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ABSTRACT

The preventive effect of dietary inclusion of Hyphaene thebaica fruit at 0%, 2.5%, 5% and
10% on colon carcinogenesis initiated with N-methyl-N-nitrosourea (MNU) induction for
twelve (12) weeks was evaluated. After twelve (12) weeks of treatment, the colon and liver of
rats administered H. thebaica fruit included diet showed a significant (p<0.05) increase in the
activity of endogenous antioxidant enzymes (catalase and superoxide dismutase) when
compared with MNU control group. A dose-dependent decrease in the extent of lipid
peroxidation was observed in the colon and liver of dietary inclusion of H. thebaica fruit
treated groups. A significant (p<0.05) increase in packed cell volume, haemoglobin count,
red blood cell, platelet level were observed in dietary inclusion of H. thebaica fruit treated
groups when compared with MNU control group, while a significant (p<0.05) decrease in
white blood cell, neutrophil and lymphocyte concentration were observed in dietary inclusion
of H. thebaica fruit treated groups when compared with MNU control group. Histological
observation of colon and liver tissue sections showed focal area of inflammatory cells in the
MNU control group, while dietary inclusion ofH. thebaica fruit fed groups, showed milder to
no tissue damage, while a statistically significant (p<0.05) decrease in Carcino-Embryonic
Antigen (CEA) levels was observed in the group fed with dietary inclusion of H. thebaica
fruit compared with MNU control group. Immunohistochemical observation of the colon
tissue sections showed no expression of Mut L-Homolog gene (MLH1) in MNU control
group, while mild to moderate expression ofMLHL1 in the groups treated with dietary
inclusion of H. thebaica fruit. These results indicate the positive potential of dietary inclusion
of H. thebaica fruit to prevent oxidative stress caused by free radical generation and hence,
preventing the process of chemically induced colon carcinogenesis by boosting the
endogenous antioxidant system. A better preventive effect was observed in the group treated

with highest percentage of dietary inclusion ofH. thebaica fruit (10% of H. thebaica fruit).
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CHAPTER ONE
1.0 INTRODUCTION
Cancer is a leading cause of death worldwide. An estimated 14.1million new cancer cases
occurred in 2012 (GLOBOCAN, 2012). Lung, female breast, colorectal and stomach cancers
accounted for more than 40% of all cases diagnosed worldwide (GLOBOCAN, 2012). In
men, lung cancer was the most common cancer (16.7% of all new cases in men). Breast
cancer was by far the most common cancer diagnosed in women (25.2% of all new cases in
women), (Srijita-Dutta, 2015). Approximately, 32.5 million People diagnosed with cancer in
2008 were alive at the end of 2012. Most were women after their breast cancer diagnosis (6.3
million), men after their prostate cancer diagnosis (3.9 million), and men and women after

their colorectal cancer diagnosis (3.5 million) (Popoola et al., 2013).

The incidence of colorectal carcinoma has been on the increase in the developing countries,
including Nigeria, as a result of change in diet and adoption of western lifestyle (Echendu al.,
2015). A total of 241 cases of colorectal carcinoma were reported, 144 cases (60%) in males
and 96 cases (40%) in females with a male: female ratio of 1.5:1. The peak age of occurrence
for males was between 51 and 60 years, while that of the females was between 41 and 50
years. The malignancy was found in the rectum in 60.2% of the cases, while the least affected

site is the descending colon (1.2%) (NJCP, 2011).

However, colon cancer is a disease of the large intestine which begins at a structure called the
caecum, located in the right lower quadrant of the abdomen and continues through all
portions of the abdomen to its junction with the rectum, located in the deep pelvis (Yeatman,
2001). Colon cancer begins from colon polyps that turn cancerous and individuals who
develop polyps are at the highest risk of colon cancer (College of American pathologists,

2011). Most colorectal cancers develop slowly over several years. Before a cancer develops,



a growth of tissue or tumor usually begins as a non-cancerous polyp on the inner lining of the

colon or rectum (American Cancer Society, 2014).

Colorectal cancer is a disease in which abnormal cells in the colon or rectum divide
uncontrollably, ultimately forming a malignant tumor (American Cancer Society, 2014), the
colon and rectum are parts of the body’s digestive system, which takes up nutrients from food

and water and stores solid waste until it passes out of the body.

Colorectal cancer is the third most common type of non-skin cancer in both men (after
prostate cancer and lung cancer) and women (after breast cancer and lung cancer). It is the
second leading cause of cancer death in the United States after lung cancer (American Cancer
Society, 2014). The rates of new colorectal cancer cases and deaths among adults aged 50
years or older are decreasing in United States. However, the incidence is increasing among
younger adults (American Cancer Society, 2014). It is estimated that a total of 136,830
people in the United States will be diagnosed with colorectal cancer and 50,310 people will
die from it in 2014 (American Cancer Society, 2014). It’s also estimated that a total of 50,260

deaths from colorectal cancer will occur in 2017 (American Cancer Society, 2017).

Although the major risk factors for colorectal cancer are a family history and older age,
several other factors have been associated with increased risk, including excessive alcohol
use, obesity, being physically inactive, cigarette smoking, and possibly diet. In addition,
people with a history of inflammatory bowel disease (such as Ulcerative colitis or Crohn
disease) have a higher risk of colorectal cancer than people without such conditions, and
people who have a family history of colorectal cancer or certain inherited conditions (such as
Lynch syndrome and familial adenomatous polyposis) also have an increased risk of

colorectal cancer (Sankaranarayanan et al., 2010).


http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000444983&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000046462&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000046555&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000045772&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000046634&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000046446&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000044697&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000445084&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000445079&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000445043&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000444971&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000045873&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000302456&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000045493&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000045661&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000045661&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000045661&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000044882&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000045100&version=Patient&language=English

Several screening tests have been developed to help doctors find colorectal cancer early,
when it may be more treatable. Some tests that detect adenomas and polyps can actually
prevent the development of cancer because these tests allow growths that might otherwise
become cancer to be detected and removed. That is, colorectal cancer screening may be a

form of cancer prevention, not just early detection (Sankaranarayanan et al., 2010).

Natural plants, vegetables, herbs and spices used in folk and traditional medicine remain the
most potent and promising vehicles of chemopreventive effects with these now the main
sources of leading compounds for discovery and development of chemo-preventive therapies
(Dwivedi et al., 2011). Several plants and vegetables highly consumed in Africa have been
reported by several studies to possess potent chemopreventive properties. Plants such as
Moringa oleifera, Palm oil, Canarium schweinfurthii oil, Syzygium aromaticum, Hibiscus
esculentum, and Dacryodes edulis contain potent phytochemicals that have been used to
suppress gastric and skin carcinomas, also have been tested in various cell culture and animal
based models in the prevention of cancers of the colorectum, renal, skin and lungs. More
have been observed to possess potent antioxidant potential able to prevent or limit the effects

of oxidative stress which is an important precursor of cancers (Atawodi et al., 2011).

1.1 Statement of Research Problem

Cancer is still one of the most deadly diseases that cause serious health problems, physical
disabilities, mortalities, and morbidities around the world (GLOBOCAN, 2012). Although
great advancement has been made in the treatment of cancer progression, there is still
significant deficiencies and room for improvement (Sankaranarayanan et al., 2010).
Colorectal carcinoma is the commonest malignancy of the gastrointestinal tract worldwide,
with about 140,000 cases each year in the United States, according to the National Cancer

Institute. Incidence and death rates for colorectal cancer increase with age. In Africa, the



incidence is said to be relatively low, because of the young age of the population, low
incidence of precancerous lesions and high intake of fiber diet, which results in passage of
bulky stool with short intestinal transit time. This decrease might be attributable to
differences in dietary intake and environmental exposures. For instance, more people tend to
eat more of refined, preserved food rather than freshly prepared high fibre food which they
are originally used to (Center et al., 2009). Other reason might be due to urbanizations or

movement of people from rural to urban leading to high intake of food high in carcinogens.

The treatment of colorectal cancer constitutes a great diagnostic and therapeutic challenge in
resource-limited countries such as Nigeria (Abdulkareem et al., 2008). Late presentation of
the disease, lack of an adequate screening program, lack of endoscopic facilities and lack of
adjuvant therapy are among the hallmarks of the disease in most developing countries. Some
of the major problems of colon cancer treatment are the unpredictable post operative survival
rate and the reoccurrence (Atkin et al., 2010). Others are the complications that accompany
resection and the damages caused by radiotherapy; recently resistance to anticancer drugs has
been observed (Abdulkareem et al., 2008). Therefore, more research is required to explore

the anticancer or preventive potential of dietary supplementation with medicinal plants.

1.2 Justification

Most current drugs such as cisplatin, adriamycin and bleomycin designed for the treatment of
colon cancer are very expensive, inaccessible and unaffordable to most poor patients (Boni et
al., 2009). Thus, natural preventive agents that are safe, available, accessible, affordable and
sustainable are urgently needed for the prevention of chronic diseases such as colon cancer.
Epidemiological and experimental studies demonstrated the importance of some vegetables,
fruits and herbs in diets and medicinal plants in inhibiting the development and multiplicity

of tumours and hence reducing the risk of colon cancer (Abdulkareem et al., 2008). Plants,



vegetables, fruits, herbs and spices used in folk and traditional medicine have been accepted
currently as one of the main sources of cancer chemo preventive drugs (Canarium
schweinfurthii oil, Syzygium aromaticum, Dacryodes edulis and Hibiscus esculentum) and
can protect against a wide range of cancers, heart diseases and other chronic diseases

(Dwivedi et al., 2011).

Thus, dietary inclusion of Hyphaene thebaica fruit in meals for the prevention of colon
cancer and also cancers of other parts of the body like the breast, prostate and rectum would
be culturally acceptable in many countries like Western World and Africa, including Nigeria

where these fruit are already part of their cultural practice.

1.2 General Aim

The aim of this work is to evaluate the preventive effect of dietary inclusion of Hyphaene

thebaica fruit on MNU induced colon carcinogenesis in albino wistar rats.

1.4 Specific Objectives

(i) To determine the effect of Hyphaene thebaica fruit inclusion diet on haematological

parameters in MNU-induced colon carcinogenesis in rat model.

(if) To establish the possible role of Hyphaene thebaica fruit inclusion diet on oxidative

stress and antioxidant status in MNU-induced colon carcinogenesis in rat model.

(iii) To assess the effect of Hyphaene thebaica fruit on MNU-induced colon tissue damage in

rat model.



1.5 Null Hypothesis

Dietary inclusion of Hyphaene thebaica fruit has no preventive effect on colon

carcinogenesis.



CHAPTER TWO

2.0 LITERATURE REVIEW
2.1 Colon Cancer

Colorectal cancer (CRC) is the third most common cancer (Jemal et al., 2011) and the second
leading cause of cancer deaths in the United States (Jemal et al., 2010). Overall risk of colon
cancer is approximately 5% in the general population without family history, with 92% of
colorectal cancers diagnosed after age 50 (Parkin, 2008). Unfortunately, 20% of those
diagnosed with colon cancer are diagnosed in late, less treatment-responsive stages (Parkin,
2008). It is estimated that routine screening of everyone over the age of 50 could save 18,800
lives annually (Popoola et al., 2013). Primary care practitioners are uniquely positioned to
influence adherence to screening procedures, recognize those at highest risk of disease, and
address modifiable risk factors in their patients. Those at greatest risk for colon cancer are
carriers of 1 of 2 familial genetic disorders, familial adenomatous polyposis (FAP) or
hereditary non-polyposis colon cancer (HNPCC), also known as Lynch syndrome (Foley et
al., 2006). These genetic disorders account for 1-2% and 3-5% of all colorectal cancers,
respectively. While the incidence of colorectal cancer cases directly attributable to these
genetic syndromes is small, they are highly penetrant, with a lifetime risk of 100% and 80%
of developing colorectal cancers in those with familial adenomatous polyposis and Lynch

syndrome respectively (Foley et al., 2006).

Inflammatory bowel diseases (IBD), including Crohn’s disease and ulcerative colitis, also
raise the risk of colorectal cancers considerably, while inflammatory bowel diseases related
colorectal cancers account for only 1-2% of all Colorectal cancer cases, colorectal cancer

accounts for 10-15% of deaths in patients with inflammatory bowel diseases (Jemal et al.,



2011). Risk reduction for these patients should focus on controlling the underlying disease,

thus reducing the chronic inflammation that is an integral part of the carcinogenic process.

In addition to genetic syndromes and inflammatory bowel diseases, established risk factors
include age, personal history of adenomas, family history of colorectal cancer, diets high in
fat and low in fruit/vegetables, obesity, sedentary lifestyle, smoking, and excessive alcohol
intake (Parkin, 2008). A recent meta-analysis has suggested that diabetes mellitus is also an
independent risk factor (Atkin et al., 2010). Up to 70% of colorectal cancers may be due to
preventable habits involving diet and lifestyle (Anand et al., 2008). The National Cancer
Institute (NCI) of America has created an online risk assessment tool to calculate the risk of
colon cancer in patients over 50 years old. The National Cancer Institute (2011) of America,
identifying the risk factors relevant for individual patients provides an opportunity for

clinicians to educate patients on how to modify their risk.

2.2 Incidence of Colon Cancer

There were an estimated 14.1 million cancer cases around the world in 2012 (GLOBOCAN,
2012). Of those cancers, 7.4 million were in men, while 6.7 million were in women
(GLOBOCAN, 2012). Nearly, 1.4 million of those new cancer cases were from colorectal

cancer (GLOBOCAN, 2012).

According to American Cancer Society (2015), colorectal cancer is the third most common
cancer in both women and men after breast and prostate cancer, respectively, and lung
cancer, the breakdown between genders is similar in the United States (American Cancer
Society, 2015). Among both gender groups, it is the second leading cause of cancer deaths
(Behind lung cancer), with peak incidence being in the seventh decade of life (Ferri, 2015). In

2015, it was estimated that there will be 848,200 new cases of cancer among men and



810,000 among women in 2015 (American Cancer Society, 2015). Of those new cancer
cases, 8% will comprise of colon and rectal cancer, with an estimated 69,090 in men and

63,610 in females (American Cancer Society, 2015).

The incidence of colorectal cancer is increasing in certain countries where risk was
historically low (Japan) (Center et al., 2009). In high-risk/high-income countries, trends are
either gradually increasing (Finland, Norway), stabilizing (France, Australia), or declining
(United States) with time (Center et al., 2009). The greatest increases in the incidence of
colorectal cancer are in Asia (Japan, Kuwait and Israel) and Eastern Europe (Czech Republic,
Slovakia and Slovenia). In fact, rates among males in the Czech Republic, Slovakia, and
Japan have not only exceeded the peak rates observed in long-standing developed countries
such as the United States, Canada, and Australia but they continue to increase (Center et al.,
2009). In contrast to the stabilizing rates observed in most Western and Northern European
countries, relatively large increases have been observed in Spain, which may be related to the
increasing prevalence of obesity in recent years in that country (Martin et al., 2008). The
decrease in colorectal cancer incidence in the United States partially reflects the increase in
detection and removal of precancerous lesions (Center et al., 2009). The increase in several
Asian and Eastern European countries may reflect changes in risk factors for colorectal
cancer that are associated with westernization such as elevated obesity and smoking
prevalence (Center et al., 2009). In contrast to incidence trends, decreasing colorectal cancer
mortality rates have been observed in a large number of countries worldwide and are most
likely attributed to colorectal cancer screening and/or improved treatments. However,
increases in mortality rates are still occurring in countries that have more limited resources,
including Mexico and Brazil in South America and Romania and Russia in Eastern Europe

(Center et al., 2009).



Colorectal cancer is the third most common cancer in men and the second in women.
Worldwide, an estimated 1.2 million cases of colorectal cancer occurred in 2008. The highest
incidence rates were in North America, Australia, New Zealand, Europe, and Japan. Rates
were low in Africa and South Central Asia. Rates were substantially higher in men than in

women.

Colorectal cancer (CRC) is a malignancy with a relatively long preclinical phase which
provides a unique opportunity for screening and early detection. Many developed countries
have either established programmatic colorectal cancer screening endeavors or use healthcare
systems that can facilitate early detection and treatment of colorectal cancer (Center et al.,
2011). The story is quite different in continental Africa, although the burden of colorectal
cancer is relatively lower in most countries in Africa when compared to developed countries;
there is very little investment in colorectal cancer control. There is a general lack of
colorectal cancer screening programs and poor access to standard treatment for this disease.
Under the auspices of the African Organization for Research and Training in Cancer
(AORTIC), the challenges and possible solutions to enhance colorectal cancer control were
discussed at the 9th scientific meeting of the organization in Durban, South Africa in
November 2013. Although inadequate research opportunities and data collection systems
raise concerns of possible under-reporting, available data suggest a lower burden of
colorectal cancer in Africa (Center et al., 2011). While the overwhelming majority of the
population in Africa is of indigenous African origin (black), countries with substantial other
racial groups, such as in South Africa, report significant population (racial) differences in
colorectal cancer burden. The lowest burden of disease has been noted among blacks, and
especially those who have maintained their traditional lifestyle including diet, an intermediate
burden among Indians and those of mixed ancestry (coloureds) and the highest burden among

persons of European origin (whites). This contrasts the findings in the United States where
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African Americans suffer a disproportionally higher burden of colorectal cancer when

compared to other population groups (American Cancer Society, 2015).

Colorectal carcinoma (CRC) is relatively uncommon in Nigeria, compared to the developed
countries. In 2008, colorectal cancer was the third commonest cancer in males and the second
in females worldwide. However almost 60% of these cases occurred in developed countries
and only 2% of new cases and 3% of deaths due to colorectal cancer occurred in Africa
(GLOBOCAN, 2008). Recent studies of colorectal carcinoma indicate an increasing trend,
which has been attributed to the adoption of sedentary western lifestyle and diet, migration
patterns and the improved availability of requisite specialized medical services (Ogunbajo et
al., 2009). Patients with colorectal carcinoma in Nigeria and other developing countries often
present at an earlier age than in developed countries, which has important implications for the

molecular pathogenesis of colorectal carcinoma in our patients.

2.3 Causes and Mechanism of Colon Carcinogenesis

Carcinogenesis or oncogenesis or tumorigenesis is the formation of a cancer, whereby normal
cells are transformed into cancer cells. The process is characterized by changes at the cellular,
genetic, and epigenetic levels and abnormal cell division, in some cancers forming a

malignant mass (Lim et al., 2006).

Cell division is a physiological process that occurs in almost all tissues and under many
circumstances. Under normal circumstances, the balance between proliferation and
programmed cell death, usually in the form of apoptosis is maintained by regulation of both
processes to ensure the integrity of tissues and organs (Adams et al., 2007). According to the
prevailing accepted theory of carcinogenesis, the somatic mutation theory, mutations and

epimutations in DNA that lead to cancer (only certain mutations and epimutations can lead to
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cancer and the majority of potential mutations and epimutations will have no such effect)
disrupt these orderly processes by disrupting the programming regulating the processes,
upsetting the normal balance between proliferation and cell death (Adams et al., 2007). This
results in uncontrolled cell division and the evolution of those cells by natural selection in the

body.

The uncontrolled and often rapid proliferation of cells can lead to benign tumors; some types
of these may turn into malignant tumors (cancer). Benign tumors do not spread to other parts
of the body or invade other tissues, and they are rarely a threat to life unless they compress
vital structures or are physiologically active, for instance, producing a hormone. Malignant
tumors can invade other organs, spread to distant locations (metastasis) and become life-
threatening (Fearon and Vogelstein, 1990). More than one mutation is necessary for
carcinogenesis. In fact, a series of several mutations to certain classes of genes is usually

required before a normal cell will transform into a cancer cell (Fearon and VVogelstein, 1990).

Cancer is fundamentally a disease of regulation of tissue growth. In order for a normal cell to
transform into a cancer cell, genes that regulate cell growth and differentiation must be
altered (Croce, 2008). Genetic and epigenetic changes can occur at many levels, from gain or
loss of entire chromosomes, to a mutation affecting a single DNA nucleotide, or to silencing
or activating microRNA that controls expression of 100 to 500 genes (Lim et al., 2006;
Balaguer et al., 2010). There are two broad categories of genes that are affected by these
changes. Oncogenes may be normal genes that are expressed at inappropriately high levels,
or altered genes that have novel properties. In either case, expression of these genes promotes
the malignant phenotype of cancer cells. Tumor suppressor genes are genes that inhibit cell
division, survival, or other properties of cancer cells. Tumor suppressor genes are often

disabled by cancer-promoting genetic changes. Typically, changes in many genes are
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required to transform a normal cell into a cancer cell (Wood et al., 2007 and Daniel et al.,

2011).

2.3.1 Mechanisms of Carcinogenesis

Colorectal carcinoma can arise from one or a combination of three different mechanisms,
namely chromosomal instability (CIN), CpG island methylator phenotype (CIMP), and
microsatellite instability (MSI). According to Ferlay et al., 2015, the classical CIN pathway
begins with the acquisition of mutations in the adenomatous polyposis coli (APC), followed
by the mutational activation of oncogene KRAS and the inactivation of the tumor suppressor
gene, TP53. Aneuploidy and loss of heterozygosity (LOH) are the major players in
chromosomal instability tumors, which not only constitute most of the sporadic tumors (85%)
but also involve familial adenomatous polyposis cases associated with germline mutations in
the APC gene3 (Ferlay et al., 2015). The CIMP pathway is characterized by promoter
hypermethylation of various tumor suppressor genes, most importantly MGMT and MLHL1.
This hypermethylation is often associated with BRAF mutation and microsatellite instability
(Lopez-Lazaro, 2015). The MSI pathway involves the inactivation of genetic alterations in
short repeated sequences. This activation occurs in CRCs in DNA mismatch repair (MMR)
genes, and is a hallmark condition in familial Lynch syndrome (LS), which also appears in
15% of the sporadic CRC cases. In addition, the hypermethylation of the MMR genes may
lead to microsatellite instability. This mechanism is often associated with the CIMP pathway
(East et al., 2008). MSI tumors are often associated with proximal colon and poor

differentiation but better prognosis. Moreover, the three mechanisms often overlap in CRC.

2.4 Diagnosis (Biomarkers) Carcinoembryonic antigen and Immunohistochemistry

Carcinoembryonic antigen (CEA) is a glycoprotein, which is present in normal mucosal cells

but increased amounts are associated with adenocarcinoma, especially colorectal cancer.
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Carcinoembryonic antigen therefore has a role as a tumour marker. Carcinoembryonic
antigen (CEA) is one of the most widely used tumor markers worldwide (Richie et al., 2007).
It main application is mostly in gastrointestinal cancers, especially in colorectal malignancy.
Although in use for almost 30 years, the clinical value of Carcinoembryonic antigen in

colorectal cancer is still not clear.

According to the 2001 American Association for Clinical Chemistry, Carcinoembryonic
antigen (CEA) was first described in 1965 by Gold and Freedman, when they identified an
antigen that was present in both fetal colon and colon adenocarcinoma but that appeared to be
absent from healthy adult colon. Because the protein was detected in only cancer and
embryonic tissue, it was given the name carcinoembryonic antigen, or CEA. Subsequent
work showed that carcinoembryonic antigen, or at least a CEA-like molecule, was also
present in certain healthy tissues, although concentrations in tumors were on average 60-fold
higher than in the nonmalignant tissues (Baucher et al., 2006). In one of the first reports on
carcinoembryonic antigen in serum, (Thomson et al., 1991), found increased concentrations
in 35 of 36 patients with colorectal cancer. In contrast, high values were not found in
“normal” subjects, pregnant women, patients with nongastrointestinal cancers, or in patients
with miscellaneous benign gastrointestinal diseases. Although these findings were not
confirmed, they nevertheless prompted widespread use of carcinoembryonic antigen as a
marker for colorectal cancer. Thirty years after its initial detection in serum,
carcinoembryonic antigen is one of the most widely used tumor markers worldwide and

certainly the most frequently used marker in colorectal cancer (Richie et al., 2007).
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2.4.1 Conditions which may have elevated Carcinoembryonic antigen (CEA)

Carcinoembryonic antigen (CEA) may be elevated in colorectal cancer, which is where it is
most clinically useful. However, it may also be elevated in a wide variety of other malignant,

benign conditions, smoking and other chronic disease conditions.

2.4.2 Normal Range

Individual laboratory normal ranges vary but CEA level is usually deemed to be normal at
2.5-5 pg/L. increasing levels of CEA suggestive of active disease may be more clinically
helpful than absolute level, (Sturgeon et al. 2008). Levels exceeding 10 pg/L are rarely due to

benign disease or the moderate elevation that may occur due to smoking (Fuchs et al., 1999).

2.4.3 Sensitivity

Sensitivity in early-stage colorectal cancer is very low and increases with the stage of the
disease. Studies reporting sensitivity vary in the cut off for what constitutes a normal CEA
level so results are varied. Using a cutoff point of Sug/L, the proportions of patients with
increased values are 3%, 25%, 45% and 65% for patients with Dukes' A, B, C and D disease
respectively. Around 72% of cases with unrespectable or metastatic disease have elevated

CEA levels (Richie et al., 2007).

2.4.4 Indications for Carcinoembryonic antigen Measurement Colorectal Cancer

Due to the low sensitivity and specificity of the Carcinoembryonic antigen test, it is not
recommended to be used for screening of healthy individuals or for the diagnosis of early
colorectal cancer. In natural disease, Carcinoembryonic antigen level should be ordered only

after malignancy has been confirmed.
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2.4.5 Prognosis

The Carcinoembryonic antigen test is of much more use in determining prognosis than it is as
an early diagnostic test for colon cancer. Carcinoembryonic antigen levels are more likely to

be elevated in advanced disease (Anand et al., 2008).

2.4.6 Monitoring Treatment

The major role for Carcinoembryonic antigen levels is in following patients for relapse after
intended curative treatment of colorectal cancer. Carcinoembryonic antigen levels typically
return to normal within four to six weeks after successful surgical resection. The
Carcinoembryonic antigen level can also be used to assess the response to chemotherapy. It is
recommended that people with stage Il or Il colorectal cancer have Carcinoembryonic
antigen surveillance every three months for at least three years after treatment (Graham et al.,
1998). National Institute for Health and Care Excellence (NICE) guidelines recommend at
least every six months, although most other authorities recommend every three months,
(Sturgeon et al., 2008). Clinical trials have shown improvement in survival after five years in
patients who underwent carcinoembryonic antigen monitoring as part of post-treatment
management, (Sturgeon et al., 2008). However, normal levels do not necessarily indicate that

recurrence has not occurred, (Hanna and Kangolle, 2010).

Currently, the most useful application of carcinoembryonic antigen is in the detection of liver
metastasis from colorectal cancers. Because of the relative success of surgery in resecting
hepatic metastases, serial determinations of the marker are recommended for detecting cancer
spread to the liver (Hanna and Kangolle, 2010). In the future, preoperative concentrations of
carcinoembryonic antigen may be included with the standard staging procedures for assessing

prognosis.
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2.4.7 Carcinoembryonic antigen as a Marker for Colorectal Cancer Screening

In screening for colorectal cancer, the aim should be to detect disease at either Dukes’ A or B
stage. Malignancy detected at more advanced stages is unlikely to be more treatable than that
detected through the usual course of events. Using an upper limit of normal of 2.5 mg/L,
calculated that carcinoembryonic antigen has a sensitivity of 36% and a specificity of 87% in
screening for Dukes’ A and B colorectal cancer (Fletcher,1986). These findings, combined
with the low heterogeneity, which appears to be attributable to variations in its carbohydrate
side chains (Thomas et al., 1990). Which are mostly composed of mannose, galactose, N-

acetylglucosamine, fucose, and sialic acid (Thomas et al., 1990).

Carcinoembryonic antigen is a member of the immunoglobulin super family. Two types of
immunoglobulin domains are found: an N-terminal domain of 108 amino acids homologous
to the immunoglobulin variable domain (IgV-like) and six domains homologous to the
immunoglobulin constant domain of the C-2 set (IgC2-like) (Thompson et al., 1991 and

Hammerstron et al., 1999).

Carcinoembryonic antigen is attached to the cell membrane by a glycosyl
phosphatidylinositol anchor and probably is released as a soluble form by a phospholipase C
or phospholipase D, (Thompson et al., 1991). Structural similarity of carcinoembryonic
antigen to certain immunoglobulin-related proteins, such as ICAM-1 and ICAM-2, initially
suggested that carcinoembryonic antigen might act as an adhesion molecule. In vitro
experiments showed that carcinoembryonic antigen was capable of both homophilic (CEA
binding to CEA) and heterophilic (CEA binding to non-CEA molecules) interactions.
Because alterations in cell adhesion are causally involved in cancer invasion and metastasis,
it was further suggested that carcinoembryonic antigen may play a role in these processes

(Jessup et al., 1989). Further evidence for a role in cancer dissemination was obtained by
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(Hostetter et al., 1990), who showed that after transplantation of colorectal tumors into nude
mice, the number of liver metastases increased from 2% to 48% following injection of mice
with carcinoembryonic antigen. There is, however, no direct evidence that carcinoembryonic

antigen is causally involved in cancer dissemination.

Although in vitro data implicate carcinoembryonic antigen in cell adhesions, its localization
to the apical surface of mature enterocytes in healthy human colon is difficult to reconcile
with this role. In the healthy colon, carcinoembryonic antigen has been found to bind certain
strains of Escherichia coli. According to Thompson et al., 1991, this binding may facilitate
bacterial colonization of the intestine. On the other hand, suggested that carcinoembryonic
antigen may play a role in protecting the colon from microbial infection, possibly by binding

and trapping infectious microorganisms.

2.4.8 Immunohistochemistry

Immunohistochemistry (IHC), or immunocytochemistry, is a method for localizing specific
antigens in tissues or cells based on antigen-antibody recognition; it seeks to exploit the
specificity provided by the binding of an antibody with its antigen at a light microscopic
level. Immunohistochemistry is a method used to determine the expression of biomarkers in
tissue. It is used to characterize various surface and intracellular proteins from cells of all
tissues as it looks at the pattern of proteins that are in the tumour. Among other things, IHC
can be used to determine if you may have a hereditary form of cancer known as Lynch
syndrome (Wolff et al., 2007). Immunohistochemistry has a long history, extending more
than half a century from 1940, when Coons developed an immunofluorescence technique to
detect corresponding antigens in frozen tissue sections. However, only since the early 1990s
has the method found general application in surgical pathology (Taylor et al., 1994). A series

of technical developments led eventually to the wide range of immunohistochemistry
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applications in use today. The enzymatic label (horseradish peroxidase), developed by
Avrameas and by Nakane and colleagues (1976), allowed visualization of the labeled
antibody by light microscopy in the presence of a suitable colorogenic substrate system. In
Oxford, Taylor and Burns developed the first successful demonstration of antigens in
routinely processed formalin-fixed paraffin-embedded (FFPE) tissues (Taylor et al., 1994). A
critical issue in the early development of immunoperoxidase techniques was related to the
need to achieve greater sensitivity. Greater sensitivity would facilitate staining of FFPE
tissues from a simple one-step direct conjugate method to multiple-step detection techniques
such as the peroxidase antiperoxidase (PAP), avidin-biotin conjugate (ABC), and biotin-
streptavidin (B-SA) methods and would eventually lead to amplification methods (such as

tyramide) and highly sensitive “ polymer-based” labeling systems (Adams et al., 2007).

It is the localization of antigens or proteins in tissue sections by the use of labeled antibodies
as specific reagents through antigen-antibody interactions that are visualized by a marker
such as fluorescent dye, enzyme, or colloidal gold. The central reagent common to all
immunohistochemical techniques is the antibody. The availability of new monoclonal
antibodies, antisera and their immunoglobulin fractions to an ever-increasing number of
clinically useful tissue biomarkers (antigens) has enormously expanded the quantity and

quality of the immunohistologic repertoire (Hammond et al., 2010).

2.4.9 Basic Principles of Immunohistochemistry

Surgical pathologists have long recognized their fallibility, although they have not always
publicized it (Taylor et al., 1994). They have, however, sought more certain means of
validating morphologic judgments. A variety of “special stains” were developed to facilitate
cell recognition and diagnosis; most of these early stains were based on chemical reactions of

cell and tissue components in frozen sections (histochemistry) (Halliwell, 1997). In certain
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circumstances, these histochemical stains proved to be of critical value in specific cell
identification. More often, they served merely to highlight or emphasize cellular or histologic
features that supported a particular interpretation without providing truly specific
confirmation. When the new field of immunohistochemistry was created by combining
immunology with histochemistry, a wide variety of truly specific special stains were

generated.

The aims of immunohistochemistry are akin to those of histochemistry. Indeed,
immunohistochemistry builds on the foundations of histochemistry; it does not replace
histochemistry but rather serves as a valuable adjunct that greatly extends the variety of tissue
components that can be demonstrated specifically within tissue sections or other cell
preparations (Kaur et al., 2011). As emphasized by pioneers in this field of functional
morphology, “the objective of all staining is to recognize microchemically the existence and
distribution of substances which we have been made aware of macrochemically (Mann,

1902).

The basic critical principle of immunohistochemistry, as with any other special staining
method, is a sharp visual localization of target components in the cell and tissue, based on a
satisfactory signal-to-noise ratio (Boland et al., 2008). Amplifying the signal while reducing
non-specific background staining (noise) has been a major strategy to achieve a satisfactory
result that is useful in daily practice (Boland et al., 2008). After more than two decades,
advances in immunohistochemistry have provided a feasible approach to performing
immunostaining on routinely processed tissues, such that this method is now “routine” for the
performance of immunohistochemistry “special stains” in surgical pathology laboratories
using formalin fixed paraffin embedded tissues. However, demands for improved

reproducibility and for quantification has led to a growing recognition that
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immunohistochemistry has the potential to be more than just a special stain. If properly
controlled in all aspects of its performance, immunohistochemistry can provide a tissue-based
immunoassay with the reproducibility and quantitative characteristics of an ELISA (enzyme-
linked immunosorbent assay) test, which not only detects the presence of an ‘“analyte”
(protein or antigen) but also provides an accurate and reliable measure of its relative or real

amount (Lynch et al., 2008).

2.5 Animal Models in Colon Carcinogenesis

2.5.1 Rodent Colon Tumour Models (History and Overview)

The study of experimental colon carcinogenesis in rodents has had a remarkably long history,
dating back almost 80 years (Crebs, 1928). Perhaps the earliest published study of Lorenz et
al., (1941), demonstrated tumorigenesis in the fore stomach and intestine of mice following
feeding with the polycyclic aromatic hydrocarbon, methylcholanthrene. Lisco et al., (1947)
reported that feeding radioactive yttrium to rats induced a high proportion of colon tumors.
Walpole et al., (1952) reported that white rats given injections of 4-aminodiphenyl and 3,2-

dimethyl-4-aminodiphenyl developed colon tumors.

In summary, there are a number of advantages in studying the pathogenesis of carcinogen-
induced colon cancer in rodent models. The models are highly reproducible, they can be
readily tested on animals with different genetic backgrounds and the pathogenesis
recapitulates human colorectal cancer, at least at the early stages. Historically, the majority of
colon carcinogenesis studies have been carried out in rats (Madara et al., 1983). However, the
high frequency of tumors generated within the distal colon of mice, as well as the
histogenesis of multiple adenomas with subsequent development of adenocarcinomas, also
validate the importance of this species for studying the pathogenesis of colon cancer

(Nambiar et al., 2003). An advantage of murine models is the availability of extensive
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genetic information on individual mouse lines, the existence of recombinant inbred mouse
panels and the ever-increasing number of transgenic, knockout and knocks in genetic models

that are available for study.

2.6 Role of MNU in Colon Carcinogenesis

N-methyl-nitrosourea (MNU), are among the primary causes of cancer (Verma et al. 2013).
N-methyl nitrosourea an alkylating agent was reported to induce retinal degeneration in mice,
rats, and other animals following systemic administration, providing a simple model of retinal
degenerative diseases as well as tumours of other sites. It exhibits its toxicity by transferring
its methyl group to nucleo bases in nucleic acids which can lead to AT: GC transition

mutation (Swanson et al., 1996).

2.7 Oxidative Stress and Cancer/ Colon Carcinogenesis.

The oxidative stress, defined as the imbalance between oxidants and antioxidants in favour of
the oxidants potentially leading to damage has been suggested to be that which cause aging
and various diseases in humans. In modern western medicine, the balance between
antioxidation and oxidation is believed to be a critical concept of maintaining a healthy
biological system (Dreosti, 1991; Ahmad et al., 2012; Davies, 2000; Tiwari, 2001; Katalinic
et al., 2006). Oxidative stress is among the major causative factors in the induction of many
chronic and degenerative diseases including atherosclerosis, diabetes mellitus, cancer,

parkinson’s disease, immune dysfunction and ageing (Souri et al., 2008).

2.8 Free Radicals and Antioxidants

Free radicals, primarily the reactive oxygen species (ROS), superoxide and hydroxyl radicals
which are highly reactive having an unpaired electron in an atomic or molecular orbit are

generated under physiological conditions during aerobic metabolism. As free radicals are
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potentially toxic, they are usually inactivated or scavenged by antioxidants before they can

inflict damage to lipids, proteins or nucleic acids.

The human body has a complex antioxidant defense system that includes the antioxidant
enzymes superoxide dismutase (SOD), glutathione peroxidase (GSHPXx), and catalase (CAT).
These block the initiation of free radical chain reactions (Dusica and Vesna, 2002). The
nonenzymatic antioxidant components consist of molecules such as glutathione, alpha
tocopherol, ascorbic acid and beta-carotene that react with activated oxygen species and

thereby prevent the propagation of free radical chain reactions.

However, when free radicals are generated in excess or when the cellular antioxidant defense
system is defective, they can stimulate chain reactions by interacting with proteins, lipids and
nucleic acids causing cellular dysfunction and even death. Physiologically, antioxidants play
a major role in preventing the formation of free radicals (Atawodi et al., 2010), which are
responsible for many oxidative processes. Antioxidants may be synthetic, such as butylated
hydroxyanisole (BHA), Propyle gallate (PC) and butylated hydroxytoluene (BHT) or of
natural origin such as alpha-tocopherol, phenolic compounds as well as polyphenolics (Abas

et al., 2006).

Natural products of plant origin are major source of vitamin C, vitamin E, and beta —carotene
and have been proposed as potential source of natural antioxidants with strong activity (Duh
et al., 1999). This activity is mainly due to the presence of phenolic compounds such as
flavonoids, phenols, flavonols and proanthocyanidins (Rice-Evans et al., 1996). Polyphenols
are the major plant compounds with high level of antioxidant activity. This activity could be
due to their ability to absorb, neutralize and to quench free radicals (Duh et al., 1999). Their
ability as free radical scavenger could also be attributed to their redox properties, presence of

conjugated ring structures and carboxylic group which have been reported to inhibit lipid
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peroxidation (Rice-Evans et al., 1996). Antioxidant is one of the most essential ingredients of
today’s therapies since they reduce in vivo oxidative damages. Plants are the good resources
for natural antioxidants. 1,1- diphenyl-2-picrilhydrazyl (DPPH) radicals scavenging method
is widely used to investigate the total antioxidant activities in plants. Antioxidant substances
block the action of free radicals which have been implicated in the pathogenesis of many
diseases including atherosclerosis, ischemic heart disease, cancer, Alzheimer’s disease and in
the ageing process. Antioxidants can be effective in the prevention of free radical formation
by scavenging or promotion of their decomposition and thus, suppress such disorders. Hence,
there is growing interest in natural antioxidants from herbal and food plant sources (Atawodi,
2010; Atawodi and Onaolapo, 2010; Ghanbari et al., 2012 and Zia-Ul-Haq et al., 2012a) as
epidemiological and laboratory studies have strongly supported their therapeutic and
protective efficacies in biological systems (Souri et al., 2008 and Atawodi, 2011). Besides,
vegetables, spices and herbs are rich in natural antioxidants that protects against oxidative
stress and thus play important roles in the therapy and chemoprevention of diseases that have
their etiology and pathophysiology in reactive oxygen species (Atawodi et al., 2010a; b;

Atawodi, 2011a and Manzoor et al., 2012).

In traditional Chinese medicine for more than 2000 years, a general recommendation to their
consumption is to increase the intake of foods rich in antioxidant compounds (e,g
polyphenols, carotenoids) due to their well-known healthy effects (Kitts, et al., 2000). As a
consequence, these evidences accelerated the search for antioxidants principles, which led to
the identification of natural resources and isolation of active antioxidant molecules. Many
plants have been identified as having potential antioxidant activities and their consumption
recommended (Kitts, et al., 2000; Lee et al., 2003; Piao et al., 2008; Kilani et al., 2008 and

Wang et al., 2009).
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Bioactive phenols are very interesting as antioxidants because of their ability to act as
efficient free radical Abbreviations: Butylated hydroxytoluene (BHT), 1,1- diphenyl-2-
picrilhydrazyl (DPPH), acute myeloid leukemia (AML), scavenging (Langley-Evans, 2000).
In the last two decades the number of publications on the potential health benefits of
polyphenols, have increased enormously (Tiwari, 2001; Lee et al., 2003; Hinneburg et al.,

2006 and Katalinic et al., 2006).

2.9 Haematological Parameters in Colon Carcinogenesis and their Applications as

Possible Cancer Biomarker.

Haematology refers to the study of the numbers and morphology of the cellular elements of
the blood, the red cells (erythrocytes), white cells (leucocytes), and the platelets
(thrombocytes) and the use of these results in the diagnosis and monitoring of disease (Merck
Manual, 2012). Haemtological studies are useful in the diagnosis of many diseases as well as
investigation of the extent of damage to blood (Onyeyili et al., 1992 and Togun et al., 2007).
Haematological studies are of ecological and physiological interest in helping to understand
the relationship of blood characteristics to the environment (Ovuru and Ekweozor, 2004), and
so could be useful in the selection of animals that are genetically resistant to certain diseases
and environmental conditions (Mmereole, 2008 and Isaac et al., 2013). Haematological
parameters are good indicators of the physiological status of animals (Khan and Zafar, 2005).
Haematological parameters are those parameters that are related to the blood and blood
forming organs (Waugh et al. 2001 and Bamishaiye et al., 2009). Blood act as a pathological
reflector of the status of exposed animals to toxicant and other conditions (Olafedehan et al.,
2010). As reported by Isaac et al., (2013) animals with good blood composition are likely to

show good performance.
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Thus, laboratory tests on the blood are vital tools that help detect any deviation from normal
in the animal or human body (Ogunbajo et al., 2009). The examination of blood gives the
opportunity to investigate the presence of several metabolites and other constituents in the
body of animals and it plays a vital role in the physiological, nutrition and pathological status
of an organism (Aderemi, 2004 and Doyle, 2006). According to Olafedehan et al., (2010),
examining blood for their constituents can provide important information for the diagnosis
and prognosis of diseases in animals and humans. Blood constituents change in relation to the
physiological conditions of health (Togun et al., 2007). These changes are of value in
assessing response of animals to various physiological situations (Khan and Zafar, 2005).
According to Afolabi et al., (2010), changes in haematological parameters are often used to
determine various status of the body and to determine stresses due to environmental,

nutritional and/or pathological factors.

2.9.1 Haematological Components and their Functions

Blood which is a vital special circulatory tissue is composed of cells suspended in a fluid
intercellular substance (plasma) with the major function of maintaining homeostasis (Isaac et
al., 2013). Haematological components, which consist of red blood cells, white blood cells or
leucocytes, mean corpuscular volume, mean corpuscular haemoglobin and mean corpuscular
haemoglobin concentration are valuable in monitoring feed toxicity especially with feed
constituents that affect the blood as well as the health status of farm animals (Oyawoye and
Ogunkunle, 2004). Red blood cells (erythrocytes) serve as a carrier of haemoglobin. It is this
haemoglobin that reacts with oxygen carried in the blood to form oxyhaemoglobin during
respiration (Johnston and Morris, 1996 and Chineke et al., 2006). According to Isaac et al.,
(2013), red blood cell is involved in the transport of oxygen and carbon dioxide in the body.

Thus, a reduced red blood cell count implies a reduction in the level of oxygen that would be
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carried to the tissues as well as the level of carbon dioxide returned to the lungs (Soetan et al.,

2013 and Isaac et al., 2013).

The major functions of the white blood cells and its differentials are to fight infections,
defend the body by phagocytosis against invasion by foreign organisms and to produce or at
least transport and distribute antibodies in immune response. Thus, animals with low white
blood cells are exposed to high risk of disease infection, while those with high counts are
capable of generating antibodies in the process of phagocytosis and have high degree of
resistance to diseases (Soetan et al., 2013) and enhance adaptability to local environmental
and disease prevalent conditions (Kabir et al., 2011; Okunlola et al., 2012; Iwuji and Herbert,
2012 and Isaac et al., 2013). Blood platelets are implicated in blood clotting. Low platelet
concentration suggests that the process of clot-formation (blood clotting) will be prolonged

resulting in excessive loss of blood in the case of injury.

Packed Cell Volume (PCV) which is also known as haematocrit (Ht or Hct) or erythrocyte
volume fraction (EVF) is the percentage (%) of red blood cells in blood (Purves et al., 2003).
According to Isaac et al., (2013), Packed Cell VVolume is involved in the transport of oxygen
and absorbed nutrients. Increased Packed Cell VVolume shows a better transportation and thus
results in an increased primary and secondary polycythemia. Haemoglobin is the iron-
containing oxygen-transport metalloprotein in the red blood cells of all vertebrates (Maton et
al., 1993), with the exception of the fish family, channichthyldae (Sidell and O ‘Brien, 2006),
as well as tissues of invertebrates. Haemoglobin has the physiological function of
transporting oxygen to tissues of the animal for oxidation of ingested food so as to release
energy for the other body functions as well as transport carbon dioxide out of the body of

animals (Ugwuene, 2011; Omiyale et al., 2012; Soetan et al., 2013 and Isaac et al., 2013).
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According to Peters et al., (2011), previous reports stated that Packed Cell Volume,
haemoglobin and mean corpuscular haemoglobin are major indices for evaluating circulatory
erythrocytes, and are significant in the diagnosis of anaemia and also serve as useful indices
of the bone marrow capacity to produce red blood cells as in mammals (Awodi et al., 2005
and Chineke et al., 2006). Furthermore, Chineke et al., (2006) posited that high packed cell
volume (PCV) reading indicated either an increase in number of red blood cells (RBCs) or
reduction in circulating plasma volume. Mean corpuscular haemoglobin and mean
corpuscular haemoglobin concentration indicate blood level conditions. A low level is an

indication of anaemia (Aster, et al., 2004).

2.10 Plants with Chemo-preventive Effect on Colon Carcinogenesis

2.10.1 Hyphaene thebaica

Doum palm (Hyphaene thebaica) is a desert palm native to Egypt, sub-Saharan Africa and
West India. It is known in Egypt as the doum or gingerbread palm which grows to a height of
6 or 9 m and usually has forked stems with fan shaped leaves, 65-75 cm long. It is listed as
one of the useful plants of the world (Fletcher, 1997). The trunk of the palm is used for
construction, as well as for manufacture of various domestic utensils and the leaves used to
make mats, bind parcels and writing paper. The oblong, yellow-orange apple sized fruit has a
red outer skin, a thick, spongy and rather sweet, fibrous fruit pulp that tastes like gingerbread

and a large kernel.

2.11 Distribution and Habitat

The doum palm is native to the northern half of Africa. It is widespread in the Sahel and
grows from Mauritania and Senegal in the west, through Central Africa, and east to Egypt,

Kenya and Tanzania. It tends to grow in areas where ground water is present and is found
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along the Nile River in Egypt and Sudan, in riverine areas of northwestern Kenya, and along
the Niger River in West Africa. It is also native to the Levant and the Arabian Peninsula
(Israel, Sinai, Yemen and Saudi Arabia. and is reportedly naturalized in the Netherlands
Antilles in the Caribbean (Facciola, 2014). It grows in wadis and at oases, but sometimes
occurs away from water and on rocky hillsides. It dislikes waterlogged soils and is very

resistant to destruction by bushfires (Brunken et al., 2014).
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Plate 2.1: Picture Showing Hyphaene thebaica tree and fruit
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2.12 General Uses of Hyphaene thebaica fruit

The doum palm flourishes in hot dry regions where little else grows and the tree is
appreciated for the shade it provides. All parts of the tree are useful, but probably the most
important product is the leaves (EI-Gendy et al., 2008). The fibre and leaflets are used by
people along the Niger and Nile Rivers to weave baskets, such as in the material culture of
the Manasir. Other things made from the leaves are mats, coarse textiles, brooms, ropes,
string and thatch (Brunken et al., 2014). The timber is used for posts and poles, furniture
manufacture and beehives, and the tree provide wood for fuel. The leaf stalks are used for
fencing and the fibre is used for textiles. Other products include fishing rafts, brooms,

hammocks, carpets, buttons and beads (Kamis, 2003).

2.13 Nutritional Composition of Different Parts

The doum palm fruit-dates are also known in Eritrea as Akat, or Akaat in the Tigre language.
The thin dried brown rind is made into molasses, cakes, and sweetmeats. The unripe kernels
are edible. The shoots of the germinated seeds are also eaten as a vegetable (Facciola, 2014).
In Egypt, the fruit is sold in herbalist shops, and is popular among children, gnawing its sweet
yet sour hard fibrous flesh beneath the shiny hard crust. In Diu, Una and Saurashtra region of
Gujarat (India), the tree is known as Hoka Tree and the red ripe edible fruit is known as
Hoka. In northern part of Nigeria, among the Hausa people, it's known as "Goruba”. Apart
from the use of the fruit as food, juice is extracted from the young fruit and palm wine is

prepared from the sap (Kamis, 2003).
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Plate 2.2: Picture Showing Hyphaene thebaica fruit

32



2.14 Uses as Recipe in Traditional Medicine

The fruit of the doum palm has been used in folk medicine to treat hypertension. In a trial, a
group of patients with raised blood pressure were all given an antihypertensive drug but in
half the individuals, this was supplemented with doum fruit extract. It was found that those
receiving the supplement had lower systolic and diastolic pressures and lower total
cholesterol, and the blood lipids and lipoproteins were changed in such a way as to decrease

the risk of cardiovascular disease (EI-Gendy et al., 2008).
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Plate 2.3: Picture Showing Hyphaene thebaica fruit
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2.15 Phytochemical Constituents of Different Parts

Phytochemicals are non nutritive bioactive chemical compounds that occur naturally in plants
such as polyphenol and flavonoids, which are considered to have beneficial effects on human
health and have disease preventive properties. The presence of these compounds in H.
thebaica fruit proved that the plant can be used as a potential food and drug (Hsu et al., 2006,
Faten, 2009). The doum palm is among the more important plant families that supplies

human with dietary fibers, carbohydrates and anti-hypertension substances.

2.16 Culinary Uses of Hyphaene thebaica fruit

The Doum palm is among the more important plant families that supplies human with dietary
fibers, carbohydrates and anti-hypertension substances. The covering of the fruit is edible and
can either be pounded to form a powder or cut off in slices; the powder is often dried, then
added to food as a flavouring agent (Orwa et al., 2011). The fruit pulp is used in cooking, in
various ways, and the different varieties differ in their edibility. While the unripe kernel is

edible, the ripe kernel is hard and used only as a vegetable ivory (Doren, 1999).

Previous studies on Doum had focused on the fruit because, besides its nutritional value, the
fruit drink brewed from a hot water infusion of the dried fruit pulp is widely consumed as a
health tonic and has been valued in the region for its many anecdotal medicinal properties.
Research on the fruit pulp of H. thebaica showed that it contains nutritional trace minerals,
proteins and fatty acids, in particular the nutritionally essential linoleic acid (Kamis et al.,
2003).

Also, the aqueous extract of doum fruits showed an antioxidant and anticancer activities; this
is due to the substantial amount of their water-soluble phenolic contents (Hsu et al., 2006;

Faten, 2009).
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The phytochemical, called lignans, found in H. thebaica fruit have apparent anti-carcinogenic
action and antifungal activity against a wide range of fungal isolates as mentioned by Carter
in (1993). Also, prominent antibacterial activities of doum fruits were reported against gram

positive and gram negative bacteria (Dosumu et al., 2006).
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CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1 Chemicals

The carcinogen (MNU) was purchased from BDH Chemical Ltd, Poole, England.
Carcinoembryonic antigen assay kit was purchased from Diagnostic Automation Inc CA.
Others are formal-saline, graded alcohol, xylene, paraffin, eosin and hematoxylin. All other

reagents and chemicals of analytical grade obtained from Sigma Alderish.

3.2 Materials and Equipment

Based on the experimental designed, the material and equipment used are listed below:

Dissecting set, temperature regulated centrifuge (TGL-16G. B. Bran Scientific & Instrument
England), homogenizer, UV spectrophotometer (Jenway 6305 model, 50/60Hz, U.K.),
microscope, hand glove, electrical weighing balance (GF-2000, A&D Instrument Ltd, Japan),
water bath (Grant NL-420S series, Grant Instruments Ltd, England), microplate reader (GM-
3000, model 200711012; B. Bran Scientific Company England), micropipette, pH meter

(Jenway 3150 model, UK.), EDTA bottles, foils paper, razor blades and refrigerator.

3.3 Sample Collection and Preparation

Ripe dried fruit of Hyphaene thebaica was purchased from Samaru Market, Zaria and taken
to the Herbarium of the Department of Biological Sciences, Ahmadu Bello University, Zaria,
for identification, authentication and a voucher number of the specimen is 3252. The fruit of
Hyphaene thebaica was sun-dried, pounded with pestle and mortar to obtain their powder
form and the powder was stored in air-tight glass containers at room temperature until used
in the experimental diet for dietary inclusion with standard feed based on the experimental

design.
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3.4 Experimental Diet

Grower mash feeds produced by UAC livestock’s company (vital feed with registration
number RC54291) was purchased and used in the entire experiment. The feeds served as base
line for supply of nutrient needed for the growth of the rats, also used to mix the powdered
fruit of Hyphaene thebaica fruit according to the percentage of dietary inclusion (0%, 2.5%,

5% and 10%) respectively.

3.5 Experimental Animals

A total of fourty-two (42) healthy male Albino rats of the wistar strains of 5-6week of age,
weighing 50-80g were purchased from the animal unit of the Department of Pharmacology
and Therapeutics, Faculty of Pharmaceutical Science, Ahmadu Bello University Zaria. The
animals were housed in standard cages at room temperature at the Department of
Biochemistry Animal House, Ahmadu Bello University Zaria and allowed free access to

water and grower mash feeds for two weeks to acclimatize.

At the end of the acclimatization period (one week), all animals were weighed and randomly
divided into six (6) groups of seven animals each (n=7). The experimental animals were fed
according to the group’s percentage of dietary inclusion or standard diet for four (4) weeks
and subsequently induced with MNU for period of 12 weeks or normal saline. The groups
are as follows:

(i) Normal saline + standard feeds.

(i) MNU control: MNU+ standard feed.

(ilf) MNU + dietary inclusion of 2.5% Hyphaene thebaica fruit powder.

(iv) MNU + dietary inclusion of 5% Hyphaene thebaica fruit powder.

(v) MNU + dietary inclusion of 10% Hyphaene thebaica fruit powder.

(vi) Dietary inclusion control normal saline + 10%Hyphaene thebaica fruit powder.
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Figure 3.1: Experimental Design for the Dietary Inclusion of Hyphaene thebaica fruit for

STATISTICAL ANALYSIS

Prevention of Colon Carcinogenesis in Male Albino Wistar Rats.
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3.6 Induction of Colon Cancer

After four (4) weeks of supplemental feeding, the rats in the experimental groups received an
intra-rectal instillation of freshly prepared MNU solution using a syringe with a cannula,
while the rats in the control group also received an intra-rectal instillation of freshly prepared

normal saline.

3.6.1 MNU Preparation and Dosage

All experimental rats received 200ul intrarectal instillation of aqueous solution containing
0.2mg of MNU. The MNU administration was performed every 72 hours until the end of the

experiment (12 weeks).

3.7 Collection of Organs or Tissues

The animals were sacrificed by decapitation one week after the end of the eighteen week of
the last MNU induction and the blood was collected with heparin test tube. The rats were
dissected and the colon, liver, and kidney were removed and fixed quickly in 10% Normal-

saline for subsequent analyses.

The rat’s colon, liver, and kidney were dissected out quickly, weighed and washed
immediately with ice-cold saline to remove blood (absolute weight) using a digital weighing

scale and refrigerated.

The colon, liver and kidney (100 mg tissue/ml buffer) were crushed using mortar and pestle
and homogenized in 50 mM phosphate buffer (pH 7.4); the homogenate was centrifuged at
4000Xg for 10 minutes and the supernatant collected with Pasteur pipette and used for

subsequent analysis.
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3.8 Estimation of Endogenous Antioxidants

3.8.1 Lipid peroxidation by measuring the malondialdehyde (MDA) level

The concentration of thiobarbituric acid reactive substances (TBARS) in the tissue
homogenate was estimated by the method of (Fraga et al., 1988). The formation of
malondialdehyde is the basis for the well known TBA method used for evaluating the extent
of lipid peroxidation. 1ml of the tissue homogenate was treated with 2.0 ml of thiobarbituric
acid-trichloro acetic acid—hydrochloric acid reagent and mixed thoroughly. The mixture was
incubated in a boiling water bath for 15 min, cooled and centrifuged at 12009 for 10 min and

the supernatant was taken and the absorbance was read at 535 nm against the reagent blank.

3.8.2 Superoxide dismutase (SOD) activity assay

The enzyme superoxide dismutase (SOD) decomposes superoxide anion into hydrogen
peroxide and oxygen at a high reaction rate. SOD activity assay method is based on
monitoring the auto-oxidation rate of haematoxylin as originally described by Martin et al.,
1987. In the presence of SOD enzyme, the rate of auto oxidation is inhibited and the
percentage of inhibition is linearly proportional to the amount of SOD present within a
specific range. Sample SOD activity was determined by measuring ratios of auto-oxidation

rates in the presence and absence of the sample.

Auto-oxidation

Heamatoxylin »H,0+Heamatin (active form of heamatoxylin)

The procedure involved exactly 920 puL of phosphate buffer (pH 7.8), which was added into
clean test tube containing 40 pL of sample, mixed and incubated for 2 min at 25°C, before 40

uL of hematoxylin was added, mixed quickly and the absorbance was measured at 560nm.
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3.8.3 Catalase activity assay

Catalase (CAT) activity was measured using the procedure reported by Abei (1984). Briefly,
the method is as follows: 10 puL of serum was added to test tube containing 2.8 ml of 50 mM
phosphate buffer (pH 7.0). The reaction was initiated by adding 0.1 ml of fresh 30 mM H,0,
and the decomposition rate of H,O, was measured at 240 nm for 5 min. on a
spectrophotometer (Jenway 640 UV/Vis). A molar extinction coefficient of 0.0411 mM™cm™

was used to calculate catalase activity.

The reaction was measured at 240 nm for 3 min and H,O, consumption was calculated using

extinction coefficient, 39.4 mM*ecm™.

3.9 Histological Analysis of the Colon

The colon tissue was rapidly fixed for 18-24 hours in 10 % formal saline and dehydrated in
ascending grades of alcohol (70%, 80%, 90%, 95%, and 100 % respectively) for 2 hours
each. The tissue was cleared in xylene and subsequently transferred through a pure paraffin in
an oven for 1 hour and then into a second pot of melted paraffin for additional 2 hours
(infiltration). The tissue were immersed in a mould containing molten paraffin wax, which
was allowed to solidify (embedding) while the tissue was inside and ready for sectioning.
Sections of 3 um in thickness was prepared according to standard micro techniques onto
glass slide and stained with hematoxylin and eosin. Photomicrographs under light microscope

at high power magnifications (x 250) were examined for histopathological changes.

3.10 Haematological Analysis

The whole blood of the sacrificed animals was collected into EDTA bottles for analysis of

haematological parameters such as haemoglobin concentration (Hb.), white blood cell count
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(WBC), red blood cell count (RBC), packed cell volume (PCV), platelet (PLT), mean
corpuscular volume (MCV), mean corpuscular haemoglobin (MCH), mean corpuscular
haemoglobin concentration (MCHC). The determination of haematological parameters was

done within two hours of sample collection using Automated Haematological analyser.

3.11 Carcinoembryonic Antigen Assay

Carcinoembryonic Antigen is one of the most widely used tumor markers worldwide and
certainly the most frequently used marker in colorectal cancer (Sturgeon et al., 2008). The
concentration of CEA was determined by enzyme-linked immunosorbent assay (ELISA) test
based on the principle of a solid phase enzyme-linked immunosorbent assay. The assay
system utilizes a monoclonal antibody directed against a distinct antigenic determinant on the
intact CEA molecule was used for solid phase immobilization (on the microtiter wells). A
goat anti-CEA antibody conjugated to horseradish peroxidase (HRP) is in the antibody-
enzyme conjugate solution. The test sample was allowed to react simultaneously with the two
antibodies, resulting in the CEA molecules being sandwiched between the solid phase and
enzyme-linked antibodies. After 1 hour incubation at room temperature, the wells were
washed with water to remove unbound labelled antibodies. The colour development was
stopped with the addition of Stop Solution changing the colour to yellow. The concentration
of CEA is directly proportional to the colour intensity of the test sample. Absorbance was

measured spectrophotometrically at 450 nm.

3.12 Immunohistochemical Assay Method

The method used is the Avidin Biotin Complex (ABC) method also referred to as the avidin
biotin Immunoperoxidase method. Exactly 2 microns thick of formalin fixed and paraffin

embedded tissues were cut for the IHC. Antigenic sites were retrieved using citric acid (pH
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6.0) solution in pressure cooker at 100°C for 25 minutes. Peroxidases, protein and biotin
blocks were done using hydrogen peroxide, avidine and biotin respectively. MLH1 antibody
was diluted (1.100) and incubated on sections at 6°C for 60 minutes. These were followed by
the biotylinated secondary antibody, streptavidine and DAB/substrate reaction as described

by Goldstein et al., (2007); Wolff et al., (2007).

3.12.1 Pre-Analytical Procedure

The processed tissue were sectioned at 2 microns on the rotary microtome and placed on the
hot plate at 70°C for lhour. Sections were brought down to water by passing them on 2
changes of xylene, then 3 changes of descending grades of alcohol (molecular grade) and to
water. Antigen retrieval was performed on the sections by heating them in a citric acid
solution of pH 6.0 using the Microwave at power 100°C for 15 minutes. The sections were
equilibrated gradually with cold water to displace the hot citric acid for at least 5 minutes for

the section to cool.

Peroxidase blocking was done on the sections by simply covering section with 3% hydrogen
peroxide (H,0,) for 15min. Sections were washed with phosphate buffered solution (PBS)
and protein blocking were performed using avidin (100 pl to cover the slide) for 15 minutes.
Sections were washed with PBS (about 100 pl of pH 7.2) and endogenous biotin in tissue was
blocked using biotin for 15 minutes, and then incubated with the respective diluted primary

antibody (MLH1) for 60 minutes.

Excess antibodies were washed off with PBS and a secondary antibody (LINK) was applied
on the sections for 15 minutes. Slide sections were washed and the LABEL which is the
horseradish peroxidase (HRP) was applied on the sections for 15 minutes. A working

diaminobenzidine (DAB) solution was made up by mixing 1 drop (20 microns) of the DAB
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chromogen to 1ml of the DAB substrate. This working solution was applied on sections after
washing off the HRP with PBS for at least 5 minutes. Excess DAB solution and precipitate
were washed off with water and sections were counterstained with haematoxylin solution for
at least 2 minutes and blued briefly. Sections were dehydrated in alcohol, cleared in xylene,

coverslip and mounted.

3.12.2 Post-Analytical Procedure

In the post-analytical process, the stains were interpreted by a pathologist in context with
positive and negative tissue controls, using bright field microscopy (maginification at x 40)

and the results were reported.

3.13 Statistical Analysis

The results were reported as mean = SD. The statistical significance between the control and
other groups of experimental animals was determined by one-way ANOVA followed by
Duncan test for multiple comparisons. Statistical test was performed at p <0.05 level of

significance.
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CHAPTER FOUR

4.0 RESULTS AND DISCUSSION

Assessment of the packed cell volume (PCV), neutrophil, lymphocyte in the liver and colon
homogenate revealed that the MNU control group showed a lower percentage level of packed
cell volume (PCV) concentration which was significantly (p<0.05) different from the normal
control group and the groups that received 2.5%, 5% and 10% of the dietary inclusion of H.
thebaica fruit with MNU or normal saline respectively. The MNU control group showed
higher percentage level of neutrophil and lymphocyte concentration which was significantly
(p<0.05) different from the normal control group and the group that received 2.5%, 5%, 10%

of the dietary inclusion of Hyphaene thebaica fruit (Figure 4.1).

Effect of H. thebaica fruit on haemoglobin and platelet concentration in the blood of different
experimental group revealed that the MNU control group showed lower level of haemoglobin
and platelet concentration which was significantly (p<0.05) different from the normal control
group. However, dietary inclusion of H. thebaica fruit raised the level of these parameters to
the levels that there were no significant (p>0.05) difference with respect to haemoglobin and
platelet concentrations among the groups treated with dietary inclusion of H. thebaica fruit

(Figure 4.2).
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Figure 4.1: Effect of Dietary Inclusion of Hyphaene thebaica Fruit on Percentage

Packed Cell Volume (PCV), Neutrophil and Lymphocyte in the Blood following Twelve

(12) weeks Intrarectal Administration of MNU in Rats.
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Figure 4.2: Effect of Dietary Inclusion of Hyphaene thebaica Fruit on Haemoglobin and

Platelet Concentration in the Blood following Twelve (12) weeks

Administration of MNU in Rats.
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Effect of H. thebaica fruit on white blood cells and red blood cells of different experimental
group revealed that the MNU control group showed higher level of white blood cell
concentration which was significantly (p<0.05) different from the normal control group and
the groups that received 2.5%, 5% and 10% of the dietary inclusion of H. thebaica fruit. The
MNU control group also showed lower level of red blood cells which was significantly
(p<0.05) different from the normal control group and the group that received 2.5%, 5%, and
10% of dietary inclusion of H. thebaica fruit with MNU or normal saline respectively (Figure

4.3).
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Figure 4.3: Effect of Dietary Inclusion of Hyphaene thebaica Fruit on White Blood Cell
(WBC) and Red Blood Cell (RBC) in the Blood following Twelve (12) weeks Intrarectal

Administration of MNU in Rats.
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Assessment of the effect of H. thebaica fruit on lipid peroxidation levels in the liver and
colon homogenate showed that there was increase in the level of malondialdehyde (MDA) in
the liver and colon of rats in the MNU control group which was significantly (p<0.05) higher
than the normal control groups. However, dietary inclusion with H. thebaica fruit brought the
MDA content to a level that there were no significantly (p>0.05) different between the group
that received various dietary inclusion of H. thebaica fruit respectively in which lipid

peroxidation level was low (Table 4.1).

Assessment of the effect of H. thebaica fruit on activities of superoxide dismutase in liver
and colon homogenate showed that the MNU control group had a significantly (p<0.05)
lower activities of superoxide dismutase in the liver and colon compared to the normal
control group, also there were no significantly (p>0.05) differences between groups that

received various dietary inclusion of H. thebaica fruit (Table 4.2).

Assessment of the effect of H. thebaica fruit on activities of catalase activities in liver and
colon homogenate showed that the MNU control group had a significantly (p<0.05) lower
activities of catalase in the liver and colon compared with the normal control group, but there
were no significantly (p>0.05) differences between the groups that received different level of

dietary inclusion of H. thebaica fruit (Table 4.3).
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Table 4.1: Effect of Dietary Inclusion of Hyphaene thebaica Fruit on MDA Level in

Liver and Colon Homogenate following Twelve (12) weeks Intrarectal Administration

of MNU in Rats.

Group Treatment

MDA levels (nmol/mg protein)

Liver Colon
(i)  Normal Control 50.25+4.1° 15.01+2.6"
(i)  MNU Control 94.39+5.0¢ 55.01+6.2°
(iii))  MNU+2.5% of H. thebaica fruit 31.00+2.3° 44.99+7 6"
(iv) MNU+5% of H. thebaica fruit 29.91+6.8% 33.93+2.4°
(V) MNU+10% of H. thebaica fruit 25.82+6.6° 17.98+3.4°
(vi)  10% of H. thebaica fruit Control 23.38+2.4° 10.11+2.3

N=6: Values are MeantSD; Values having different letters across the column

significantly different (p <0.05).
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Table 4.2: Effect of Dietary Inclusion of Hyphaene thebaica Fruit on SOD Activities in

Liver and Colon Homogenate following Twelve (12) weeks Intrarectal Administration

of MNU in Rats.

Group Treatment

SOD Activity (U/min/mg protein)

Liver Colon
(i) Normal Control 20.07+09.8" 84.50+11.3°
(i) MNU Control 07.65+2.0° 18.66+12.2°
(iii) MNU+2.5% of H. thebaica fruit 25.69+10.3° 70.99+22.8"
(iv) MNU+5% of H. thebaica fruit 26.59+12.1° 108.39+11.3°
(v) MNU+10% of H. thebaica fruit 31.83+29.8" 122.73+13.7°
(vi) 10% of H. thebaica fruit Control 36.29+20.4° 125.68+13.9"

N=6: Values are Mean+SD; Values having different letters across the column are

significantly different (p <0.05).
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Table 4.3: Effect of Dietary Inclusion of Hyphaene thebaica Fruit on Catalase Activities

in Liver and Colon Homogenate

Administration of MNU in Rats.

following Twelve (12) weeks Intrarectal

Group  Treatment

Catalase Activity (U/min/mqg protein)

Liver Colon
i)  Normal Control 48.47+3.3° 34.19+3.4

(i)

(i) MNU Control 36.23+2.1° 18.33+9.2°

(iii) MNU+2.5% of H. thebaica fruit 79.78+3.8° 83.61+7.2°

(iv) MNU+5% of H. thebaica fruit 84.99+6.9° 89.27+3.9%
(v)  MNU+10% of H. thebaica fruit 93.37+6.7% 88.78+4.8%
(vi) 10% of H. thebaica fruit Control 96.33+3.4° 92.37+3.3¢

N=6: Values are Meantz S.D; Values having different letters across the column are

significantly different (p <0.05).
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The photomicrogragh of histopathological section of the liver following 12 weeks MNU
administration intra-rectally, fed with dietary inclusion of H. thebaica fruit in rats; revealed
that the MNU control group showed focal interglandular inflammation when compared to the
normal control group and other groups that received 5% and 10% dietary inclusion of H.
thebaica fruit respectively, which showed essentially normal liver, except the group that
received lowest dietary inclusion of H. thebaica fruit (2.5% of dietary inclusion of H.

thebaica fruit) which showed focal inflammation (Plate 4.1).

The Photomicrogragh of histopathological section colon following 12 weeks MNU
administration intra-rectally fed with dietary inclusion of H. thebaica fruit in rats; showed
that the MNU control group showing a colon with severe damage to the mucosa cells when
compared to the colon tissue of the normal control group. A better colon cells was seen in the
groups that were treated with the 5% and 10% of dietary inclusion of H. thebaica fruit, but
mild surface ulceration was observed in the group that received lowest percentage (2.5%) of

dietary inclusion of H. thebaica fruit (Plate 4.2).

Effect of Hyphaene thebaica fruit on carcinoembryonic antigen (CEA) in the serum of
different experimental group following 12 weeks MNU administration intra-rectally, fed with
dietary inclusion of H. thebaica fruit in rats; revealed that the MNU control group showed
higher level of CEA concentration which was significantly (p<0.05) different from the
normal control group. However, there is dose-dependent decrease in the groups that received

2.5%, 5% and 10% dietary inclusion of H. thebaica fruit respectively (Plate 4.4).
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1b: MNU control group: essentially normal
liver with (a) focal interglanduloar

inflammation (X40).

la: Normal control group: essentlally normal
liver (X40).

1d: MNU+5% H. thebaica fruit: essentially
normal liver (x40).

1c: MNU+2.5% H. thebaica fruit: (a) focal
inflammation (X40).

1f: 10% H. thebaica fruit control:essentially

le: 10% + MNU H. thebaica fruit: essentially

normal liver (X40). normal liver (x40).

Plate 4.1: Photomicrogragh of Histopathological Section of the Liver Using Eosin and
Haematoxylin Stain following Twelve (12) weeks Intrarectal Administration of MNU in

Rats fed with Different Level of Dietary inclusion of Hyphaene thebaica fruit.
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2a: Normal control group: essentially 2b: MNU control group: colon with
normal colon (X10). (b) deep mucosal ulceration (X10).

2 i b 53 "y 4 \:k
2c: MNU+2.5% H. thebaica fruit:(b) mild
surface ulceration (X10).

5 o Rl -,

2d: MNU+5%H. thebaica fruit:
predominantly normal colon (X10).

2e: MNU+10%H. thebaica fruit:

. i 2f: 10% H. thebaica fruit control: essentially
essentially normal colon with non-

) normal colon with non-ulceration mucosal,
ulceration mucosal, normal muscular and

normal muscular and serosa (X10).
serosa (X10).

Plates 4.2: Photomicrogragh of Histopathological Section of the Colon Using Eosin and

Haematoxylin Stain following Twelve (12) weeks Intrarectal Administration of MNU in Rats
fed with Different Level of Dietary inclusion of Hyphaene thebaica fruit.
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Figure 4.4: Carcinoembryonic Antigen (CEA) Concentration of the Serum following
Twelve (12) weeks Intrarectal Administration of MNU in Rats Fed with Different Level

of Dietary inclusion of Hyphaene thebaica Fruit.
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The Photomicrograph of immunohistochemistry section of the colon following 12 weeks
MNU administration intra-rectally, fed with dietary inclusion of H. thebaica fruit in rats
showed that there was mild to moderate expression (brown colouration on mucosa cells) of
MLH1 antibody in the normal control group and the groups treated with 10% dietary
inclusion of H. thebaica fruit, but there was no expression of MLH1 antibody in the MNU
control group and the groups that received 2.5% and 5% dietary inclusion of H. thebaica fruit

(Plate 4.3).
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3a: Normal control group: moderate

3b: MNU control group: no expression of
expression of the antibody (MLH1) (X40).

the antibody (MLH1) (X40).

3c: MNU +2.5%H. thebaica fruit: showing

. . 3d: MNU +5% H. thebaica fruit: no
no mucosal expression of the antibody

expression of the antibody (MLH1) (X40).

(MLH1) (X40).
k 5

3f: 10% H. thebaica fruit control:
3e: MNU +10% H. thebaica fruit: moderate predominantly normal mucosal with mild
expression of the antibody (MLH1) (X40). expression of the antibodv (MLH1) (X40).

Plates 4.3: Photomicrogragh of Immunohistochemistry Section of the Colon following

Twelve (12) weeks Intrarectal Administration of MNU in Rats Fed with Different Level of

Dietary inclusion of Hyphaene thebaica fruit.
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CHAPTER FIVE

5.0 DISCUSSION

Haematological parameters and its knowledge can be used to assess the health as well as the
physiological status of farm animals under consideration. Changes of these parameters have
been studied in rats (Oyawoye and Ogunkunle, 2004). The significant (p<0.05) decrease in
the packed cell volume (PCV), haemoglobin (Hb) and red blood cell (RBC) concentration of
the MNU control group indicating anaemia, which may be due to red blood cell destruction
(Collen et al., 2003), which in this experiment, is connected with MNU toxicity. According
to Isaac et al. (2013), packed cell volume is involved in the transport of oxygen and absorbed
nutrients. According to Oyawoye and Ogunkunle (2004), haemoglobin concentrations are
valuable in monitoring feed toxicity especially with feed constituents that affect the blood as
well as the health status of farm animals. Thus, low packed cell volume (PCV), haemoglobin
(Hb) and red blood cell (RBC) concentration might suggest oxidative stress-related to red
blood cell destruction in the MNU control group, while the higher level of packed cell
volume (PCV), haemoglobin (Hb) and red blood cell (RBC) concentration in the group that
received various percentage of dietary inclusion of Hyphaene thebaica fruit indicate ability of
Hyphaene thebaica fruit to prevent oxidative-stress related damage to red blood cell
membrane (Asuku et al., 2012), which may be due to the presence of the substantial amount
of their water-soluble phenolic content (Fig. 4.1, Fig. 4.2 and Fig. 4.3). This is in agreement
with work of Katalinic et al., (2006) and Eldahshan et al., (2008), (2009), that the presence of
water-soluble phenolic content in Hyphaene thebaica fruit prevents damage to red blood cell

membrane.

The significant (p<0.05) increase in platelet concentration of the MNU control group may be

due to red blood cell destruction (Collen et al., 2003), which in this experiment, is connected
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with MNU toxicity. According to Hsu et al., (2006), blood platelets are implicated in blood
clotting. Therefore, low platelet concentration suggests that the process of clot-formation
(blood clotting) will be prolonged, resulting in excessive loss of blood in the case of injury.
Thus, increase in platelet concentration might suggest oxidative stress-related red blood cell
destruction in the MNU control group, while decrease in the platelet concentration of the
group that received 10% dietary inclusion of Hyphaene thebaica fruit in (Table 4.2) suggest
the potency of the Hyphaene thebaica fruit to prevent oxidative-stress related damage to red

blood cell membrane.

The significant (p<0.05) increase in the white blood cell (WBC) concentration of the MNU
control group may be due to ability of white blood cell (WBC) to fight infections, defend the
body by phagocytosis against invasion by foreign organisms and to produce or at least
transport and distribute antibodies in immune response (Fig. 4.3). According to lIsaac et al.,
(2013); Soetan et al., (2013) and Kabir et al., (2012), animals with low white blood cells are
exposed to high risk of disease infection, while those with high counts are capable of
generating antibodies in the process of phagocytosis and have high degree of resistance to

diseases and enhance adaptability to local environmental and disease prevalent conditions.

Oxidative stress has been suggested to contribute to the pathogenesis of carcinogenicity and
lipid peroxidation is one of the characteristic features of cancer (Halliwell, 2007).
Malondialdehyde (MDA) is found during oxidative degeneration as a product of free oxygen

radicals which is accepted as an indicator of lipid peroxidation.

In the present study, N-Methyl-nitrosourea (MNU) toxicity leads to formation of lipid
peroxides, which in turn produce malondialdehyde that cause damage to cell membranes

(Siddhartha et al., 2011). This lead to the fact that the groups of rats that received dietary
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inclusion of Hyphaene thebaica fruit showed significantly lower level of malondialdehyde in
the colon and liver compared to the MNU control group (Fig.4.1) suggesting that the lipid
peroxidation of membranes caused by MNU toxicity was prevented by dietary inclusion of
Hyphaene thebaica fruit and thus implying that this fruit contains antioxidant compounds
such as polyphenols, flavonoids, that were capable of scavenging free radicals from the
tissues of the rats that received dietary inclusion of Hyphaene thebaica fruit. This is in
agreement with the work of Asuku et al., (2012), that the presence of flavonoids and

polyphenols in fruits prevent lipid peroxidation of cell membranes.

The significant (p<0.05) elevation in the activities of superoxide dismutase and catalase in the
liver and colon of the groups that received dietary inclusion of Hyphaene thebaica fruit
compared to the MNU control group strongly suggest high anti-oxidative effect of the
Hyphaene thebaica fruit, probably due to the substantial amount of their water-soluble
phenolic content. According to Kamis et al., (2003), doum fruit is a rich source of fibers and
antioxidants, also other valuable substances such as carbohydrates and minerals especially
potassium for people suffering from blood pressure problems, also since it has been reported
that some antinutrients exhibit protective effects, thus making them to serve a dual purpose of
reducing some essential nutrients and protecting the body against a number of biochemical,
physiological and metabolic disorders (Reddy et al., 1991 and Asuku and Atawodi, 2012).
According to Rice-Evans et al., (1996), endogenous antioxidant enzymes (superoxide
dismutase) are effective in conversion of superoxide anion to hydrogen peroxide and oxygen,
while catalase are effective in conversion of hydrogen peroxide to water and oxygen, which
is the primary defense mechanism against oxidative stress since superoxide is such a strong

initiator of chain reactions.

63



Hyphaene thebaica fruit has a strong antioxidant capacity which is in agreement with earlier
work by Atawodi et al., (2010a), that other African foods of Nigerian origin, including
Moringa oleifera, Palm oil, Canarium schweinfurthii oil, Syzygium aromaticum, Hibiscus
esculentum and Dacryodes edulis have been demonstrated to contain appreciable levels of

antioxidant polyphenols, and flavonoids, that have proven to be of therapeutic potential.

The histopathological findings of the colon and liver following 12 weeks MNU
administration in rats in (Plate 4.1 and Plate 4.2) showed essentially normal colon and liver in
the normal control group and the groups that were treated with 5% and 10% dietary inclusion
of H. thebaica fruit, strongly suggest high anti-oxidative effect of the Hyphaene thebaica
fruit , which may be as a result of it’s high contents of antioxidant compounds such as
polyphenols and antioxidant vitamins, inflammation observed in the MNU control group and
the groups treated with 2.5% dietary inclusion of H. thebaica fruit, revealed that MNU
caused severe damage to the mucosal cells, which is connected with MNU toxicity. This is in
agreement to the works of Bafeel and Ibrahim, (2008); Yao and Vieira (2011), which suggest

that MNU toxicity can lead to inflammation in experimental animal.

In vitro experiments showed that carcinoembryonic antigen (CEA) was capable of both
homophilic (CEA binding to CEA) and heterophilic (CEA binding to non-CEA molecules)
interactions. Because alterations in cell adhesion are causally involved in cancer invasion and
metastasis, it was further suggested that CEA may play a role in these processes (Jessup et
al., 1989). The significant (p<0.05) increase in carcinoembryonic antigen (CEA)
concentration in N-methyl-N-nitrosourea (MNU) control group compared to normal control
group shows that MNU caused severe damage to the vital organs, which in this study is
connected with MNU toxicity. However administration of dietary inclusion of Hyphaene

thebaica fruit brought the carcinoembryonic antigen (CEA) concentration to a lower level
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where there is no significant (p<0.05) difference between the group that were fed with
different percentage of Hyphaene thebaica fruit strongly, suggest the potency of Hyphaene
thebaica fruit to prevent oxidative-stress related damage to liver and colon. This may be as a
result of their substantial amount of water-soluble phenolic content. This is in agreement with
works of Katalinic et al., (2006) and Eldahshan et al., (2009), that the presence of antioxidant

in Hyphaene thebaica fruit can prevent oxidative-stress related damage to some vital organs.

Immunohistochemistry has been widely used in diagnosing carcinogenesis because it takes
advantage of the principle of the antigen-antibody affinity reaction through its ability to
identify and localize proteins of interest via detection with labelled conjugates (Lee et al.,
2003). This antigens produced in diseased condition have corresponding antibodies produced
by the body to form a complex compounds which are usually picked up by immunochemical
dyes or stains giving a distinctive colour (brownish colour in the case of the Mut L-homoloq
1 gene) as “expression” under the microscope. The distinct moderate to mild expression of
Mut L-homolog 1 antibody in the normal control group and the groups treated with 10%
dietary inclusion of H. thebaica fruit in (Plate 4.3) strongly suggest high anti-oxidative effect
of the Hyphaene thebaica fruit, which may be as a result of it’s high contents of antioxidant
compounds including polyphenols and antioxidant vitamins. According to Yao and Vieira,
(2011), the presence of high contents of antioxidant compounds including polyphenols and
antioxidant vitamins in some plants and fruits prevent oxidative related damage to organs.
However, no expression of Mut L-homolog 1 antibody in the MNU control group and the
groups treated with 2.5% and 5% dietary inclusion of H. thebaica fruit may be due to
damaged or mutated Mut L-homolog 1. According to Kaur et al., (2011), defect in the DNA
mismatch repair gene like the Mut L-homoloq 1 gene can lead to its inability to recognize and
repair errors that occur during DNA replication. This loss of DNA mismatch repair gene

activity accelerates the rate of accumulation of mutations in other genes leading to excessive
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generation of free radicals during aerobic metabolism which play an important role in the
genesis of structural and functional damage to organs, that could be responsible for the
beginning or aggravation of the basic disease (Smith et al., 1991; Abdulla et al., 1986; and

Halliwell, 1997) also leading to carcinogenesis (Boland et al., 2008).
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CHAPTER SIX

6.0 SUMMARY, CONCLUSION AND RECOMMENDATION

6.1 SUMMARY

This study established that;

I. Hyphaene thebaica fruit can significantly (P<0.05) protect haematological indices (Packed
cell volume from 26.50£8.2 to 55.25+1.3, Haemoglobin from 10.25+1.8 to 18.13+0.4, Red
blood cell from 6.68+0.8 to 11.45+0.3, White blood cell from 14.75+4.1 to 7.40+1.8) from
MNU-induced toxicity.

ii. Hyphaene thebaica fruit can significantly (P<0.05) prevent protein damage in the organs
(liver and colon) from MNU-induced damage and damage to the DNA mismatch repair gene
(Mut I homoloqg 1) by the MNU carcinogen.

iii. Hyphaene thebaica fruit prevented oxidative stress in colon carcinogenesis by increasing
the activities of catalase and SOD, and also by decreasing the concentration of MDA in the

organs (liver and colon).

6.2 CONCLUSION

Plants secondary metabolites such as isoprenoids,phenolics and alkaloids and other natural products
have been demonstrated to offer substantial preventive benefits and also serve as leading sources of
cancer preventing agents whose potential have been demonstrated by both in vitro methods and use of

animal models. This study has demonstrated the positive potential of dietary inclusion of H.
thebaica fruit to prevent colon carcinogenesis against MNU-induced oxidative stress and organs

damage.
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6.3 RECOMMENDATION
From this study it is recommended that elaborate and further experimental design to evaluate
the preventive effect of dietary inclusion with Hyphaene thebaica fruit on other types of
cancers should be carry out and people should be encouraged to increase the consumption of

Hyphaene thebaica fruit because it has a positive potential to prevent colon carcinogenesis.
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APPENDIX 1.0

Effect of Hyphaene thebaica fruit on Percentage Packed Cell Volume (PCV), Neutrophil

and Lymphocyte in the Blood following Twelve (12) weeks Intrarectal Administration

of MNU in Rats.

Group Treatment PCV(%) NEUTRO(%) LYMPHO(%)
(i)  Normal Control 48.50+3.4°  29.75+9.0°  59.75+8.5%
(i)  MNU Control 26.50+8.2°  39.25+7.3°  68.25%6.6"
(iii) MNU+2.5% of H. thebaica fruit 33.25+3.6" 25.25+6.4% 66.50+4.7"
(iv) MNU+5% of H. thebaica fruit 36.25+6.1° 23.25+3.9*°  64.50+3.8"
(v) MNU+10% of H. thebaica fruit 52.50+2.6* 23.00+5.1°  58.75+1.5%
(vi) 10% of H. thebaica fruit Control 55.25+¢1.3%  20.00+5.9%  56.75+4.2°

N=6: Values are MeantSD; Values having different letters across the column are

significantly different (p <0.05).
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APPENDIX 2.0

Effect of Hyphaene thebaica fruit on Haemoglobin and Platelet Concentration in the

Blood Serum following Twelve (12) weeks Intrarectal Administration of MNU in Rats.

Group Treatment Haemoglobin(g/dL) Platelet (g/dL)

(i) Normal Control 15.80+1.2° 12.80+0.9"
ii)  MNU Control 10.25+1.8% 8.10+1.4°
(if)
(iii) MNU+2.5% of H. thebaica fruit 10.98+1.2° 9.05+0.2°
(iv) MNU+5% of H. thebaica fruit 13.65+2.0% 10.90+1.0%
(v)  MNU+10% of H. thebaica fruit 17.48+0.9™ 12.50+0.4
(vi) 10% of H. thebaica fruit Control 18.13+0.4° 12.85+0.4°

N=6: Values are MeantSD; Values having different letters across the column are
significantly different (p <0.05).
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APPENDIX 3.0

Effect of Hyphaene thebaica fruit on White Blood Cell and Red Blood Cell in the Blood

following Twelve (12) weeks Intrarectal Administration of MNU in Rats.

Group Treatment WBC (10%/L) RBC (10%2/L)
() Normal Control 7.25+4.6° 10.83+0.6"
(i) MNU Control 14.75+4.1° 6.68+0.8°
(i) MNU+2.5% of H. thebaica fruit 12.50+4.8° 7.50%1.0%
(iv) MNU+5% of H. thebaica fruit 11.80+3.8" 7.98+0.9°
(v) MNU+10% of H. thebaica fruit 8.63+0.1° 10.43+0.5"
(iv) 10% of H. thebaica fruit Control 7.40+1.8° 11.45+0.3°

N=6: Values are MeantSD; Values having different letters across the column are

significantly different (p <0.05).
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APPENDIX 4.0
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APPENDIX 5.0
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APPENDIX 6.0
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APPENDIX 7.0

CEA Concentration of the Serum following 12 weeks Intrarectal Administration of

MNU in Rats fed with Different Level of Dietary inclusion of Hyphaene thebaica fruit.

Group Treatment CEA Concentration (ng/ml)
Q) NORMAL Control 136.50+41.34°
(i)  MNU Control 236.42+ 67.95°
(iii) MNU+2.5% of H. thebaica fruit 177.99+46.87%°
(iv) MNU+5% of H. thebaica fruit 152.95+22.21%
(v) MNU+10% of H. thebaica fruit 141.41+ 45.08%

(vi) 10% of H. thebaica fruit Control 132.82+42.19°

N=6: Values are MeantSD; Values having different letters across the column are

significantly different (p <0.05).
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