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Abstract: The purpose of the present study was to evaluate the effect of Nigerian-Like Diet (NLD) and
Western-Like Diets (WLD) on colomc mucosa lipid peroxidation, stress enzymes and nuclear membrane ATPase
mn the early stages of colon carcinogenesis in rats. Sixty male Wistar rats were grouped into three groups of
20 animals each; one group was fed with a Normal Diet (ND) and acted as the diet control. One group was fed
with the NLD and the last group was fed with a WLD for 12 weeks. In each diet class, half of the ammals were
fed with the diet alone and the other half was fed with the diet containing cycas and after six weeks, a mid term
study was carried out. Mid-term and full-term studies show a sigmficant (p<0.05) increase in nuclear ATPase
activity of the rats fed with the WLD and a decrease in those fed the NL.D compared with control. Feeding rats
with the NLD significantly (p<0.05) decreased the level of colonic mucosa lipid peroxidation compared with the
WLD. A sigmificant nise mn the activity of Superoxide Dismutase (SOD) was observed m the rats fed the ND and
NLD, while in the rats fed the WLD, SOD activity was compromised in both the mid- and full-term studies. The
study shows that a NLD and WLD fed to rats alter mucosa plasma membrane lipid peroxidation, SOD and
nuclear membrane ATPase in ways which suggest that the NLD may protect rats from colon carcinogenesis.
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INTRODUCTION

Colon cancer 18 frequent in Western Europe, North
America and Australia (Greelee et al., 2001) where the
major risk factors involved in the development of the
cancer 1s of genetic and dietary origin. Sporadic colorectal
cancer represents about 95% of all cases of the disease
and 1s mostly associated with dietary nisk factors
(Boutron-Ruault, 2002). Causal associations obtained in
epidemiological between colon  cancer
development and diet 13 controversial and still subject to
debate, however early observational studies showed that
colorectal cancer risk is lower in African populations
consuming a diet high in carbohydrates and in fibre than
i EBuropeans who consume diets low i such foods
(Burkatt, 1984). Exposure to chemical carcinogens present
in roasted meats, are now widely accepted as risk factors
for colorectal cancer (Lang et al., 1994), while diets high
i carbohydrates and dietary fibre are generally accepted
to prevent the disease (Eriyamremu and Adamson, 1994).

Frequently, the initiation of a cell to a cancerous one
is induced by genotoxic carcinogens that directly damage
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the DNA (Shacter and Weitzman 2002; Pool-Z.obel and
Leucht, 1997). In mammalian cells, oxidative stress,
resulting from a prevalence of oxidants, produces
specific types of cellular damage to macromolecules
(Toyokuni et al., 1995). The damage by oxidants and by
other genotoxic agents is expected to play a role in the
development and generation of cancer (Lindblom, 2001,
Shih et al., 2001). Earlier studies have demonstrated the
production of extracellular superoxide (O,7) by the
intestinal microflora as a source for generating these
oxidants that can cause chromosomal instability and
colon cancer (Huycke et al., 2002). The extent of damage
occasioned by these oxidants is dependent on the
activities of detoxifying enzymes such as superoxide
dismutase and catalase. Earlier studies in rodents have
demonstrated a reduction in the activities of these
antioxidant enzymes (Remacle et al., 1992) in cancers.
There is  general
carcinogenesis arise from mstability of the colomic tissue
which leads to the development of polyps and then
tumour. The mammalian hind gut is highly active and the
contents of its microflora depend to a large extent on

consensus  that  colon
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the diet pattern of the individual and changes in response
to gross nutritional shifts. Earlier studies have shown
that the hind gut microflora can alter with diet
(Eriyamremu and Adamson, 1995; Mitsuoka, 1996). With
the mncreasing, westernization of the Nigerian population,
there is a shift from the traditional diets rich in
carbohydrates and fibre to a more Western one which is
rich in fat and protemn. These changes in the diet pattern
can result in changes in the colon microflora and would
have consequences for the colon. Hence there is
continuous mterest on the mfluence of diet on the
hindgut microflora, its influence on the colonic tissue and
its implication for colon carcinogenesis. However there is
scarcity of information on the influence of wholly
compounded Nigerian diet on colonic membrane lipid
peroxidation. This report is on the influence of a Nigerian-
like diet on lipid peroxidation and some antioxidant
enzymes in the colonic mucosa at early stages of
carcinogenesis.

MATERIALS AND METHODS

Experimental design and collection of tissues: Sixty male
Wistar albino rats (6 weeks old) from the same stock
weighing 45-55 g were used in this experiment. The
ammals were obtamed from the Department of
Pharmacology, of the University of Benin, Benin City,
Nigeria, at least one month before the commencement of
the experiment in our laboratory during which time they
were fed with rat chow. The animals were divided into
three diet class of 20 rats per class. One class received the
Normal Diet (ND), another class received a high
carbohydrate and high fibre diet (Nigerian-Like Diet, NL.D)
and the third class received a high protein and high fat,
Westem-Like Diet (WLD) (Table 1). Each diet class was
further sub-divided into two groups of 10 rats each; with
one group fed on the diet, while the other was first tube
fed 5 g kg™' body weight cycas before been allowed free
assess to the diet. The animals were grouped such that
the weight difference between all the groups was about
0.1 g. Before the commencement of the study period the
animals were first acclimatized for two weeks with their
respective experimental diet. The study period lasted for
twelve weeks during which time the amimals were allowed
water and the diets ad libitum. After six weeks, half of the
animals in each group (5 animals) were sacrificed for a
mid-term study of the parameters studied. Food mtake and
dry faecal output were measured daily and weight gain
data were recorded weekly. In all experiments, animals
were fasted overmght before being killed. All these ammal
treatment were carried out in accordance with the
principles of laboratory animal care of the NTN guide for
Laboratory Ammal Weltare as contained 1 the NIN Guide
for Grants and Contracts, vol. (1985).
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Table 1: Composition of the shidy diets
Diet type (%)

Dietary components ND NLD WLD
Garrit 51.7 59.0 30.0
Saoya bean

(Defatted)! 20.0 15.0 24.0
Palm oil! 5.0 3.0 25.0
Cellulose’ 5.0 15.0 6.0
Sucrose? 13.0 2.7 97
Salt mix® 3.0 3.0 3.0
Vitamin mix* 2.0 2.0 2.0
Methionine? 0.3 0.3 0.3

'From a local market in Benin City. *Product from Merck, Darmstadt,
Germany. *Product from Tuco Products Company, Ontario, Canada. “AIN-
93-VX vitamin mix recommended for use with the ATN-93G and ATN-93M
diet formulations Garri is a cassava (Marihot escidentunm)

Colonic preparation: The colon (after the first 10 cm,
then the 10
immediately for isolation of cells. The colon was slit
open and rinsed thoroughly with cold normal saline and

next cm) was removed and used

the mucosa was removed by scraping with glass slides.
The colonic tissue was immediately homogenized and
centrifuged at 5000 g for 10 mm under cold conditions,
while the residue was recovered for ATPase assay, the
supernatant was Superoxide
dismutase (SOD), catalase and lipid peroxidation.

used to analyze for

Preparation of nuclear membranes: Colomc nuclear
membranes were prepared by extensive digestion of
nuclei of the colonic mucosa homogenate with DNase I
(Widnell and Tata, 1964). The nuclei were used to prepare
nuclear membranes by modifications of the procedure of

(Kay et al., 1972).

ATPase, superoxide dismutase and catalase assays: The
nuclear ATPase reaction was carried out according to
Agguter and McCaldin (1978) and colonic Na/K* ATPase
was estimated by the method of Adam-Vizi and Seregi
(1982). The inorganic phosphate teleased in both the
muclear and colonic assays were determined (Fiske and
Subarrow, 1925).

Superoxide Dismutase (SOD) activity of the samples
was assayed according to the method described by Misra
and Fridovich (1972). One wt of the enzyme was defined
as the amount of the enzyme required for 50% inhibition
of oxidation of epinephrine to adrenochrome in one

minute.
Catalase (CAT) activity was assayed by the
method of Kaplan and Groves (1992) and was

determined as residual H,O, after incubation with
the enzyme.

The protein content of all the samples was estimated
by the method of Lowry et al. (1951).
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Membrane lipid peroxidation: Estimation of colonic
membrane lipid peroxidation was by the method of
Gutteridgre and Wilkins (1982). Values for thuobarbituric
acid reactive substances (TBARS) are reported as
malondialdehyde (MDA) and quantified using a Molar
extinction coefficient of 1.5x10° M cm™ and expressed as
mmole MD A/g tissue weight.

Statistical analysis: The  values are reported as
Means+SEM. Statistical difference was determined using
ANOVA and differences in the means were tested by
Duncan’s multiple range tests (1969).

RESULTS

Statistical analysis reveal a sigmificant increase m the
weight gain of the rats which consumed the WILD
compared with the rats which consumed the other diets,
despite significantly low food consumption (Table 2).
These ammals fed with the WLD also excreted the least
faeces. Cycas supplementation of the diets mcreased

Table 2: Average weight gain, food intake and dry faecal output

weight gain, food intake and dry faecal output. This
trend was observed n the rats after six and twelve week’s
exposure to the various diets. The rats fed with the NLD
though gained the least weight, consumed the most food
and excreted the most faeces compared with the other diet
groups. The data suggest that the NLD diet induces
weight loss and increases dry faecal output while the
WLD diet mcreased weight and reduced dry faecal
output. Cycas mclusion m the diets mereased these data.

After six weeks of feeding, a statistical sigmficantly
increased activity of the ATPase of the rats fed with the
WLD diet was observed when compared with the rats in
other diet groups. In converse the NLD diet significantly
decreased nuclear membrane ATPase when compared
with the other diet groups. Inclusion of cycas in the
experimental diets significantly increased the nuclear
ATPase activity. A similar trend was observed after
feeding the rats for twelve weeks (Table 3).

Feeding rats with the NLD significantly (p<0.05)
increased  the level of colome lLipid peroxidation
compared with the normal diet (Table 4) Colomc lipid

Parameters ND ND+C NLD NLD+C WLD WLD+HC
Weight (g/day) Gain
6 weeks 1.81+0.22¢ 2.21+0.31% 1.3620.25 1.92+0.33 2.95+0.32¢ 357045
12 weeks 1.79+0.31% 2.434+0.25" 1.3840.24° 2.42+0.52® 2.86+0.41° 3.87+0.45°
Food (g/day) Intake
6 weeks 14.15+1.25% 16.57+2.30% 18.80+1.48° 18.86+1.24° 11.90+1.21° 14.99+1.72
12 weeks 14.21+£1.43 17.80+£2.42® 18.56+1.37 18.01+1.31° 12.4941.01° 16.00:£2.03®
Dry output (g/day) Faecal
6 weeks 0.72£0.10* 0.83£0.13* 1.4140.24° 1.43£0.38 0,640, 13 0.52+0.09°
12 weeks 0.79+0.13* 0.86+0.14* 1.57+0.20° 1.62+0.25 20.62+0.1¢¢ 0.60+0.1 (¢

Values are expressed as meantS8EM, n = 5. ND is the normal diet fed group, the HCF is the group fed with a high carbohydrate high fibre diet and HPF
represent the group fed with a high protein and high fat diet. ND+C; HCF+C and HPF+C-Diets supplemented. with cycas. Means of the same row followed
by different superscripts difter significantly (p<0.05)

Table 3: The level of colonic membrane lipid peroxidation and the activities of superoxide dismutase and catalase of rats

Parameters ND FED ND+C FED NLD FED NLID+C FED WLD FED WLD+C FED
Lipid peroxidation
6 weeks 0.13+0.03* 0.21+0.02* 0.32+0.04 0.38+0.03° 0.48+0.034 0.64+0.03¢
12 weeks 0.274£0.02¢ 0.4240. 06" 0.46+0.03° 0.57+0.04° 0.68+0.051 0.8440.05
Superoxide
dismutase (S0OD)
6 weeks 83.01+4.07% 73.10+4.72 Bl.42+5.41* 69.53+3.54° 61.13+3.57 50.11+3.20¢
12 weeks 75.4243.87 62.51+4.41° 78.23+4.38 473943 374 36.1343.21° 33.5043.11°
Catalase
6 weeks 3.74+0.20% 3.22+0.56* 3.20+0.41* 3.02+0.26% 3.8240.37* 3.654+0.47*
12 weeks 2.65+0.31° 2.33+0.45 2.18+0.22¢ 2.11+0.35° 2.64+0.41* 2.56+0.32

Values are expressed as mean+8EM, n = 5. Means of the same row followed by different superscripts differ significantly (p</0.05). Lipid peroxidation is
expressed as mmole MDA/g tissue. Catalase activity is expressed as umoles/min/mg tissue. 80D activity is expressed as Units/g tissue. ND is the normal
diet fed group, the HCF is the group fed with a high carbohydrate high fibre diet and HPF represent the group fed with a high protein and high fat diet. WD+C;
HCF+C and HPF+C represents the respective diets supplemented with cycas

Table 4: Nuclear total ATPase activity of the colonic nuclear membrane of the rats

Parameters ND ND+C NLD NLD+C WLD WLDHC

Total ATPase
6 weeks 84.80+4.83* 100.6446.22 71.88+3.42° 89.13+5.32% 03.65+4.8 119.46+5.02¢
12 weeks 87.61+4.36* 107.52+5.11° 7449441 & B3. 78+4.56 96.98+4.8¢ 124.83+6.48°

Values are expressed a3 mean+SEM, n = 5. Means of the same row followed by different superscripts differ significantly (p</0.05). ATPase activity is represented
as nmol Pi released/min/mg protein, ND is the normal diet fed group, the HCF is the group fed with a high carboly drate high fibre diet and HPF represent
the group fed with a high protein and high fat diet. ND+C; HCF+C and HPF+C represents the respective diets supplemented with cycas
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peroxidation was further significantly (p<0.05) increased
by the WLD relative to the NLD and ND. The mclusion
of cycas to all the experimental diets enhanced lipid
peroxidation and these however reached a significant
(p<0.05) level in the rats fed the normal diet and the WLD.
The same trend was observed m the data taken after 12-
weeks of feeding, although there was a significant
(p<0.05) mcrease i lipid peroxidation in rats fed with the
NLD+cyeas relative to those fed NLD alone. There
appears to be an mverse relationship between the data on
SOD and the level of lipid peroxidation; the WLD lowered
SOD activity compared with the NLD. Addition of cycas
to both diets significantly reduced the activity of SOD
after 6 and 12 weeks of feeding. Statistical analysis did not
reveal any significant change in the activity of catalase in
the colonic of the rats fed with the experimental diets
compared with the control. This study reveals that colonic
membrane lipid peroxidation and SOD activity 1s
responsive to diet changes.

DISCUSSION

Cycas contain cycasin, which is modified by the
colomc microflora to dimethylhydrazine (a potent
carcinogen). The level of cycas plant fed to the rats and
the duration of the feeding protocol in this study waill
relate to very early events in the initiation stage of colon
carcinogenesis. Thus this study assessed the role of a
NLD and a WLD on some biochemical indices in early
colonic carcinogenesis. The biochemical events studied
were colonic membrane lipid peroxidation, antioxidant
enzymes and nuclear membrane ATPase.

As we have previously reported (Eriyamremu and
Adamson, 1994, Eriyamremu and Adamson, 1993), the
NLD which is high in carbohydrate and fibre decreased
welght gamn and mcreased dry faecal output (Table 2).
Potential mechamsms by which dietary fibre can protect
against the development of colorectal cancer 1s thought
to include increases in stool bulk, dilution or binding
of potential carcinogens and decrease in transit time
(Burkitt, 1984). As the NLD increased faecal bulk, it would
protect the rats from colorectal carcinogenesis. In contrast
the WL decreased dry faecal output which will increase
transit time and concentrate potential carcinogens and
thus predispose the rats to colorectal carcinogenesis.
From the calculated metabolizable energy, the WLD
contains more energy than the NLD and so animals
consuming the WLD do not need to consume large
quantities of the diet to meat their energy demand and this
would have accounted for the low food intake observed
in the animals on this diet.

The increased lipid peroxidation level in the rats fed
with the NLD compared with the control diet (Table 3)
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agrees with those of an earlier study which also fed rats
with a NLD (Asabga et al., 2004). The diet been low
protein but high in carbohydrate may induce protein
malnutriion and this  has  been shown to cause
oxidative stress (Tatli et al, 2000) and may enhance
lipid peroxidation. The significantly increased lipid
peroxidation in the rats fed with the WLD (high in protein
and fat) compared with the NLD (Table 3) suggests that
oxidative stress may not result from protein malnutrition
alone. A high fat diet, as contained in the WLD, will
increase enterohepatic circulation and thus improve the
chances of loss of bile acids to the colon where they
can be modified into secondary bile acids, some of
which have been reported to mcrease lipid peroxidation
(Sipos et al., 2002). n increase in lipid peroxidation by the
WLD may be an important event m the role of this diet in
early colon carcinogenesis.

Studies by Huycke et al. (2002) had shown that
Enterococcus  faecalis enhances the production of
superoxide in the lind gut. As diet can alter the colonic
microflora, a diets that favour the production of this
bacterium would improve superoxide production in the
colon. The increased lipid peroxidation observed in the
rats fed with the WLD compared with the NLD may be a
likely indication that the diet supports a microflora that
can generate free radicals and thus cause high lipid
peroxidation. Molecular pathways to colorectal cancer
involve multiple genetic changes which may be acquired
and/or inherited mutations or hypermethylation in cancer
relevant genes. Persistent oxidative stress has been
implicated to cause mutations in cancer related genes
leading to increased proliferation and tumourigenesis
(Zock and Katan, 1998). Thus the result of an elevated
level of lipid peroxidation occasioned by the WLD would
be a predisposition to mutation in cancer genes.

SOD 1s a metalloenzyme that play a vital rolein the
protection of aerobic cells against oxygen free radical
toxicity (Sun, 1990). Altered activities of SOD were
shown to be important in multistage carcinogenesis
of both rodents and humans. When compared to their
appropriatenormal  cell counterparts, tumor cells are
almost always lowm SOD activity (Sun, 1990). Ths
observation was made in a number of different cell types
and 18 imdependent of the mechamsm of cell
transformation (McCormick et al., 1991; Sun et al., 1993).
Furthermeore, mcreased amounts of SOD were shown to be
protective against cancer. Cycas inclusion in the various
diets reduced total SOD activity (Table 3) and thus
indicates that compromise in SOD activity is important for
the onset of cycas mduced colon carcinogenesis.

The observation that the WLD decreased SOD
activity in rats (Table 3) 1s not surprising since the diet
elaborated lipid peroxidation would have damaged colonic



J. Biol. Sci., 7 (3): 526-531, 2007

cells with its attendant loss of enzymes. Also diets high
mn fat have long been known to form mineral soaps with
fatty acids in the intestine preventing their absorption.
Heart MnSOD activity in rats 1s sigmficantly reduced
when fed diets deficient in manganese compared to those
fed adequate or high dietary manganese (Davis et al.,
1992). So if the fat in the WLD interfere with manganese,
1t may 1n part account for the observed low SOD of the
rats fed this diet. So the NLD which decreased lipid
peroxidation and increased SOD activity compared with
the WLD may delay the onset of colon carcinogenesis.

Catalase 1s among the enzymes that help the cell to
handle hydrogen peroxide though it should be noted that
this enzyme 1s not the major route of hydrogen peroxide
catabolism (Doroshow et al., 1986). This study did not
observe any sigmificant change mn catalase activity in all
the experimental groups (Table 3) which suggests that
changes in catalase 1s not a likely mamfestation or event
in early colon carcinogenesis.

Several authors have reported the umportance of the
nuclear membrane in nucleocytoplasmic exchange of large
macromolecules meluding proteins and RNA species
(Ammouche et al., 1994) and these processes require
ATP. One high energy phosphate bond 1s hydrolyzed to
transport one nucleotide of MRNA (Clawson et al., 1980).
Nuclear membrane ATPase 1s responsive to diet changes
and thus alter functions central to the activity of the cell
(Ammouche et al., 1994). The transport of RNA to the
cytoplasm will thus affect activities such as protein
synthesis and eventually cell proliferation. This study
shows that the NLD reduced the nuclear membrane
ATPase (Table 4) and would thus reduce
nmucleocytoplasmic exchange of RNA and may protect
against colon cancer. On the contrary, the WLD
increased the nuclear membrane enzyme activity and may
support 1mproved transport of RNA from the nucleus
and thus promote colon carcinogenesis. The possible low
nucleocytoplasmic exchange m the rats fed the NLD may
help in part account for the observed low SOD activity in
these rats compared with the ND fed ones. It should be
expected that a possible high nucleocytoplasmic
exchange mn the rats fed the WLD should mcrease SOD
activity, but its effect on lipid peroxidation and the
possibility of its fat content interfering with the
absorption of minerals important for the enzyme action
may cancel out this effect.

In this study, we did not examine the luminal
epithelium of the animals for the degree of lesions or
dysplasia. Despite this drawback, this study provides
data on the effects of a NLD and WLD on colomic lipid
peroxidation, SOD and NTPase activities in early colon
carcinogenesis. The study shows that the NLD compared
with the WLD alter these biochemical events in ways
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which suggest that it is protective against colon
carcinogenesis and that change in these parameters are
some of the early biochemical events in colon
carcinogenesis. A study of the microflora supported by
the NLD and WLD and their relationship to the degree of
colonic epithelium dysplasia would be desirable.
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