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Abstract

Moringa oleifera Lam (horseradish tree; tender pod or fruits) is a major ingredient in Thai cuisine and
has some medicinal properties. Previous studies have shown potentially antioxidant, antitumor promoter,
anticlastogen and anticarcinogen activities both in vitro and in vivo. The present study was conducted to investigate
chemopreventive effects on azoxymethane (AOM)-initiated and dextran sodium sulfate (DSS)-promoted colon
carcinogenesis in mice. Male ICR mice were divided into 8 groups: Group 1 served as a negative control; Group
2 received AOM/DSS as a positive control; Groups 3-5 were fed boiled freeze-dried M. oleifera (bMO) at 1.5%,
3.0% and 6.0%, respectively supplemented in basal diets for 5 weeks; Groups 6-8 were fed with bMO diets at
the designed doses above for 2 weeks prior to AOM, during and 1 week after DSS administration. At the end
of the study, colon samples were processed for histopathological examination. PCNA indices, iNOS and COX-2
expression were assessed by immunohistochemistry. The results demonstrated the incidences and multiplicities
of tumors in Groups 6-8 to be decreased when compared to Group 2 in a dose dependent manner, but this was
significant only in Group 8. The PCNA index was also significantly decreased in Group 8 whereas iNOS and
COX-2 protein expression were significantly decreased in Groups 7 and 8. The findings suggest that M. oleifera
Lam pod exerts suppressive effects in a colitis-related colon carcinogenesis model induced by AOM/DSS and
could serve as a chemopreventive agent.
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Introduction

Colon cancer is one of the important causes of
morbidity and mortality in developed countries, and
is increasing in number among Thai populations,
especially in major cities like Bangkok (Khuhaprema et
al., 2008). In Thailand, colon cancer is the 3rd ranking of
cancer incidence in male and the Sth ranking in female
(Khuhaprema et al., 2010). This is caused by the change
of Thai dietary habits to a more Western style. Thai cuisine
has been known and popular in worldwide, especially
among the health-conscious consumer due to the values
and functional ingredients contained in a variety of herbs,
spices, and vegetables. Some of them have been proved
that they are relevant to prevent many diseases, however,
only a few have been scientifically approved of their
potential for health, particularly their protective effects
and/or molecular mechanisms on colon cancer.

Moringa oleifera (MO) belonging to the family
Moringaceae is found in Asia, Africa, Latin America,

including Thailand (Fahey, 2005). The leaves, fruits,
flowers and immature pods of this tree are used as a highly
nutritive vegetable in many countries, particularly in
Philippines, Pakistan, India, Hawaii and Africa (D’Souza
and Kulkarni, 1993; Anwar and Bhanger, 2003; Anwar
et al., 2005). The medicinal values of different parts of
this plant have long been recognized in folklore medicine
(Faizi et al., 1995). In Thailand, the tender pods (fruits),
and leaves have been consumed as vegetables for more
than 100 years (Mokkhasmit et al., 1971). An analysis
of utilization of different parts of MO indicated that the
highest crude proteins and fat were shown in mature
MO seeds. High oleic acid (18:1) contents were shown
in MO seeds (Amaglo et al., 2010). Several bioactive
compounds were isolated from MO pod and seed such as
niazirin, niazimicin, niazicin A, benzyl-isothiocyanate,
benzyl-thiocarbamate, and glucomoringin (Francis et al.,
2004; Brunelli et al., 2010; Cheenpracha et al., 2010).
Oral administration of MO pods extract could increase
detoxification enzymes in liver involved in reactions
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of phases I and II. Furthermore, it could inhibit skin
papillomagenesis in female Swiss albino mice (Bharali et
al., 2003). A previous study showed that male ICR mice
that received diet containing freeze-dried boiled MO had
potentially anti-clastogenic activity (Promkum et al.,
2010). The ethanol extracts of MO seeds showed potential
activity as an antitumor promoting agent both in vitro and
in vivo assays (Guevara et al., 1999). The isothiocyanate
from glucomoringin, an active compound found in MO
seeds, was found to reduce myeloma growth in nude mice
(Brunelli et al., 2010). Moreover, benzyl-isothiocyanate
could decrease 12-O-tetradecanoylphorbol-13-acetate
(TPA)-induced leukocyte infiltration and inhibit excessive
superoxide generation in inflammatory leukocytes in
mouse dermis (Nakamura et al., 2004). However, there
has been no report regarding their effects on human health
benefit, particularly in term of anti-colon carcinogenesis.
Determination of the effective dose of anti-colon
carcinogenesis based on animal model, particularly the
effect and molecular mechanisms of suppression, should
be elucidated. The results from our study will be useful
for promoting Thai foods containing MO pods as a
chemopreventive agent.

Materials and Methods

Chemicals

Azoxymethane (AOM) was purchased from
Sigma Chemical Co. (St. Louis, MO, USA).
Dextran Sodium Sulfate (DSS) was purchased from
MP Biomedicals Co. (Solon, California, USA). The
3-aminopropyltriethoxysaline and proliferating cell
nuclear antigen (PCNA) antibody (Dako, Denmark) was
kindly provided by Assoc. Prof. Dr. Anudep Rungsipipat,
Faculty of Veterinary Science, Chulalongkorn University.
Cyclooxygenase-2 (COX-2) and inducible nitric oxide
synthase (iNOS) antibodies were purchased from Abcam
Cambridge (MA, USA). Envision™ Polymer Detection
system was purchased from Dako Denmark A/S (Glostrup,
Denmark). For preparing animals diets, AIN-76 minerals
mixture was purchased from MP Biomedicals, Solon,
California, USA, and vitamins mixture products of
Clea Japan Inc. (Osaka, Japan), was provided by Prof.
Dr. Tadashi Okamoto, Kobe Gakuen University, Japan.
Vitamin K1 was kindly provided by DSM Nutritional
Products Ltd. (Sitesisseln, Switzerland) and cellulose
(SOLKA-FLOC® 200 FCC) from FS&D Corp. (St.
Louis, MO, USA). Sodium caseinate was the product of
Erie Foods International, Inc (Erie, Illinois, USA). Other
reagents were mostly of analytical grade and obtained
locally.

Sample and animal diet preparations

M. oleifera Lam pod (MO) was purchased from a
central distributor market located in Bangkok representing
MO cultivated in Northern, Eastern, Central and Western
areas of Thailand. MO was prepared in traditional fashion
as previously described (Promkum et al.,2010). All boiled
MO together with boiled water were blended, dried and
ground in an electric grinder and called as bMO. Then
aliquots of bMO were pooled, packed in vacuum bags
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and stored at -20 °C until use.

The amount of bMO given to animals were based on
the human serving size per person at the 97.5 percentile
reported from the consumption data in persons aged more
than 3 years old which the serving size was 1.98g/kg
body weight/day (Food Consumption Data of Thailand,
2006). The experimental diets were prepared by mixing
bMO with basal AIN-76 diet at 1.5%, 3.0% and 6.0%.
The preparation for animal diets was done with slight
modification from Bieri et al. and Reeves et al. (Bieri et
al., 1977; Reeves et al., 1993) and the content of bMO in
basal AIN-76 diet was approximately equivalent to 10,20
and 40 times of human consumption.

Animals and experimental design

Sixty four male ICR mice, aged 3 weeks old,
weighing 15 + 3 grams, were purchased from the National
Laboratory Animal Center, Mahidol University, Thailand.
The animals were maintained at the Laboratory Animal
Facility of the National Cancer Institute according to the
Institute Care Guidelines which were approved by both
institutes, the Animal Ethics Committee of the National
Cancer Institute and Mahidol University. The animals
were acclimatized for 5 days in a clean conventional room
maintained at 23 + 2°C with 12 h light/dark cycle and
controlled relative humidity at 50 = 20% and were housed
in filtered top plastic cages. The mice were given modified
AIN-76 diet (basal diet) and water ad libitum. After
acclimatization, all mice were randomly distributed into 8
Groups (8 mice each). Mice were given basal diet and diets
supplemented with bMO at various doses in pair-fed form.
Group 1 was assigned as negative control group and fed
with basal diet. Group 2 was assigned as positive control
for colitis-associated colon cancer. AOM (10 mg/kg BW)
was intraperitoneal injected to the mice at the 3rd week of
experiment and followed by 2% DSS in drinking water for
one week at the 4th week of experiment. Therefore, the
mice were fed with basal diet until the end of experiment.
Groups 3-8 were assigned as the experimental groups
in the initiation phase of colon carcinogenesis. Groups
3-5 were fed with basal diet supplemented with bMO
at 1.5%, 3.0% and 6.0%, respectively for 5 weeks and
were continued to be fed with basal diet until the end of
experiment at the week 20". Groups 6-8 were fed with
bMO diets at 1.5%, 3.0% and 6.0%, respectively for 2
weeks prior to giving AOM, during and 1 week after
DSS administration. Then the mice were fed basal diet
until the end of experiment (Figure 1). At the end of the
study, the mice were sacrificed and necropsied. The colons
were excised, cut open longitudinally along the main
axis, washed with phosphate buffer saline (PBS) and then
examined for the presence of tumors. The tumors were
counted, measured for their sizes, and fixed with 10%
buffered formalin prior to performing histopathological
and immunohistochemical examinations.

Immunohistochemical examination

For proliferating cell nuclear antigen (PCNA), colon
samples were determined with slight modification
(Birchall et al., 1997; Kawabata, 1999). To antigen
retrieval, colon samples were pretreated in PBS (pH
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6.0) in a microwave oven at 65 °C for 10 min. To block
endogenous peroxidase, the sections were washed in
PBS and incubated in 3% H,0, in CH,OH for 10 min
at room temperature (RT). 1% Bovine Serum Albumin
(BSA) was dropped on slides and they were incubated in
a humidified chamber for 60 min at RT. Then, the colon
samples were incubated overnight at 4°C with anti-PCNA
mouse monoclonal antibody (dilution 1:200, Abcam).
After primary antibody incubation, the sections were
washed with PBS, incubated with a biotinylated secondary
antibody for 45 min (Envision™ polymer detection
system, DAKO) and washed with PBS. The reaction
occurring between antibody and protein expression were
developed with diaminobenzidine (DAB) for 3 min and
counterstained with Mayer’s hematoxylin. Intensity of
immunoreactivity nuclear positive cell was examined and
cell numbers were recorded using a light microscope (40x,
Olympus BX 40, Japan). Duplicated slide were used for
each colon sample in a mouse per group. PCNA Index was
calculated from the percentage of immunohistochemical
staining positive cells in 1000 cells counted (Kawabata,
1999).

For detecting inducible nitric oxide synthase (iNOS)
and cyclooxygenase-2 (COX-2), colon samples were
determined with slight modification method (Tanaka et
al., 2003). Briefly, the colon samples were pretreated by
Tris buffer (pH 8.0) for iNOS and citrate buffer (pH 6.0)
for COX-2 in an autoclave at 121°C for 5 min in order to
antigen retrieval. Thereafter, they were washed in PBS
and incubated in 3% H,O, in deionized water to block
endogenous peroxidase for 10 min at RT. Then, all colon
sample incubations were humidified with 1% BSA for
60 min in plastic chamber at RT. All colon sections were
washed with PBS and incubated overnight at 4°C with
anti-iNOS or anti-COX-2 mouse monoclonal antibody
(dilution 1:250 or 1:100, respectively, Abcam). After
primary antibody incubation, the sections were washed
with PBS and incubated for 45 min with a biotinylated
secondary antibody (Envision™ polymer detection
system, DAKO). Then all sections were washed with PBS,
developed with DAB for 2 min and counterstained with
Mayer’s hematoxylin. Cytoplasmic staining was examined
using light microscope (40x, Olympus BX 40, Japan),
positive tumor staining area were captured in slide section
area at various locations (40 pictures/group) by using data
from H&E diagnosis and data manipulation was done by
Image Pro Analysis 6.0 Program (Carl Zeiss, Germany).
The percentage of iNOS and COX-2 protein expression
was calculated from the percentage of average positive
tumor staining area in total area.

Data and statistical analysis

All measurements were statistically evaluated using
the SPSS software (version 18.0; SPSS, Inc, Chicago, IL,
USA). The normality of data distribution was evaluated by
Kolmogorov-Sminov test and the significant differences
between groups were determined by Student’s ¢ test.
The %2 test or Fisher’s exact probability test were used
for determination of the significant difference between
groups in tumor incidence. P-value < 0.05 was considered
statistically significant.
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Results

General observations

During the experimental period, diarrhea and bloody
stools were observed at the 3rd-4th week of experiment.
Diarrhea was observed in almost of the AOM/DSS treated
groups while bloody soft or watery stools were found in
some mice. However, no significant clinical signs were
subsequently observed. Disappearances of abnormal
symptom were shown after the 4th week of experiment.
After 12th week, some mice in the AOM/DSS treated
groups had anal prolapsed.

Effect of bMO on the body weight and food consumption

In AOM/DSS treated groups, the mean body weight
was slightly decreased in the 6th-7th week of experiment
while food consumption was slightly decreased in the
4th-5th week of experiment. Then the mean body weight
increased in normal curve and was not significantly
differences (p>0.05) from those of the negative control
group (Group 1) (data not shown).

Effect of bMO on the incidence and multiplicity of tumors
As shown in Table 1, there was no evidence of tumor
nodules in Group 1, and Groups 3-5 which fed basal
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Figure 1. Experimental Designs to Study the Effect of
bMO Against Mouse Colon Carcinogenesis.

Table 1. Incidence, Multiplicity and Histological Types
of Colonic Neoplasm in Mice.

No. of Mice No. of
With Ade- Adenocarcinoma Tumor/mice

Gr. Treatments

tumor noma Superficial Tubular (Mean+SD)
(%) (%) (%) (%)

1 Control 0 0 0 0 0
2 AOM+DSS 7(87.5) 0 0 7(87.5) 95=+6.1
3 1.5% bMO 0 0 0 0 0
4 3.0% bMO 0 0 0 0 0
5 6.0% bMO 0 0 0 0 0
6 1.5% bMO+AOM/DSS
5(625) 0 2(25.0)4(50.0) 5152

BN

3.0%bMO+AOM/DSS
4(50.0) 1(12.5)0

8 6.0%bMO+AOM/DSS

3(37.5)°0

3(37.5) 45+49

1(12.5)3(37.5) 28+42
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diet supplemented with 1.5%, 3.0% and 6.0% bMO,
respectively for 5 weeks. The highest incidence of tumor
(87.5%) were detected in the positive control group
(Group 2) which was fed basal diet and given AOM/DSS
and significantly different (p<0.05) from those of Group 1.
The number of tumor per mice were decreased in Groups
6, 7, and 8 but significantly decreased only in Group 8.
Tubular adenocarcinomas were diagnosed in Groups
6-8 with the incidence of 50.0%, 37.5%, and 37.5%,
respectively (Table 1). Superficial adenocarcinomas were
also diagnosed in Groups 6 (25.0%) and 8 (12.5%) while
adenoma was detected only in Group 7 (12.5%). The
tumor multiplicities decreased in Groups 6 (5.1 +5.2),7
(45+49), and 8 (2.8 £4.2) in comparison to Group 2,
but significant decrease was found only in Group 8 (Table
1). Gross examination of colon tumor nodules formation
was shown in Figure 2A. Most of the tumor nodules were
detected in the middle to distal colon of mice. Multiple
tumors more than lcm in diameter were observed in
all AOM/DSS treated groups. Macroscopic findings
revealed the multiple tumor nodules size more than lcm
in diameter (Figure 2A) and were well-differentiated
tubular adenocarcinomas (Figures 2B-2C). The highest
tumor multiplicity (9.5 + 6.1) was shown in Group 2 and
significantly increased in comparison to Group 1.

Effect of bMO on PCNA, iNOS and COX-2 protein
expressions

The results demonstrated that there was no significant
difference between Groups 3-5 and Group 1. The highest
PCNA index (56.5 + 16.2) was shown in Group 2. A
significant difference was shown in comparison with
Group 1 (18.6 = 4.1). PCNA index was decreased in
Groups 6 (48.7 +17.7),7 (409 £ 17.5), and 8 (37.7
15.1), respectively and significantly decreased (p<0.05)
was shown in Group 8 in comparison to Group 2. (Figure
3a) Immunohistochemical staining of PCNA index were
shown in Figures 3b-3e which correlated with percentage

of bMO in the diets. The strong PCNA index was seen
in Group 2 (Figure 3b) while weak expression were seen
in Group 6, 7 and 8, respectively (Figures 3c-3e).

The iNOS protein expression shown in Figures 4.
Loss of iNOS and COX-2 protein expressions detected
by immunohistochemistry were shown in Group 1
and Groups 3-5. The highest percentage of iNOS and
COX-2 protein expressions were shown in Group 2
(39.8 £30.2, 15.9 £ 26.1, respectively) and a significant
difference was shown in comparison with Group 1. The
percentage of iNOS protein expression was decreased
in Groups 6 (352 = 28.0), 7 (274 £ 24.6), and 8 (27.2
+ 24.7) but significantly decreased was shown only in
Groups 7 and 8 in comparison with Group 2 (Figure 4a).
Whereas the percentage of COX-2 protein expression was
decreased in Group 6 (10.7 + 22.7) and loss of COX-2
protein expression was found in Groups 7 and 8. The
immunoreactivity against iNOS was found in all colonic
lesions in Groups 6-8. However, the intensity of dark
brown reaction product was faded only in Groups 7 and
8 (Figures 4d-4e). A strongly positive reaction of COX-2
was found only in Group 6 while a loss of expression was
found in Groups 7 and 8.

Discussion

The results from this study showed that the food
consumption and growth rate of mice were not significantly
different among the control and the experimental groups.
Many studies reported that M. oleifera (MO) pods
and seeds contained high nutrients, non-nutrients and
phytochemical compounds such as protein, amino acid,
vitamins, minerals, essential fatty acid, P-carotene,
various phenolic compound, glucosinolates and benzyl-
isothiocyanates (Bennett et al., 2003; Farooq et al., 2007;
Amaglo et al., 2010; Cheenprapa et al., 2010). However,
the anti-nutrients such as trypsin and amylase inhibitors
were also found in raw MO seeds and they could interfere
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Figure 2. Macroscopic and Microscopic Views of Mouse Colons in the Differnt Groups
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Figure 4. Effect of bMO on the iNOS Protein
Expression.

with nutrients digestion and absorption by negatively
affecting the metabolic process in the human body (Sharaf
et al., 2009). This may explain why the mice’s body
weight in our study was not affected by the boiled MO
samples, whose anti-nutrient compounds were decreased
or detoxified by various processing such as soaking and
heat processing (Emiola and Ologhobo, 2006). However,
the body weight and food consumption of the mice in the
experimental groups were slightly decreased during the
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period of AOM/DSS administration as compared with the
negative control group (Group1). This might be the effect
of carcinogen administration. However, their body weights
were increased to normal level within 1 week after AOM/
DSS administrations.

According to Tanaka and coworkers (Tanaka et al.,
2003), we use 2% DSS in drinking water for 1 week after
AOM administration in the mice. The result demonstrated
that the colonic neoplasm could develop within 20 weeks,
which was shorter than rat carcinogenesis models (36-
40 weeks) (Davidson et al., 1999). Thus, a two-stage
mouse colon carcinogenesis model initiated with AOM
and promoted by DSS used in our experiment has more
potentially model to determine the pathogenesis and
chemoprevention of colitis-related colon carcinogenesis of
dietary phytonutrients. The percentage of tumor incidence
(87.5%) was less than other studies (Bennett et al., 2003;
Tanaka and Yasui, 2008; Yohei et al., 2008; Rosenberg
et al., 2009). This may be cause by the carcinogenic
risks from exposure to exogenous chemical carcinogens
depending not only on the intrinsic nature and each
chemical’s dose but also may depend on inter-individual
variability in sensitivity to the carcinogens (Lazarus et
al., 1998). An individual difference in the susceptibility
to chemical carcinogens is one of the most important
factors to estimate human cancer risk (Suzuki et al., 2004).
Furthermore, it might be caused by the strain and stock of
mice used in this study.

Regarding the colon and anti-colon carcinogenesis
activity of bMO, there were no adverse effects of bMO
at dose levels of 1.5%, 3.0%, and 6.0% in the basal diet
that represents 13, 26 and 52 times of human serving
(estimated from actual amount of mice consuming diet
containing bMO) when they were administered to young
mice. It can be concluded that bMO at the tested doses did
not possess acute and sub-acute toxicity by macroscopic
examination. No data supported the toxicity of MO pods
(fruits) in animal model. Only the acute toxicity study of
water extract of MO seeds in Swiss mice showed that it
had an LD50 of 446.5 mg/kg.BW which was determined
its low toxicity (Paulo et al., 2009). Moreover, the effect
of the aqueous extract of MO leaf (300 mg/kg BW) on the
gastric ulcer model in Holtzman strain albino rats didn’t
show any toxic effect (Debnath et al., 2010). For the effect
of bMO on colon carcinogenesis in our study, the incidence
and multiplicity of tumors were decreased by bMO in the
dose dependent manner and significantly decreased at the
highest dose (6.0%). It can modulate the histological type
and the number of colon tumors which was confirmed by
histopathological examination. The number of tubular
adenocarcinomas was reducing in accordance with the
increasing number of superficial adenocarcinomas when
compared to the lower dose of bMO groups. The high
contents of omega-9 oleic (18:1) fatty acid (more than
70% of total fatty acid) were found in MO mature pods
(Amaglo et al., 2010; Ayerza, 2011). We speculated that
the chemopreventive effect of bMO arose from fatty acids
present in MO which might modulate cell proliferation
and/or apoptosis and anti-inflammation which plays
an important role in colon carcinogenesis. It has been
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reported that human colon tumor growth is promoted by
oleic acid through mechanisms that comprise an increase
in fatty acid oxidation and disturbance of membrane
enzymes (Suziki et al., 1997; Calder et al., 1998). In
contrast, olive oil, an important source of omega-9
oleic fatty acid, may prevent against the development
of colorectal cancer through its influence on secondary
bile acid patterns in the colon. Bile acids, in turn, might
influence polyamine metabolism in colonic enterocytes in
ways that reduce the progression from normal mucosa to
adenoma and carcinoma (Stoneham et al., 2000). Other
studies showed that omega-9 rich diets could decrease
the development of aberrant crypt foci (ACF) and colon
carcinomas in rats induced by AOM. These effects may be
partly due to modulation of arachidonic acid metabolism
and local PGE2 synthesis (Bartoli et al., 2000). Moreover,
oleic acid can reduced an anti-inflammatory effect by
inhibiting reactive oxygen species (ROS), p38 MAPK,
and Akt/IKK/NF signaling pathways in LPS-stimulated
BV2 microglia cell (Oha et al., 2009). For health effects,
MO seeds oil has low saturated fatty acid content and high
mono-unsaturated fatty acid content similarly to olive oil
which has beneficial health effects (Amaglo et al., 2010).
Moreover, the negative association between high intakes
of mono-unsaturated and poly-unsaturated fatty acids,
derived chiefly from olive oils, and colorectal cancer risks
were reported in 1953 Italian colorectal cancer subjects
(Franceschi & Favero, 1999). In addition, epidemiological
data have confirmed a lower colon cancer incidence in
Mediterranean countries, where olive oil was consumed
(Alarcon et al., 2001).

Another hypothesis for chemopreventive effect of
MO pods may be due to the modulation of detoxification
enzyme. It has been shown that MO pods extract has the
potential for modulating phase I and II enzymes such as
cytochrome b5, cytochrome P450, catalase, glutathione-
peroxidase, reductase and S-transferase in mice (Bharali
et al., 2003). Moreover, the diet containing bMO showed
potentially anti-clastogenic activity against both direct and
indirect-acting clastogens in male ICR mice (Promkum et
al.,2010). In the present study, a potent colon carcinogen,
AOM, was used to induce colon carcinogenesis, so bMO
in the diet might act via the carcinogenesis processes
through metabolic activation (Fiala et al., 1977).

Regarding the role of non-nutrient bioactive compounds
in MO pods, niazimicin, an alkaloids isolated from MO
seeds, was found to have a potential antitumor promoting
activity in the two-stage mouse skin carcinogenesis using
7,12-dimethylbenz(a)anthracene (DMBA) as initiator
and TPA as a tumor promoter (Guevara et al., 1999).
Therefore, it was possible that anti-colon carcinogenic
activity of bMO might be due to this bioactive compound.
Another bioactive compound reported to inhibit the tumor
cell proliferation is glucomoringin. This compound is an
isothiocyanate that is found in MO seeds and it is easily
extracted from the seeds of MO about 8-10% of the whole
weight and it can reduce myeloma growth in nude mice
(Brunelli et al., 2010). Moreover, MO pod also contains
high portion of benzyl-isothiocyanate which shows
anti-inflammatory activity on macrophage 264.7 cells
(Cheenpracha et al., 2010).
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Cell proliferation has long been suspected to play a
significant role in the carcinogenesis (Terada et al.,2001).
PCNA is a biomarker, which is closely related to invasion
and metastasis of malignant neoplasms and their prognosis
(Vane et al., 1994; Shen et al., 2003). The presence of
inflammation is associated with up-regulation of iNOS
and COX-2 (Maeda and Akaike, 1998), resulting in an
increased risk of cancer development (Cohen and Ellwein,
1990). The inhibitory effect of bMO may be in part due to
modification of colon tumor cell proliferation. To explain
the mechanism of PCNA protein expression, we found that
the anti-colon carcinogenesis activity of bMO induced
by AOM/DSS administration can potentially to inhibit
colon cancer cell growth. PCNA protein expressions
were decreased in the bMO dose dependent manner. The
effect of bMO on PCNA protein expression may due to
omega-9 oleic (18:1) fatty acid in MO pods. To support
our study, olive oil supplemented in Caco-2 and HT-29
colorectal cancer cells were induced cell apoptosis and cell
differentiate by omega-9 oleic and omega-6 linoleic acid
contents (Llor et al., 2003). The extra virgin olive oil rich
in oleic acid could decrease the PCNA levels and induced
tumors cell apoptosis by modulation effects on breast
cancer through a different combination of Ras signaling
pathways, a different proliferation-apoptosis balance, and
presumably distinct levels of DNA damage in DMBA-
induced mammary cancer in rats (Solanas et al., 2010).
We can conclude that bMO has a chemopreventive effect
via down-regulated of PCNA gene expression.

Among the several types of cancer, particularly gastric
carcinoma and colon adenoma, COX-2 is up-regulated
generating protumorigenic eicosanoids, in particular,
prostaglandins that can promote cell growth, angiogenesis
and suppression of immunity. Contrastly, iNOS produces
large amounts of nitric oxide (NO) implicated in initiation,
promotion and progression of tumors. Besides, NO has
been shown to stimulate COX-2 activity and increase
p53 mutations in chronic inflammation, contributing to
clonal cellular expansion and genomic instability (Wu,
1996). Another mechanism of chemoprevention of the diet
containing bMO may be due to their anti-inflammatory
effect. Our study determined the mechanism of gene
expression by iNOS and COX-2 protein expression. We
found that bMO potentially reduced the mediators in
inflammatory process via down-regulated iNOS and COX-
2 gene expression. We found that iNOS protein expression
decreased in the dose dependent manner whereas COX-2
protein expression decreased only in the low dose group
(1.5% bMO). However, COX-2 protein expression was
not found in the medium (3.0%) and high (6.0%) doses
of bMO. The effect of bMO on iNOS and COX- 2 gene
expression may be due to omega-9 oleic acid in MO pods.
To support our study, it has been reported that oleic acid
reduces lipopolysaccharide-induced expression of iNOS
and COX-2 in BV2 murine microglia cells. Moreover,
olive oil with abundant omega-9 fatty acids could inhibited
COX-2 expressions and decreases the risk of neoplasm
associated with chronic colitis in IL-10 knockout mice
(Hegazi et al., 2006). Additionally, extra-virgin olive
oil-enriched diet was significantly decreased COX-2
and iNOS expression in DSS-colitis-associated colon
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carcinogenesis in C57BL/6 mice (Fidalgo et al., 2010).
Another postulation, Cheenpracha and coworkers
reported that benzyl- isothiocyanate; a bioactive compound
that found in MO pods extract reduced lipopolysaccharide-
mediated iNOS expression in murine macrophage RAW
264.7 cell. Moreover, benzyl-isothiocyanate could
inhibit the initiation of N-nitrosobis (2-oxopropyl) amine
induced pancreatic carcinogenesis by decreasing COX-2
expression (Kuroiwa et al., 2006). It was possible that
the decreased in COX-2 expression might be caused
by benzyl-isothiocyanate contained in MO pods. Also,
benzyl-isothiocyanate could decrease TPA-induced
leukocyte infiltration and inhibit excessive superoxide
generation in inflammatory leukocytes in mouse dermis
(Nakamura et al., 2004). Topical application of benzyl-
isothiocyanate inhibited TPA-induced mouse skin
inflammation (Miyachi et al., 2004). In addition, other
pathways in gene expression of MO studied by Mischiati
and coworkers could modulate the carcinogenesis in cell
cycle by up-regulated the expression of genes involved in
the survival mechanism, such as the checkpoint suppressor
1 and the basic leucine zipper transcription factor E4BP4,
or in the detoxification mechanism, such as cytosolic
superoxide dismutase (Mischiati et al., 2006).
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