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ABSTRACT 

The aim of this study is to measure the concentrations of six trace elements (Zn, Se, Fe, 

Co, Rb, Hg ) in the serum of patients ·M'ith esophageal cancer who were newly 

diagnosed before undergoing any type of treatment. Biopsy was taken from diseased 

esophagus and examined histologically. A total of 43 samples of patients and 36 

samples from healthy control group was Collected, which were then dried by freeze

drying .Then analyzed by neutron activation analysis technology, using research reactor 

in Syria (the miniature neutron source reactor, MNSR) with neutron flux of lx10 12 

n.cm-2 s-1 was performed. Certified reference samples from the International Agency 

were obtained for quality control analysis to ensure the reliability of the device. 

All six elements were statistically analyzed, the study proved statistical significant 

difference concentration of the following five elements, Za, se., F@", CD-, R'b in the serum 

of patients compared to the serum samples of healthy people. The concentrations of Zn 

and Se in patients serum were less compared to serum of healthy individuals, and the 

concentrations of Fe, Co, Rb in serum of patients were higher than its that the serum of 

healthy individuals. While the concentrations of Hg was found to be higher in serum of 

healthy individuals compared to patients serum, but without statistical significant. The 

concentration presented by means with standard deviation. 

The findings were compared to results obtained from literature. All five elements 

compatible with literature. Hg has not been investigated in such studies before. 

Selenium and zinc supplementation are needed by the cancer patient m order to 

enhance and increase the chances for natural immunological of cancer. 
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CHAPTER ONE 

INTRODUCTION AND LITERATURE REVIEW 

1.1 Cancer and descriptive epidemiology 

Cancer is a group of diseases characterized by unregulated division and spread of cells, a 

major human health problem worldwide .. The cancerous cells may occur in liquids, as in 

leukemia. Most, however, occur in solid tumors that originally appear in various tissues in 

various parts of the body. By their original locations they are classified into various types 

of cancer, such as esophagus, lung, colon, breast, or prostate cancer. Localized tumors can 

be removed by surgery or irradiation with high survival rates. As cancer progresses, 

however, it metastasizes invading the surrounding tissues, entering the blood stream, 

spreading and establishing colonies in distant parts of the body. Only a third of patients 

with metastasized cancer survive more than five years. Invasive distensions spreading crab

like from a tumor in the breast were described by hippocrates. From the crab, karkinos in 

Greek and cancer in Latin, came the name of the disease and the name of its inducing 

agents, carcinogens (Dervan et al., 1999). Over the past 30 years, significant progress has 

been achieved in understanding the molecular basis of cancer. The accumulation of this 

basic knowledge has established that cancer is a variety of distinct diseases and that 

defective genes cause these diseases. Cancer is a multistep process that requires the 

accumulation of multiple genetic mutations in a single cell that give features characteristic 

of a neoplastic cell. Typically, tumor cells differ from normal cells in that they exhibit 

uncontrolled growth. Cancer is fundamentally a disease of regulation of tissue growth. In 

order for a normal cell to transform into a cancer cell, genes which regulate cell growth and 

differentiation must be altered (Croce et al., 2008). Genetic changes can occur at many 

levels, from gain or loss of entire chromosomes to a mutation affecting a single DNA 

nucleotide. There are two broad categories of genes which are affected by these changes. 

Oncogenes may be normal genes which are expressed at inappropriately high levels, or 

altered genes which have novel properties. In either case, expression of these genes 

promotes the malignant phenotype of cancer cells. Tumor suppressor genes are genes 
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which 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 required to transform a normal cell into a cancer cell (Knudson et al., 200 1 ). 

It is estimated that 50-75% of cancer deaths could be prevented by changes in diet and 

lifestyle (Nih et al., 2005). Strongly suggest that diet, lifestyle and environmental factors 

play a significant role in cancer development (Sim et al., 2005). Many studies demonstrate 

that cancer incidence among different people are heterogeneous. Cancer caused 6.7 million 

deaths or 12 percent of total. The World Health Organization estimated that if unchecked, 

annual global cancer deaths could rise to 15 million by 2020 (Rastogi et al., 2004). Cancer 

of the esophagus is the eighth most common cancer worldwide, and the sixth most common 

cause of cancer mortality worldwide. It is characterized by rapid development and fatal 

prognosis in most cases. The occurrence increases with age with the highest incidence in 

the age group 50-70 years. 

The incidence of this disease shows a striking geographic variation in the world; a 20-fold 

variation is observed between high-risk in China and low-risk western Africa with more 

than 400,000 cases per year (Parkin et al., 2005) .. Incidence is highest in western and south 

central Asia. The geographical differences in incidence that are observed are more extreme 

than for any other cancer. A high-risk area known as the "esophageal cancer belt" extends 

from northern Iran all the way to north central China (Stewart et al., 2003). Geographic. 

variability is even more marked when smaller units are studied; for example, when 

comparisons are made among countries or even within countries. It seems that the 

environmental carcinogens responsible for important geographic differences. In the Caspian 

Sea region of Iran for example, cancers of the gastrointestinal (GI) tract (including 

esophageal cancer (EC)) account for over half of all cancer related deaths (Mohebbi et al., 

2008). Other areas of high incidence include France, South America and South and East 

Africa (Parkin et al., 2005). Esophageal cancer is common in Africa, particularly in the 

Transkei region of South Africa, which is thought to be the centre of the disease in Africa 

(Sammon et al., 2007). An age-standardized incidence rate (ASIR) of 46.7 and 

19.2/100,000 for males and females, respectively was reported in this region (Makaula et 

al., 1996). Squamous cell carcinoma (SCC) occurs at a higher frequency than 

adenocarcinoma (ADC), with the highest incidence of ADC in North America and Franse. 
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Whilst the incidence of sec worldwide has remained relatively constant over the last few 

decades, cases of ADC have increased markedly. The reported increase in the white male 

population of the USA is reported to be clo;e to 1 0%, which makes it the fastest growing 

form of cancer in that specific population (Pisani et al., 1999). Asian countries such as 

China (Zhang et al., 2004) and Singapore (Fernandes et al., 2006) have also shown an 

increase in incidence. As well as geographical differences between the two subtypes of EC, 

there has been found to be a difference in racial background. sec is more prevalent in 

Blacks with ADC occurring more often in Caucasians (defined as individuals from 

European descent). SCC is thought to be one of the leading causes of death among males of 

the black population and the fourth most common cause of death among Colored (defined 

as individuals of mixed ancestry) males in South Africa (Blot et al., 1994). EC also shows 

variation in incidence in differing age groups with an increased risk with increasing age. 

The average age of diagnosis in South Africa is around 60 years of age (Pisani et al., 1999). 

1.2 Esophageal cancer 

1.2.1 Background 

Esophageal cancer (EC) is the 15th most common cancer in developed countries of the 

world and the 4th most common in developing countries (Crespi et al., 1994). This disease 

typically arises from a malignancy of the epithelium lining the esophagus. The esophagus 

consists of three sections: the upper, middle and the lower. The wall of the esophagus is 

made up of layers of muscle and is lined by the epithelium (Yang and Davis et al., 1988). 

EC characteristically originates in the inner layers of the cells lining the esophagus, and 

grows steadily toward the outer layers of cells. The majority of tumors that develop in this 

region are malignant. These tumors are usually classified into two major subtypes, based on 

differences in tumour histology: adenocarcinoma (ADC) and squamous cell carcinoma 

(SCC). Occasionally small-cell carcinomas, that share many properties with small-cell lung 

cancer, may account for tumor malignancy in EC (Chen and Yang et al., 2000). ADC is 

often associated with a history of gastro-intestinal reflux and Barrett's esophagus, and 

usually develops in the glandular tissue in the lower third of the esophagus. It is 

characterized by replacement of the squamous epithelium in this region by columnar 

epithelium (Daly et al. ,2000). In contrast, SCC develops in the squamous cells that line the 
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upper portion of the esophagus, and is relatively similar to head and neck cancers in its 

appearance (Yang and Davis et al., 1988). 

Both histological subtypes of EC have diffe&nt pathological and etiological characteristics, 

with ADC being more prevalent in Caucasians and SCC in African-Americans and Blacks 

(Lu et al., 2000). ADC of the esophagus may be misclassified as stomach cardia 

cancer and vice versa. It has been shown that there is some misclassification between 

esophageal and cardia adenocarcinoma in the Swedish Cancer Register. While the 

completeness of the register was 69-74% for cardia adenocarcinoma there was a 16% 

underestimation in the incidence of esophageal adenocarcinoma (Lindblad et al., 2006 ). 

EC is an extremely aggressive form of cancer and patients with the disease have a poor 

prognosis. The disease is most often seen in persons over the age of25, with mortality rates 

increasing steadily with age (Blot et al., 1994). It is also more common in men, with males 

being two to four times more likely to develop EC than females. 

1.2.2 Diagnosis and development of esophageal cancer 

Patients with EC present with a variety of symptoms, such as dysphagia (difficulty to 

swallow), loss of weight, nausea and vomiting, coughing and hematemasis (vomiting of 

blood). A substantial loss of weight is characteristic of poor nutrition resulting from the 

presence of the cancer, and can be an indicator of the patient's prognosis (Fein et al., 1985). 

Tumor development can result in disruption of normal peristaltic events, which can lead to 

nausea, vomiting and regurgitation of food. Hematemasis is usually a result of the fragility 

of the tumour surface leading to bleeding . 

The majority of patients with SCC only begin to develop the above symptoms when the 

tt mour has grown to a size large enough to result in a noticeable obstruction of the 

esophagus. Due to this fact, the age at which patients are first diagnosed tends to be more 

advanced than in other common cancers and means that the prognosis is extremely poor, 

usually less than six months (Enzinger and Mayer et al., 2003). In contrast, ADC, which is 

the predominant cause of EC in the developed world, is generally caused by acid reflux 

from the stomach. These patients experience symptoms such as frequent heartburn and 

nausea. They tend to consult physicians earlier than patients with SCC, and as a result the 

disease is detected at an earlier stage and their prognosis is much improved: ADC is an 

extremely lethal form of EC, and although survival rates have increased over the past few 
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years, there is only about a 10% five year survival rate in most Western countries (SundelOf 

et al., 2002). Diagnostic tests are available to patients presenting with the above-mentioned 

symptoms to determine if EC may be the cau§e. The most commonly used of these tests is a 

barium swallow or esophagram, which uses a series of x-rays to examine the esophagus. 

Barium is swallowed and coats the lining of the esophagus so that it is clearly visible on an 

x-ray. Another common diagnostic test is esophagoscopy (upper endoscopy). During this 

..w;.ocedure, the inside of the esophagus is examined using an endoscope. Any unusual 

growths are clearly noticeable as changes from the surrounding tissue. A tissue biopsy may 

also be performed at the same time (Kakushima and Fujishiro et al., 2008). The 

development of most cancers, including EC, may be linked to the spread of the cancer cells 

to ihe surrounding lymph nodes and subsequently to other areas of the body (Siewert et al., 

2001). EC is unusual with respect to other cancers as it spreads to the lymph nodes in an 

extremely erratic manner, making predictions about disease progression very difficult. EC 

is classified according to the 2002 American Joint Committee on Cancer tumour-node

metastasis (TNM) classification system (Greene et al., 2002). This system classifies EC 

based on the characteristics of the primary tumour as well as tumour metastases. Different 

stages in the development ofEC are widely recognized and utilized in determining the most 

effective treatment plan for the patient. These stages are as follows: stage 0, the cancer, also 

called non-invasive cancer or high grade dysplasia, has not spread to other parts of the 

body; stage I, the cancer occurs only in the top layer of cells lining the esophagus; stage II, 

the cancer has invaded deeper layers of the esophageal lining and may have spread to 

neighboring lymph nodes; stage III, the cancer has spread further into the wall of the 

esophagus and to nearby tissues or lymph nodes; stage IV, the cancer has spread to other 

parts of the body. 
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1.2.3 Function of the esophagus 

The esophagus functions as a conduit th~t transports swallowed food from the pharynx to 

the stomach. Esophageal peristalsis causes the lower esophageal sphincter to relax. In the 

normal condition, the sphincter remains firmly closed in the absence of esophageal 

peristalsis to prevent reflu4 of the gastric contents into the esophagus which can 

lead to esophagitis. During swallowing, the esophagus causes the stomach to relax by 

a vagovagal reflux (Kutchai eta!., 2004). 

1.2.4 Risk fact~rs of esophageal cancer 

1.2.4.1 Environmental risk factors 

The marked differences in the geographic and ethnic incidences of esophageal have been 

hypothesized to be due to variations in environmental factors in different populations 

originating from different regions (Marasas et a!., 1988). 

1.2.4.1.1 Tobacco and alcohol 

The combined use of tobacco and alcohol has long been known to be associated with an 

increased risk of cancer development worldwide. EC is no exception, with the risk of 

disease development increasing with greater consumption of the tobacco product. Tobacco 

smoking and alcohol consumption have been known as the independent major 

contributing factors in the etiology of esophageal squamous cell carcinoma in Western 

population, ( Nyren et a!., 2002). Whereas they seem not to be strong risk factor for 

esophageal adenocarcinoma. Both risk factors seem to be associated dose-dependently 

with esophageal squamous cell carcinoma risk and a successive decline in the risk 

occurs after cessation. However, the strong associations are not confirmed in all 

geographic areas, especially the very high risk areas. 

1.2.4.1.2 Diet 

A large number of epidemiological studies have investigated the association of different 

food items, vitamins or micronutrients with adenocarcinoma or squamous cell carcinoma 

of the esophagus. Most of these studies had a case-control design in which recall bias is a 

main concern and might bias the true association. However, although measurement error 
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can lead to non-differential misclassification and underestimation of effect. In general, 

the effect of dietary factors on two histological types of esophageal cancer seems to be 

the same. In a global study, low intakes of fruit and vegetables were found to account for 

20% of all cases of EC and 19% of cases of gastric cancers worldwide (Lock et al., 2004). 

This is thought to be due to the fact that the anti-oxidants, minerals and micronutrients 

present in fruits and vegetables, suppress the action of carcinogens and prevent oxidative 

DNA damage (Farrow et a!., 2000). The most consistent findings are protective effects of 

vegetables, fruits, vitamin C, vitamin B2 (riboflavin) (Siassi et aL, 2005), carotene, vitamin 

B6 (pyridoxine), vitamin E (tocopherol), (Taylor et al., 2003), fiber, , folate , zinc and 

selenium (Mark et al., 2000), whereas positive association has been reported between 

esophageal cancer risk and high intake of animal fat. Data regarding vitamin A 

(retinol) are not consistent and both protective effect and positive association with this 

malignancy have been reported. While diets high in red and processed meat have been 

~iated with esophageal cancer risk, white meat and fish appear to be protective 

factors (Bosetti et al., 2000). Overall, it seems that 20-40% of esophageal cancer risk 

can be attributed to dietary factors. 

1.2.4.1.3 Viral risk factors 

The human papilloma viruses (HPV) are a class of DNA viruses first shown to be 

implicated in the development of EC in a study conducted by Syrjanen (1982). To date, 

more than 70 different types of the virus have been identified, and the association between 

HPV and EC confirmed by techniques such as polymerase chain reaction (PCR). In areas 

endemic for EC such as China and South Africa, the virus is frequently detected in patients 

with EC. In certain regions of China, 64% of EC patients were shown to have HPV DNA. 

In South Africa, one study found evidence of HPV DNA in 1 0 out of 14 EC patients 

studied. In Transkei, 46% of EC patients were shown to be positive for HPV DNA from 

viral subtypes normally regarded as a low risk for EC pathogenesis (Matsha et al., 2002). In 

contrast, regions with a low incidence of EC (such as the USA and Northern parts of 

Europe) show relatively little HPV activity (Lam eta!., 2000). 
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1.2.4.1.4 Helicobacter pylori 

There are several relatively consistent reports of a strong inverse association between 

H. pylori seropositivity and risk of esophageal adenocarcinoma (Martel et al., 2005). It 

has been suggested that the mechanisms underlying this obvious but enigmatic 

protection against esophageal ade~ocarcinoma can be H. pylori -induced atrophic gastritis, 

hypochlorhydria, and reduction of acid reflux into the esophagus, which is a well-known 

and strong risk factor for esophageal adenocarcinoma, but studies specifically 

addressing the importance of severe gastric atrophy come up with conflicting results. 

(Held et al., 2004; Nyren et al.,2003). It also reported that H. pylori infection may be 

associated with the risk of esophageal squamous cell carcinoma, and the possible 

mechanism can be endogenous formation of N-nitroso compounds. Gastric corpus 

atrophy and hypo acidic situation result in overgrowth of microorganisms other than 

H. pylori which may favor formation of a suspected key risk factor for esophageal 

squamous cell intragastric nitrosamines carcinoma. An association between N-nitroso 

compounds and gastrointestinal malignancies has been shown in animal models. 

1.2.4.1.5 Gastro esophageal reflux 

Gastroesophageal reflux disease is a common disorder in which the stomach's contents 

back up into the esophagus and may cause. a wide range of esophageal damage. The 

most common symptomatic manifestation of this disease is heartburn. Gastro 

esophageal reflux disease is the most important and strongest risk factor for esophageal 

adenocarcinoma. Barrett's esophagus, an intestinal-type columnar metaplasia in the 

epithelium of the lower esophagus, results mainly from gastro esophageal reflux and 

is associated with significant excess risk of esophageal adenocarcinoma (Shaheen et al., 

2002). However, it is not clear whether Barrett's esophagus is a necessary precursor 

to all cases of esophageal adenocarcinoma. 
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1.2.4.1.6 Obesity 

Obesity [body mass index (BMI) >30] is increasing at a rapid rate in western populations 

(11-15% in men and 15-25% in women), and numerous studies have shown that this 

increase parallels the rise in esophageal (Chow et al., 1998). Increased intra-abdominal 

pressure in obese individuals ~ay be a cause of gastro-esophageal reflux, along with 

decreased emptying of the stomach contents and a lower esophageal sphincter pressure. 

Chow et al., 1998 reported that having a BMI in the upper fourth of the scale compared 

with the lower fourth was associated with a dramatic increase in EC development. 

Lagergren et al., 1999 found similar results in a Swedish cohort. Body mass index (BMI) 

has been shown to be a strong risk factor for esophageal adenocarcinoma and the 

association is independent of other risk factors (Kubo et al., 2006). Conversely, some 

evidence shows an inverse association between BMI and esophageal squamous cell 

carcinoma (Engeland et al., 2004). However, as weight loss occurs during early stage of 

this malignancy reverse causality can be a credible explanation. 

1.2.4.1. 7 Other environmental factors associated with esophageal 

cancer 

The consumption of hot beverages resulting in injury to the esophagus accompanied by 

inflammation of the surrounding tissues has been implicated as a risk factor for EC (Yang 

and Wang 1993). Individuals exposed to the by-products of the mining and industrial sector 

in the workplace show an increased risk of SCC development. These substances include 

liquids (eg. benzene and xylene), dust (eg. carbon black) and aromatic hydrocarbons 

(Parent et al., 2000). Exposure to asbestos, a known carcinogen, has been linked to the 

development of many types of gastrointestinal cancers includ.ing EC. This arises 

predominately due to chronic inflammation of the tissues lining the upper respiratory tract. 

1.2.4.2 Genetic risk factors 

As previously discussed, EC occurs predominately in two forms, SCC and ADC. It is 

common knowledge that the underlying causes of complex diseases such as can~er are 

related to both genetic and environmental factors. In both SCC and ADC the genetic risk 

factors involved are poorly defined and understood. Loss of heterozygosity (LOH) has 
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proven to be an informative indicator of tumour-specific genetic alterations and is used in 

the analysis of human cancer cells as a method to define regions of the genome that may 

contain genes involved in tumour pathogen~sis. The most common genetic alterations 

occurring in EC that have been reported using LOH are allelic losses at chromosomes 3p, 

Sq, 9p, 13q, 17p, 7q, and 18q (Huang et al., 1992). Allelic loss on chromosome 17p occurs 

at a high frequency in many human cancers. Although familial clusters of esophageal 

cancer have been reported in several countries, nonepidermolytic palmoplantar keratoderma 

(tylosis), a rare autosomal dominant disorder defined by a genetic abnormality at 

chromosome 17q, is the only recognized familial syndrome that predisposes patients to 

squamous-cell carcinoma of the esophagus (Risk et al., 1999). It is characterized by 

hyperkeratosis of the palms and soles, as well as by thickening of the oral mucosa, and in 

affected families, it confers up to a 95 percent risk of squamous-cell carcinoma of the 

esophagus by the age of 70 years (Ellis et al., 1994 ). 

1.3 Cancer incidence in Sudan 

In Sudan there is increasing awareness that chronic diseases like cardiovascular disease 

and cancer represent an epidemic that is not confined to rich countries (Strong et al., 2005). 

While much international attention is given to communicable diseases like HIV/AIDS and 

malaria, chronic diseases are a rapidly increasing burden on developing countries. 

According to the Sudan Federal Ministry of Health in 2000, cancer was the third leading 

cause of death after malaria and viral pneumonia, and accounting for 5% of all deaths 

(Table 1.1) show the detailed information of this report. In the 18 years to 1984 

nasopharyngeal carcinoma and Non-Hodgkin's Lymphoma (NHL) were the most common 

tumors in Sudanese males . In the last 20 years Chronic myeloid leukemia ( CML) became 

the predominant cancer, while lymphomas remained the second most common cancer in 

men. In women, breast, cervical and ovarian cancer remained the three most common 

cancers over both time periods, but there was also an increase in the incidence of CML 

among women. Breast and Cervical Cancer account for about 50% of all cancers in 

Sudanese women . Widespread testing for HPV has reduced the mortality from cer:'ical 

cancer in developed countries (age-adjusted mortality 4.0/100 000), but in Sudan (12.7/100 

000), as in other developing countries ( 11.21100 000), cervical cancer remains the major 
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cause of death due to cancer in women (Ferlay et al., 2004). Nasopharyngeal cancer is 

relatively rare, occurring at an incidence of less than I per I 00 000 in most populations. 

However, the incidence of this tumor is mtfch higher in certain regions such as Southern 

China (20-30 per I 00 000 men, 15-20 per I 00 000 women) (Parkin et al., 2006), in some 

regions ofNorthern Africa including Sudan, in Kuwait, and in isolated populations such as 

Inuits (Dermott et al., 200 I). Although lung cancer is not one of the I 0 most common 

cancers in Sudan, tobacco-related oral cancers are evident in this list. In Sudan, tobacco is 

commonly consumed in a moist form of oral dipping tobacco called toombak, which is left 

in the mouth for extended periods. Toombak has been shown to contain very high levels of 

carcinogenic tobacco-specific nitrosamines (Idris et al., 1991). Esophageal cancer is the 

fourth most common cause of cancer in Sudanese males, and the fifth most common in 

females based on referrals data from the Radiation & Isotopes Centre of Khartoum (RICK) 

prior to 2002, the number of cancer incidences in sudan were increasing every year in ( 

table 1.2). During the years 2000-2006 esophagus cancer is the third type of top ten cancers 

in Sudan (Table1.3) (Ahmed., et al 2009). According to the data obtained from the main 

two centers in Sudan namely, Institute of Nuclear medicine, Molecular biology and 

Oncology (INMO), and RICK, the total number of esophagus cancer is 1426 , in each 

I 00.000 of the population the percentage of esophagus is 4.1 %. 
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Table 1.1 Ten Leading Causes of Death in Sudan Hospitals in 

2000. Data is from the Sudan Federal Ministry of Health. 

Disease Number of %of total 

deaths deaths 

Malaria 2162 19.1 

Viral pneumoni 691 6.1 

Malignant neoplasm's 530 4.7 

Iron deficiency anaemias 504 4.4 

Streptococcal septicaemia 434 3.8 

Heart failure 403 3.6 

Tuberculosis 387 3.4 

Severe malnutrition 382 3.4 

Meningococcal infection 362 3.2 

Coronary Heart Disease 351 3.1 

TOTAL 6206 54.7 
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Table 1.2 Top Ten Cancers in Sudan (2000-2006), 

(Ahmed., et al 2009) 

Type of cancer Number of cases Number of cases in 

100000 

Breast 4652 13.5 

Leukemia 2282 6.6 

Esophagus 1426 4.1 

NHL 1336 3.8 

Cervix 1139 3.3 

Ovary 950 2.7 

Unknown 917 2.6 

Prostate 833 2.4 

Bladder 707 2.0 

Thyroid 510 1.4 

Others 11900 -

Total 26652 77.2 
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Table 1.3 Cancer Incidences in Sudan in the Period 2000-2006 

(Ahmed., et al 2009). 

I Year Number of patient 

2000 2832 

2001 2928 

2002 3453 

2003 3728 

2004 4201 

2005 4400 

2006 5110 

Total 26652 
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1.4 Objectives 

1.4.1 General objectives 

The present study aims at achieving the following objectives : 

• To investigate the status of some serum trace elements m Sudanese adult of 

esophageal cancer patients compared to healthy subjects. 

• To investigate the possibility of using the assay of trace elements in blood serum as 

diagnostic and prognostic tools for the esophageal cancer. 

• To investigate the relation between the different trace elements. 

1.4.2 Specific objectives 

• To measure the serum concentration levels of (Se, Zn, Fe, Co, Rb and Hg ) in 

esophageal cancer patients and the control subjects. 
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1.5 Definition of trace elements in the human body 

Trace elements have been defined as 'those elements occurring in the human body but 

constituting less than 0.01% of body weighl. Also the boundaries of trace analysis are 

described by the definition of "trace element"in the IUPAC Compendium of Chemical 

Terminology, second edition (McNaught et al., 1997): "Any element having an average 

concentration of less than about 100 parts per million atoms or less than 100 j.lg/g' '. The 

concentrations of certain elements may vary from tissue to tissue throughout the body. For 

example, concentrations of many elements may be higher in brain and liver tissue. Trace 

elements can be subdivided into three main categories: those that are essential to human 

health (including iron, copper, selenium, manganese, chromium, molybdenum and iodine), 

those that are beneficial but not currently thought to be essential (including fluorine, 

vanadium, boron and lithium), and those that are non-essential and primarily associated 

with toxic effects (including lead, cadmium, mercury and aluminium) (Solomons et al., 

1998). The bulk of human body is composed of six major elements; oxygen, carbon, 

hydrogen, nitrogen, calcium and phosphorus and six minor elements; sulfur, potassium, 

sodium, chlorine, magnesium and silicon. Table 2.1 shows the total percentage of minor 

and major elements in total body weight ( Heydon et al., 1983). If six noble gases are 

excluded as unlikely to have a physiological function, 71 elements of the periodic system 

remain, and because of their low concentration in living matter, are termed the "trace 

elements". The concentration of major and minor elements in living tissues can be 

expressed in grams per kilogram. On the other hand, the concentration of trace elements in 

living tissues varies between 0.01 and 100 mg kg-1 i.e. ppm (Table 2.2). It may not be 

appropriate to classify them as essential or toxic elements it is logically wrong to establish a 

category of "toxic" elements, because any element may be potentially toxic and this 

property is a function of concentrations to which humans are exposed. Essentiality of the 

trace elements is established when a further reduction below the range of tolerable levels, 

better known as "range of safe and adequate intakes", results in a consistent and 

reproducible impairment of a physiological function (Mertz et al., 1987). These 

considerations suggest a logical classification of the 71 trace elements into those, with 

proven essentiality and the rest for which essentiality is "presently not known". This 

classification leaves room for the possibility that future research will include additional 
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elements as essential. Each of the two categories can be subdivided according to their 

practical importance under given conditions; e.g., local, regional or national imbalance in 

the environment, industrial emissions or dietarfhabits. Some essential elements may not be 

of any nutritional concern at all, as in the case of magnesium in human nutrition, since it is 

in sufficiently high levels; others, such as selenium, may have the highest regional 

importance because of deficiency in one area and toxicity in another. All major and minor 

elements are important; besides that, some of the trace elements e.g; Cr, Fe, Co, Cu, Zn, Se, 

Mo and I are essential trace elements; and some of them; Mn, Si, Ni, B, V, and Sn are 

probably essential trace elements; and further some of them F, As, Cd, Pb, Al and Hg are 

considered potentially toxic, some possibly essential elements for animal and human life. 
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Table 1.4 Concentrations of Major and Minor Elements in 

Reference Man (as 0/o of the total b<._>dy weight) ( Heydon et al., 

1983) 

Major elements (%) Minor elements (%) 

0 61 s 0.2 

c 23 K 0.2 

H 10 Na 1.4 

N 2.6 Cl 1.2 

Ca 1.4 Mg 0.03 

p 1.1 Si 0.03 

Ta ble 1.5 Concentrations of Trace Elements in Human Body 

(Mertz et al., 1987) 

Eleme nt mg kg-1 

Fe,F, Zn 100.0 

Rb, Sr, Cu, Pb, Br 10.0 

Sn, Sc, Cd, Mn, Ba, AI 1.0 

Cs,Co , Cr, Mo, Au, Ni 0.1 
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The bioavailability of the essential elements depends on their chemical form, the 

compositions of diet and health situation of the individuals. Figure 1.1 overviews trace 

elements with an identified role in bioltogical systems. The borderline between being 

essential or beneficial is vague. A number of elements show a dual character: they are 

essential in one oxidation state, e.g., Cr(III) or Se(IV), and yet toxic in the other state, e.g., 

Cr(Vl) or Se(VI). Some elements, e.g., Co, can be considered essential only if present in a 

particular organic form, e.g., as cyanocobalamin (vitamin B12), and are toxic when in other 

forms. On the other hand, As, a notoriously toxic element, becomes harmless when present 

in the form of, e.g., arsenobetaine (Mazzucotelli et al., 1995). 
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Figure 1.1 Trace elements of interest in medicine and biology: 

endogenous trace element species in biological systems 

(JOANNA et al., 2003). 
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1.6 Functions of trace elements 

Most of the trace elements serve a variety of functions, depending upon their chemical form 

or combination and their location in the body tissues and fluids. Minor and trace elements 

serve in two general roles. The first one is their function as structural material. Iron is part 

ofthe structure of the oxygen-carrying protein, hemoglobin, in the red blood cells; calcium, 

phosphorus and other elements constitute a significant part of the mass of teeth and bones; 

and sodium, potassium, phosphate, sulfate, chloride and many other elements are important 

constituents ofthe fluids, both inside and outside all the body cells. The second general role 

of trace elements is their function in regulating numerous biological activities. Calcium in 

minute concentrations is· necessary for normal blood clotting; magnesium stimulates the 

activity of many enzymes and a number of trace elements control the contraction of muscle 

and the transmission of impulses by nerve cells (Frieden et al., 1985). 

1.7 Assessment of trace element status 

Trace elements can be measured directly in body fluids that reflect their levels in the 

organism. Serum and plasma are very popular because sampling is easy and data can be 

controlled using reference materials and inter laboratory comparison studies. However, it is 

known that non specific variations may be encountered when using serum measurements. 

For example, zinc decreases during infection, copper increases during pregnancy or 

inflammation. For this reason, leukocytes or platelets have been proposed as reflecting 

tissue level. However, numerous methodological problems still exist, regarding, for 

example the quantity of blood to be drawn, the good separation of cells, contaminations 

during sampling and standardization of inter laboratory results. Except for manganese, 

selenium and antioxidant enzymes such as Cu-Zn SOD, Se GPx, red blood cell 

measurements are not useful. 

Urine trace element levels are not commonly used in the assessment of human mineral 

studies, except for assessing urinary losses in some pathologies (Zn in diabetes) or effect of 

supplemental intakes (Cr). 

Saliva and sweat have been used because they are very rich in hormones, growth facto!s, 

enzymes and proteins. However, variations in levels are very large and these indices may 

not be sufficiently sensitive to detect marginal mineral status. 
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Hair analysis, despite exogenous possible contamination remams very popular. Hair 

content is supposed to reflect element status but the usefulness of this material is not firmly 

established and its extensive commercial expl6itation is not justified. 

Tissues from biopsies (muscle, liver, bone) could be promising for the assessment of severe 

trace element depletion. 

Serum copper and serum ceruloplasmin are not sensitive enough to reflect copper status. 

They remain verylow even when hepatic copper is elevated. Moreover, the well-known 

influence of estrogen and inflammation on serum copper and ceruloplasmin levels has to be 

considered. In pets, as in other species, plasma copper concentrations did not reflect .the 

copper intake and status. Serum zinc is a rather good index of status, if hemolysis or 

platelet contamination are avoided. Results must be interpreted according to species, age, 

and global nutritional status (albuminemia, since zinc and albumin are strongly correlated). 

Erythrocyte zinc is ' a doubtful parameter. Leukocyte and platelet zinc levels are still matter 

of debate since there are discrepancies among published data. Urinary zinc is sometimes 

used to follow the mechanisms of deficiency. Hair analysis has yielded more interesting 

results with zinc than with other trace elements. Serum or plasma selenium is one of the 

most valid direct indices of selenium status. This variable correlates well with tissue and 

erythrocyte selenium concentrations and with glutathione peroxidase activity in 

erythrocytes. Direct assessment of chromium status has been investigated using serum 

chromium determination. In most of the Cr supplementation studies, the efficacy of the 

supplemental intake is monitored by Cr urinary level. Serum manganese is a sensitive 

method to assess manganese status and effect of supplementation. Whole blood and 

erythrocyte manganese are sometimes preferable as index of manganese status because 

their concentration is higher than in serum (CHAPPUIS et al., 1994). 

1.8 Trace elements and cancer risk 

There is a large body of literature on the role of trace elements in the development of 

cancer. Arsenic exposure has been examined in relation to cancer risk, generally focusing 

on exposure via drinking water. In addition, a number of studies of Cd, and Ni have been 

conducted, with a primary focus on work-place exposures. There is substantial interest in 

the role of Selenium (Se) and Zinc (Zn) with respect to a number of cancer sites. While Se 

tends to be inversely associated with cancer risk (Whanger et al., 2004). Zn appears to be 
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protective when Zn deficient individuals are compared to those who are Zn sufficient, 

whereas it appears harmful when those who have Zn overload as a result of environmental 

exposure are compared to those who are ~n sufficient. Cd, Ni, and As are generally 

associated with increased risk of many cancers and each of them has been designated as a 

Group 1 human carcinogen by the International Agency for Research on Cancer (IARC) 

(1993), (IARC) (1999) and the US National Toxicology Program. · 

1.8.1 Selenium 

Selenium's unique role in human physiology has been found to include the prevention of 

atherosclerosis, specific cancers, arthritis, diseases of accelerated aging, central nervous 

system pathologies, male infertility, and altered immunological function (Rayman et al., 

2000). the oxidation states of selenium is 6, 4, and -2. Selenium is active in a variety of 

selenoproteins that include, but are not limited to, the glutathione reductases (Behne et al., 

2001). Other selenoproteins have roles that support immune function and, through specific 

cellular pathways, may play a preventive role in both the initiation and promotion of 

specific cancers (Combs et al., 200 1). Erythrocyte, serum, plasma, and urine selenium 

levels have been found to be lower in a variety of cancer diagnoses compared to both 

matched and unmatched controls (Stampfer et al., 2004). 

Epidemiological studies have suggested that an increased risk for certain human diseases, 

including cancer, is related to insufficient intake of selenium; however, there remains some 

consistency. Animal studies have consistently shown a beneficial effect of high selenium 

levels in the prevention of cancer. Of these studies, the majority have shown a clear 

antitumorigenic and chemo -preventive effect of selenium in mammary gland, liver, skin, 

pancreas, esophagus, and colon cancers. The recommended daily intake should be in a 

range from 50 to 200 Jlg/d. The interesting fact is a relatively narrow interval between the 

positive concentrations and the toxic effect of selenium for the human body. Daily 

selenium intake over 500 Jlg/kg of food is the cause of serious selenotoxicoses. From 

Nutritional Prevention of Cancer Trial In 1985, Clark published geographical data on the 

selenium content of food crops by U.S. County, showing an inverse association of total 

cancer mortality with local forage plant selenium levels (Clark et al., 1991). An inverse 

association was found with the incidence of lung, rectal, bladder, esophageal, and cervical 

cancer in rural counties, and lung, breast, rectal, bladder, esophageal, and uterine cancers in 
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all counties. Clark also published data showing that in case control studies in North 

Carolina, those with squamous cell carcinoma or basal cell epithelioma had significantly 

lower plasma selenium levels compared to controls. At least 25 selenoproteins have been 

identified in human selenium biochemistry. The functions of selenium are believed to be 

carried out by selenoproteins, in which selenium is specifically incorporated as the amino 

acid selenocysteine (Behne et al., 2001). In addition to incorporation as selenocysteine, 

selenium can replace sulfur in methionine, forming selenomethionine. This compound can 

be incorporated non-specifically into proteins in place of methionine. Finally, selenium can 

be tightly bound by certain proteins, known as selenium-binding proteins, to distinguish 

them from true selenoproteins. The first true selenoprotein identified was glutathione 

peroxidase, which catalyzes the oxidation of reduced glutathione and allows for the 

reduction of hydrogen peroxide to water, preventing lipid peroxidation and cellular 

damage. There are basically five forms of glutathione peroxidase (GPx) that have been 

identified in human tissue: 

classical GPx (found only in the cell cytosol), gastrointestinal GPx (found in the liver and 

gastrointestinal tract), plasma glutathione peroxidase, phospholipid-hydroperoxide GPx 

(PHGPx), and sperm nuclei GPx. Phospholipid-hydroperoxide GPx is found in cell nuclei, 

mitochondria, and the cytosol, and specifically acts to prevent lipid peroxidation in cell 

membranes. This is a unique function of this antioxidant enzyme, as most antioxidant 

enzymes cannot reduce phospholipid hydroperoxides inside cell membranes (Imai et al., 

2003). This particular form of GPx is found in high concentrations in spermatozoa, and is 

involved in sperm maturation and the prevention of cellular apoptosis. The ejaculate of 

infertile men contains significantly lower amounts of PHGPx compared to men with 

normal sperm counts and motility indexes. As a class of enzymes, the PHGPx regulate 

eicosanoid production and cell signaling by reactive oxygen species. GPx levels in the 

blood and liver are responsive to early dietary selenium deficiency; whereas,' the 

phospholipid-rich tissue membranes that contain PHGPx appear to be less affected by mild 

selenium deficiency (Imai et al., 2001). Selenoprotein P, the majority ofthe selenium found 

in the bloodstream, also acts as an antioxidant enzyme and a selenium-transporter and 

appears to be very sensitive to dietary selenium. Thioredoxin reductase, another 

selenoenzyme that acts as an antioxidant, is found in all tissues. As a major component of 
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the antioxidant system, thioredoxin reductase is responsible for degrading peroxides and 

hydroperoxides outside cell membranes. Peroxides and hydroperoxides have been shown to 

cause cell death, DNA damage, and tissue !trophy. Thioredoxin reductase also recycles 

lipoic acid and vitamin C, regulates the metabolism of vitamin K3, and acts to regulate cell 

growth and the activity of tumor-suppressing protein p53 (Mustacich et al., 2000). This 

selenocysteine-encoding enzyme exists in large concentrations in keratinocytes and 

melanocytes, where it is believed to provide the initial line of defense against ultraviolet 

light-generated free radical damage. Selenium is stored in the tissues in varying density: 30 

percent oftissue selenium is in the liver, 15 percent in the kidney, 30 percent in muscle, 10 

percent in the plasma, and the remaining 15 percent throughout other organs. Because 

selenium binds to mercury and is deposited in tissue in an inert complex with a 1:1 molar 

ratio, this selenium-mercury complex is unavailable for metabolism. When free non

mercury-bound selenium is determined in specific tissues, tissue concentrations are greatest 

in the kidney cortex and pituitary gland, followed by the thyroid gland, liver, spleen, and 

cerebral cortex (Drasch et al., 2000).There is no homeostatic control mechanism for 

selenium absorption and selenium is highly absorbable. The interesting fact is a relatively 

narrow interval between the positive concentrations and the toxic effect of selenium for the 

human body. Daily selenium intake over 500 f.!g/kg of food is the cause of serious 

selenotoxicoses. Its interrelationship with vitamin E suggests that it can function as an 

antioxidant. The presence of Se in the antioxidant enzyme gluthathione peroxidase has been 

fully documented. Normal cells are protected by antioxidant enzymes from the toxic effects 

of high concentrations of reactive oxygen species generated during cellular metabolism. 

Even though cancer cells generate reactive oxygen species, it has been demonstrated 

biochemically that antioxidant enzyme levels are low in most human cancers. Reactive 

oxygen metabolites are implicated in the initiation and promotion of cancer. Selenium also 

plays an important role in the prevention of diseases of the coronary vessels and of cardiac 

infraction. Moreover, selenium has an antagonistic action against a number of toxic metals 

such as arsenic, cadmium, lead, mercury, and methyl mercury compounds. Antioxidant 

enzymes, which catalyze the conversion of reactive oxygen species to water, include 

catalase, manganese-containing superoxide dismutase, and copper and zinc superoxide 

dismutase. Oxidant scavengers are thought to contribute to colorectal cancer treatment 
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response. It is considered that manganese superoxide dismutase protects host cells from 

oxidative stress. The greater part of the manganese is bound to erythrocytes, so that even 

slight hemolysis leads to increased values in sertlm. 

1.8.2 Zinc 

Zinc has a melting point of 419.58°C, boiling point of 907°C, specific gravity of 7.133 

(25°C), with a valence of 2. Zinc is an essential mineral that functions in a variety of roles. 

The human body contains 1.5-2.5 g total zinc and most is found in skeletal muscle. The 

recommended daily allowance (RDA) for zinc is based on what is needed to replace daily 

loss of zinc. RDA for adults for zinc is 11 mg/d for males and 8 mg/d for females (DRI et 

al., 2000). Oysters and red meat, such as beef and lamb, are especially high in zinc. Other 

foods that come from animals, especially meats, are good sources of zinc. Fortified cereals 

are also good sources of zinc in the American diet (Maret et al., 2006). Absorption of 

dietary zinc can be affected by other dietary compounds. Foods such as grains, legumes, 

and nuts are often the major source of zinc for many populations, but these foods also have 

high levels of phytic acid, a chelator of zinc, which impairs absorption of zinc from these 

foods. Absorption is also enhanced during times of low zinc status. This may be due to 

changes in expression and localization of specific zinc transport proteins. Dietary zinc is 

found primarily bound to proteins and nucleic acids, and is mainly absorbed in the proximal 

small intestine. Although it is unclear exactly how zinc enters the enterocyte, mechanisms 

that may be involved include; specific transport proteins. Transport via amino acid 

transporters (since zinc is mainly bound to proteins), and passive or paracellular transport 

when zinc concentrations are high. In the enterocyte zinc can be used directly, stored or 

transported out. Zinc can be transported to the liver via the portal vein (initially bound to 

albumin) or possibly to other tissues by zinc transport proteins. However, the regulation 

and function of zinc transporter proteins are still under iiwestigation. Plasma zinc is found 

mostly bound to proteins such as albumin, macroglobulin and amino acids, and makes up 

only 0.1% of total zinc in the body. The majority of zinc is found in bone, prostate, skin, 

skeletal muscle and retina. Metallothionein is the primary zinc storage protein, and its 

expression is regulated by zinc. Zinc is mainly excreted in the feces, but can also be lost in 

sweat, urine and skin cells. Zinc deficiency remains a problem worldwide, especially in 

developing countries where intake of foods rich in zinc is limited, and diets are high in 
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grains. The lack of adequate biomarkers available to assess zinc status makes it difficult to 

identify those who may have marginal zinc deficiencies. Plasma zinc concentrations are not 

reflective of individual dietary intakes (Maret et a!., 2006). Studies report that only severe 

dietary deficiency, or moderate dietary deficiencies persisting for months will be reflected 

in plasma zinc levels. Functional evidence of zinc deficiency often occurs before 

measurable biochemical changes; suggesting current methods of assessing zinc status may 

not be optimal. Therefore, there is still a need for a specific and sensitive biomarker for zinc 

status. Studies by Prasad et a! have contributed greatly to the characterization of zinc 

deficiency in humans. Symptoms of zinc deficiency include growth retardation, rough dry 

skin, hair loss and testicular atrophy. Growth retardation is the classic symptom of zinc 

deficiency and is prevalent with severe and moderate deficiencies. Other symptoms include 

loss of taste perceptions, decreased visual ability, and immune dysfunction. Since zinc 

plays a central role in many biological functions, many symptoms of zinc deficiency are 

often non-specific (DRI et al., 2000). However, these deficiency symptoms do offer 

information about zinc. About functions in the human body, zinc is important for proper 

growth and development, sense of taste and smell, maintenance of the healthy immune 

system, wound healing and multiple functions involved in central nervous system. The 

importance of zinc in immune function has been the subject of numerous studies involving 

animal and human models. Zinc deficiency has been shown to impair immune function, in 

part by inducing thymic atrophy, decreasing leukocytes, decreasing T cell populations 

(including an imbalance of T -helper 1 and T -helper2), decreased thymulin (a hormone 

involved in T -cell function and maturation) activity and alterations in other proteins 

involved in mediating the immune response (Fraker et al., 2004). Zinc efficiency has also 

been shown to alter expression of other proteins involved in immune function, both at the 

mRNA and protein level. These effects on immune function are seen even with mild and 

moderate zinc deficiencies. Functionally, zinc supplementation in populations at risk for 

zinc deficiency has also been reported to be beneficial. For example, zinc supplementation 

has been shown to decrease incidences of diarrhea in children, and may also decrease 

incidence of pneumonia and other types of infectious disease. Overall, there is convincing 

evidence that one essential function for zinc is in immune function, and that even mild zinc 

deficiencies can have detrimental effects on health. Zinc also has many other functions that 
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are essential for health, such as serving as co-factor for metalloenzymes, antioxidant 

functions, and involvement in cellular signaling pathways. Zinc possesses structural, 

catalytic and regulatory roles. Zinc functions to stabilize protein structure, such as in DNA 

and RNA, and is also present in the catalytic site of many enzymes, such as DNA and RNA 

polymerases. Over 300 enzymes and numerous transcription factors and proteins require 

zinc. Zinc dependent enzymes such as, alkaline phosphatase, 5-aminolaevulinate de 

hydratase (involved in heme synthesis), and carboxy peptidase A, encompass a wide range 

of biological functions. Importantly, zinc is involved in cellular proliferation, 

differentiation and metabolism (MacDonald et al., 2000). Zinc deficiency has been reported 

to alter expression of genes which regulate carbohydrate and lipid metabolism, highlighting 

the role of zinc in regulation of basic metabolic processes (Daniel et al., 2004). The 

regulatory roles of zinc are most well illustrated by the function of zinc in transcription 

factors and proteins which regulate gene expression. Many transcription factors contain 

zinc finger domains that are essential for DNA recognition and binding. Zinc is tightly 

regulated in the human body, and is found primarily bound to proteins. Free zinc is limited 

and concentrations of free zinc are tightly controlled. The genetic disorder, acrodermatitis 

enteropathica, is characterized by severe symptoms of zinc deficiency, and is now known to 

be due to mutations in the Zip4 gene (Kury et al., 2002). Zip4 encodes a zinc transporter 

which is highly expressed in the small intestine, kidney and visceral yolk sac, and is highly 

regulated by zinc. These findings indicate that specific proteins are involved in the 

regulation of zinc homeostasis, and that their dysfunction can result in severe zinc 

imbalances. Metallothionein (MT) is the most well described regulator of zinc. This 

cysteine rich protein functions in cellular zinc trafficking, regulation of zinc homeostasis, 

detoxification of heavy metals such as cadmium and mercury, and has antioxidant 

properties. Regulation of MT expression is partly controlled by zinc, and can also be 

induced by other heavy metals. Zinc has several antioxidant properties. Firstly, zinc is an 

essential component of the antioxidant enzyme Cu/Zn superoxide dismutase (Cu/Zn SOD), 

which catalyzes the dismutation of superoxide anion to less reactive hydrogen peroxide and 

molecular oxygen. Superoxide dismutase is part of the first line of defense against reacti_ve 

oxygen species. Zinc can also function to stabilize sulfhydryl groups on proteins and 

protect them from oxidation. Zinc is a nonredox active metal and can compete with 
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radioactive metals for binding sites on proteins, cell membranes and DNA. Redox-active 

metals such as copper and iron can generate hydroxyl radicals through the Fenton reaction 

(Powell et al., 2000). Hydroxyl radicals can cause damage to nearby structures. Zinc can 

compete with copper and iron and displace them from binding sites on proteins, membranes 

and DNA, preventing hydroxyl radical formation near these structures. Zinc also regulates 

the antioxidant protein metallothionein. Zinc plays an important role in the regulation of 

gene expression by its presence in many zinc-containing binding domains in transcription 

factors and proteins. It is estimated that genes which encode proteins that contain zinc 

binding domains make up 1% of the human genome. The tumor suppressor protein p53 is 

known as the "guardian of the genome" and plays an essential role in mediating the 

response to cellular stress and DNA damage. Mutations in p53 are common in human 

cancers. Many of these mutations occur in the DNA binding domain of p53, and impair 

proper function of the protein. The p53 protein contains zinc in its DNA binding domain, 

and loss of zinc from p53 has been reported to induce conformational changes that impair 

DNA binding activity (Bulter et al., 2003). Loss of zinc from p53 could occur through 

mutations in the zinc finger domains, altering structural characteristics needed to bind zinc. 

Alternatively, decreased zinc availability due to zinc deficiency could limit zinc for 

incorporation into zinc-dependent proteins such as p53. Zinc regulated genes are not 

limited to transcription factors. Gene array studies have reported differential expression of 

genes involved in a wide variety of functions due to changes in zinc status (such as zinc 

deficiency). In particular, genes involved in metal homeostasis, stress response, DNA 

repair, apoptosis, cell growth/proliferation and transcription were found to be regulated by 

zinc. Overall, it is evident that zinc plays a vital function in regulating gene expression 

through its structural and catalytic role in a range of enzymes and transcription factors. Zinc 

deficiency is a problem worldwide, especially in developing countries where micronutrient 

deficiencies are common (Kennedy et al., 2005). Plasma zinc concentrations are tightly 

regulated and only those with severe zinc deficiencies can be identified by changes in 

plasma zinc levels. The lack of adequate biomarkers of zinc status makes it impossible to 

accurately identify those who are marginally zinc deficient. Therefore, it is possible that 

many people, are marginally zinc deficient, but cannot be identified. This makes it even 

more difficult to determine the relationship between zinc status and cancer risk. However, 
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several lines of evidence have correlated dietary zinc deficiency with increased cancer risk. 

Zinc deficiency has also been observed in patients newly diagnosed with head and neck 

cancers (Prasad et al., 1998), and the risk fof development of esophageal cancer was lower 

in subjects who had higher levels of zinc intake. Fong et al have shown a correlation 

between dietary zinc deficiency and esophageal cancer. Utilizing a rat model of esophageal 

cancer induced by various doses of N-nitroso methyl benzyl amine (NMBA), the study 

indicated that dietary zinc deficiency increases incidence and shortens induction time of 

esophageal tumors in rats. Dietary zinc deficiency also resulted in increased esophageal cell 

proliferation. Furthermore, when rats on zinc deficient diets were given a single dose of 

NMBA, and then switched to a zinc adequate diet, a decrease in esophageal tumor genesis 

and an increase in apoptosis was observed. Together these data demonstrated that zinc 

deficiency resulted in increased cell proliferation and increased tumor incidence while zinc 

replenishment lead to increased apoptosis and decreased tumor incidence in the esophagus. 

In vitro cell culture and in vivo animal studies have revealed that zinc deficiency leads to 

increased oxidative stress and DNA damage. Zinc is also a cofactor for replicative enzymes 

such as RNA and DNA polymerases. Several DNA repair proteins, such as XP A and RPA, 

which are involved in nucleotide excision repair, contain zinc finger domains. Lastly, 

Consequently, zinc deficiency may alter cancer risk partly through modifying expression 

and activities of critical transcription factors involved in regulating cell cycle progression, 

apoptosis and DNA damage response as well as affect the function of zinc-containing 

enzymes directly involved in DNA repair. 

1.8.3 Copper 

The atomic number of Copper (Cu) is 29, with a valence of + 1 or +2. Is an essential 

transition metal required for the activity of multiple mammalian enzymes .Through its 

unique ability to exist in distinct redox states, copper is able to function as a critical 

catalyst. The diversity of function and tissue expression of these proteins reveal an 

important role for copper in mammalian systems. Ubiquitously expressed, copper, zinc

superoxide dismutase (Cu, Zn-SOD) is an antioxidant required for the dismutation of 

superoxide radicals to hydrogen peroxide. Cu, Zn-SOD represents 1% of the total cell's 

proteins. Genetic defects in this enzyme are associated with amyotrophic lateral sclerosis 

(ALS) (Waggoner et al., 1999). Cytochrome c oxidase is necessary for mitochondrial 
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respiration. Tyrosinase is required for melanin production. A lack of lysyl oxidase is 

manifested by a laxity in collagen and skin and reflects a defect in collagen and elastin 

cross linking. The multi copper oxidases, ceruloJ'lasmin and hephaestin, represent a family 

of copper containing proteins that regulate the efficiency of iron transport. Dopamine b

hydroxylase is important in catecholamine production. Peptidyl glycine amidating mono

oxygenase (PAM) is required for neuropeptide and peptide hormone processing. Cu and 

Zn are necessary for activation of RNA and DNA polymerase enzymes, they also have a 

role as co-factors of antioxidant enzymes. Copper is readily absorbed, ~2 mg/d, from the 

diet (e.g., legumes, potatoes, grains, shellfish., beef) across the small intestine. Cu serum 

concentration levels are found to be increased in leukemia, lymphomas, sarcomas, 

bronchiogenic carcinomas, melanomas and gynecological cancers (Cunzhi et al., 2003), 

ceruloplasmin levels are found to be increased in breast, cervix and endometrium cancers 

and oral leukoplakia. Ceruloplasmin is a copper-carrying glucoprotein. It uses ferric 

oxidase activity to prevent the occurrence of toxic Fe products. In addition, it controls 

membrane lipid oxidation. As an acute phase reactant, ceruloplasmin was found to be 

increased in gastrointestinal (GIS) cancers ( Lin et al., 2002). In fact, it is claimed to be a 

prognostic and diagnostic factor in various malignancies (Zowczak et al., 2001). Copper is 

a trace element essential in several biological processes, some of them important for 

physical activity, such as energy metabolism, iron homeostasis and antioxidant protection 

through the plasma ceruloplasmin, erythrocyte Cu-Zn superoxide dismutase (Cu-Zn SOD) 

and metallothionein. However, copper also participates in oxidative reactions releasing free 

radicals, which may adversely affect cell integrity and function. Physical activity is known 

to affect copper homeostasis and may interfere in the copper antioxidant capacity. Intense 

physical activity results in higher oxygen consumption, which favors the release of free 

radicals and may cause irreversible damage to the body when the natural mechanisms of 

protection, including those copper-dependent, are not properly stimulated. Copper is a 

component of a great number of proteins and enzymes which play crucial biological 

functions to the cells and which contribute to the maintenance of its homeostasis. Copper is 

an essential metal to living beings; however, it is also potentially toxic to the cells due to ~ts 

easiness to suffer alterations of the oxidation as a free ion. Therefore, in order to have the 

copper-dependent metalloproteins satisfactorily playing their essential functions, such as 
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the antioxidants, the copper ion needs to be suitably compartmentalized and present in intra 

and extracellular suitable concentrations. Both deficiency and excess of this mineral may 

do harm to the cellular integrity and functionality. copper is an important component of 

several metalloenzymes, including tyrosinase and dopamine hydroxylase (Livesay et al, 

2003). It also plays a vital role in neurological disorders. Copper is essential for 

maintaining the strength of the skin, blood vessels, and epithelial and connective tissue 

throughout the body. Deficiencies of copper can result in hernias, aneurysms, and blood 

vessel breakage manifesting as bruising or nosebleeds. Copper is primarily found in serum 

(95%) as part of the oxidative enzyme ceruloplasmin, a 2-glycoprotein with a molecular 

weight of about 150,000. The remainder is present in an ionic form loosely bound to 

albumin. The daily adult requirement is about 2 mg/day and the majority of the ingested 

copper is rapidly converted in the liver to ceruloplasmin. Cellular copper is primarily found 

in mitochondria, and the adult body contains about 100 to 150 mg with the highest organ 

concentration in liver, kidney, heart, brain, and pancreas. Only 10 to 60 Jlg of copper are 

excreted in the urine each day. The role of copper, hypocupremia, and elevated liver copper 

concentrations in Wilson's disease are well documented and the effects of copper toxicity 

have been clearly described. Deficiency states have been reported in malabsorption 

(kwashiorkor, sprue, celiac disease), marasmic infants, infants with mentes kinky hair 

syndrome, and nephrotic syndrome. Elevations of serum copper have been reported in 

multiple sclerosis, infection, myocardial infarction, acute and chronic liver disease, and 

schizophrenia. There is a relationship between serum copper and inflammation and in some 

patients, but not all, there is a direct correlation with C-reactive protein. In patients with 

lymphomatous diseases the role of copper has been the subject of considerable 

investigation. Elevated serum copper has also been reported following administration of 

estrogens or thyroid and pituitary hormones and after surgery. The concentration of copper 

in serum is increased in various cancers. Further investigations have been proposed, to 

determine whether or not this trace element may be an indicator in the diagnosis of cancer 

(Pontet et al., 1984). 

1.8.4 Manganese 

The atomic number of manganese is 25, with valence of+ 1, +2, +3, +4, +6, and+7. 

Manganese is considered to be a trace mineral, of which the average adult needs 2-5 mg per 
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day to meet the Estimated Safe and Adequate Daily Dietary Intake (ESADDI) (Pennington 

et al., 2000). Manganese is necessary for the production of manganese superoxide 

dismutase, an antioxidant en~yme that qttenches the superoxide radical. Many 

environmental and dietary factors, including ozone, alcohol, high polyunsaturated fat diet, 

and oxidative stress increase the need for superoxide dismutase and may increase the 

biological need for manganese. Manganese concentrates in mitochondrial tissue and in the 

bone, liver, pancreas, and kidney. Manganese is an essential component of carbohydrate 

metabolism, reproductive function, and skeletal and cartilage development (Matkovic et al., 

2000). Manganese is the critical element in the metalloenzymes pyruvate decarboxylase 

and superoxide dismutase that are involved in energy production and immune function. 

Manganese also activates phosphatases, kinases, decarboxylases, and glycosyltransferases, 

facilitating the synthesis of protein and DNA in the production of mucopolysaccharides 

found in cartilage. Superoxide dismutase - an enzyme that protects cell membranes from 

lipid pero.xidation, radiation- or chemical-induced carcinogenesis , reperfusion injury, and 

inflammation has been found at low levels in manganese deficiency. Manganese is 

absorbed in the small intestine, but absorptive efficiency is poor. Absorbed manganese is 

very quickly secreted (within minutes) into the gut in bile. It is estimated that six percent of 

ingested manganese is absorbed. This low absorption and rapid elimination serves as a 

protective mechanism against manganese toxicity. Absorbed manganese is transported in 

the blood bound to plasma carrier proteins and is eliminated primarily through the feces. 

Human manganese deficiency is uncommon. Severely manganese-deficient animals exhibit 

symptoms of growth retardation, dermatitis, and reproductive failure, as well as metabolic 

changes including reduced High-density lipoprotein (HDL) cholesterol and diabetic-like 

glucose intolerance. Decreased serum manganese has been found in epileptics, diabetics, 

and persons with osteoporosis. Several studies have found low levels of manganese in 

blood or hair of epileptic adults and children. Levels of both erythrocyte and lymphocyte 

manganese levels have been shown to be significantly depressed in type 1 diabetics 

(Ekmekcioglu et al., 2001). Manganese has been shown to have hypoglycemic effects in 

type 1. A case report of a 21-year-old male with type 1 diabetes revealed consist~nt 

depressions in blood glucose levels, even with hypoglycemic events, after 3-5 mg oral' 

manganese chloride supplementation. Manganese deficiency, in addition to a role in 
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inhibiting gluco neogenesis and altering carbohydrate metabolism, appears to play a role in 

the pathology of diabetes through decreased levels of the antioxidant enzyme manganese 

superoxide dismutase. Manganese balance studies reveal some people can be in positive 

balance with intakes of 2.5-15 mg per day, while others may be in negative manganese 

balance at the same level of dietary intake. This wide variance in need for manganese may 

be related to factors that inhibit manganese absorption: dietary calcium, iron, phosphorus, 

and phytate. Elevated plasma manganese levels have been documented in parenteral 

manganese supplementation and in patients with impaired liver function or biliary 

secretion. Manganese toxicity has been documented in chronic inhalation in manganese 

miners and arc welders. Toxicity symptoms include anorexia, growth depression, 

aggressive behavior, reproductive failure, anemia, severe psychiatric disorders, and 

neurological disorders resembling schizophrenia and Parkinson' s disease. Manganese is 

considered non-toxic when administered orally. Research on oral manganese has shown the 

body is protected from oral toxicity by low absorption levels and a high rate of elimination 

by the liver. Information regarding the carcinogenicity (ability to cause cancer) of 

manganese in humans or animals is not available. Therefore, the U.S. Environmental 

Protection Agency (EPA) has classified manganese in Group D, inadequate evidence to 

determine its carcinogenicity under the old EPA cancer categorization scheme. Under the 

new EPA cancer guidelines, it would be appropriate to classify manganese into the 

"inadequate information to assess carcinogenic potential" category. There are a few reports 

associating intake of manganese with reproductive effects in humans. Impotency in males 

has been reported in association with occupational inhalation exposure to manganese. 

Animal studies found an association with very high levels in food and an increase in birth 

defects. Another study found decreased levels of the male hormone testosterone without 

any decrease in reproduction in male rats fed diets containing 1,050 ppm of manganese 

(Casarett et al., 2001 ). Manganese deficiency has also been noted in rheumatoid arthritis 

and cancer. Most cancer cells are very low in or devoid of manganese-containing 

superoxide dismutase. An anti-cancer preparation containing manganese as an essential cell 

component has been described. All cancer cells had little or no manganese-superoxide 

dismutase, the enzyme that seems to protect the nucleus and mitochondria from 
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superoxides. The fastest growing cancers proved to have the least manganese-superoxide 

dismutase. 

1.8.5 Magnesium 

MAGNESIUM is the fourth most common cation in the body and the second most common 

intracellular cation after potassium. Magnesium has a melting point of 648.8°C, boiling 

point of 1 090°C, specific gravity of I. 73 8 (20°C), and valence of 2. The central role of 

magnesium within the chlorophyll molecule and as a cofactor for the enzymes in the 

transphosphorylation reactions in photosynthesis makes it probably the most important 

inorganic element in the production of food and fossil fuel. In addition, it has a fundamental 

role as a cofactor in more than 320 enzymatic reactions involving energy metabolism and 

nucleic acid synthesis. In recent years, there has been an explosion of interest in the 

physiological and therapeutic properties of this essential element. It is involved in several 

processes, including hormone receptor binding and gating of calcium channels, 

transmembrane ion flux, regulation of adenylate cyclase, muscle contraction and neuronal 

activity, control of vascular tone, cardiac excitability and neurotransmitter release (Saris et 

al., 2000; Laurant et al., 2000). Magnesium increases the body's ability to utilize calcium, 

phosphorus, sodium, potassium, vitamins C, E and B complex. From a physiological 

perspective, magnesium is primarily regarded as a calcium antagonist, as most of its actions 

are linked to calcium. Calcium is an ideal agent for fast signal transduction and cell 

activation as cytosolic free calcium is only 1/10,000 of the corresponding extracellular 

species, traditionally called ionized calcium (Saris et al., 2000). Magnesium, on the other 

hand, having a slight gradient over the plasma, plays the complementary role of a more 

long-term regulatory element. Alterations of intracellular or extracellular magnesium 

concentration may affect cell function through its effect on calcium handling. Most of the 

intracellular magnesium is located within the mitochondria apparently because magnesium 

binds strongly with ATP. In general, the more metabolically active the cell is, the higher is 

its magnesium content. Levels of magnesium in the plasma of healthy people are 

remarkably constant, being on an average of 1.7- 2.4 mg/dl (0.7-1.0 mmol/1). Drinking 

water, on the other hand, remains an important source of magnesium. There are several 

other factors which have reduced magnesium within the ecosystem as a whole. Acid rain 
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causes exchange between magnesium and aluminium in the soil. This, coupled with 

intensive farming of the soil, has led to a reduction in magnesium within the food chain. 

Magnesium deficiency is common and multifactorial. Numerous research reports and 

clinical commentaries regarding magnesium deficiency have appeared in recent years. 

Magnesium deficit can be categorized into two types: magnesium deficiency and 

magnesium depletion. Dietary amounts of magnesium are marginal in the whole population 

and little alteration in magnesium intake may increase the prevalence of magnesium 

deficiency. Magnesium depletion may be due to dys regulation of factors controlling 

magnesium status: intestinal hypo-absorption of magnesium, reduced uptake and 

mobilization of bone magnesium, sometimes urinary leakage, hyperadrenoglucocorticism 

by decreased adaptability to stress, insulin resistance and adrenergic hypo, receptivity. 

Magnesium deficiency in aging largely results from various pathologies and treatment to 

elderly persons, i.e. diabetes mellitus and use of hypermagnesuric diuretics. Osmotic 

dieresis caused by glucosuria (as in diabetes mellitus), mannitol and urea results in urinary 

magnesium wasting. It has been suggested that aging, stress and various disease states may 

increase magnesium requirement. Deficiency of magnesium is closely linked to 

abnormalities in calcium and potassium metabolism. A fundamental interaction between 

magnesium and other ions seems to occur at the cellular level. Intracellular calcium 

concentrations are controlled within narrow limits, with transient increases rapidly 

returning to normal levels. The release of intracellular calcium plays a key role in many cell 

functions, both basic (cell division and gene expression) and specialized (excitation, 

contraction and secretion). It is well known that patients with moderate-to-severe 

magnesiUm deficiency commonly have accompanying hypocalcemia, which has been 

shown to be secondary to impaired secretion of parathyroid hormone as well as skeletal and 

renal resistance to the action of parathyroid hormone. Altered serum calcium and 

magnesium concentrations result in increased neuromuscular hyper excitability, which is 

responsive only to magnesium therapy. In addition to interactions with calcium, magnesium 

has a marked effect on the regulation of transmembrane sodium and potassium movement. 

Calcium and magnesium work together and against each other. An excess of calciurp in 

your body can upset the balance causing poor absorption of the magnesium, low 

intracellular levels of magnesium and high levels of cellular calcium leading to hardening 
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of tissues and muscle contractions (spasms). Magnesium ion has a fundamental role in 

carbohydrate metabolism in general, and in the action of insulin in particular. Magnesium is 

a cofactor in the glucose transporting meChanism of the cell membrane and various 

enzymes in carbohydrate oxidation. Cellular magnesium seems to play an important role in 

glucose metabolism as it is a critical cofactor for the activities of various enzymes involved 

in glucose oxidation and may play a role in the release of insulin. Magnesium is involved at 

multiple levels in insulin secretion, binding and activity. Hypomagnesaemia can be both a 

consequence and a cause of diabetic complications. Linkage between magnesium 

deficiency and insulin resistance, carbohydrate intolerance, accelerated atherosclerosis, 

dyslipidemia, hypertension and adverse outcomes in pregnancies complicating diabetes 

have been observed or postulated. Recognizing the signs of diabetes- associated 

magnesium deficiency is important because the deficiency can occur long before it is 

reflected by serum values. The influence of magnesium on cell membrane A TP ase activity 

and consequently on intracellular Ca2+, Na + and K+ metabolism may also play a role in 

diabetic complications. The cellular abnormalities of diabetes mellitus may be related to 

~tered trans membrane transport systems. Most Na+ extrusion and K+ influx are dependent 

upon the Na+, K+ pump whose biochemical expression is the ouabain-sensitive Na+, K+ 

A TPase .N a+, K+ A TPase necessary for maintaining intracellular potassium concentration, 

is a magnesium-dependent enzyme. Na +, K+ A TPase activity has been reported low in 

various tissues of animals with streptozotocin-induced diabetes and in the erythrocytes of 

type-1 diabetic patients. It has been reported that this impaired enzyme activity plays a role 

in the pathogenesis of diabetic polyneuropathy. Clinical and experimental studies have 

documented decreased Ca2+ A TPase activity and intracellular Ca2+ accumulation in human 

and experimental diabetes mellitus. The ATP- fuelled, Mi+-dependent Ca2+ pump in the 

plasma membrane is involved in maintaining low intracellular Ca2+ concentration in intact 

cells, by pumping Ca2+ from the cytosolic component to the extracellular space. Diabetes 

mellitus has been shown to be a state of increased free radical activity and is associated 

with higher prevalence of atherosclerotic disease and cardiovascular mortality (Jee et al., 

2002). Lipid per oxidation of cellular structures, a consequence of free radical activi~y, is 

thought to play an important role in aging, atherosclerosis and late diabetic complications. 

By-products of lipid per oxidation are increased in diabetes mellitus. Mechanisms that 
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contribute to the formation of free radicals in diabetes mellitus may include nonenzymatic 

and auto-oxidative glycosylation, the levels of inflammatory mediators and the status of 

antioxidant defense. In recent years there has beetf a growing interest in magnesium and its 

correlation with the development of various age-related diseases, viz. hypertension, 

diabetes mellitus, cardiovascular diseases, atherosclerosis, myocardial damage and cardiac 

arrhythmias through free radical oxidation of cellular components. There is a large volume 

of literature suggesting that magnesium deficit contributes to the ageing process and 

vulnerability to age-related diseases. Mammalian tissues contain numerous defenses against 

oxidative stre~s, some of which have been shown to be compromised during magnesium 

deficiency. During magnesium deficiency, natural antioxidant defenses present in 

mammalian tissues against oxidative stress may be compromised. Magnesium has had a 

suggested role in nearly every physiological system. Although magnesium supplementation 

is used for treatment of some cardiovascular disorders, the beneficial effects of magnesium 

replacement in preventing diabetic complications have not yet been proven in long-term 

studies. Some observations have suggested that chronic magnesium supplementation may 

be useful in the treatment of patients with diabetes, improving the glycemic control and 

preventing the development of chronic complications. Magnesium and calcium are 

important in regulating blood pressure (Jee et al., 2002). 

1.8.6 Chromium 

Over thirty years ago, chromium was certified to be an essential trace element and has been 

defined to be required by humans (Mertz et al., 1993). Chromium exists in a series of 

oxidation states from +2 to +6 valence. The most important stable states are 0 (elemental 

metal), +3 (trivalent), and +6 (hexavalent). The health effects of chromium are primarily 

related to the valence state of the metal at the time of exposure. Trivalent (Cr[III]) and 

hexavalent (Cr[VI]) compounds are thought to be the most biologically significant. Cr(III) 

is an essential dietary mineral in low doses. Cr(VI) compounds are carcinogenic. Cr(VI) is 

generally considered 1,000 times more toxic than Cr(III) (A TSDR 2000; Dayan and Paine 

et al., 200 1). Cr(III) is found in most fresh foods and drinking water. Dietary sources rich in 

Cr(III) include : breads, cereals, fish, fresh vegetables, meats, and spices. Chromium is 

found in rocks, animals, plants, and soil. Steel is made from chromium (0). Cr (III) appears 

naturally in the environment. Industrial processes produce chromium (II) and chromium 
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(VI). The hexavalent chromium compounds (chromium VI) are industrially produced by 

the oxidation of chromium (II) compounds. Cr(VI) usually occurs associated with oxygen 

as chromate (Cr04i- or dichromate (Cr20 7)"
2 ox anions. Cr(III) is less mobile, less toxic 

and is mainly found bound to organic matter in soil and aquatic environments (Becquer et 

al., 2003). Other significant sources of Cr(III) are mineral supplements, brewer's yeast, and 

beer. The National Academy of Sciences has established a safe and adequate daily intake 

for Cr(III) in adults of 50 -200 micrograms per day. On the average, adults in the United 

States take in an estimated 60-80 micrograms of Cr(III) per day in food. Therefore, many 

people's diets may not provide enough Cr(III) (A TSDR et al., 2000). The biologically 

active form of an organic Cr(III) complex, often referred to as glucose tolerance factor 

(GTF), is believed to function by facilitating the interaction of insulin with its cellular 

receptor sites. Its main function is to maintain normal glucose tolerance by regulating the 

insulin. This element attracted first a great deal of attention in consideration of its 

relationship with the aging process and diabetes .This effect of chromium, related to an 

impact on the glucose/insulin disturbances is important in osteoporosis. demonstrated a 

continuous decline in tissue chromium concentrations with age. Poor nutrition might 

explain this decline and is consistent with several studies of chromium metabolism. 

However, it is still unanswered whether the decline is a normal physiological development 

or due to poor nutrition. The consequences of chromium deficient intakes and status lead to 

increased glucose intolerance and risks of diabetes. Chromium deficiency results in fasting 

hyperglycemia, glycosuria, hypoglycemia, elevated circulating insulin, decreased insulin 

receptor number and binding, modifications of lipid metabolism and neurological disorders. 

Cr(III) deficiency has been associated with :cardiovascular disease, decreased lean body 

mass, decreased sperm count, elevated percent body fat, fasting hyperglycemia, glucosuria, 

impaired fertility, impaired glucose tolerance, and maturity-onset diabetes. Most of these 

manifestations are alleviated by supplemented chromium. Variable responses to 

supplemental chromium, depending upon age and degree of glucose intolerance, have been 

reviewed. Subjects with marginally impaired glucose tolerance respond within 3 weeks to 

200 11g of inorganic chromium, but older subjects with more severe glucose intolerance 

may require higher amounts of chromium. The entry routes of chromium into the human 

body are inhalation, ingestion, and dermal absorption. Occupational exposure generally 
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occurs through inhalation and dermal contact, whereas the general population is exposed 

most often by ingestion through chromium content in soil, food, and water. After human 

exposure to Cr(III) by inhalation, urinary conE:entrations of chromium were found to be 

increased indicating respiratory absorption. Cr(VI) is reduced to Cr(III) in the lower 

respiratory tract by the epithelial lining fluid and by pulmonary alveolar macrophages 

(Dayan and Paine et al., 2001). In ·general, Cr(VI) compounds are better absorbed through 

the intestinal mucosa than the Cr(III) compounds. However, due to the actions. of stomach 

acid and other components within the gastrointestinal tract, most of an ingested Cr(VI) 

dosage is converted to Cr(III) (Cohen and Kargacin et al. 1993). In humans and animals, 

less than 1% of inorganic Cr(III) and about 10% of inorganic Cr(VI) are absorbed from the 

gut; the latter amount is slightly higher in a fasting state (Dayan and Paine et al., 2001 ). 

Adsorption from Cr (VI) compounds is higher than Cr (III) compounds because chromate 

anion (Cr04)
2
- enters the cells by facilitated diffusion . By passive diffusion and 

phagocytosis, adsorption of chromium III atoms can take place . Oral exposure to 

chromium occurs when it is inhaled; adsorption occurs in the lung and transfers across the 

cell membranes and into the gastrointestinal tract . Adsorption that occurs through oral 

exposure in humans varies because chromium particles vary in solubility. Dermal 

adsorption depends on physical and chemical properties of the compound, the fomite, and 

the skin type. Solutions that are concentrated with chromium (VI) compounds, such as 

potassium chromate, cause chemical burns. Once chromium enters the blood stream, 

chromium compounds can be distributed to all organs of the body. Cr (VI) is unstable in the 

body and is reduced ultimately to Cr (III) by many substances like ascorbate and 

glutathione . Once this reduction occurs, excretion can occur through urine, hair, and nails. 

However, hair and nails provide minor pathways of excretion. Chromium is one of the 

most widely used industrial metals. Several million workers worldwide are estimated to be 

exposed to chromium compounds in an array of industries such as pigment production, 

chrome plating, stainless steel welding, and leather tanning. Additionally, it is one of the 

major contaminants in various hazardous waste sites worldwide, including the Superfund 

sites in the United States (Medeiros, Rodrigues et al., 2003). Since Cr(III) is poorly 

absorbed by any route, the toxicity of chromium is mainly attributable to the Cr(VI) form. 

It can be absorbed by the lung and gastrointestinal tract, and even to a certain extent by 
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intact skin. The reduction of Cr(VI) is considered to serve as a detoxification process when 

it occurs at a distance from the target site for toxic or genotoxic effect while reduction of 

Cr(VI) may serve to activate chromium toxici~ if it takes place in or near the cell nucleus 

of target organs (Dayan and Paine et al., 2001 ). If Cr(VI) is reduced to Cr(III) extracellular, 

this form of the metal is not readily transported into cells and so toxicity is not observed. 

The balance that exists between 'extracellular Cr(VI) and intracellular Cr(III) is what 

ultimately dictates the amounts and rates at which Cr(VI) can enter cells and impart its 

toxic effects. Cr(VI) enters many types of cells and under physiological conditions can be 

reduced by hydrogen peroxide (H20 2), glutathione (GSH) reductase, ascorbic acid, and 

GSH to produce reactive intermediates, including Cr(V), Cr(IV), thiylradicals, hydroxyl 

radicals, and ultimately, Cr(III). Any of these species could attack DNA, proteins, and 

membrane lipids, thereby disrupting cellular integrity and functions (De Mattia, Bravi et 

al., 2004). Occupational exposure to Cr(VI) compounds in a number of industries has been 

associated with increased risk of respiratory system cancers. Number of epidemiological 

studies of workers in chromate industries also showed significantly increased risk for nasal 

and sinus cancers. On the basis of these and other studies, the U.S. Environmental 

Protection Agency (EPA) and the International Agency for Research on Cancer (IARC) 

have classified inhaled Cr(VI) as a known human carcinogen. The World Health 

Organization (WHO) has determined that Cr(VI) is a human carcinogen. The Department 

of Health and Human Services (DHHS) has determined that Cr(VI) compounds are known 

to cause cancer in humans. The toxicity of chromium within the cell may result from 

damage to cellular components during the hexavalent to trivalent chromium reduction 

process, by generation of free radicals, including DNA damage . Occupational exposure to 

Cr(III) does not appear to be associated with renal effects (A TSDR et al., 2000). No renal 

impairment based on urinary albumin, retinol binding protein, and renal tubular antigens 

was found in 236 workers employed in the ferrochromium production industry. Cases of 

hepatic effects after oral exposure to Cr(VI) compounds have also been reported. Elevated 

liver enzyme levels were reported flowing ingestion of 150 mL solution containing 22.5 g 

potassium dichrome. Hepatomegaly and hepatic failure (Stift, Friedl et al., 2000) have also 

been noted in the cases of acute poisoning. 
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1.8.7 Iron 

Iron atomic number is 26, with a valence of +2, +3, +4, or +6. Iron is an essential nutrient . 
required for a variety of cellular functions. However, when present in an amount that 

exceeds the requirements of the body, iron can be highly toxic to cells and tissues and iron 

homeostasis must therefore be tight~y regulated. In many cases, an excess of iron may 

initiate the process of carcinogenesis. The toxicity of iron is largely related to its ability to 

catalyze the formation of free radicals which attack and damage cellular components 

leading to cell death and tissue injury. The manner in which free radicals are formed is 

based on the chemistry of the Fenton and Haber-Weiss reactions. During these processes, 

catalysis of iron results in hydroxyl radicals (OH-) from superoxide (02Yand hydrogen 

peroxide (H20 2), which are termed reactive oxygen species (ROS) (Papanikolaou and 

Pantopolous, 2005). A surplus of iron may lead to an increase in the oxidative stress of the 

cell resulting in accelerated tissue damage as well as the oxidation of proteins, membrane 

lipids and nucleic acids. It has been demonstrated that the increased oxidative stress 

resulting from excess iron in the liver, pancreas and skin may lead to an elevated risk for 

carcinomas and sarcomas, respectively. Increased levels of iron are also required for the 

sustained proliferation of tumour cells. Hann et al., ( 1990) showed that supplementation 

with iron enhanced the growth of human hepatoma cells. Conditions of iron overload may 

also impair the cytotoxic activity of tumouricidal-activated macrophages against tumour 

cells by inhibiting their growth. In normal circumstances, loss of iron from a target cell 

results in anti-tumour activity, which is reduced when there is excess iron present. For this 

reason, iron can be said to have an indirect carcinogenic effect on cells. Conditions of iron 

deficiency can be just a~ pathogenic to bodily tissues and cellular components as those of 

iron overload. Anemia is a condition frequently associated with malignancies although the 

underlying mechanism of pathogenesis is not yet fully understood. Erythrocytes often have 

a shortened survival rate in cancer patients which is one of the causes of cancer-related 

anemia. Erythropoiesis is unable to compensate for this due to the weakened response of 

the bone marrow of cancer patients. Characteristic changes in iron homeostasis are often 

observed in cancer patients. Some of these include elevated serum ferritin levels and 

decreased serum iron concentrations, which suggest a movement of iron toward the storage 

sites. Raised levels of serum ferritin have been proven to correspond with tumour 
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progression in head and neck cancers (Rosati et al., 2000). The role of iron as a potential 

risk factor for the development of esophageal cancer was previously described in Black 

South African patients who had dietary iron dVerload, hypothesized to be as a result of 

drinking traditional beer brewed in non-galvanised steel drums: The involvement of iron in 

the development of other cancers such as liver cancer has also been previously studied and 

attributed to dietary iron overload. Further studies using rat models showed that iron 

supplementation could be indicated as a risk factor for developing EC. The rats that were 

supplemented with iron had increased levels of inflammation, cell proliferation and reactive 

oxygen species (ROS) compared to the control animals. Increased tumour development, 

subsequent to the development of Barrett's esophagus, in the lower regions of the 

esophagus of the iron-supplemented rats was also noted. Iron is a trace element required by 

virtually all living organisms and is utilized in a variety of cellular and metabolic processes 

(Aisen et al., 2001). These include oxygen transport by the haem moiety of hemoglobin, 

electron transport on the cytochromes of the respiratory chain and various other enzymes, a 

few of which are involved in DNA synthesis (Lieu et al., 2001). Within the adult human 

body, iron constitutes approximately 35 mg/kg of body weight in women and a slightly 

higher level of 45 mg/kg in men and is one of the most abundant metals in the body. The 

vast majority of the total body iron, about 60 to 70%, is bound to the hemoglobin proteins 

of the erythrocytes which circulate in the blood stream. A further 10 to 15% of iron is 

present in other enzymes and the cytochromes, but in normal circumstances this level never 

exceeds 4 to 8 mg of iron. In the plasma approximately 1% of iron is transported by 

forming a complex with transferrin, an 80 kDa protein that contains two iron binding sites 

(Emerit et al., 2001). Transferrin-bound iron (TBI) is utilized predominately by the bone 

marrow to produce the hemoglobin of the erythroid cells. The remainder of the total body 

iron, 20 to 30%, which is surplus to immediate cellular requirements, is stored in ferritin. 

Due to the high demand for iron by the erythrocytes (20 mg per day) for erythropoiesis, the 

vast majority of iron comes from the destruction of old red blood cells by 

reticuloendothelial macrophages. This macrophage iron recycling results in the release of 

haem molecules from the hemoglobin into circulation. The regulation of the stores of iron 

within the body takes place primarily through the absorptive process in the duodenum and 

jejunum of the small intestine. This intestinal absorption of dietary iron is important in 
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maintaining the iron balance as the body has no physiologic pathway to regulate iron 

excretion. Iron loss takes place to a small extent (1 mg/day in an adult human) by excretion 

of iron in the urine and bile, sweating and the recdrrent loss of cells from the skin and gut. 

Due to the regular blood loss during menstruation and childbirth, women lose additional 

iron from the high concentrations contained in the haemoglobins. The loss of bodily iron 

via these processes is kept in balance by the absorption of 1 to 2 mg of iron from the diet 

daily. The relationship between the excretion and the absorption of iron leads to the 

maintenance of a relatively constant amount of stored iron throughout life. As stated 

previously, the regulation of iron takes place predominately at the level of absorption in the 

intestine. Specifically, dietary iron is taken up across the brush border of the intestinal 

enterocytes and subsequently released across the basolateral membrane into the circulation. 

Iron exists in two forms, the ferric (Fe3~ and the ferrous (Fe2~ forms. Due to the fact that 

ferric iron is rendered insoluble at a pH level greater than 3, and ferrous iron remains 

soluble at pH 7, the absorption of ferrous iron is more efficient than that of ferric iron. 

Inorganic iron ingested from the diet exists in the oxidised ferric (Fe3~ form and therefore 

has to be reduced to the ferrous (Fe2~ at the apical membrane of the enterocytes before 

absorption of iron in the intestine can occur. Iron that is not utilised immediately by the 

body for metabolic processes is stored as a reserve in the event that the levels of free body 

iron become low. In healthy individuals, approximately 20 to 30% of the total body iron is 

stored. Free iron is extremely toxic and aggregates to form toxic precipitates. To prevent 

this, iron is stored as ferritins and haemosiderins in reticuloendothelial macrophages and 

hepatocyte cells of the liver (Sargent et al., 2005). 

1.8.8 Mercury 

Mercury has three oxidation states: 0, 1 + (mercurous), and 2+ (mercuric) and atomic 

Number is 80. Mercury occurs naturally in the environment and exists in several forms 

such as metallic mercury, inorganic mercury and organic mercury. Metallic mercury is still 

used in thermometers, barometers, batteries, and electrical switches. Some inorganic 

mercury compounds are used as fungicides and medicinal products. Mercuric chloride is a · 

topical antiseptic or disinfectant agent. Other chemicals containing mercury are still used as 

antibacterial. Most of the mercury found in the environment is in the form of metallic and 
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inorganic mercury compounds (Nguyen et al., 2005). Metallic mercury is a liquid at room 

temperature; it will evaporate into the air and can be carried for long distances. 

Microorganisms convert inorganic mercury to ' methyl mercury. Inorganic or organic 

compounds of mercury can be released to water or soil. Mercury can enter and accumulate 

in the food chain. Some people can be exposed to higher levels of mercury in the form of 

methyl mercury if they have a diet high in fish, shellfish, or marine mammals that come 

from mercury contaminated waters (Ihnat et al., 2003). Inorganic mercury accumulates 

mostly in the kidneys but methyl mercury is easily absorbed through the gastrointestinal 

tract and penetrates to the brain (Zheng et al., 2003). Mercury has been found in all 

foodstuffs (Lopez et al., 2000; Wilhelm et al., 2005). The limits for mercury are also 

established for feedstuffs (range 0.1 - 0.40 mg/kg) by the Polish Regulation of the Ministry 

of Agriculture and Rural Development of June 28, 2004 in Law Gazette . The exposure of 

mercury could be mineralized by regular control of food and feed and setting mercury 

maximum levels in these products. The toxic effects of methyl mercury (MeHg) can make 

it a potential health problem~ and it is listed by the International Program of Chemical 

Safety as one of the most dangerous chemicals in the environment (Gilbert et al., 1995). 

Although adults can experience neurological effects when exposed to high concentrations 

of methyl mercury, advisories have mainly arisen because of the increasing concerns 

regarding methyl mercury's effects in the developing nervous systems of unborn and 

growing children. Alarmingly, while the placental barrier can stop many toxic elements, 

methylmercury is an exception in that it not only crosses the placenta, it accumulates at 

higher concentrations on the fetal side than on the maternal (Iyengar et al., 2001). mercury 

also crosses the blood-brain barrier and exhibits long-term retention once it gets across 

(Kerper et al., 1992). These factors exacerbate mercury's neurotoxicity and conspire to 

intensify the pathological effects in this most important and most vulnerable of the body's 

tissues. 

1.8.9 Cobalt 

Cobalt is a naturally occurring element (atomic number 27) in the first transition series 

of Group 9 of the periodic chart of elements. 59 Co is the only stable isotope. There are 26 

known radioactive isotopes, of which only 57 Co and 6°Co are commercially important.. 
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There are three valence states of cobalt (0, +2, and +3). Because cobalt may occur as a 

radioactive isotope, it can produce ionizing radiation. This document focuses primarily on 

stable cobalt. Cobalt is a silvery grey solid at room temperature. It is the 33rd most abundant 
element and has been found in a variety of media, including air, surface water, leachate 

t 

from hazardous waste sites, groundwater, soil, and sediment. The largest source of 

exposure to cobalt for the general population is the food supply. The estimated intake from 

food is 5-40 !J.g/day, most of which is inorgaJ;lic cobalt. Vitamin B12 contains cobalt but 

occurs in foods of animal origin and represents only a small fraction of cobalt intake. Green 

vegetables and fresh cereals are the richest sources of cobalt (0.2-0.6 !J.g/g dry mass), 

whereas dairy products, refined cereals, and sugar contain the least cobalt (0.01-0.03 !J.g/g 

dry mass) (IARC et al., 1991). Inhalation of cobalt particles results in deposition in the 

upper and lower respiratory tract, where they can be retained or absorbed into the blood 

after dissolution or mechanically transferred to the gastrointestinal tract by mucociliary 

action and swallowing. Approximately 50% of the cobalt that enters the gastrointestinal 

tract will be absorbed. Cobalt absorption is increased among individuals who are iron 

deficient. Cobalt is essential as a component of vitamin B12, therefore, it is found in most 

tissues. Total body burden is estimated as 1.1-1.5 mg, with 0.11 mg in the liver. After 

inhalation expos Inhalation and dermal exposure to cobalt in humans can result in 

sensitization. Bronchial asthma has been described in workers exposed to various forms of 

cobalt. Higher levels of cobalt have been found in the lung. The largest potential source of 

cobalt exposure for the general population is food. Most of the cobalt that is ingested is 

inorganic. Urine and blood cobalt levels correlate positively with occupational exposure to 

cobalt. Unexposed humans have blood cobalt levels ranging from 0.05 to 0.19 !J.g/dl and 

urine cobalt levels ranging from 0.04 to 2 !J.g/1 (Alexandersson et al., 1988). Several studies 

reported lethal cardiomyopathy in people who consumed large quantities of beer with 

cobalt sulfate (Morin & Daniel et al., 1967). In humans, inhalation and dermal exposure 

have been observed to result in sensitization to cobalt (Bencko et al., 1983). Interstitial 

lung disease caused by metallic cobalt containing particles is a rare occupational lung 

disease. Several reviews are available on this fibro sing alveolitis, which is generally called 

hard metal lung disease. There are no available studies on genotoxic effects in humans 

exposed to cobalt by the oral and dermal routes of exposure. 
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1.8.10 Rubidium 

Rubidium (Rb) is an alkali metal in the same series of the periodic table as lithium, 

sodium, cesium, and potassium . Previous observations have shown a relatively small 

uptake of 86Rb by normal brain tissue after parenteral administration of 86Rb carbonate in 

the guinea pig and dog. This potentially low background would be useful in localizing 

intracranial tumors with sufficient isotope avidity. This problem was investigated by 

determining the uptake and distribution of parent rally administered Rb86 in normal and 

neoplastic tissues of mice and humans, with emphasis on neurogenic tumors. The results 

suggest the possible usefulness of this isotope for the localization of brain tumors 

(Fheedberg et al., 1952). Rb was elevated in all pathological groups with the greatest 

increase in carcinomas as well. There are no data in the literature on the effects of Rb in 

those cells. On the grounds of the present results, it seems possible to use the trapping of 

Rb for diagnostic purposes in cases of pathologically altered thyroids (Kvizala et al., 

1992). 

1.9 Analytical technique 

In recent years, neutron activation analysis as an ideal technique for trace elemental 

analysis of biological samples has been widely used by several workers. The trace elements 

discussed before are extensively investigated using this sophisticated nuclear analytical 

technique. The term "nuclear analytical techniques" refers to techniques that provide the 

xzqualitative or quantitative determination of an element on the basis of characteristics and 

properties of the atomic nucleus. Actually, the application of nuclear techniques involves 

the measurement of isotopes rather than elements. The isotopes can be stable or radioactive 

and the radioactivity can be natural or induced. According to the above definition, the 

following analytical techniques are considered as nuclear techniques: mass spectrometry, 

ion beam analysis, nuclear magnetic resonance spectrometry, Mossbauer spectrometry, 

neutron scattering and diffraction, neutron activation analysis, isotopic dilution analysis, 

stable isotope and radiotracer studies, and direct radioactivity determinations (DE GOEIJ et 

al., 1996). Nuclear analytical techniques are in general independent ofthe chemical state of 

the element determined and therefore cannot be directly applied for the determination of 

chemical species. This represents a basic difference of nuclear analytical techniques in 
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comparison to other analytical techniques, on the other hand are often very sensitive and 

specific and, because of the penetrating power of nuclear radiation, also nondestructive. 

Nuclear reactors are the most universal radiati'on sources, allowing the determination by 

activation analysis of many elements in various materials. For the most part, thermal 

neutrons are used for activation [reactions of the (n, gamma) type]. However, by using 

cadmium or boron filters, it becoines possible to activate mainly with fast neutrons in 

reactions of the (n, p), (n, alpha) or (n, 2n) types. Activation analysis can be defined as the 

method of detection and determination of the content of elements in a given material measuring 

the radiation emitted by radionuclides formed as a result of selected nuclear reactions (Aziz et 

al., 1993). 

1.9.1 Neutron activation analysis 

Neutron activation analysis (NAA) is a method for qualitative and quantitative 

determination of elements based on the measurement of characteristic radiation from 

radionuclides formed directly or indirectly by neutron irradiation of the material. The most 

suitable source of neutrons is usually a nuclear research reactor. The method's 

characteristics can be summarized as follows: 

• Very low detection limits for 30-40 elements. 

• Significant matrix independence. 

• The possibility of non-destructive analysis (instrumental NAA or INAA). 

• The use of radiochemical separation to overcome interference in complex gamma

ray spectra (radiochemical NAA or RNAA). 

• An inherent capability for high levels of accuracy compared to other trace element 

analysis techniques. 

Due to its inherent sensitivity and accuracy, neutron activation analysis has been 

extensively applied to environmental sciences, nutritional studies, health related studies, 

geological and geochemical sciences, material sciences, archaeological studies, forensic 

studies and nuclear data measurements. In addition to these applications, NAA has a role in 

the quality assurance of chemical analysis. Since NAA requires access to a nuclear research 

reactor, the method is less widely applied than other analytical techniques for elemental 

analysis, such as atomic absorption spectroscopy (AAS), inductively coupled plasma 
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spectroscopy (ICP) and X-ray fluorescence spectroscopy (XRF). NAA is unique in several 

important aspects such as being largely independent of matrix effects, being suitable for 

analysis of materials that are difficult to dissolve (e.g. silicon, ceramics), being relatively 

insensitive to sample contamination and having specific means of detection. Due to these 

comparative advantages, sensitivity and accuracy, it has a special role as a reference 

technique for other analytical methods. (IAEA-TECDOC-1215, 1998). 

Neutron activation analysis (NAA) is· a very precise technique mainly used to determine 

trace concentrations of elements in samples (Glascock et al., 2009) or to acquire 

information on the spatial distribution of a neutron field via neutron activation detectors 

(Majerle et al., 2006). In NAA a sample is first irradiated with neutrons coming from e.g. a 

particle accelerator or an experimental reactor. Depending on the neutron flux energy 

spectrum and reaction cross sections, the target nucleus undergoes a nuclear reaction and 

the resulting nucleus will immediately de-excite under emission of characteristic prompt 

gamma rays into a more stable configuration. This configuration is in general a radioactive 

nucleus with a certain half-life t112 which will further decay under emission of characteristic 

delayed gamma rays into a stable product nucleus. An illustration in the case of a neutron 

capture reaction is depicted in figure 1.2. 

Monitoring the emitted gamma photons with a detector then gives information on the 

concentration of different elements in the sample or on the incoming neutron field if one 

knows the nuclear reactions that result in the detected radio-isotopes. By using several thin 

foils of known composition at different locations as sample, one can obtain information on 

the spatial distribution of the neutron field. Such foils are called neutron activation 

detectors, sometimes referred to as activation foils as well. 
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Figure. 1.2 Sequence of events that occur during the most 

common types of nuclear reactions used for activation analysis 

source: (Nuclear Science Division and Contemporary Physics 

Education Project 2000). 

50 



1.9.2 Neutrons 

Although there are several types of neutron sources (reactors, accelerators, and radio 

isotopic neutron emitters) one can use for NAA, nuclear reactors with their high fluxes of 

neutrons from uranium fission offer the highest available sensitivities for most elements. 

Different types of reactors and different positions within a reactor can vary considerably 

with regard to their neutron energy distributions and fluxes due to the materials used to 

moderate or reduce the energies of the primary fission neutrons. However, as shown in 

Figure 1.3, most neutron energy distributions are quite broad and consist of three principal 

components (thermal, epithermal, and fast). 

The thermal neutron component consists of low-energy neutrons (energies below 0.5 eV) in 

thermal equilibrium with atoms in the reactor's moderator. At room temperature, the energy 

spectrum of thermal neutrons is best described by a Maxwell-Boltzmann distribution with a 

mean energy of 0.025 eV and a most probable velocity of 2200 m/s. In most reactor 

irradiation positions, 90-95% of the neutrons that bombard a sample are thermal neutrons. 

In general, a one-megawatt reactor has a peak thermal neutron flux of approximately 1 E 13 

neutrons per square centimeter per second. 

The epithermal neutron component consists of neutrons (energies from 0.5 e V to about 0.5 

MeV) which have been only partially moderated. A cadmium foil I mm thick absorbs all 

thermal neutrons but will allow epithermal and fast neutrons above 0.5 eV in energy to pass 

through. In a typical unshielded reactor irradiation position, the epithermal neutron flux 

represents about 2% the total neutron flux. Both thermal and epithermal neutrons induce 

(n,gamma) reactions on target nuclei. An NAA technique that employs only epithermal 

neutrons to induce (n,gamma) reactions by irradiating the samples being analyzed inside 

either cadmium or boron shields is called epithermal neutron activation analysis (ENAA). 

The fast neutron component of the neutron spectrum (energies above 0.5 MeV) consists of 

the primary fission neutrons which still have much of their original energy following 

fission. Fast neutrons contribute very little to the (n,gamma) reaction, but instead induce 

nuclear reactions where the ejection of one or more nuclear particles - (n, p), (n, n'), and 

(n,2n) - are prevalent. In a typical reactor irradiation position, about 5% of the total flux · 

consists of fast neutrons. An NAA technique that employs nuclear reactions induced by fast 

neutrons is called fast neutron activation analysis (FNAA) (Glascock et al., 2004). 
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Figure 1.3 A typical reactor neutron energy spectrum showing 

the various components used to describe the neutron energy 

regions. 
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1.9.3 Various forms of activation analyses 

1.9.3.1 Instrumental neutron activation analysis 

INAA is often referred to as non-destructive NAA or as NAA without post-irradiation 

radiochemical separation. It is a multi-elemental method where by gamma-ray spectroscopy 

is applied to radioactivity measurements. INAA promises reliable analytical results, 

because the possible error due to contamination and element loss can be easily avoided. 

INAA is capable of analyzing relatively large samples varying from a several grams to 

several kilograms (BODE et al., 1998). 

1.9.3.2 Radiochemical neutron activation analysis 

RNAA involves a post-irradiation radiochemical separation procedure to isolate one or a 

group of elements, or to eliminate interfering nuclides. Application of a carrier and hold

back carrier makes chemical separations much more convenient. The chemical yield can be 

calculated from re-determination of the added carrier when it is a stable isotope. When the 

carrier is a radioactive one, chemical yield can be obtained directly from the . sample 

gamma-ray measurement. 

1.9.3.3 Epithermal neutron activation analysis 

In ENAA, a sample is irradiated in an epithermal neutron flux by covering it with cadmium 

foil or putting it in a borated capsule. Some reactors provide epithermal irradiation facilities 

by having the irradiation position suitably surrounded by such materials. Q0 is defined as 

the resonance-to-thermal cross-section ratio. ENAA is mainly used to determine a high Q0 

nuclide(s) when a low Q0 nuclide(s) is the interference. When irradiated in an epithermal 

neutron flux, a high Q0 nuclide like 114Cd (n, 0)115Cd (Q0 = 39.6) will be more activated 

than a low Q0 nuclide like 23Na (n, D) 24Na (Qo = 0.59) if compared to the activation in 

'normal' NAA. Consequently, a lower detection limit for Cd determination can be 

expected. 
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1.9.3.4 Prompt gamma-ray neutron activation analysis 

In PGNAA, the prompt gamma-rays emitted during the nuclear reaction are measured. It is 

a non-destructive and multi-elemental method ( MOLNAR et al., 1997). PGNAA may 

provide elemental contents and depth profiling for elements H, B, C, N, P, S, Cd, Pb and 

some rare earth elements, especially Sm and Gd. Most of these elements either cannot, or 

cannot easily, be determined with normal NAA, so PGNAA is a complementary method. 

To carry out PGNAA, a neutron beam guide and a D-ray detector assembly are needed. 

1.9.3.5 Cyclic neutron activation analysis 

This is most frequently used in short half-life NAA. In this method, a sample is repeatedly 

activated, and the gamma-ray spectra after each irradiation are summed (SPYROU et al., 

1981). The repetition can continue till the accumulated activity from long lived nuclides is 

too high. Cyclic NAA is used to improve the counting statistics of the peak-area of short

lived nuclides. To avoid the accumulation of the longer-lived nuclide activity, this cyclic 

activation can be performed using a series of fresh samples: pseudo-cyclic NAA (DE 

SILVA et al., 1983). 

1.9.4 Detection limits 

The detection limit represents the ability of a given NAA procedure to determine the 

minimum amounts of an element reliably. The detection limit depends on the irradiation, 

the decay and the counting conditions. It also depends on the interference situation 

including such things as the ambient background, the Compton continuum from higher 

energy y -rays, as well as any y -ray spectrum interferences from such factors as the blank 

from pre-irradiation treatment and from packing materials. The detection limit is often 

calculated using Currie's formula (CURRIE et al., 1968): 

DL = 2.71 + 4.65 -.JB 
where DL is the detection limit and B is the background under a y -ray peak. It is valid ol'l.ly 

when they -ray background (counting statistical error) is the major interference. The INAA 

detection limits depend on: 
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• The amount of material to be irradiated and to be counted. This is often set by 

availability, sample encapsulation aspects and safety limits both related to 

irradiation (irradiation containers) 'and counting (e.g. with Ge well-type detectors), 

and possibly because of neutron self-shielding and gamma-ray self-absorption 

effects. For these reasons practically the sample mass is often limited to 

approximately 250 mg.' 

• The neutron fluxes. These are clearly set by the available irradiation facilities. 

• The duration of the irradiation time. This is set by practical aspects, such as the 

limitations in total irradiation dose of the plastic containers because of radiation 

damage. The maximum irradiation time for polyethylene capsules is usually limited 

to several hours, for instance 5 hours at 5 x 1017 m"2s·1
• 

• The total induced radioactivity that can be measured. is set by the state-of-the-art of 

counting and signal processing equipment, with additional radiation dose and 

shielding considerations. As an example, the maximum activity at the moment of 

counting may have to be limited to approximately 250 k Bq. 

• The duration of the counting time. A very long counting time may set limits to the 

number of samples processed simultaneously in case the radioactivity decays 

considerably during this counting time. Moreover, it reduces sample throughput. 

• The total tum-around time. Although sometimes better detection limits may be 

obtained at long decay times, the demands regarding the tum-around time often 

imply that a compromise has to be found between the longest permissible decay 

time and customer satisfaction. 

• The detector size, counting geometry and background shielding. The detector's 

characteristics may be set in advance by availability but several options exist.( 

IAEA-TECDOC-1215) The detection limit for a particular element depends upon 

the measured count rate (R) of the gamma ray being monitored and the background 

radiation. As seen from equation 1, the measured count rate (R) for a given isotope 

and consequently the SIN (signal to noise ratio), can be increased by any 

combination of the following: 

• 
• 

Increasing the detector efficiency (moving the sample closer to the detector) 
Increasing the irradiation time (t) 
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• Decreasing the decay time (t )

Equation· (1): 

R = e I.,A = e !yn rp u (l-e-A. 1J e-A.td I! 

R = measured gamma-ray count rate (cps) A = absolute activity of isotope A+lz m 

sample e = absolute detector efficiency ly = absolute gamma-ray abundance n = 

number of atoms of isotope Az in sample 

rp =neutron flux (neutrons·cm-2·sec-1
) 

u = neutron capture cross section ( cm2
) for isotope Az 

A.= radioactive decay constant (s-1
) for isotope A+lz 

ti= irradiation time (s) 

td= decay time (s) 

1.9.5 Accuracy of INAA 

The factors affecting the accuracy in INAA are briefly highlighted in the following 

paragraphs. Accuracy is defined as the closeness of the agreement between the result of a 

measurement and a true value of a measured (ISO, Geneva et al., 1993). The degree of 

accuracy in the quantitative INAA analysis has to be assessed by how closely the 

concentrations obtained by analysis approximate the true concentration values. Since the 

analytical results are in fact estimates of the true values, the results have to be accompanied 

by a statement of uncertainty. The sources of error contributing to this uncertainty can be 

rather completely assessed in INAA since many aspects of the procedure (activation, decay, 

measurement) are described by well defined physical laws. Traditionally, three types of 

errors can still be distinguished as affecting the final concentrations: Random errors, 

systematic errors and additional errors. The type of errors related to sample preparation 

(contamination, element loss due to volatilization, incomplete drying) are not unique for 

INAA but are applicable to any method of chemical analysis. An estimate of the accuracy 

of INAA can be obtained by comparison of the results of an analysis of certified reference 

materials with the data in the certificates. The accuracy is expressed as a standardized 

difference there by taking into account the uncertainties of the obtained result and the 

uncertainty in the certified value. Uncertainty- the parameter associated with the analytical 

measurement results that characterizes the dispersion of the values that could be reasonable 

attributed to the quantity measured ( IAEA-TECDOC-1218). 
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1.9.6 Typical applications 

It is hardly possible to provide a complete surve): of current NAA applications, however, 

some trends can be identified. At specialized institutions, NAA is widely used for analysis 

of samples within environmental specimen banking programmes (ROSSBACH et al, I 997). 

NAA has been applied for determining many elements, usually trace elements, in the 

following fields and sample types: 

• Archaeology - amber, bone, ceramics, coins, glasses, jewellery, metal artefacts 

and sculptures, mortars, paintings, pigments, pottery, raw materials, soils and clays, 

stone artefacts and sculptures. 

• Biomedicine, animal and human tissues activable tracers, bile, blood and blood 

components, bone, brain cell components and other tissues, breast tissue, cancerous 

tissues, colon, dialysis fluids, drugs and medicines, eye, gallstones, hair, implant 

corrosion, kidney and kidney stones, liver, lung. 

• Environmental science and related fields -aerosols, atmospheric particulates (size 

fractionated), dust, fossil fuels and their ashes, flue gas, animals, birds, insects, fish, 

aquatic and marine biota, seaweed, algae, lichens, mosses, plants, trees (leaves, 

needles, tree bark), household and municipal waste. 

• Forensics- bomb debris, bullet lead, explosives detection, glass fragments, paint, 

hair, gunshot residue swabs, shotgun pellets. 

• Geology and geochemistry - asbestos, bore hole samples, bulk coals and coal 

products, coal and oil shale components, crude oils, kerosene, petroleum, Cosmo

chemical samples. 

• Industrial products - alloys, catalysts, ceramics and refractory materials, coatings, 

electronic materials, fertilizers, fissile material detection and other safeguard 

materials, graphite, high purity and high-tech materials, integrated circuit packing 

materials, online, flow analysis, oil products and solvents, pharmaceutical products. 

• Nutrition - .composite diets, foods, food colours, grains, honey, seeds, spices, 

vegetables, milk and milk formulae, yeast. 

· • Quality assurance of analysis and reference materials (IAEA-TECDOC-1215, 

1998). 
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CHAPTER TWO 

MATERIALIS AND METHODS 

2.1 Ethical considerations 

The study subjects were briefed about the purpose of the study, and written consent was 

taken from each of them. Ethical approval was obtained from the Institute of Nuclear 

medicine, Molecular biology and Oncology (INMO) of the University of Aljazeera in 

Madani. 

2.2 Study subjects 

The study group consisted of 43 newly diagnosed esophageal cancer patients. The patients 

were randomly recruited from the radiation and isotopes center Khartoum (RICK) and the 

Institute of Nuclear medicine, Molecular biology and Oncology (INMO) in Madani. The 

control group consisted of 36 healthy. Both study and control groups were of the same 

socioeconomic status with similar food habits. All the serum samples collected from people 

who lived in Sudan. The diagnosis of esophageal cancer patients was confirmed 

histologically by biopsy. regarding patients, both squamous cell carcmoma and 

adenocarcinoma patients were identified as esophageal cancer patients. The selection 

criteria for the patients were as follows: 

• Patients who had not gone through any treatment (surgery, radiation therapy, or 

chemotherapy). 

• Patients who did not suffer from any major illness in the past. 

• Patients who had not taken long course of any mineral supplement 

The control subjects were healthy individuals with sound physical health. 

Socioeconomic, the gender, age, type of cancer, residence and the tribe, smoking 

information were collected in a questionnaire. A routine physical check-up including 

nutritional condition, and blood pressure was performed on all of the patients by . an 

oncologist. 
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2.3 Samples collection and preparation 

A 5-mL venous blood sample was collected from the antecubital vein of each of the 

esophageal cancer patients and healthy volunteers, in between 8 to 10 AM, and after an 

overnight fasting. Standard precautions for trace element determination were taken; 

samples with signs of hemolysis were discarded. The blood was then allowed to clot and 

centrifuged for 15 minutes at 3000 rpm to extract the serum. Sera were transferred into 

neutral glass vials and stored in a freezer at ( -20° C) until Dried. Freeze-dryer was used to 

prepare samples for analysis. The frozen samples were placed into a freeze-dryer at ( -40° 

C) for 24 hrs. Samples were removed from the freeze-dryer and stored at room temperature 

in sterilized and dried place. Blood collection and serum separation were carried out in a 

dust-free environment. Appendix. 3.1 shows the apparatus for dehydrating the samples. 

2.3.1 Sample measurement 

Trace elements analysis and concentration measurements were performed at Syria Atomic 

Energy Commission using the Syria research reactor operating at full power of 30 kW with 

a neutron flux of lx1012 n cm"2 s"1 according to the following steps. 

2.3.2 Samples irradiation 

The trace element (Se, Zn, Fe, Co, Rb and Hg ) levels in both patients and controls were 

determined by using instrumental neutron activation analysis (INAA). Dried serum samples 

were individually packed in polyethylene irradiation vials. The vials were weighed before 

and after filling to determine the mass of the sample. After filling and weighing, the vials 

were marked and sealed. Bovine-liver (BCR-186) and fish tissue (IAEA-407) was used as 

certified reference material for checking the consistency of the measurement technique as 

well as comparator standard. Irradiation of the samples was done at Syria research reactor. 

The scheme for irradiation was chosen according to the half-lives of the element of interest. 

The samples and standard reference materials were sent into the reactor by means of a 

pneumatic transfer system for a 20h period at a thermal flux of 1xl012 n.crrf2 s"1 in order to 

facilitate detection of longer lived elements. At the end of the irradiation, the vials were 

returned from the reactor and allowed to cool down for a month until the level of activity 

was within the acceptable limit for handling. The samples were then placed on top of anN-
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type High Purity Germanium Detector (HPGe) and then were counted for 20h using a 

multichannel analyzer with a geometry that was reproducible and suitable for determining 

the disintegration rate of the samples . Details df the experimental procedure are shown in 

Table 2.1. Appendix .3.2 shows the control panel for the rabbit system apparatus. 

Table 2.1 Details of the Experimental Procedure Irradiation 

Time 20 hour, Cooling Time 30 days and Counting Time 20 

hour 

Nuclide Nuclide Half-life Gamma- ray 

analyzed detected time energy(keV) 
511Fe 59Fe 44.5d 1099 

'':leo bUCo 1926.185d 1333 

MZn (J'Zn 243.9d 1116 

14Se "Se 160.9d 208 

115Rb 116Rb 18.66d 1077 

zozHg zo3Hg 46.61d 279.20 
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2.3.3 Analysis of Gamma-emitting Radioisotopes 

A multichannel analyzer equipped with a high purity germanium detector (HPGe) was used 
~ 

to measure the activity concentration of the radioisotopes produced as during the irradiation 

of the samples. Identification of a specific radioisotope was made by measuring the 

intensity and energy of isolated principal peaks in the gamma ray yield, which 

corresponded to known features of the energy spectrum of a particular isotope. The 

prepared sample and standard sample are placed in a detector one at a time. Consideration 

was made for isotopic abundance of the element, relative and absolute intensities of the 

gamma rays, half-life of the isotopes detected, "background" in the form of substrate, 

container, or atmosphere of the sample, and radiation due to activation of contaminants 

which are introduced in the experimental process. Specialized software was used for the 

analysis of radiation peaks. Appendix .3.3 shows the HPGe detector system. Appendix .3.4 

shows the based counting and data acquisition system. Appendix.3.5 shows the apparatus 

for Identification and quantification of specific elements. 
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2.3.4 Calculation of the elemental concentrations 

The energies of the delayed gamma rays are used to identify component sample elements . .. 
The count of gamma rays of a specific energy indicates the amount of an element in the 

sample. The measured count rate (R) of the gamma rays from the decay of a specific 

isotope in the irradiated sample can. be related to the amount (n) of the original, stable 

isotope in the sample through the following equation ( 1) (Nuclear Science Division and 

Contemporary Physics Education Project 2000). 

-A ti -A td 
R = e I A = e I n lfJ u (1-e) ------------------------------- (1) 

"! "! 

where 

R =measured gamma-ray count rate (cps) 

A+l 
A = absolute activity of isotope Z in sample 

e = absolute detector efficiency 

I = absolute gamma-ray abundance 
'Y 

A 
n = number of atoms of isotope Z in sample 

-2 -1 
rp = neutron flux (neutrons·cm ·sec ) 

2 A 
a= neutron capture cross section (em ) for isotope Z 

-1 A+l 
A.= radioactive decay constant (s ) for isotope Z 

t. = irradiation time (s) 
I 

t =decay time (s) 
d 

If the neutrons flux cp, neutron captures cross section u, absolute detector efficiency e, and 
A 

absolute gamma-ray abundance I are known, the number of atoms n of isotope Z in the 
y 

sample can be calculated directly. In most cases, however, a standard is irradiated and 

counted under similar conditions as the sample, and the mass of the element in the sample. 

(W ) is found by comparing the measured count rates (R) for the sample and standard 
sam 

through the following equation (2) 
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Rsam 
Wsam Wstd 

R ·---------------~--------------------------------------- (2) std 

where 

W = mass of element in sample (g) 
sam 

W = mass of element in standard (g) 
std 

R =sample gamma-ray count rate (cps) 
sam 

R =standard gamma-ray count rate (cps) 
std 

2.4 Statistical analysis 

Data were tested for normal distribution using kolmgorove- samirnove test. Nonparametric 

test (Mann-Whitney-U-test ) were applied to test for significant differences in metal 

concentration between different subjects (patients and control). P values 0.05 were 

considered statistically significant. All results are expressed as mean and standard deviation 

(SD). 
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CHAPTER THREE 

RESULTS AND DISCUSSION 

The results obtained in this work as compared with certified reference material (Fish tissue, 

Bovine liver) provided by the International Atomic Energy Agency (IAEA). To check the 

accuracy and precision of the analytical procedure. Most of the results of the elements are 

in a good agreement with certified values shows in (Table 3.1). 

Table 3.1 Results of the Certified Reference Materials Used as A 

QC for the Analysis of Bovine-liver (BCR-186), Fish tissue 

(IAEA-407) 

Certified Element Measured Certified values Ratio 

reference values (ppm) (ppm) 

materials 

Bovine liver Se 10.20 10.30 0.9903 

BCR-186 Zn 127 128 0.9922 

Fe 295 299 0.9866 

Hg 1.93 1.97 0.9797 

Co 0.10 Nd Nd 

Rb 13.97 Nd Nd 

Fish tissue Se 2.47 2.83 0.8728 

IAEA-407 Zn 67 67.10 0.9985 

Fe 132 146 0.9041 

Hg 0.16 0.22 0.7273 

Co 0.10 0.10 1.0000 

Rb 2.65 2.86 0.9266 

Nd= No data 
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Data were tested for normality, all data showed abnormal distribution. The Mann-Whitney

U-test, a non parametric statistical paired sample test was used to examine the data for 

significant difference between control and patiehts serum. The results (Table 3.2) indicate that 

most of the elements from the patients serum are significantly elevated {P< 0.05) compared to 

the normal control except one mercury (Hg) p > 0.05. 

Table 3.2 The Concentration of Trace Elements in Serum with 

Esophageal Cancer Patient and Control Subjects 

Element M±SD (PPm) Median Ratio of P-level* 

means 

Se patients 0.9249 ± 0.20183 1.0000 0.7060 0.001 

Se control 1.3100 ± 0.18321 1.2550 

Zn patients 3.9380 ± 4.41206 1.8100 0.4225 0.001 

Zn control 9.3192 ± 8.51321 3.9450 

Fe patients 50.5474 ±1.8909 48.8500 2.0138 0.001 

Fe control 25.1000 ± 8.6076 26.8500 

Hg patients 0.0114 ± 0.000 0.003800 0.7755 0.182 

Hg control 0.0147 ± 0.000 0.006950 

Co patients 0.0351± 0.0000 0.021500 2.356 0.001 

Co control 0.0149 ± 0.0000 0.012000 

Rb patients 2.7344 ± 2.33854 2.3000 1.4329 0.009 

Rb control 1.9083 ± 0.47291 1.8000 

M = mean, SD = standard deviation, P-level*= level of significance P< 0.05 . 
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Table 3.3 Comparison of the Results on Trace Elements 

Concentration Obtained in the Present Work for Healthy 

Subjects with Kvicala et al., (1988) Using the Same Technique 

Elements Present work (K vi cal a et al., 1988) 

M±SD (PPm) M±SD 

Se 1.3100±0.18321 0.707 ±0.140 

Zn 9.3192±0.851321 9.62 ±1.56 

Fe 25.100 ± 8.60757 24.40 ±8.38 

Co 0.0149 ± 0.0000 0.0122 ±0.0071 

Rb 1.9083 ± 0.47291 1.69 ±0.38 

Hg 0.0147 ± 0.000 Without literary data 

M =mean, SD =standard deviation. 

Table 3.4 Comparison Between Concentrations of Selenium and 

Zinc Obtained in the Present Work and Goy all et al., (2006) 

From the Literature 

Subjects Element Present work (ppm) (Goyal1 et al., 2006) 

M±SD by AAS(g dl 1
) 

M±SD 

Control group Se 1.3100 ±0.1832 0.145 ±0.047 

Patient group Se 0.9249 ± 0.2018 0.112 ±0.032 

Control group Zn 9.3192 ± 0.8513 87.17 ± 6.43 

Patient group Zn 3.9380 ± 0.4412 75.20 ± 5.75 

M = mean, SD =standard deviation, AAS= atomic absorption spectroscopy. 
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Table 3.5 Results of Correlation Coefficients Analysis Test of 

Esophageal 

Elements 

Co: Fe 

Co:Hg 

Co :Rb 

Co: Se 

Co :Zn 

Se: Fe 

Se :Rb 

Se: Zn 

Fe :Hg 

Fe :Rb 

Fe: Zn 

Hg:Rb 

Hg: Se 

Hg:Zn 

Zn:Rb 

Correlation Coefficient Significance 

0.588** 

0.105 

0.148 

-0.500** 

-0.045 

-0.564** 

-0.242* 

0.408** 

0.065 

0.306** 

-0.228 

-0.067 

0.073 

0.216 

-0.268* 

**. Correlation is significant at the 0.01 level. 

*.Correlation is significant at the 0.05 level. 
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0.381 

0.204 

0.001 

0.702 

0.001 

0.04 

0.001 

0.597 

0.008 

0.051 

0.584 

0.551 

0.070 

0.020 



.. 
en -0 1 
c 
0 

~ 
i!o .. 
~ 
0 .... 
50 
:I 

Figure 3.1 Comparison between Concentrations (ppm) of Se in 

esophageal cancer patients and healthy subjects (control). 
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Figure 3.2 Comparison between Concentrations (ppm) of Zn in 
esophageal cancer patients and healthy subjects (control). 
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Figure 3.3 Comparison between Concentrations (ppm) of Fe in 

esophageal cancer patients and healthy subjects (control). 
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Figure 3.4 Comparison between mean Concentrations (ppm) of 

Hg in esophageal cancer patients and healthy subjects (control). 
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Figure 3.5 Comparison between Concentrations (ppm) of Co in 

esophageal cancer patients and healthy subjects (control). 
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Figure 3.6 Comparison between Concentrations (ppm) of Rb i~ 

esophageal cancer patients and healthy subjects (control). 
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Figure 3. 7 The incidence between males and females 
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The results as presented in the (Table 3.2) and Figures (3.1) , (3.2) , (3.3) , (3.4) , (3.5) , 

(3.6), show the comparison between means of concentration of Se, Zn, Fe, Hg, Co, and Rb 

in esophageal cancer patients and healthy subjebts. Figure (3.7) shows the high incidence 

of esophageal cancer in females than males, 67.44% cases were females and 32.56% were 

males Sudanese patients. More randomized studies are needed to look for the exact 

incidence of esophageal cancer amorig sex groups. 

The ratio in (Table 3.1) when found the number to be close to the one that means the good 

identical value between the certified values and measured values. 

In cancer of esophagus there are significantly lower serum levels of Se and Zn and higher 

serum levels of Fe, Co and Rb as compared to the controls (Table 3.2). Mark et al., 2000 

observed similar results in which the esophageal cancer patient had significantly lower Zn 

and Se level as compared to the control subjects. These results also are agreeable with those 

reported by other authors Goyal I et al., 2006, who determined the concentration of Se and 

Zn in the serum samples of patients with esophageal cancer and healthy subjects but by 

different analytical technique using direct measurement method atomic absorption 

spectroscopy (Table 3.4). Similar to the present results, Kim et al., 2003; Milde et al., 2001; 

Miyamoto et al., 1987 observed that the levels ofthese elements were found to be altered in 

lung, colorectal, cervix and larynx cancers. Experimental zinc deficiency in animals, has 

produced a precancerous epithelial change (Lin et al., 1977). Zinc levels were reduced in all 

specimens (serum, hair, esophageal tissues) of subjects with esophageal cancer (Lin et al., 

1977). According to literature data, in the last two decades ranges of Zn concentrations in 

dry serum were between 8.5 and 12 ppm (Versieck et al., 1980). This finding agrees with 

our study that showed mean zinc concentration is 9.3 ppm in healthy group (Table 3. 2). 

Zinc deficiency has been shown to increase the susceptibility in animals to chemical 

carcinogens that produce esophageal cancer (Fong et al., 1978). Populations having an 

unusually high risk for esophageal cancer tend to subsist on zinc deficient diets, 

predominantly cereal, and have a low intake of animal products (Warwick and Harington, 

1973). Rensburg et al. ( 1980) found that minimal levels of zinc intake which ensure 

optimal body growth rate are inadequate to provide maximal resistance to esophageal 

carcinogenesis. In experimental animals, a dietary deficiency of zinc increased the 

induction of esophageal cancer induced by methyl benzyl nitrosamine as carcinogen 
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(Newbeme et al., 1985). Consequently, zinc deficiency may coexist in populations that 

consume diets with insufficient amounts of animal-based foods (Thurlow et al., 2005). 

Selenium is important in the active centr~ of the Se-dependent glutathione peroxidase 

(GSH-Px). This enzyme has four subunits and each contains one selenium atom. It was 

suggested that selenium protects cell by inhibiting free oxygen radical production. 

Moreover an important antioxidant vitamin E is transported by selenoproteins. There is 

evidence for a direct relationship between GSH-Px activity and carcinogenesis (Yalcin et 

al., 2004). Some human epidemiologic studies showed that a low Se concentration in serum 

increases the risk of human cancer (cancer of the stomach, esophagus, colon, lung, prostate 

and breast (Miyamoto et al., 1987). Selenium deficiency may be caused by the low Se 

content in foodstuff, which mostly contributes to the intake of Se by human. From 

questioner observed that all patients have low intake of meat, fish, fruits and vegetable 

before their illness. The findings in this study indicate a strong negative association of Se 

and Zn with esophageal cancer in the Sudanese population. 

The determination of the level of iron showed a statistically significant increase in the 

concentration of this element in the serum of studied patients. Iron and zinc utilize 

chemically similar absorption and transport mechanisms ( Bagui et al., 2003). New 

evidence based on cell culture studies has shown that iron may inhibit zinc absorption in 

some cells at very high ratios of iron to zinc, but not vice versa i.e. zinc does not prevent 

iron absorption (Kordas et al., 2004). So this evidence may agree with the high levels of 

mean iron concentration in patients rather than healthy group. Iron can thus induce free 

radicals which cause DNA double strand breaks and oncogenes activation. This was 

suggested by four epidemiological studies, showing a higher cancer risk in patients with 

larger iron stores than in those with small iron stores. In addition to its effect on 

carcinogenesis, iron also maintains the growth of malignant cells as well as growth of 

pathogens (Reizenstein, 1991). One proposed modifiable risk factor for both Barrett's 

esophagus and esophageal adenocarcinoma is high iron intake or elevated iron stores. 

Increased cancer cell division occurs in the presence of iron (Ullen et a!., 1997). The 

potential role of iron and zinc in cancer etiology is supported by several plausible 

mechanisms. Iron can generate the reactive oxygen species including hydroxyl radicals, 

these reactive oxygen species can attack DNA and cause DNA mutation, thus contributing 
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to the pathological process of cancer. In addition to its role in the generation of oxygen 

species, iron may be a limiting nutrient to the growth and replication of cancer cells in the 

human body (Stevens et al., 1992). The relatiod between iron and cancer risk observed in 

this study is consistent with the finding from many human studies that higher circulating 

iron levels are associated with an increased risk of cancer (Nelson et al., 1994). So in this 

case, high levels of iron lead to lack ·of absorption of Zn which might turn on the disease or 

switch off a gene that prevent the disease so it seems that high level of iron and low levels 

of zinc and selenium proceed the cancer. 

Cobalt is an essential element as part of vitamin B12 and must be supplied by the diet in the 

biologically active form. Nevertheless, it is a metal and is toxic in other forms. It is able to 

develop or raise hypertension and cardiomyopathy. Its concentration in serum is very low 

and this fact causes serious difficulties with its quantification. Physical and nuclear 

characteristics are quite good and so they are suitable for determining cobalt by INAA. 

Normal ranges are supposed to be between 0.11 ng/ml and 1.2 ng/ml of serum, i.e. about 

0.001-0.012 ppm in dry serum, literature data show that. The present value are 

(mean=0.0149 ppm) for health group which is in agreement with this. Patient group 

presented higher serum cobalt levels (mean=0.0351) than those of the control group (table 

4.2). A value of p < 0.05 was considered statistically significant. Reports of the normal 

plasma and serum cobalt levels in man are extremely variable, between 0 )lg/1 and 146 )lg/1 

using atomic absorption spectrophotometry and between 0.108 )lg/1 and 12.2 )lg/1 using 

neutron activation analysis. Versieck et al., 1983 said contamination during sample 

collection and analysis seems to be responsible for this variation. Cobalt ions may mimic or 

replace other essential divalent metal ions (e.g., magnesium, calcium, iron, copper, or zinc), 

thus altering many important cellular reactions and functions. There is good evidence that 

cobalt ions can inhibit DNA repair processes or interact with hydrogen peroxide to form 

reactive oxygen species that can damage DNA. These mechanisms may contribute to the 

genotoxic and carcinogenic effects reported for cobalt sulfate and other cobalt compounds 

(Beyersmann and Hartwig 1992). 

The results obtained in this study showed significant increase in the concentration of 

rubidium in the serum of patients with esophageal cancer as compared with the control 

group. There are no data in the literature on the effects ofRb in the cancer cells. Rubidium 
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as an alkali metal, stimulated greater interest than Cs. From the beginning this was because 

of its greater and close relationship to pot~ssium concentrations, in the last few years in 

consequence with signs that rubidium plays a role in neurophysiological events. Its total 

body content in adults is about 360 ng and in serum its concentration reaches up to 3 ppm 

for dry serum (Stump et al., 1977). In the present result 1.90 ppm are in agreement with 

Kvicala et al., 1988 who found the concentration of rubidium in healthy group about 1.69 

ppm, 

Mercury (Hg) showed increased concentration values in the serum samples of healthy 

subjects as compared to patients group. This elevation was found to be statistically not 

significant p value = 0.182. No studies were found on the concentration of Hg in serum 

with esophageal cancer. 

The correlation coefficients, presented in the (Table 3 .5) was calculated. a positive 

correlations was found between the concentration of Co: (Fe, Hg, Rb), Se: (Zn, Hg), 

Fe: (Hg, Rb), Hg: Zn. 

Negative correlation was noticed between Co : Zn, Zn : (Fe, Rb) and these significant 

correlation, Rb : Hg, Se : (Co, Fe, Rb) also these significant correlation which they match 

with literature to these elements counteract as anti carcinogenic effects of selenium. 
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CHAPTER FOUR 

CONCLUSION AND RECOMMENDATIONS 

4.1 CONCLUSION 

The conclusion of this study can be summarized to the following points: 

• Based on the results obtained for the certified reference material used , neutron 

activation analysis is found to be a powerful analytical tool for the determination of 

trace elements concentration in biological samples. 

• Trace elements levels in serum are not used for the diagnosis of the patients 

suffering from esophageal cancer, but the serum analyzed in this study showed 

alterations in concentrations of (Se , Zn , Fe , Co , Rb ), which indicated the 

possibility of using these elements in the diagnostic of the esophageal disease. 

• The comparisons drawn between the results obtained in this work showed a close 

agreement with literature that, indicates a strong negative association of Se and Zn 

with esophageal cancer and positive association of Fe in also patients group. 

4.2 RECOMMENDATIONS 

Guide the future extension of such works were needed: 

• The mechanism of Se as an anticancer agent is not clear yet, further research, 

especially in individual selenoproteins, is needed to understand the function of 

selenium in each of the cell types of the immune system. 

• Because of the biological and clinical consequences of trace element _disturbances, 

more attention should be devoted to trace element status in human. Hence 

collaboration between basic scientists, nutritionist and clinicians is needed to 

conduct several large scale studies in an effort to establish reference ranges for trace 

elements in nonnal Sudanese individuals. 
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• Selenium and zinc supplementation are needed by the cancer patient in order to 

prevent and to increase the chances for natural immunological remission of cancer. 

• More attention should be paid from mihistry of health, national cancer registry and 

centers for diagnosis and treatment for cancer patients. 

• Polices and strategies regarding screening programs for early cancer detection are 

highly recommended. 

• Randomized trials investigating other trace elements that may also reduce cancer risk 

(e.g., Zn) have not been conducted as yet. Such trials might focus initially on the 

effect of the interventions on intermediate end-points such as cancer precursors. 
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APPENDIX 
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Appendix 3.2 Control panel for the rabbit system apparatus. 
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Appendix 3.3 High purity germanium detector system. 
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Appendix 3.5 Apparatus for identification and quantification of 

specific elements. 
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