues (Fig. 3). The same
trend was seen in the animals treated with DMH
and survived one (DMH4) or three (DMH17) months
after cancer induction. However, the expression
level of the p53 gene in the groups treated with fish
oil (FO) alone or fish oil for one (DMH-FO4) or three
months (DMH-FO17) after cancer induction was
similar to the control group (Fig. 3).
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Semi-quantitative RT-PCR confirmation of the P53 gene in colon tissues of different rat groups. a,b values
within each column mean superscripts with different letters are significantly different (P = 0.05).

GRASAS Y ACEITES, 62 (3), JULIO-SEPTIEMBRE, 253-267, 2011, 1ssN: 0017-3495, poi: 10.3989/gya.091210 259



G.E. RASMY, W.K.B. KHALIL, S.A. MOHARIB, A.A. KAWKAB, AND E.W. JWANNY

The expression profile of p27 and p21 genes
was significantly higher in colon tissues exposed to
DMH for 5 weeks (DMHO) than in untreated tissues
(Figs. 4 and 5). Similar results were found in the
animals treated with DMH and survived one
(DMH4) or three months (DMH17) after cancer
induction. However, the expression level of p27
and p21 genes in the groups treated with fish oil
alone or fish oil for three months (DMH-FO17) after
cancer induction was similar to the control group
(Figs. 4 and 5). At the same time, the expression
level of p27 and p21 genes in the groups treated
with fish oil for one month after cancer induction
was higher than those in the control group (Figs. 4
and 5).

3.6. Histopathological parameters
Liver

The examined rat liver from the group treated with
(DMH) for 4 weeks revealed hydropic degeneration of
hepatocytes (Fig. 6a), a portal edema associated
with leucocytic cells infiltration in the portal
triad. Focal hepatic hemorrhage (Fig. 6b) was also

A

Control DMHO DMH4

observed in some examined sections. Severe
histopathological changes were noticed in the liver
at 17 weeks post treatment with (DMH17), those
changes described as focal areas of hepatic
necrosis (Fig. 6¢c) with pyknosis of hepatocytes
nuclei (Fig. 6d), fibrosis in the portal triads (Figs. 6d
& 6e) as well as necrosis of the epithelial lining
bile duct (Fig. 6e). However, improvement in the
histopathological picture was noticed in the liver
of rats treated with FO (DMH-FO). The liver of rats
from this group showed no histopathological
changes except slight hydropic degeneration of
some hepatocytes (Fig. 6f). No changes were
observed in the liver of rats from the (FO) group
and the negative control group (Fig. 69).

Colon

Histopathologically, the colon from the group
treated with (DMH) for 4 weeks showed marked
necrosis of the intestinal vili and some intestinal
glands (Fig. 7a) in the lamina propria. Moreover,
some examined sections revealed an activation of
mucous secreting glands, periglandular connective
tissue proliferation associated with mononuclear
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Figure 4

Semi-quantitative RT-PCR confirmation of the P27 gene in colon tissues of different rat groups. a,b,c values
within each column mean superscripts with different letters are significantly different (P = 0.05).
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Figure 5

Semi-quantitative RT-PCR confirmation of the P21 gene in colon tissues of different rat groups. a,b,c values within each column mean
superscripts with different letters are significantly different (P = 0.05).

leucocytic cell infiltration. Meanwhile, the colon of the
group treated with (DMH) for 17 weeks showed
adenocarcinoma characterized by destruction of
the glandular basement membrane (Fig. 7b),
hyperchromasia of nuclei as well as mitotic figures.
Marked necrosis in the intestinal mucosa, connective
tissue proliferatioin and massive inflammatory cell
infiltration (Fig. 7c¢) were also recorded in all examined
sections. On the other hand, colon sections of rats
treated with FO alone and those treated with both
DMH-FO showed apparently normal structures (Fig.
7d and 7e). No histopathological altrations were
noticed in the colon of rats from the negative control
group (Figs.7f and 7g).

4. DISCUSSION

Colorectal cancer is a leading cause of cancer-
related deaths and its prevention is of great
importance throughout the world (Chang et al.,
2008). The etiology of colorectal cancer is very
complex, and both genetic and environmental
factors are thought to be involved in this process.
Among environmental factors, dietary habits play
an important role. Many epidemiological studies
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have demonstrated a positive relationship between
dietary fat intake and colorectal cancer (Riboli and
Norat, 2003, Rao et al., 2001 and Wu et al., 2004).
Many experimental and epidemiological studies
suggest that not only the amount of fat intake but
also the composition of ingested dietary fatty acids
are crucial factors for colon carcinogenesis. (Fujise
et al., 2007, Sarotra et al., 2010 and Sala-Vila et
al., 2010).

N-6 PUFA as well as saturated fatty acids (SFA)
promoted colon carcinogenesis, particularly in post-
initiation or promotional phases or both (Reddy,
2000 and Wu et al., 2004 and Sarotra et al., 2010).
On the other hand, diets rich in n-3 PUFA and n-9
monounsaturated fatty acid (MUFA) have been
reported to reduce colon tumorigenesis in both the
initiation and postinitiation phases (Bartoli et al.,
2000; Rao et al., 2001 and Wu et al., 2004, Chapkin
et al., 2008, van Beelen et al., 2009 and Sarotra et
al., 2010), supporting epidemiological reports
showing that an n-3 PUFA-rich diet suppressed the
risk of colon cancer in humans (Byers, 1996 and
Caygill and Hill, 1995).

In this study, the beneficial effects obtained
upon ingesting herring fish oil were probably due to
the presence of large amounts of n-3, with an
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Figure 6

Photomicrographs of liver from male rats treated with DMH and/or fish oil: (a) Liver from rats of group DMHO showing hydropic

degeneration of hepatocytes (arrows), (H & E X 200). (b) Liver from rats of group DMHO showing focal hepatic hemorrhage
dispersed the hepatocytes from each other (arrow), (H & E X 200). (c) Liver from rats of group DMH17 showing focal area of
hepatic necrosis associated with leucocytic cell infiltration (arrow), (H & E X 200). (d) Liver from rats of group DMH17 showing

fibrosis in the portal triad (small arrow) and pyknosis of hepatocytic nuclei (large arrow)(H & E X 200). (e) Liver from rats of group
DMH17 showing fibrosis in the portal triad and necrosis of epithelial lining bile duct (arrow), (H & E X 200).
(f) Liver from rats of group DMH-FO17 showing slight hydropic degeneration of hepatocytes (arrow), (H & E X 200).
(g) Liver from rats of group CN showing no histopathological changes (H & E X 200).
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Figure 7
Photomicrographs of colons from male rats treated with DMH and/or fish oil: (a) Colon from rats of group DMHO showing marked
necrosis of the intestinal villi and intestinal glands (arrows), (H & E X 200). (b) Colon from rats of group DMH17 showing
adenocarcinoma. Notice proliferating cells with distruction of glandular basement membrane (arrows), (H & E X 400).
(c) Colonfrom rats of group DMH17 showing periglandular connective tissue proliferation associated with little leucocytic
cell infiltration (arrow), (H & E X 200). (d) Colon from rats of group FO17 showing apparently normal histological
structure (H & E X 100). (e) Colon from rats of group DMH-FO17 showing no histopathological changes (H & E X 200).
(f) Colon from rats of CN showing no histopathological changes (H & E X 200). (g) Colon from rats of control group
showing normal glands (H & E X 200).
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excellent n-6/n-3 ratio which equals 0.12. This is
because if (n-3) fatty acids are available, they will
be used as a substrate by COX 2. (Rose &
Connolly, 2000 and Yang et al., 2002). The result is
that if n-3 FAs are included in the diet, they are
incorporated into cell membranes and then less of
the inflammation-producing and growth-promoting
prostaglandin E2 will be produced in normal and in
tumor tissues (Hardman, 2004).

Investigators have previously reported that the
co-incubation of various cancer cell lines with n-3
fatty acids (n-3FA) leads to a reduction in cell
number which is time and dose dependent (Jordan
and Stein, 2001; Lee and Hwang, 2002; Sharma et
al., 2005). In this study, fish oil rich in n-3 PUFAs
suppressed the growth of the colon tumor cell line
(HCT-116) at a very small dose (1.4 pug/ml). It was
previously suggested that these in vitro inhibitory
effects may be attributed to the inhibition of
prostanoid synthesis from arachidonic acid (Boudreau
et al., 2001), or by suppressing the activity of
peroxisome proliferator-activated receptors (PPAR)
(Lee and Hwang, 2002) but not due to the induction
of apoptosis (Sala-Vila et al., 2010).

DMH, an alkylating agent, when injected
subcutaneously, is transported to the liver where it
undergoes dehydrogenation and is converted to an
active carbonium ion through several processes, to
be excreted in the bile, where it mediates its
carcinogenic activities in the mucosa while passing
through the digestive tract. In this study DMH
was used as a potent and complete carcinogen for
colon, since it has been reliably used to induce
the initiation and promotion steps of colon
carcinogenesis in rodents even after a single dose
(Ward, 1974). Metabolic activation of DMH to highly
reactive electrophiles (methyldiazonium ion) occurs
normally in the liver and colon. However, the main
target organ of DMH is the large intestine (Brady et
al., 1998, Choudhary and Hansen, 1998). Sasaki et
al. (2000) reported that DMH is genotoxic in the
stomach and the colon after i.p. treatment, where it
is able to induce DNA damage in these target
organs (Nalini et al., 2004). In the present study,
DMH was able to induce DNA damage and
alterations in the expression of the P53, P21 and
P27 genes as well as histopathological lesions in
the tissues of rats after 5 weeks of s.c. injections
(DMHOQ) as evidence of the formation of cancer in
these tissues. Moreover, the biochemical parameters
determined in the present study supported these
findings in which alkaline phosphatase (ALP),
Malondialdehyde (MDA) and lactate dehydrogenase
(LDH) appeared to be increased significantly. In
addition, the results showed that at 4 or 17 weeks
after cancer induction by DMH without fish oil
supplements (DMH4 and DMH17) the DNA damage,
alterations in the expressions of the tested genes
and the histopathological lesions, still remained in
the tissues. These results are in agreement with
previous findings (Cheng et al., 2003, Anilakumar et
al., 2004, Kamaleeswari et al., 2006, Jwanny et al.,
2009; Moreira et al., 2009 and Hill et al., 2010).

Previous studies have indicated a capacity for
dietary fish oil to modulate cell turnover in the
colonic mucosa of normal rats (Pell et al., 1994)
and humans (Anti et al., 1994). It has been reported
that prolonged feeding with fish oil increases
apoptosis in the colonic mucosa during the
promotion stage of chemical carcinogenesis
(Chang et al., 1997 and Chang et al., 1998) but the
stage of carcinogenesis and the mechanism by
which dietary lipids interact with the induction of
neoplasia are largely unknown. Latham ef al
(1999) showed that dietary fish oil may suppress
the induction of neoplastic lesions by modulating
the balance of mitosis and apoptosis in the crypt at
a critical stage as it responds to the cytotoxic and
genotoxic effects of DMH.

Our results revealed that after the FO
supplementation, the DMH-FO group had
significantly lower levels in most measured
biochemical parameters, lower DNA damage,
lower up-regulation of the expressions of the tested
genes i.e. P53, P21 and P27 as well as fewer
histopathological lesions compared to both DMHO
and DMH17. During cancer development, cell
turnover, differentiation and apoptosis are impaired.
Many factors influence tumor induction and growth
in colon cancer, including a range of cytokines and
growth factors, along with genotoxic and oxidative
stress. N-3 PUFAs are able to influence colon
carcinogenesis by altering enzyme expression and/
or activity and, therefore, the concentrations of end
products, or by modulating the levels of available
precursors for biosynthetic pathways. Latham et al.
(1999) suggested that n-3 PUFA can protect against
the carcinogenic effects of DMH by mediating
changes in the balance proliferation and cell death.
Seo et al. (2005) illustrated that the positive effects
of n—3 fatty acids on health related to 1) inhibition
or modulation of eicosanoid pathways, which
leads to the alteration of inflammatory responses
and related protein expression and activity; 2)
modulation of molecules or enzymes associated
with various signaling pathways involving normal
and pathologic cell function; 3) incorporation of
n-3 fatty acids into membrane phospholipids;
and 4) direct effects on DNA damage and gene
expression. Because the above pathways are
highly interactive, the biological potentials of n—3
fatty acids on health and disease must be due to
multiple coordinated mechanisms.

5. CONCLUSION

In conclusion, the dietary administration of fish
oil, obtained from byproducts of the fish canning
industry, significantly suppressed the development
of DMH induced rat colorectal cancer, through
reduced serum levels of MDA, LDH and ALP
activity, inhibit DNA damage, down-regulation of
cancer related genes and histopathological lesions,
thus modulating cell proliferation in the intestine.
Further investigations are now needed to determine
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the long-term anticarcinogenic effects of FO on
tumor development and to clarify the underlying
mechanisms of action.
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