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Abstract: The Aim: The study was carried out to examine the protective roles of curcumin and flax seed oil against
1,2-dimethylhydrazine (DMH) induced colon carcinogenesis in albino rats. Methods: Rats were injected by DMH
(20 mg/kg b. wt.) once a week for a duration period of 15 weeks. Animals were treated by oral administration of
curcumin (100 mg/kg b. wt.) and / or flax seed oil (2 ml/kg b. wt.) each alternate day along the duration period of
DMH- treatment. At the end of experimental period, all rats were sacrificed to obtain samples of blood and colon for
biochemical, histopathological and immunohistochemical investigations. Malanodialdehyde (MDA), glutathione
peroxidase (GPx), alakaline phosphatase (ALP), alpha fetoprotein (AFP) and carcinoemberyonic antigen (CEA)
were estimated. Cellular alternations and expression of P53 in colon tissue of different groups were also examined.
Results: The results revealed an increase of serum MDA, ALP, AFP and CEA and a decrease of GPx levels in
DMH-treated rats as compared to control. On the other hand, separate or co-treatment of DMH-treated rats by
curcumin and flax seed oil reduced the changes of these parameters. Moreover, they show obvious reduction and
amelioration of necrotic areas, dysplastic zones and loss of acinar patterns of colon glands and abnormalities of P53
expression which appeared in DMH-treated group. Conclusion: It could be therefore concluded that inhibition of
oxidative stress, enhancement of antioxidant status and amelioration of colon tissue by curcumin and flax seed oil
suggest their potential efficacy as protective naturally occurring agents against colon carcinogenesis.
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1. Introduction: carcinogenesis [6]. It refers to elevated intracellular
Colon cancer is a malignant tumor with high levels of reactive oxygen species (ROS) including the
morbidity and mortality. It is not only the fourth most superoxide anion (O2-), hydrogen peroxide (H202)
common form of cancer but also the third leading and hydroxyl radicals (OH-); all of which have
cause of cancer-related death worldwide [1]. Colon inherent chemical properties that confer reactivity to
cancer incidence is increasing in the developing different biological targets [7]. Free radicals including
countries including the Middle East and North Africa reactive oxygen ROS are thought to underline the
[2]. It results from both genetic and environmental progress of numerous diseases including cancer [§].
factors and their interaction. Genetic disposition is the Exposure to reactive oxygen species (ROS) can induce
most important risk factor for some individuals; DNA damage, leading to genetic lesions that initiate
conversely, environmental factors and dietary habits tumourigenicity and subsequent tumor progression [9].
are the confounding factors in the induction of colon 1,2-Dimethyl hydrazine (DMH), is a potent
cancer [3]. More than 80% of patients with colon carcinogen inducing colon tumors in experimental
cancer were exposed to a number of risk factors, such animals and is the most widely used model of
as male gender, older age, high intake of red meat or chemically induced colon carcinogenesis. It induces
fat, smoking and obesity. The risk of alcohol increases colon cancer in a multistep process involving a series
at more than a drink per day [4]. It is recognized that of pathological alterations [10]. DMH has been
colon carcinogenesis is a multistep process that reported to form active intermediates in the liver,
includes sequential selection and propagation of which are subsequently transported into the colon
preneoplastic lesions. Aberrant crypt foci (ACF) are through bile [11, 12]. An intermediate of DMH in liver
preneoplastic lesions present in humans at high risk elicits oxidative stress by methylating biomolecules of
for colon cancer development and in patients with colonic epithelial cells leading to inflammation and
colon cancer as well as in carcinogen-treated rodent tumor promotion [10].
colons [5]. On the other hand, many therapies including
Oxidative stress is considered one of the main surgery, radiation and chemotherapeutic drugs, are
mechanisms in the initial stages of colon still limited for the advanced stages of colon
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carcinogenesis. Chemoprevention remains an effective
and promising additional strategy for controlling the
incidence of colon cancer [11,13]. Extensive clinical
research is warranted to evaluate further safety and
chemopreventive efficacy of natural products either
alone or in combination with chemotherapeutic agents
against cancer [14].

Curcumin (diferuloylmethane), a polyphenolic
antioxidant compound of Curcuma longa L., is
efficient in chemoprevention and cancer therapy
where curcumin inhibits the initiation and promotion
stages of chemically induced carcinogenesis in skin,
stomach and colon [11,15]. The tumor suppression is
due to down regulation of a variety of transcription
factors, enzymes and growth signal transducers
[11,16].

Flaxseed oil was also suggested to contribute to
the reduction of several diseases because of the
beneficial physiological effects of its components. It is
one of the richest dietary sources of a-linolenic acid
which is a -3 polyunsaturated fatty acid (0-3 PUFA).
The consumption of purified w-3 PUFA was found to
reduce colon cancer risk in humans and experimental
animal models [17]. Therefore, the overall objective of
this study was to examine DMH-induced oxidative
stress  biomarkers, cellular alternations and
carcinogenesis in rat colon and to investigate the
chemo-preventive efficacy of curcumin and flaxseed
oil, alone or both together, against colon
carcinogenesis.

2. Material and Methods
1- Experimental Animals:

Forty two adult male Sprague Dawely white
albino rats with average weight 120-150 g were
obtained from the Laboratory of Animal House of
Faculty of Agriculture, El- Minia, Egypt and housed in
separated metal cages and kept at constant
environmental and nutritional conditions throughout
the period of experiment.

2- Materials:

1,2dimethylhydrazinewas used for induction of
colon cancer, It has been purchased from Sigma
Company for Trading Chemicals Medicines and
Medical Application, Egypt. It was dissolved in
0.00IM EDTA and buffered to pH 6.5 with sodium
bicarbonate. = DMH  was injected in rats
subcutaneously, in a dose of 20 mg/kg per week for 15
weeks [18]. Curcumin was purchased from
Elgoumhouria Co. for Trading Chemicals, Medicines
and Medical Appliances, Egypt. It was dissolved in
distilled water and administered orallyeach other day
at a dose of 100 mg/ kg b.wt. [19]. Flaxseed oil (purity
~99%) prepared from olive group for food industrial
in hyper market was administered orally, day by day at
a dose of 2ml/ kg [20]. The chemical composition of
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flaxseed oil is: 30-40 % fixed oil includes linoleic,
linolenic, oleic, palmitic and stearic acids, mucilage
(6%), protein (25%), the cyanogenic glycoside
linamarine, bitter, and also contains vitamins A, B, D
and E, minerals and amino acids [21].

3- Experimental Design:

Rats were divided randomly into seven groups
(n=6 in each group) as follows:

Groupl (control group) in which rats fed on
balanced diet without any treatments.

Group2 (Curcumin treated group): which
administered curcumin orally at dose of 100 mg/kg b.
wt. each alternate day.

Group 3 (Flax seed oil treated group): that
administrated flax seed oil orally at a dose of 2ml /kg
b. wt. each alternate day.

Group 4 (DMH-treated group): in which rats
were injected by DMH 20mg/kg b. wt. once a week
subcutaneously.

Group 5 (DMH+ curcumin treated group):
receiving DMH and curcumin treatments at the same
doses described above.

Group 6 (DMH+ flax seed oil treated group): in
which rats were injected by DMH and administered
flax seed oil.

Group 7 (DMH+ curcumin + flax seed oil
treated group): in which the rats injected by DMH
were co-administrated by both curcumin and flax seed
oil. All treatments were applied regularly under the
same conditions along a period of 15 weeks.

At the end of experimental period, rats were
fasted overnight and sacrificed by cervical
decapitation. Two blood samples were immediately
collected. The first sample was collected in EDTA for
preparation of hemolysate while the second one was
used for serum preparation. Samples were
immediately stored at -85°c until use for biochemical
analysis. After animal dissection, specimens of colon
were obtained and fixed in 10 % formalin solution for

histopathological and immunohistochemical
investigations.
4- Biochemical Analysis:

Lipid peroxide level in the term of
malondialdehyde  concentration =~ (MDA)  was
determined in serum according to the method

described by [22] using kit purchased from Bio-
diagnostic Company, Egypt. Hemolysateglutathione
peroxidase level was determined according to the
method described by [23]. Alkaline phosphatase level
was determined in serum according to methods
described by [24] using kit purchased from Biomed
Diagnostic ~ Company, Egypt. Alpha-fetoprotein
quantitative measurement was performed in serum
according to reference [25] using enzyme
immunoassay kit (purchased from USCN life science
Inc. Co.). CEA EIA kit was intended for the
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quantitative determination of the carcinoemberyonic
antigen (CEA) in serum according to [26].
5- Statistical Analysis:

Data were analyzed using the statistical package
for social science program (SPSS) according to [27].
The statistical differences between the groups
involved in the study were assessed by one-way
analysis of variance (ANOVA) to analyze specific
difference between means.

6- Histopathological and Immunohistochemical
Studies:

The colon was excised, flushed with saline.
colonic sections were fixed in 10%buffered formalin
for at least 24 h. after fixation, specimens were
dehydrated in ascending grades of ethanol, cleared in
benzene, and embedded in paraffin wax. Blocks were
made and 5 pm thick sections. the slides were stained
with hematoxylin and eosin (H & E) according to the
method described by reference [28]. These sections
were investigated under light microscope to evaluate
the histopathological alternation of colonic tissue of all

treated animals as compared to  control.
Immunohistochemical investigation of p53 in
formalin-fixed, paraffin-embedded colon tissue

specimens was applied according to the procedure of
immunohistochemical staining previously described
by [29].

3. Results

The results of the present study revealed adverse
changes in different oxidative and antioxidant
parameters in serum of treated groups as compared to
control ones (table 1). Data presented revealed non-
significant change in curcumin or flax seed oil treated
rats, not receiving DMH, as compared to those of
control group. On the other hand, rats in DMH-treated
group showed a very highly significant increase in
lipid peroxide (MDA) (fig.1) and decrease in GPx
activity (fig. 2) as compared to control group.
Furthermore, curcumin and/or flax seed oil
administration caused very highly significant decrease
in MDA and very highly significant increase in GPx
activity when compared to DMH-treated animals.

Alkaline phosphatase level showed also an
observed increase in DMH-treated group when
compared to control one, while treatment by curcumin
and/or flax seed oil induced a modulatory effect by
causing a significant decrease when compared to
DMH-treated group (fig.3). Because AFP and CEA
have been extensively used in diagnosis of cancer
tumors, their levels in all animal groups were
investigated. DMH caused high elevation in the levels
of AFP (fig. 4) and CEA (fig. 5) as comparedto
control group. Administration of curcumin and/or flax
seed oil caused a variable significant decrease in AFP
and CEA compared to DMH-treated group (table 1).
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Hematoxylin and Eosin stained colon sections of
control and treated animals were examined. Mucosa,
submucosa, muscularisinterna, muscularisexterna, and
serosa were investigated. The mucosal layer
comprising simple columnar epithelium and lamina
propria forms deep cavities, the crypts of Lieberkiihn.
The epithelium has many oval mucous goblet cells
while lamina propria showed normal content of
inflammatory cells and no existence of epithelial or
irregular cells (fig. 6A). Sections of colon tissue of rats
treated by DMH showed dysplastic aberrant crypts of
colonic mucosa with reduction of the intercryptic
spaces. Crypts with severe dysplasia were observed.
The crypts appeared as thickened epithelia which
stained darker than normal crypts. There was a marked
reduction in goblet cells density throughout the
cryptsand existence of damaged cells and necrotic
areas (fig. 6B). In this group, mucosal tissue
disarrangement and variable cellular appearance
revealed hyperplastic and dysplastic epithelium.
Moreover, packed or scattered inflammatory cells
were observed (fig. 6C).

Sections of colon of rats treated with DMH and
curcumin showed clear improvement in mucosal layer
with mild infiltration of inflammatory cells in the
lamina propria, normal submucosa, intact basement
membrane and muscularis mucosa and lower degree of
hyperplasia as compared to rats treated with DMH
alone (fig. 6D). In H & E stained sections of colon of
rats treated with DMH and flax seed oil showed an
evident reduction of the crypt dysplasia. The mucosal
crypts, lamina propria and muscularis mucosa were
well oriented, with few inflammatory cells infiltration.
The basement membrane and muscularis mucosa were
intact. The size and shape of the cells were also
uniform (fig. 6E). Also, sections of colon rats treated
with DMH, curcumin and flax seed oil, showed
colonic structure more or less similar to the control,
normal mucosal layer with regular crypts. The mucosa
was obviously regenerated with no inflammatory
reaction (fig. 6F).

Immunohistochemical investigation of P53 in
colon of different groups showed different expressions
and reactions for p53 immunostaining. In this analysis,
the brown color indicates specific staining of p53. The
colon section of control rats showed a very low
expression for p53 (Fig. 7A). In contrast, a large
number of strong positive stained nuclei were
observed in colon sections of rats treated with DMH
(Fig. 7B, C), indicating strong expression for p53
protein. However, treatment with curcumin (fig. 7D)
or flax seed oil (fig.7E) showed less expression for
p53 protein, while co-treatment with both curcumin
and flax seed oil showed the most modulatory effect
on p53expressionas compared to DMH group (fig. 7F).
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Table 1: Effect of curcumin and/or flax seed oil treatments on

control and DMH-induced colon carcinogenesis.

serum MDA, GPx, ALP, AFP and CEA levels in

Control | Curcumin | Flax seed oil | DMH gtlt/r[glrtnn l?llilje::—d oil BLI:/TI(I)_EII’-;in‘F flaxseed oil
Lipid peroxide (MDA) (nmol/ml) 2'2).105 g'g.los %.205 igio wrx 2'3.201 s 2'3.108 s 2'3906 st
Glutathione peroxidase (GPx) (u/gHb) 1'3917 i'g.619 1'3940 iﬁo wox i.(’;f)l i 1'8.120 Hit i'(l)% s
Alkaline phosphatase (ALP) (U/L) ﬁ?so i579.10 i846.30 12970 xox g?ﬁo s i971.3o st i658.90 s
Alpha feto protein (AFP) (ng/ml) i'g)f‘(f 1 2'3)%0803 g'(l)i)l 1 233)87 Hox 2'02.?)83 s 2'02.(2)32 s 2'3).90203 st
Carcinoemb-eryonic antigen (CEA) (ug/ml) igio i'g?m ig?w iéio wrx ig.sls st i'é.62o st 1'2)914 s

Data are presented as (mean + S.E.).*indicates significant

change vs. control group (*P<0.05, **P<0.01,

**#*P<(0.001). # indicates significant change vs. DMH group (#P<0.05, ##P<0.01 ###P<0.001).
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Figure 1: Mean levels of lipid peroxide (nmol /ml) = SE
in serum of control (G1), curcumin (G2), flax seed oil
(G3), DMH (G4), DMH + curcumin (G5), DMH +
flaxseed oil (G6) and DMH + curcumin + flax seed oil
(G7) treated group.
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Figure 2: Mean levels of glutathione peroxidase (u/g Hb)
in hemolysate = SE of control (G1), curcumin (G2), flax
seed oil (G3), DMH (G4), DMH + curcumin (G5), DMH
+ flaxseed oil (G6) and DMH +curcumin+ flaxseed oil
(G7) treated group.
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Figure 3: Mean level of Alkaline phosphatase (U/L) +
SE in serum of control (Gl), curcumin (G2), flax seed
oil (G3), DMH (G4), DMH+ curcumin (G5), DMH+ flax
seed oil (G6), and DMH + curcumin +flaxseed oil (G7)
treated groups.
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Figure 4: Alpha fetoprotein level (mg/mL) + SE in serum
of control (G1), curcumin (G2), flax seed oil (G3), DMH
(G4), DMH+ curcumin (G5), DMH+ flax seed oil (G6),
and DMH + curcumin + flaxseed oil (G7) treated groups
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Figure 5: Mean level of CEA (pg/ml) + SE in serum of control (G1), curcumin (G2), flax seed oil (G3), DMH (G4),
DMH+ curcumin (G5), DMH+ flaxseed oil (G6), and DMH + curcumin +flaxseed oil (G7) treated group.
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Figure 6: Photomicrograph of colon section from rats of A: control group showing colon tissue with normal mucosal
glands and regular lining of cells. B and C: DMH - treated group showing some damaged cells, dysplastic zones,
loss of acinar patterns of colon glands and inflammatory cells in mucosa and lamina propria. D: DMH and curcumin
treated group showing less inflitration of inflammatory cells with lower degree of hyperplasia. E: DMH and flax
seed oil treated group showing reduction of the crypt dysplasia and few inflammatory cells infiltration. F: DMH,
curcumin and flax seed oil treated group showing colonic structure nearly similar to the control (H & E x 40).

C: DMH - treated group showing strong experssion of P53. D: DMH and curcumin treated group showing less
experssion of P53. E: DMH and flax seed oil treated group showing less experssion for P53. F: DMH, curcumin and
flax seed oil treated group showing experssion for P53 more or less similar to the control (P53 immunostain x 40).
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4. Discussion:

1,2-Dimethyl hydrazine (DMH) is a toxic
environmental pollutant that is well-established to be
carcinogenic with selectivity for colon. DMH
undergoes metabolism in the liver, resulting in the
production of active intermediates including
azoxymethane and methylazoxymethanol [11,12]
electrophilic diazoniumions [30] and methyl free
radicals which are known to induce oxidative stress
are suggested to leadfinally to tumor incidence,
particularly colon tumors [31]. Data of the present
study revealed also oxidative stress enhancement in
rats treated with DMH (table 1). Levels of MDA, the
major product of lipid peroxidation, showed highly
increase over control levels (fig.1) On the other hand,
the activity of the antioxidant enzyme GPx, which is
considered to be more sensitive to oxidative stress
[30], decreased significantly in DMH-treated animals
(fig. 2). These findings may agree with previous
studies indicating elevation of MDA and H202
content [31] and an increase in plasma and colonic
MDA, while a decrease of antioxidant potential after
DMH injection in rats [32].

It has been reported that MDA acts as a mutagen
and tumor promoter and contribute to cancer
development [31]. GPx plays a significant role in the
peroxyl scavenging mechanism and in maintaining
functional integration of the cell membranes [11]. If
sufficient amounts of GPx are not available to
decompose H202, the generated OH radicals are
capable of attacking DNA. So, the decreased capacity
of a variety of tumors to detoxify H202 is linked to
the decreased levels of GPx [11,33,34].

Oxidative stress causes increase of free radicals
which may result in injury to all the important cellular
macromolecules cause the cellular death [8] and may
modulate gene expression [35]. This may also be
reflected in cellular alterations in colon tissue of
DMH-treated rats as revealed by histopathological
investigation in the present study, where both
damaged cells and dysplastic zones were observed
(figs. 6B and C). It has been reported that ROS have
the ability to oxidize polyunsaturated fatty acids
(PUFAs), which take part in cell membrane
constitution. This reaction initiates lipid peroxidation,
a chain reaction that produces other free radicals and
substances such as MDA, conjugated dienes,
hydroperoxides, lipoperoxides, and toxic aldehydes,
implicating in human cancer [35].

Lipid peroxidation was also suggested to change
the fluidity of cell membranes, reduce the capacity to
maintain an equilibrated gradient of concentration, and
increase membrane permeability and inflammation
[36]. Enhanced concentrations of circulating lipid
peroxidation associated with antioxidant depletion
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were observed in DMH-induced colon carcinogenesis
[32,37]. Inflammation represented by finding of
packed and scattered inflammatory cell infiltrations as
well as epithelial hyperplasia and dysplasia with
complete loss of polarity in different zones of clonal
mucosa were also observed in this study.

Histopathological results on DMH - treated
group (figs. 6B, 6C) coincide with [38] who reported
that administration with DMH increased the
proliferation of the colon crypts in the test animals
during early carcinogenesis, and altered the
distribution of proliferating and apoptotic cells in the
colon. It was suggested that after metabolization in the
liver the intermediates such as azoxymethane and
methylazoxymethanol (MAM) are transported to the
colon via bile or the blood [39]. So, the decomposition
of MAM results in the formation of methyldiazonium
ions, which generate reactive carbonium ions capable
of methylating DNA, RNA, or the protein of colonic
epithelial cells [39]. All these findings may confirm
that DMH-induced oxidative stress and inflammation
may be linked to the pathogenesis of colon cancer.

Many studies concerning the incidence of cancer
observed elevated serum levels of ALP, AFP and CEA
in human and experimental animals. Examination of
these markers in the present study showed also their
highly significant increase in DMH-treated rats (Table
1 and Figs. 3,4,5) indicating colon carcinogenesis. It
has been reported that ALP increases in colonic
inflammations [40] and colon carcinogenesis [41]. The
reason of ALP elevation may be attributed to
excessive dephoshphorylation of various proteins
involved in the regulation of cell division which
apparently is high during DMH induced colon
carcinogenesis [41]. Also, elevation in the enzyme
activity of ALP has been directly linked to increased
DNA synthesis [41]. AFP was reported to be an
indicative of colorectal cancer [42]. The results of this
study on AFP of DMH induced colon cancer group is
similar to [43] who recorded a highly elevation of AFP
in DMH treated animals. CEA is the best marker in
colorectal cancer patients and also most thoroughly
characterized tumor associated antigens, in both
biochemical and clinical aspects [44]. Results of this
study revealed that administration of DMH to normal
rats exhibited a significant increase in serum CEA
concentration when compared to control group (table 1
fig. 5). This agrees with [45] who suggested that
elevation in CEA concentration was observed in DMH
induced colon cancer in rats.

Tumor suppressor genes, including P53, act as
checkpoint in the cell replication cycle for cells with
abnormal DNA [46]. Also, immunohistochemical
evaluation of p53 staining has been considered as a
complementary test for dysplasia in ulcerative
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colorectal cancer [47]. Immunohistochemical
investigation of p53 in the present study showed
positively p53 stained mucosal cells in colon of DMH-
treated group, which may appear as a result of inactive
mutants of p53. This agrees with [48] who reported
that P53 positivity, both in dysplasias and carcinomas,
indicates the fact that p5S3 gene mutations are involved
in neoplastic progression. Therefore, accumulation of
the p53 protein products in colon cells in DMH-treated
rats indicates existence of p53 mutations and colon
carcinogenesis.

Science increasing evidence indicates that natural
products can modulate various molecular pathways
involved in cancer initiation and progression, this
study examined the potential role of curcumin and
flaxseed oil in alleviating DMH- induced colon cancer
in rats. The results showed that curcumin treatment
decreased MDA and increased GPx activity (table 1,
figs. 1,2). The obtained results are nearly similar with
those of [49] who reported that oral administration of
curcumin decreased the levels of plasma (MDA) and
hydroperoxides. It has been reported that curcumin
restores the antioxidant status by its ability to
scavenge or neutralize free radicals, inhibits
peroxidation of membrane lipids and maintains cell
membrane integrity and their function [49].

Treatment with curcumin decreased the level of
ALP induced by DMH (table 1: fig. 3). This results is
also similar to [49] who reported that oral
administration of curcumin decreased plasma AST,
GGT and ALP activities in rats exposed to CCl4-
hepatotoxicity. So, curcumin was suggested to have a
potential against various diseases including cancer as a
result of its antioxidant, anti-inflammatory and
anticancer activities [50]. The serum levels of AFP
was significantly decreased in the curcumin-treated
rats when compared to DMH treated group (table 1:
fig. 4). This finding may have been due to the
immunomodulatory effect of curcumin, since previous
studies have reported that curcumin is a safe and
useful immunomodulator and also thus suggesting a
potential protective role of this natural agent against
hepatocarcinogenesis. This finding is consistent with a
previous study, in which the serum levels of AFP and
AFU were significantly decreased in the groups
treated with curcumin and/or taurine [51]. In addition,
data demonstrated in tables (1) revealed that, treatment
with curcumin to DMH-induced colon cancer in rats
significantly  reduced elevated serum CEA
concentration when compared with DMH-treated
group. The decreased levels of these markers indicate
a potential effect of curcumin in tumor suppression.
The tumor suppression may be due to down regulation
of a variety of transcription factors, enzymes and
growth signal transducers such as nuclear factor
kabba-B (NF- KB), early growth receptor-1 (EGRI)
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andcyclooxygenase-2
described by [16].

The histopathological and immunohistochemical
results of the present study showed also less
hyperplasia, approximate normal crypts and reduction
of P53 abnormalities in DMH-curcumin treated group
(fig. 6D and 7D). These results may agree with [52]
who reported that administration of curcumin results
in an apparent amelioration of colonic crypt structure
and with the suggestion that curcumin impairs changes
of p53 in colon cancer cells [53]. Recently, it has been
reported that the mechanism of action of this natural
compound is based on the secretion of various
cytokines that function via the following pathway:
Stimulation of antitumor immune responses, followed
by induction of tumor cell apoptosis, inhibition of the
uncontrolled proliferation of cancer cells and
suppression of angiogenesis [51].

Antioxidant potential of flaxseed oil (FSO)
against DMH induced oxidative stress and
carcinogenesis was also observed in this study. It
decreased the level of MDA and increased the level of
GPxas compared to DMH treated animals (figs. 1, 2).
These results agree with [54] who reported that
treatment with FSO increased the levels of enzymatic
(SOD, CAT, GPx) and nonenzymatic antioxidants
(GSH) in both skin and liver, which were noted to be
decreased in the carcinogen-treated control group. It
has been reported that FSO is rich in PUFA and can
protect the cellular membranes scavenge free radicals
and inhibit lipid peroxidation in experimental animals.
a-linolenic acid, flavanoids, phenolic acid, and
tocopherols in FSO are causes of elevated cellular
antioxidants and reduced oxidative damage induced by
carcinogen.

The obtained result in this study indicates that
flaxseed oil treatment decreased level of ALP when
compared to DMH treated group (table 1: fig. 3).
Previous studies indicate a hepatotoxicity role of
DMH during the event of colon cancer. The hepatic
cell membrane damage releases ALP and other
enzymes into circulation as a result of DMH toxicity,
which can be measured in serum [55]. Also in
hepatitis, the increased activitiesofthese
enzymesindicated changes in the membrane functions
and permeability leading to a destruction of hepatic
cells and cellular leakage [56]. Flaxseed oil
supplementation increased cell membrane contents of
omega-3 fatty acids and in contrast decreased the
content of omega-6 fatty acids leading to a reduction
of arachidonic acid liberation and in turn reduction of
prostaglandins and pro-inflammatory cytokines and
also free oxygen species, the important factors in liver
inflammation [57]. Therefore, flaxseed oil was
suggested to be a powerful effect in protecting against

(COX-2) as  previously
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injury through inhibition of inflammation as well as
oxidative stress.

Data of this study showed that administration of
flaxseed oil reduced levels of AFP significantly when
compared to DMH-treated group (table 1; fig. 4). This
may agree with [58] who reported that administration
of flaxseed and corn oils significantly reduced levels
of AFP. As previously mentioned [59] flaxseed or its
extracted oil play an important dietary role in various
biological activities in the body and exert anti-
carcinogenic effects. Flaxseed oil treatment reduced
also the level of CEA when compared to DMH-treated
group (table 1; fig. 5). This result may also agree with
[60] whonoticed increased levels of CEA in cell line
induced lung cancer in mice when compared to normal
control mice. The animals treated with flaxseed oil
group showed significant decrease in levels of CEA in
the serum when compared to cell line induced control
groups.

Tissues of colon rats treated with DMH and flax
seed oil showed improvement including a reduction of
the crypt dysplasia (fig. 6E), the results which agree
with [17] who reported that flaxseed oil demonstrated
modulating effects on DMH-induced cellular
proliferation of rats colonic cells in a dose-dependent
manner. The immunohistochemical results of p53
showed also less positively p53 stained colon cells
(fig. 7E) indicating reduction of its abnormalities and
mutant forms induced by DMH treatment. As
previously mentioned, mutations of the p53 gene not
only loses its original growth - suppressive function
but also gains the capacity for promoting cancer cell
growth [61]. Concerning flax seed oil effects on P53
mutants, it has been reported that flaxseed oil is one of
the richest dietary sources of ®-3 polyunsaturated fatty
acid (17) which have an inhibitory effect on the
mt - p53 [62].

Flaxseed oil has been reported to have
antioxidant and antitumor properties by inducing
apoptosis and thereby indicating the chemopreventive
nature of natural products. a-linolenic acid acts as a
precursor of the inhibitory effects of flaxseed oil on rat
colon carcinogenesis. The mechanism proposed here is
likely to be through the antiproliferative properties of
®-3 polyunsaturated fatty acid found in o-linolenic
acid found in flaxseed oil [17]. Finally, data presented
in this study confirm the protective role of both
curcumin and flax seed oil against oxidative stress and
carcinogenesis. This was more clearly appeared in
animal group treated with both natural components
than other treated groups, exhibiting synergistic
preventive and modulatory effects.

Conclusions:
The results of the present study give more
evidence of the potential antioxidant, anti-
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inflammatory and anti-carcinogenic effects of both
curcumin and flaxseed oil. Their addition to diet and
various food products is strongly recommended for
people at risk or exposed to colon carcinogenesis.
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