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ABSTRACT 
This study was performed to investigate the influence of cancer on selected trace 

elements among Sudanese patients with confirmed breast cancer. Eighty samples of 

cancerous and normal tissues (total of one hundred and sixty) were obtained from the 

same breast of the same subject from different hospitals in Khartoum state. 

Samples were freeze dried and analyzed using Neutron Activation Analysis (NAA). 

Neutron irradiations were performed at Egypt second research reactor with a 

maximum thermal flux of 2.37x1014 n cm"2 s"1. To examine if there was any 

difference in the concentrations of elements from normal and malignant tissues; 

Wilcox on signed ranks test was used. It was found that Al, Mn, Mg, Se, Zn and Cr 

elements from the malignant tissues are significantly elevated (p< 0.05) compared to 

the normal tissue. 

For the other elements, namely K, Na, CI, Rb, Cs, Fe, Co and Sc also there was a 

difference between the concentrations of the elements for normal and malignant 

tissues but statistically not significant (p>0.05). The results obtained have shown 

consistency with results obtained by some previous studies, however, no data could be 

found for the elements Mg, Cr and Sc. 
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CHAPTER ONE 
INTRODUCTION 

1.1 Cancer Epidemiology: 
Cancer has recently become one of the most obsessing issues in the world, since both 

its incidence and impact on world economy has become enormously huge. This life 

threatening disease in it is many forms have affected a lot of human lives since it not 

only disturbs the physical and physiological function of the human cells but also its 

effects extend to seriously damaging the patient’s quality of life. 

Cancers are a group of diseases that cause cells in the body to change and grow out of 

control. Most types of cancer cells for a lump or mass called a tumor, and are named 

after the part of the body where the tumor originates. Breast cancer is potentially life-

threatening malignancy that develops in one or both breasts   (Ghafoor et al., 2003). 

Breast cancer begins in breast tissue, which is made up of glands for milk production, 

called lobules, and the ducts that connect lobules to the nipple. The remainder of the 

breast is made up of fatty, connective, and lymphatic tissue. Most types of tumors that 

form in the breast are benign; that is, they are not cancerous. Although benign breast 

tumors are abnormal growths, they do not grow uncontrollably or spread, and are not 

life threatening. 

Some breast tumors are cancerous but are called in situ, because they have not yet 

spread beyond the area where they began. In situ breast cancer is confined within the 

ducts (ductal carcinoma in situ) or lobules (lobular carcinoma in situ) of the breast. 

Nearly all cancers at this stage can be cured. Many oncologists believe that lobular 

carcinoma in situ (also known as lobular neplasia) is not a true cancer but an indicator 

of increased risk for developing invasive cancer in the future. 

Other cancerous breast tumors are invasive or infiltrating. These cancers start in the 

lobules or duct of the breast but broken true through the duct or gland walls to invade 

the surrounding fatty tissue of the breast. The seriousness of invasive breast cancer is 

strongly influenced by the stage of disease, that is, how far the cancer has spread 

when it is first diagnosed: 

• Local stages describe   tumors confined to the breast. 

• Regional stages describe tumors that have spread to surrounding tissue or 

nearby lymph nodes. 
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• Distant stages describe cancers that have metastasis (spread) to distant organs 

(Ghafoor et al., 2003).   

1.1.1 Risk Factors 
Cancer incidence is usually related to risk factors which range from behavioral, 

genetic, occupational, nutritional and other. In this study since we are dealing with the 

role of trace elements in cancer, we will focus on those risk factors that are relevant to 

the theme of this study but other risk factors will be highlighted. 

 For breast cancer many risk factors were reported, namely gender, age, genetic risk 

factor, family history, personal history, abnormal breast biopsy, breast radiation and 

menstrual periods.  

Chronic alcohol consumption is associated with an increased risk for cancers of many 

organs, such as oral cavity, pharynx, larynx, and esophagus; breast; liver; ovary; 

colon; rectum; stomach; and pancreas. An understanding of the underlying 

mechanisms by which chronic alcohol consumption promotes carcinogenesis is 

important for development of appropriate strategies for prevention and treatment of 

alcohol-associated cancers (Purohita  et al., 2005). 

Chronic ethanol consumption may promote carcinogenesis by:- 

(a) Production of acetaldehyde, which is a weak mutagen and carcinogen.  

(b) Induction of cytochrome P450 2E1 and associated oxidative stress and 

conversion of procarcinogens to carcinogens. 

(c) Depletion of S-adenosylmethionine and, consequently, induction of global 

DNA hypomethylation.    

(d) Induction of increased production of inhibitory guanine nucleotide regulatory 

proteins and components of extracellular signal-regulated kinase–mitogen-activated 

protein kinase signaling. 

(f) Accumulation of iron and associated oxidative stress. 

(g) Inactivation of the tumor suppressor gene BRCA1 and increased estrogen 

responsiveness (primarily in breast). 

(h) Impairment of retinoic acid metabolism. 

Obesity has been found to be a breast cancer risk in all studies, especially for women 

after menopause. Although ovaries produce most of estrogen, fat tissue produce small 

amount of estrogen, so having more fat tissue increase estrogen levels and increase 

the likelihood of developing breast cancer. Most studies found that breast cancer is 
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less common in countries where the typical diet is low in total fat. (Herbert et al., 

2005). 

Exposure to artificial light at night, when the production of melatonin is at its 

physiological height, sharply reduces levels of melatonin and has been hypothesized 

to elevate cancer risk. It was reasoned subsequently that the observed increase in 

breast cancer risk could be due to a melatonin deficiency resulting from work-

associated exposure to light at night (Megdal et al., 2005). 

1.2 Cancer Incidence in Sudan 
Cancer over the period 1991-2000 was rated as the third killer disease in the country 

(Malaria claiming 19.1% of all deaths, Viral Pneumonia 6.1% and cancer 4.7%). 

Depending on statistics obtained from Radiation and Isotopes Center-Khartoum 

(RICK), many types of cancer have shown prevalence in the past five year. Between 

the years 2000-2003 around twelve thousand patients presented different types of 

cancer at RICK (See appendix). 

Among the twelve most common cancers in Sudan during 2000-2003 breast cancer 

has always been leading the list (table 1.1). This profile relating to breast cancer is not 

different from the pattern that it follows worldwide. 

Of the total number of patients during the years 2000-2003 a total of 2654 (52.6%) 

patients were suffering from the insistently competing in the top ten  types of cancers 

(ICTT) where the breast cancer accounts for 32.3% followed by esophagus 10% and 

cervix 9.9% (table 1.2) (RICK, 2004). 

1.3 Objectives 
This study was conducted with the following objectives in mind 

-  To investigate whether cancer can disturb the concentration of trace elements in 

cells by comparing the trace elements’ concentrations in malignant and normal 

tissues among Sudanese patients with breast cancer.  

- To consider the possible use of assay of trace elements in biological tissue as 

diagnostic and prognostic aids in patients with cancer. 
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Table 1.1: Twelve Types of Cancer Competing In the Top Ten 

 

Total 2003 2002 2001 2000 Cancers types No. 

2172 608 551 550 463 Breast 1. 

673 179 176 178 140 Oesophagus 2. 

664 199 152 174 139 Cervix 3. 

549 153 119 142 135 NHL  4. 

425 118 126 102 79 NPH 5. 

415 126 96 119 74 Ovary 6. 

381 96 129 89 67 Prostate 7. 

373 105 108 76 84 CML 8. 

345 83 97 85 80 Bladder 9. 

257 83 76 54 44 Stomach 10. 

255 72 60 58 65 Rectum 11. 

209 43 77 40 49 M. myloma 12. 

6718 1865 1767 1667 1419 Total  
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Table 1.2: Types of ICTT Cancers across the Years 2000-2003 

No Type No. of 

cases 

% 

1. Breast 2172 32.3 

2. Esophagus 673 10 

3. Cervix 664 9.9 

4. NHL 549 8.2 

5. NPH 425 6.3 

6. Ovary 415 6.2 

7. Prostate 381 5.7 

8. CML 373 5.6 

9. Bladder 345 5.1 

10. Stomach 257 3.8 

Total 6254 100 
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CHAPTER TWO 
LITERATURE REVIEW 

2. 1 Biological Role of Trace Elements   

Improved understanding of the importance of trace elements for human health has 

resulted from advances in technology that have improved the ease of analysis of the 

elements and facilitated experiments in isolated systems and intact organisms. These 

experiments have revealed the essentiality of trace elements for many metabolic 

processes and functions throughout the life cycle (Sandstead et al., 1985). 

A trace element is an element which constitutes less than one percent of the wet 

weight of biological material. 

Trace elements are classified as inessential or essential according to whether an 

organism can grow and complete its life cycle in their absence. Even for essential 

elements there is always an optimum range of concentration in the diet, below which 

deficiency symptoms such as stunting of growth occur, and above which symptoms of 

toxicity begin (Zaichick et a l., 1996). 

The classification of elements essential to mammals is imperfect and somewhat 

controversial which can be shown by the following groups (Bowen, 1988).   

(a) Essential:- Ca, Cl, Co, Cu, Fe, I, K, Mg, Mn, Mo, Na, Ni, Se, Zn 

(b) Probably essential: - As, Cr, F, Si, Sn and V 

(c) Evidence for essential lacking: - B, Ba, Br, Cd, Li, Rb, Sr 

(d) Inessential: - All other elements? 

The essentiality mentioned above for molybdenum is supported by Guamg-Huil et al., 

which showed a negative correlation between soil contents Mo and mortality rate of 

gastric cancer (Guang-Hui1.C et al., 1998).  In recent year some trace elements have 

got special biomedical importance e.g. Cu, Se, and Zn. There has also been much 

interest in those inessential elements which have been increasing as a result of man's 

activity. The fashionable elements to study have been Cd, Hg, and Pb, but Ag, As, Cr, 

Mn, Sb, Sn and V have also been studied. In very few cases, the functions of essential 

trace elements or the manner in which toxic elements cause dysfunction have been 

known (Bowen, 1988). 
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There are three main functions for the trace elements, namely inorganic or structural, 

electrochemical, catalytic and some other unknown functions and miscellaneous. 

Structural functions include apatite, or calcium phosphate, in vertebrate bone and 

tooth and silica or unknown derivatives which may help to stiffen collagen. 

Electrochemical functions are associated with the metal cations Ca+2, K+, Mg+2, Na+ 

and Cl- anion. All living cells maintain high concentration of K+ and Mg+2 inside their 

cytoplasm , while excluding Ca+2 and Na+ in the extra cellular fluids. In this way they 

can keep a supply of potential energy on tab. Most of the calcium and magnesium 

inside cells appears to be bound rather than as free ions. The free calcium ions have 

many important messenger functions within and between cells (Bowen, 1988). 

The essentiality of trace elements in a number of biological processes, through their 

action as activator or inhibitor of enzymatic reactions, is now well established. It has 

been suggested that perhaps metals aided by viruses, may penetrate living cells and 

either enhance or retard the kinetics of anabolic or catabolic enzymes (Garg .A. N et 

al., 1990). 

 The essential trace elements Ca, Cl, Co, Cu , Fe, Mg, Mn, Mo, Ni, Se and Zn form 

compounds with proteins which have a wide range of catalytic functions. Cu, Fe, Mn, 

and Mo catalyze many redox reaction in-vitro but do so far more specifically and 

efficiently when the metal occupies the specific side in an enzyme molecule. 

Miscellaneous functions include the production of toxic molecules containing halogen 

or fluorine atoms by sponges, algae and fungi, lichens and a few higher plants. These 

are believed to discourage predators. 

In many animals excessive or toxic amounts of certain metals may be shunted into 

very large proteins such as iron in ferritin, or into granular bodies in the cytoplasm, 

possibly as a mechanism of execration. Examples are the calcium carbonate or 

calcium phosphate granules in many tissues, sulphide-rich granules which may 

contain Bi, Cd, Cu, Hg, Pb or Zn found in kidney, and mercury-selenium granules 

found in the livers of the whales. Such granules represent a form of internal 

contamination, and make the interpretation of analysis of whole organs such as 

kidneys more difficult (Bowen, 1988). 

Many different evidences indicate that various metals act as catalysts in the oxidative 

damage of biological macromolecules, and therefore, the toxicity associated with 
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these metals may be due, at least in part, to their ability to generate free radicals 

(Kwiatek et al., 2005). Recent studies have shown that toxic effects of such metals as 

Fe, Cu, Cr, Ni, Cd, and V depend on reactive oxygen species (ROS) generation. 

Specific differences in the toxicity of various metals may come from differences in 

their transport, chemical reactivity, solubility and the formation of complexes within 

the cell, but the general mechanisms involved in the metal-associated formation of 

free radicals are generally the same (Kwiatek et al., 2005).  

Oxidants universally appear in human environment and are generated in tissues 

during metabolic and inflammatory processes. They can act at several stages in 

malignant transformation inducing permanent DNA sequence changes (Zowczak.M et 

al., 2001). An imbalance between the production and detoxification of ROS results in 

oxidative stress. ROS has been implicated in the pathogenesis of certain diseases, 

including cancers (Yeha et al., 2005). Zowczak et al studied the relationship of the 

Cerutoplasmin (Cp) oxidase activity and concentrations of Cu and Zn in serum of 

patients with breast cancer. The results showed significant increase in the mean serum 

Cerutoplasmin (Cp) oxidase activity and total Cu concentrations in all patient group 

compared with the control one. (Zowczak et al., 2001). 

2. 2 Trace Elements and Cancer 
Cancer is a multietiological and multifactorial complex disease. Although 

environmental carcinogens such as radiation, viruses and chemicals are important as 

primary causative agents, numerous secondary factors also play important role in the 

genesis and development of tumors. Until recently, the emphasis of cancer research 

was directed mainly towards the identification of natural or man- made carcinogens. 

Cancer prevention was accordingly seen primarily as problem of either removing 

newly identified carcinogens from the environment or to minimize human exposure to 

these agents. While some success has been achieved through this approach, it is 

becoming increasingly apparent that a complete removal of all cancer causing agents 

from the environment is impossible. Moreover, the likelihood exists that some 

neoplastic diseases are formed by way of a sort of spontaneous generation. Thus, 

workers interested in cancer prevention are now focusing their attention towards ways 

and means by which the resistance of the host could be sufficiently increased to 

enable it to withstand the low-level carcinogens and other carcinogenic stress factors 

to which all humans are naturally exposed to  a lesser or greater extent. Much hope is 
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placed in the nutritional prophylaxis of cancer, if only because this would provide 

perhaps the simplest and most effective means of cancer prevention. 

This branch of cancer research is new, which made role of trace elements in cancer 

has been the subject of conjecture ( Schrauzer. et al., 1980). 

2. 2.1 Magnesium 
Magnesium is a cofactor of many enzymes, especially of the DNA polymerases. In 

Mg deficient animals errors during cell division occur more frequently. If magnesium 

is displaced by other metal cations, the frequency of misincorporation during DNA 

replication is increased as well. 

Magnesium deficient animals were found to be much susceptible to chemical 

carcinogens; their immuno-competance is also significantly diminished. However, 

once tumors have formed, magnesium supplementation causes accelerated growth. 

Temporary hypomagnesemia is comparatively rare in humans but has been observed 

in infants. It can be produced, for example, by tissue anoxia, hormone imbalance or 

vitamin D. There are two other mechanisms by which Mg deficiency increases the 

susceptibility to cancer:- 

(a) Damage to cell membrane with resultant easier cell penetrability by oncogenic 

agents  

(b) Interference with immuno-competence, causing impaired surveillance against 

aberrant cells that can give rise to cancer. 

 Magnesium thus is an element whose importance in cancer is only beginning to be 

recognized. In infant nutrition, the element still belongs to neglected mineral 

nutrients. However, since a number of conditions (diarrhea, malabsorrption) are some 

times associated with Mg deficiency in early infancy, temporary hypomagnesemia is 

indeed possible   (Schrauzer et al., 1980). 

In vitro instrumental neutron activation analysis (INAA) has been performed by Ng.K 

et al to study a range of minor and trace elemental concentrations for samples of 

surgically-excised cancer breast tissue. Significant differences between elemental 

composition in histologically normal tissues and tissues exhibiting malignant lesions 

are supported by the observation of significant differences in particle clustering 

parameters. These observations have led to the investigation of the possible 

association between elemental composition of diseased breast tissues and the 

formation of breast particles. In particular a scanning electron microscope (SEM) with 
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an energy dispersive X-ray (EDX) facility has been used to locate breast particles and 

conduct microanalysis of the particle constituency. Results indicate these particles to 

consist of a complex of Ca and other elements including Mg, P, S and the ionic salts 

Na, Cl and K (Ng.K.H et al., 1997). 

Santoliquido et al have observed significantly higher concentrations of Mg and Zn in 

cancerous tissue of breast which has been attributed to enhancement in the 

metabolism and enzymatic activity of cancerous tissue.  (Garg .A. N. et al.,1990). 

2. 2.2 Copper 
Copper is present in many enzymes involved in oxidation [tyrosinase, ceruloplasmin, 

amine oxidase, cytochrome oxidase] (Schwartz, 1975). 

Deficiency of Cu in rats produced a high incidence of kidney tumors in 

dimethylhydrazine exposed animals, but not in those which were given extra copper 

(Schrauzer et al., 1980). Copper salt administration also protects liver damage induced 

by a number of carcinogens. 

Copper possesses selenium-antagonistic properties: symptoms of selenium deficiency 

were produced in animals receiving large doses of copper. 

Direct association was observed between the mean blood copper concentrations and 

the age-corrected mortalities from cancers of intestine, breast, lung and thyroid, using 

data from different sites in the U.S.A. Also direct association was observed between 

the apparent dietary copper intake and the cancer mortalities in different countries. 

These results are of interest in view of the fact that elevated serum copper levels were 

observed in patients with certain malignant diseases: Hodgkin’s disease, sarcoma in 

lung and breast.  

Large accumulations of copper and of iron were noted in the livers and spleens of 

patients with cancers of respiratory system, genitourinary tract or breast. The copper 

content of tumors of esophagus, bronchus, the intestinal tract and breast is also often 

elevated, more so in malignant than in benign tissues (Schrauzer et al., 1980). 

Copper, a redox active metal, is an essential nutrient for all species studied to date. 

During the past decade, there has been increasing interest in the concept that marginal 

deficits of this element can contribute to the development and progression of a 

number of disease states including cardiovascular disease and diabetes. Deficits of 

this nutrient during pregnancy can result in gross structural malformations in the 

conceptus, and persistent neurological and immunological abnormalities in the 
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offspring. Excessive amounts of Cu in the body can also pose a risk. Chronic Cu 

toxicity can result in liver disease and severe neurological defects (Janet et al., 2005). 

De Jorge et al (1990) were the first to employ colorimetric methods for determining 

Cu, Ca, Mg and P in samples of patients with cancer, from which Cu was found to be 

significantly higher in the tumor as compared with normal tissue. 

Some workers have found elevated copper levels in serum of patient suffering from 

acute Leukemia, lung cancer and oral cavity. There has been recognition that metal 

compounds are an important class of environmental and occupational carcinogens 

(Garg et al., 1990). 

2. 2. 3 Manganese 
Manganese is a part of enzymes involved in urea formation, pyruvate metabolism and 

the galacto-transferase of connective tissue biosynthesis (Schwartz, 1975). 

It is highly essential for growth, the maintenance of reproductive functions, bone 

formation, as well as glucose and lipids metabolism.  

There is presently not much evidence linking manganese deficiency to higher 

incidence of cancer at major sites. A causal relationship between manganese 

deficiency and susceptibility to cancer in Finland was suggested; however in the same 

areas where manganese is low, selenium is also low. Conceivably, selenium 

deficiency is aggravated in manganese deficiency. Pigs maintained on a low 

manganese diet had low tissue selenium levels after six weeks; the concentration of 

other trace elements was not affected. Further studies on manganese should provide 

important insights into these intriguing relationships (Schrauzer et al., 1980). 

NG.K et al (1997) found that the elements Al, Br, Ca, Cl, Co, Cs, Fe, K, Mn, Na, Rb, 

and Zn were significant higher in the cancerous tissues as compared with normal 

tissue.   

2.2.4 Selenium  
Selenium (Se) is an essential trace element for animals and humans that is obtained 

from dietary sources including cereals, grains and vegetables. The Se content of plants 

varies considerably according to its concentration in soil. Plants convert Se mainly 

into Se-methionine (Se-Met) and incorporate it into protein in place of methionine 

(Met). Selenocystine (Se-Cys), methyl-Se-Cys and c-glutamyl-Se-methyl-Cys are not 

significantly incorporated into plant protein and are at relatively low levels 

irrespective of soil Se content. Higher animals are unable to synthesize Se-Met and 

only Se-Cys was detected in rats supplemented with Se as selenite. Renal regulation is 
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the mode by which whole body Se is controlled. Se is concentrated in hair and nail 

and it occurs almost exclusively in organic compounds (Tapiero et al., 2003). 

The protective role of selenium in cancerigenesis is also supported by the fact that 

there seem to be relationships between selenium occurrence in soil and forage crops 

and the death rate from cancer in the united states and Canada and between the levels 

of selenium in blood and the human death rate from cancer  (Schwartz,1975). 

The anticarcinogenic properties of selenium are now well established through studies 

in many animals’ tumor model systems. Near toxic levels of selenium have been 

reported to produce tumors in rats but other studies indicate that these concentrations 

of selenium created chronic toxic hepatitis that resembled hyperplasia (Schwartz, 

1975). 

Selenium exerts anticarcinogenic effects by several mechanisms. Its antimutagenic 

properties in bacterial test systems, its stimulatory action on immune response, and its 

protective action against carcinogen- induced chromosomal damage; all seem to be 

relevant to the questions concerning the mechanism of anticarcinogenic action. 

Recent studies showed that selenium supplementation during the first half life of the 

animals did not protect during the second. The absence of long term protective effects 

is consistent with the behavior of selenium as a water soluble essential nutrient. Rats 

exposed to labeled N-acetyl-aminofluorene and N-hydroxyacetyl- aminofluorene 

demonstrated diminished binding of these carcinogens or their metabolites if the 

animals were supplemented with selenium, diminished binding to liver DNA and t-

RNA was also observed. Selenium, as is well known also reduces the toxicity of a 

number of heavy metals as well as arsenic. Most recently, dietary selenite was shown 

to have protective effect on nitrite poisoning. Selenium also inhibits the hepato-

carcinogenic activity of diethylnitrosamine in rats (Schrauzer et al., 1980). 

The potentiating effect of Se deficiency on lipid peroxidation is enhanced in some 

tissues by concurrent deficiency of copper or manganese. 

 In the in vitro system, the chemical form of Se is an important factor in eliciting 

cellular responses. Although the cytotoxic mechanisms of selenite and other redoxing 

Se compounds are still unclear, it has been suggested that they derive from their 

ability to catalyze the oxidation of thiols and to produce superoxide simultaneously 

(Tapiero et al., 2003). 

 The dietary status of the essential human trace element, selenium (Se) may be 

adversely affected by a chronic excessive ingestion of As. As added to animal diets 
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has been known to counteract Se toxicity in animals .It is reasoned therefore, that high 

levels of chronic As ingestion from well water by people  will accelerate the excretion 

of Se lowering the body’s content of this essential trace element (Spallholz. et al., 

2004). 

There is evidence that Se deficiency may be related to a variety of degenerative 

diseases, including cancer, and that protection against such conditions can be 

conferred by increasing intake of the element.  

Selenium is a comparatively rare, though widely distributed, element. Chemically, it 

is classified as a metal-loid, with properties of both metals and non-metals. It is 

closely related to sulphur (S) in structure and function. It forms inorganic compounds, 

such as selenites and selenates, and organic compounds, such as selenoamino acids, 

which correspond to sulphites and sulphates and the S-amino acids (Conor, 1998). 

Both inorganic (selenite) as well as organic selenium compounds which occur 

normally in foods were found to lower the incidence of spontaneous mammary 

tumors. It is necessary to supplement selenium over the entire life-span of the animals 

(Schrauzer et al., 1980). Considerable quantities of selenium are used as additives in 

fertilizers and as dietary supplements for farm animals and humans (Conor, 1998). 

Selenium was shown to have a number of important biological functions that depend 

on the activity of certain Se-containing proteins. The first of these functional 

selenoproteins to be identified were the glutathione per-oxidase (GSHPx) enzymes, 

which are part of the body's antioxidant defense system. At least four are known to 

occur in different cellular compartments and tissues of the body. Their role is to break 

down hydrogen peroxide and lipid hydroperoxides generated by free radicals, which 

can damage cell membranes and disrupt cellular functions (Conor, 1998). 

More recently, Se has been found to be essential for metabolism of the thyroid gland. 

The iodothyronine deiodinase enzymes, which help to convert thyroxine (T4) to its 

active form triiodotyronine (T3), are seleno-proteins. 

Se has also been shown to be necessary for normal male fertility. Another seleno-

protein has been detected in the rat prostate, but its function has not yet been 

determined .Thioredoxin reductase, another recently discovered functional seleno-

protein, is involved in redox regulation of exposed disulphide groups on a range of 

enzymes and transcription factors. The enzyme has wide ranging activities throughout 

the body and is involved in the expression of several different proteins. 
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More than 30 other selenoproteins have been identified and their structures at least 

partly determined.Their variety indicates the wide range of biochemical pathways and 

physiological functions to which Se contributes (Conor., 1998). 

Instrumental activation analysis was used by Insup.C for elemental analysis of tissue 

of cancer patients with colon cancer and breast cancer.He found that, concentrations 

of selenium and iron were significantly higher in cancerous tissue than healthy tissues 

(Insup.C, 1989). 

2.2.5 Zinc 
Zinc is a constituent of several enzymes participating in the chemical processes within 

the cells, such as carbonic anhydrase, glutamic, lactic, and alcoholic dehydrogenases 

and alkaline phosphates. The element is also important in activating certain enzymes. 

It is located almost entirely in the cytoplasm of the cell. High concentrations of zinc in 

human tissue have been measured in the prostate gland, in the pancreas and in the 

skin. It has been shown that zinc injections in rats protect against malignant tumor 

development induced by cadmium. On the other hand, zinc has been shown under 

certain conditions to have carcinogenic activity when injected in testis of rats 

(Danielson et al., 1970). 

Zinc is one of the most abundant nutritionally essential elements in the human body. 

It is found in all body tissues with 85% of the whole body zinc in muscle and bone, 

11% in the skin and the liver and the remaining in all the other tissues. In 

multicellular organisms, virtually all zinc is intracellular; 30–40% is located in the 

nucleus, 50% in the cytoplasm, organelles and specialized vesicles (for digestive 

enzymes or hormone storage) and the remainder in the cell membrane.  Zinc has been 

shown to be essential to the structure and function of a large number of 

macromolecules and for over 300 enzymic reactions. It has both catalytic and 

structural roles in enzymes, while in zinc finger motifs; it provides a scaffold that 

organizes protein sub-domains for the interaction with either DNA or other proteins. 

It is critical for the function of a number of metalloproteins, inducing members of 

oxido-reductase, hydrolase ligase, and lyase family and has co-activating functions 

with copper in superoxide dismutase or phospholipase C. The zinc ion (Zn2+) does not 

participate in redox reactions, which makes it a stable ion in a biological medium 

whose potential is in constant flux. Zinc ions are hydrophilic and do not cross cell 

membranes by passive diffusion (Schrauzer et al.,1980).In general, transport has been 

described as having both saturable and non-saturable components, depending on the 
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Zn (II) concentrations involved. Zinc ions exist primarily in the form of complexes 

with proteins and nucleic acids and participate in all aspects of intermediary 

metabolism, transmission and regulation of the expression of genetic information, 

storage, synthesis and action of peptide hormones and structural maintenance of 

chromatin and biomembranes (Tapiero et al., 2003). 

Zinc is a cofactor of some 80 enzymes and is required for growth, development, 

reproduction, wound healing and other important physiological functions. 

The mean of concentrations of selenium and of zinc in whole blood from healthy 

donor in U.S.A are inversely correlated and that the age –corrected mortalities from 

cancers of colon, breast, lung, ovary, bladder and larynx are directly correlated with 

the mean blood zinc concentrations. In countries in which diet naturally rich in zinc 

are consumed, the mortalities from cancers at major sites are also higher than in 

countries where the national diets provide less zinc; the major source of dietary zinc is 

beef (Tapiero et al., 2003). 

Geraki et al, studied trace elements in healthy and pathological breast tissue using x-

ray fluorescence system. The quantitative comparison between the element levels 

measured in specimens suggested only significant elevation of zinc in the pathological 

tissue ( Gerakik et al.,2001). 

Trace elemental analysis was carried out in the biological samples of kidney 

carcinoma using particles induced X-ray emission technique. A 2 MeV proton beam 

was employed by Reddy et al to excite the samples. They found that, level of Zn is 

higher in the cancer tissue of kidney than that observed in the normal tissue (Reddy. et 

al., 2003). 

Lee et al, analyzed the trace element distribution of cancer tissue and its 

corresponding normal tissue of preoperative and postoperative stage in gastric, colon, 

breast cancer patients. Zinc and rubidium were found in a higher concentration in 

breast cancer tissue than in normal tissue (In.L.J et al., 1993). 

2.2.6 Aluminum  
Aluminum is known to cause toxic effects to a variety of organ systems including 

brain, as well as bone, kidney and blood. It has been proposed as an environmental 

factor that may contribute to some neurodegenerative diseases, and affects several 

enzymes and other biomolecules relevant to Alzheimer’s disease. Al is a ubiquitous 

element found in every food product. The sources of Al are especially corn, yellow 

cheese, salt, herbs, spices, tea, cosmetics, aluminum ware and containers. In addition, 
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it is present in medicines and is also added to drinking water for purification purposes. 

The high Al levels in diet led to increased central nervous system (CNS) Al 

concentrations, altered CNS concentrations of the essential trace elements iron and 

manganese and increased the susceptibility of CNS to lipid peroxidation (LPO) with 

some exposure regimens. Salts of Al may bind to DNA, RNA; inhibit enzymes like 

hexokinase, acid and alkaline phosphatases, phosphodiesterase and phosphooxydase.  

Al exposure caused impairments in glucose utilization, agonist-stimulated inositol 

phosphate accumulation, free-radical-mediated cytotoxicity, reduced cholinergic 

function, impact on gene expression and altered protein phosphorylation. Aluminum 

generates reactive oxygen species, resulting in oxidative deterioration of lipids, 

proteins and DNA (El-Demerdash., 2004) 

Multi elemental analysis of human breast tissue was carried out by Hoong et al. The 

elements Al, Br, Ca, Co, Cs, Fe, K, Na, Rb, and Zn were detected using INAA. 

Significantly elevated concentration levels were found for Al, Br, Ca, Cl, Cs, K, Na 

and Zn in malignant tissue compared to normal tissue (Hoong-NG.K et al., 1993). 

2.2.7 Chromium  
Widespread use of chromium (Cr) and chromium compound through millennium has 

warranted the mankind to restrict its use due to its serious pathological manifestations 

in humans. Any long term exposure causes serious disruptions in several organs 

where the metal gets accumulating. Epidemiological studies have shown the incidence 

of respiratory cancer in individuals occupationally exposed to chromium. Adverse 

renal and hepatic effects are also documented among chromium induced subjects. 

Although the exact mechanism of action of chromium compounds on tissues is not 

extensively studied, it is observed that chromium can generate reactive oxygen 

species (ROS) during its reduction in successive oxidation states. 

In general, ROS generated through metal catalysis play a pivotal role in accelerating 

oxidative stress in biological systems. Lipid peroxidation an index of oxidative stress 

is known to be stimulated in tissues stressed with metal catalysis, which subsequently 

manifests in serious pathological problems (Acharya et al., 2004). 

Many compounds of Cd, Co, Cr, Ni, Zn and Pb have been used to induce cancer in 

experimental animals, indicating that metal ions can interact with nucleic acids to 

influence base pairing and conformation. Such effects have been known to cause 

somatic mutation leading to cellular transformations.Cr , Ni, AS and Be have been 

shown as human carcinogens and exhibit genetic toxicity in number of test systems, 
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suggesting that mutagenesis is involved in the initiation of cancer by these 

metals(Garg et al., 1990). 

Ciortea, et al, were examined the concentration levels of some micro- and macro-

elements found in the tumor tissue of patients having skin cancer. The proton induced 

X-ray emission (PIXE) and instrumental neutron activation analysis (INAA) 

analytical methods were used.  By comparing with the control samples, the tumor 

results showed an increase of P, S and K concentrations while, the levels of Cl, Ti, Cr, 

Mn and Cu were not significantly different in the tumors compared to the control 

samples (Ciortea  et al., 2002). 

2. 3 Regulation of Physiological Systems by Nutrients 
 Free radicals (e.g., superoxide, nitric oxide, and hydroxyl radicals) and other reactive 

species (e.g., hydrogen peroxide, peroxynitrite, and hypochlorous acid) are produced 

in the body, primarily as a result of aerobic metabolism. Antioxidants (e.g., 

glutathione, arginine, citrulline, taurine, creatine, selenium, zinc, vitamin E, vitamin 

C, vitamin A, and tea polyphenols) and antioxidant enzymes (e.g., superoxide 

dismutase, catalase, glutathione reductase, and glutathione peroxidases) exert 

synergistic actions in scavenging free radicals. There has been growing evidence over 

the past three decades showing that malnutrition (e.g., dietary deficiencies of protein, 

selenium, and zinc) or excess of certain nutrients (e.g., iron and vitamin C) gives rise 

to the oxidation of biomolecules and cell injury. A large body of the literature 

supports the notion that dietary antioxidants are useful protectors and play an 

important role in preventing many human diseases (e.g., cancer, atherosclerosis, 

stroke, rheumatoid arthritis, neurodegeneration, and diabetes). 

The knowledge of enzymatic and non-enzymatic oxidative defense mechanisms will 

serve as a guiding principle for establishing the most effective nutrition support to 

ensure the biological safety (Fang et al., 2002). 

Free radical induced lipid oxidation in human bodies has been related to the 

pathological process of many diseases, such as cardiovascular disease, some 

cancerous disorders and diabetics. The research on biological antioxidants,Therefore, 

has attracted great attention from both the scientific community and the general 

public. As an effort to improve health status and maintain the optimal body function, 

multinutrient supplementation has become a more and more popular practice 

nowadays in Europe and North America. Many of the ingredients in those commercial 
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supplement packs have been individually proven to have direct or indirect effect on 

cellular antioxidative systems. Besides vitamin C, E, and b-carotene, of which the 

effects as biological antioxidants have been well confirmed, recent studies, also 

indicates that some B vitamins may also play important roles in the cellular 

antioxidation defense systems (Fang et al., 2002). 

The effects of trace minerals, such as Fe, Cu, Mn, and Zn, on antioxidative enzymes, 

have also been well established. Recently, selenium (Se) has received large amount of 

attention because of its role in the formation of cellular glutathione peroxidase (GPX) 

(Cheng et al., 2001). 

Hydrogen peroxide (H2O2) is widely regarded as a cytotoxic agent whose levels must 

be minimized by the action of antioxidant defence enzymes. In fact, H2O2 is poorly 

reactive in the absence of transition metal ions. Exposure of certain human tissues to 

H2O2 may be greater than is commonly supposed: substantial amounts of H2O2 can be 

present in beverages commonly drunk (especially instant coffee), in freshly voided 

human urine, and in exhaled air. Levels of H2O2 in the human body may be controlled 

not only by catabolism but also by excretion, and H2O2 could play a role in the 

regulation of renal function and as an antibacterial agent in the urine. Urinary H2O2 

levels are influenced by diet, but under certain conditions might be a valuable 

biomarker of `oxidative stress (Barry et al., 2000). 

Oxidative modifications of DNA thought to be important in carcinogenesis as 

supported by experimental studies in animals (Moller et al., 2005).Cells are constantly 

exposed to oxidants from both physiological processes, such as mitochondrial 

respiration, and pathophysiological conditions such as inflammation, reperfusion, 

foreign compound metabolism and radiation. The bodily defenses against oxidants 

include an extensive system of antioxidant enzymes and radical scavengers and chain 

breakers, of which many are nutritionally dependent. Nevertheless, damage to DNA is 

continuously ongoing but is also repaired with high efficiency in the cells in the body. 

Descriptive epidemiological studies indicate low risks of epithelial cancers, 

particularly in people with a high dietary intake of vegetables and fruits rich in 

antioxidants. However, a series of intervention studies with a few antioxidant 

supplements, such as carotene and Vitamin E, have been negative with respect to 

prevention of cancer. Although these antioxidants may be present in substantial 

amounts, most fruits and vegetables contain many other bioactive components. A 

well-recognized hypothesis of preventive effects of fruit and vegetables involve 
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reduction of oxidative damage to DNA. Thus, short-term intervention studies with 

biomarkers of oxidative DNA damage and repair might help identify more active 

components and optimize dosage ( Moller et al.,2005). 

Isoflavonoids and lignans are plant compounds shown to exert estrogenic effects 

under different experimental conditions. Main diet isoflavonoids (genistein, daidzein 

and glycitein) are mostly found in soybeans. The mammalian lignans, enterolactone 

and enterodiol, have a similar biphenolic structure, but are formed from precursors 

that are contained mainly in vegetables, whole grain products and berries, via action 

of intestinal micro flora .Both isoflavonoids and lignans have shown to exert putative 

anticarcinogenetic effects against breast cancer. In addition to antioxidant properties, 

these compounds can, in fact, interfere with estrogen synthesis and bioavailability to 

target tissues and can inhibit crucial pathways, such as neoangiogenesis (Boccardo et 

al., 2005). Animal studies and epidemiologic data have suggested that high-fiber; 

low-fat diets are associated with a decreased incidence of colon cancer. These 

observations have generated much controversy and have led to an intensified certain 

dietary constituents can influence gene expression by direct interaction with 

regulatory elements in the genome, leading to a change in the transcription rate of a 

given gene. Examples include metabolites such as retinoic acid, a vitamin A 

derivative, short- and long-chain fatty acids; sterols; and zinc (Robert, 1999).  

2.4 Analytical technique 
Improvements in analyzing techniques when coupled to the growing knowledge of 

trace element biochemistry provide a powerful tool for health challenging issues to 

study either toxicological trace elements and to examine potential for diagnosing the 

presence of diseases.(Bradley et al.,1996). 

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 above are extensively investigated using this sophisticated nuclear 

analytical technique.  

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). 

Neutron activation analysis has become important for trace elements research because 

this technique has several important advantages: 
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1- Less systematic errors. The number of energetically possible nuclear reactions 

from a given target nuclide is small. 

2- Many types of elements are measured by using nuclear rather than chemical 

reaction and the detection limits are quantitatively different. Since the nuclear 

methods depend on the physical properties so it is another approach to 

analysis. 

3- In nuclear methods there is no analytical blank and other problems related to 

dissolution. 

4- Nuclear methods are more precise because of the random process of 

radioactive decay. 

5- It is capable to analyze wide number of elements at the same time. 

6- Sensitivity. Neutron activation analysis has been shown to be applicable to the 

analysis of many elements of sub-picogram amounts. 

7- Results are independent of chemical state of elements and so there is no 

chemical matrix effect as many in analytical techniques based on atomic 

properties and change there in.  

The essence of activation analysis is thus inducing artificial radioactivity in a material 

to be analyzed by bombarding it with neutrons, highly energetic photons or charged 

particles (Aziz et al., 1993). 

Depending on the type of bombarding particles one distinguishes:- 

(a) neutron activation analysis 

(b) photon activation analysis 

(c) charged particles activation analysis 

2.4.1 Neutron Activation Analysis Method 
Neutron activation analysis is a sensitive analytical technique useful for performing 

both qualitative and quantitative multi-element analysis of major, minor, and trace 

elements in samples from almost every conceivable field of scientific or technical 

interest (Aziz et al., 1993). 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 

(IAEA-TECDOC-1215, 1998). 

 20



For many elements and applications, NAA offers sensitivities that are superior to 

those attainable by other methods, on the order of parts per billion or better (Aziz et 

al., 1993). 

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 spectroscopy (ICP) and 

X-ray fluorescence spectroscopy (XRF). This area all techniques for which stand-

alone equipment is easily available and consequently, the call on NAA for elemental 

analysis is decreasing. Each analytical technique has its own particular advantages 

and disadvantages that make it suitable (or unsuitable) for a given application (IAEA-

TECDOC-1215, 1998). 

 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. In addition, because of its accuracy and reliability, NAA 

is generally recognized as the "referee method" of choice when new procedures are 

being developed or when other methods yield results that do not agree (IAEA-

TECDOC-1215, 1998). 

The sequence of events occurring during the most common type of nuclear reaction 

used for NAA, namely the neutron capture or (n,gamma) reaction, is illustrated in the 

following Figure . 
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Figure 2.1: Schematic diagram illustrate the sequence of events for a 

typical (n, gamma) reaction. 
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When a neutron interacts with the target nucleus via a non-elastic collision, a 

compound nucleus forms in excited state. The excitation energy of the compound 

nucleus is due to the binding energy of the neutron with the nucleus. The compound 

nucleus will almost instantaneously de-excite into a more stable configuration through 

emission of one or more characteristic prompt gamma rays. In many cases, this new 

configuration yields a radioactive nucleus which also de-excites (or decays) by 

emission of one or more characteristic delayed gamma rays, but at a much slower rate 

according to the unique half-life of the radioactive nucleus. Depending upon the 

particular radioactive species, half-lives can range from fractions of a second to 

several years (Aziz et al., 1993). 

The NAA method relies on the measurement of either these characteristic prompt or 

delayed gamma rays for identifying elements and determining their amounts preset in 

samples. About 70% of the elements have nuclides possessing properties suitable for 

NAA. 

2.4.2 Neutrons 

Neutrons carry no charge and therefore can not interact in matter by means of 

Coulomb force, which dominates the energy loss mechanisms for charged particles 

and electrons (Knoll, 2000). 

There are several types of neutron sources (reactors, accelerators and radioisotopic 

neutron emitters), but nuclear reactors with their high fluxes of neutron from the 

fission of U235 give the most intense irradiations and, hence, the highest available 

sensitivities for NAA (Aziz et al., 1993). 

Neutrons as electrically neutron particles relatively easy penetrate into positively 

charged nucleus.The mechanism of interaction of neutrons with nucleus depend on 

the kinetic energy of neutrons and properties of the nucleolus it self(47). For thermal 

neutrons (En=0.001-0.2 ev) and epithermal neutrons (En=0.2ev-0.5 Mev) the 

radioactive capture i.e.(n,gamma) reaction  is characteristic. Fast neutrons 

(En>0.5Mev) cause (n,gamma),(n,p) and (n,2n) threshold reactions which some times 

may give rise to undesirable interference in NAA (Shaddad.,1995). 
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2.4.3 Neutron sources 

2.4.3.1 Isotopic neutron sources   

In the case of the most frequently used isotopic neutron sources an alpha emitting 

radioactive material such as227Ac, 226Ra, 239Pu and210Po is mixed with beryllium and 

an (α, n) reaction generates the neutrons. 

The spontaneous fission of some artificially produced transuranium isotopes can be 

applied as a small neutron source. e.g. 252Cf (half life 2.6y) undergoes fission, 

producing 3.76 neutrons of 1.5 Mev per event. One milligram of 252Cf emits 2.28x109 

neutrons per second. The major advantage is that the isotopic neutron sources can be 

made portable and generate a stable neutron flux. But, as the neutron flux is rather 

low in comparison to a nuclear reactor their use in NAA is limited to the 

determination of elements of high activation cross section which are present in major 

concentrations. 

2.4.3.2 Neutron generators  

These neutron sources are accelerators where a convenient target material is 

bombarded by accelerated charged particles and the neutrons are produced in a 

nuclear reaction. 

In the most frequently used and commercially available neutron generators, deuterons 

are accelerated and the target material is tritium. The nuclear reaction carried out is 3H 

(d,n)4He. The energy of the produced monoenergetic neutrons is 14 Mev. Due to the 

emitted fast neutrons, in NAA the neutron generators are used for the determination of 

elements of high cross section in this energy region such as Mg, Al, Si, Ti, Fe, Zr and 

Ni (Knoll, 2000). 

2.4.3.3 Nuclear reactors  
Owing to the high neutron flux, experimental nuclear reactors operating with a 

maximum thermal neutron flux of 1012-1014 neutrons cm-2 s-1 are the most efficient 

neutron sources for high sensitivity activation analysis induced by epithermal and 

thermal neutrons. The reason for the high sensitivity is that the cross section of 

neutron activation is high in the thermal region for the majority of the elements 

(IAEA-TECDOC-1215, 1998). 
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2.4.4 The General Equation of Neutron Activation Technique 

let N be the number of radioactive nuclei produced during irradiation t, σ be the cross-

section of the reaction ,Ф the neutron flux, n number of target nuclei and ג the decay 

constant of the radionuclide formed (Shaddad.,1995).Then we have the following 

differential equation 

                      Nn
dt
dN λσ −Φ=  -------------------------------------------------------- (1) 

Where the first term on the R.H.S describes the increase of N because of the 

activation process, while the second term gives the decrease of N due to decay. 

The general solution of such differential equation is: 

           ( ) ( ) ( )[ ]dtetnCeN tt λλ σ Φ∫+= −
        ----------------------------------------- (2)             

Where the flux Ф is assumed to be time dependant and C is a constant of integration. 

However, if the flux is constant, i.e. Ф= Фo and assuming the initial condition N=0 at 

t =0, then we have 

                    ( )
( )( )

λ
σ λtenotN

−−Φ
=

1     ------------------------------------------------- (3) 

The activity at time t will be 

                     ( ) ( ) ( )( )tenotNtA λσλ −−Φ== 1 ------------------------------------------- (4)                      

After the end of irradiation, A decrease exponentially and after a time t1 following end 

of irradiation we have  

                      ( ) ( ) ( )( )1
1

ttetAtA =−= λ    ----------------------------------------------------- (5) 

If the activity measurement is preformed during the time interval between t1 and t2, 

then the expected number of decay events Ac will be given by: 
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( )( ) ( )( ) ( )( )( )
λ
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c
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−−−−− −−Φ
=  -------- (6)                            

Where, t=ti is the irradiation time,t1-t=tw is waiting time and t2-t1 is the counting time. 

Accordingly equation (6) can be written as                                                               

                   

( )( ) ( ) ( )( )( )
λ

σ λλλ cwi ttt

c
eeenoA

−−− −−Φ
=

11
  --------- (7)    

Clearly, the average number of counting decay events Nc will be less than Ac due 

different effects such as the efficiency of the detector£ for the particular energy and 

for the particular counting geometry, and the intensity of the measured gamma line I 

so : 

                              --------------------------------------------------------------- (8) cc IAN =∈

Also the number of target nuclei is given by 

                             n=
W

fmNa ..   -------------------------------------------------------------- (9) 

Where m ≡ the mass of the element in the sample, W ≡ the atomic weight, Na 

≡Avogadro's number=6.02.1023 mole-1, f ≡ the relative isotopic abundance of the 

target isotope. 

From the equations (7), (8) and (9) we have for the basic equation of neutron 

activation analysis for the net counts Nc of the measured activity: 

   

( )( ) ( ) ( )( )
λ

σ λλλ

W
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cwi
ttt

a
c

−−− −−∈Φ
=

11
--------

(10) 
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2.4.5 Prompt vs. Delayed NAA  

As mentioned earlier, the NAA technique can be categorized according to whether 

gamma rays are measured during neutron irradiation prompt gamma neutron 

activation analysis (PGNAA) or at some time after the end of the irradiation delayed 

gamma neutron activation analysis (DGNAA). The PGNAA technique is generally 

performed by using a beam of neutrons extracted through a reactor beam port. Fluxes 

on samples irradiated in beams are of the order of one million times lower than on 

samples inside a reactor but detectors can be placed very close to the sample 

compensating for much of the loss in sensitivity due to flux. The PGNAA technique is 

most applicable to elements with extremely high neutron capture cross-sections (B, 

Cd, Sm, and Gd); elements which decay too rapidly to be measured by DGNAA; 

elements that produce only stable isotopes; or elements with weak decay gamma-ray 

intensities. DGNAA (sometimes called conventional NAA) is useful for the vast 

majority of elements that produce radioactive nuclides. The technique is flexible with 

respect to time such that the sensitivity for a long-lived radionuclide that suffers from 

interference by a shorter-lived radionuclide can be improved by waiting for the short-

lived radionuclide to decay. This selectivity is a key advantage of DGNAA over other 

analytical methods (Glascock, 2006).  

2.4.6 Instrumental vs. Radiochemical NAA  

With the use of automated sample handling, gamma-ray measurement with solid-state 

detectors, and computerized data processing it is generally possible to simultaneously 

measure more than thirty elements in most sample types without chemical processing. 

The application of purely instrumental procedures is commonly called instrumental 

neutron activation analysis (INAA) and is one of NAA's most important advantages 

over other analytical techniques. If chemical separations are done to samples after 

irradiation to remove interferences or to concentrate the radioisotope of interest, the 

technique is called radiochemical neutron activation analysis (RNAA). The latter 

technique is performed infrequently due to its high labor cost (Glascock., 2006).  
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CHAPTER THREE 
MATERIALS AND METHODS 

 

3.1 Sampling 
3.1.1 Sample Collection 
Eighty fresh and paired tissue samples were obtained from mastectomy operations on 

patients of confirmed breast cancer diagnosis. Confirmed malignant samples were 

taken from tumor lumps while normal samples were obtained from region of the 

breast defined by the safety margin (distantly far from the lump) from the same 

patient .Choice of paired samples avoids variation resulting from differences in age, 

diet, sex, hormonal status, medication, genetics and other environmental factors. All 

samples were kept in preservative free containers (falcon tubes) prior to freezing in 

situ at (-80C°). 

3.1.2 Sample Preparation 
By means of plastic forceps the individual sample was taken from the Falcon tube and 

transferred to sterilized Petri dish after washing with de-ionized and double distilled 

water to remove the blood. This sample was sectioned by sterilized stainless steel 

blade into small pieces. Although stainless steel may contaminate the sample with Co 

and Cr but they are not significant part of this investigation. It is strongly 

recommended to use Tungsten carbide scissors or titanium Knife to avoid 

contamination since they do not cause metal interference to the biological sample. 

The sectioned samples were transferred to a clean Cryo tubes then stored in freezer (-

80°C). 

Freeze-dryer was used to prepare samples for analysis. The frozen samples were 

placed into a freeze-dryer at (-40 C°) for 48 hrs. Samples were removed from the 

freeze-dryer and immediately transferred to liquid nitrogen and left there for 72 hrs 

and then transferred to the freeze-dryer again for 72 hrs. The dried samples were 

ground and homogenized using a glass rod. 

3.1.3 Sample measurement  

3.1.3.1 Irradiation  
Dried tissue samples, ranging between 0.2-0.4g, were individually packed in 

polyethylene irradiation vials. Whey powder (IAEA-155) was used as certified 

 28



reference material for checking the consistency of the measurement technique as well 

as comparator standard. 

Neutron irradiations were performed at Egypt second research reactor. This facility 

has a maximum thermal flux of 2.37x1014 n.cm-2s-1 .The packed sample, 

standards and blank (empty polyethylene vial) were individually irradiated for 7 min 

at a thermal flux of 1011 n cm-2 s-1. The activity was counted for 5 min subsequent to a 

short 2 min cooling interval in order to detect short lived radionuclides (Al28, Mg27 

and Cl38). Samples were recounted for one hour   after another 15min cooling interval 

to facilitate measurement of slightly longer- lived radionuclides such as Mn, Na and K 

elements. 
The samples and standard reference materials were then reirradiated for a 3h period at 

a thermal flux of 1013 n. cm-.2 s-1 in order to facilitate detection of longer lived 

elements. High purity silica ampoules were used as sample containers for this long 

irradiation. Samples were counted for 24h after 2 weeks cooling interval (table 3.1). 

The details of the physical parameters that determined the accuracy and precision of 

INAA are shown in table (3.2).All the reactions are of the neutron capture type (n, 

gamma). 
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      Figure 3.1: Fast transport pneumatic tubes (2 tubes available). 
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Table: 3.1 Details of the Irradiation, cooling and counting 

programme 
Nuclide 

Analyzed 

Abundance 

(%) 

Irradiation 

time 

Cooling time Counting 

time 
27Al 100 7 min 2min 5 min 

26Mg 11.2 7 min 2 min 5 min 
37Cl 24.5 7 min 2 min 5 min 

55Mn 100 7 min 22 min 1h 

Na 23  100 7 min 22 min 1h 

K 41 6.88 7 min 22 min 1h 

Cr- P50  4.31 3h 14d 24h 

Fe P58 0.33  3h 14d 24h  

Co P59 100 3h 14d 24h 

Zn P64 48.89 3h 14d 24h 

Se P74 0.9 3h 14d 24h 

Rb P85 72.15 3h 14d 24h 

Cs P133 100 3h 14d 24h 

Sc P45 100 3h 14d 24h 
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Table: 3.2 Relevant Nuclear Data for determined radionuclides 
 

Nuclide 

Analyzed 

Radionuclide 

Detected 

Half life Gamma ray 

Energy(keV) 

Branching 

Ratio (%)  
27Al  Al P28  2.24 min 1778.99 100 

26Mg  Mg P27  9.4 min 843.76 71.4 
37Cl  Cl P38  37.24min 1642.69 31.00 

55Mn  Mn P56  2.58 h 846.759 100 

Na 23  Na P24  14.96 h 1368.6 99.99 

K 41  K  42  12.4 h 1524.7 18.1  

Cr- P50  Cr P51  27.7d 320.08 10.08 

Fe P58  Fe P59  44.5d 1099.25 56.50 

Co P59 Co P60  5.27Y 1173.24 99.90 

Zn P64  Zn P65  243.9d 1115.55 50.70 

Se P74  Se P75  119.77d 264.66 59.20 

Rb P85  Rb P86  18.66d 1076.60 8.78 

Cs P133  Cs P134  2.06Y 795.85 85.44 

Sc P45  Sc P46  83.81d 889.28 99.98 
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3.1.3.2 Gamma activity measurement 
 The gamma spectrometry system used for sample activity measurement was 

equipped with a high purity germanium detector (HPGe). Both sample and the 

comparator standard were measured on the same detector. The measured activity of 

both sample and standard was corrected for decay. Spectral analysis was performed 

with the Gamma Vision soft-ware. 
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        Figure 3.2: Data acquision system 

 

 

 

 

 

 
 

Figure 3.3: High Purity Germanium Detector (HPGe) 
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3.1.3.3 Calculation 
 used to calculate the concentration (in ppm) of the elements The relative method was

under study When performing short irradiations the irradiation, decay and counting 

times are normally fixed the same for all samples and standards such that the time 

dependant factors cancel. The following equation is then obtained: 

                                          
std

samsam mNc
=   -------------------------------

std mNc
---------- (1) 

ment 

ies into: 

Where Nc = measured activity of the sample (sam) and standard (std) as net counts in 

the peak of interest 

m   = mass of the ele

The above equation simplif

stdsam

samstdstd
sam AW

AWC
C =                                               --------------------------------------------------- (2) 

ent in sam

this study did not show normal distribution, Wilcoxon 

s was used to explain important parameters for measuring central 

 

 

   Where C    = concentration of the elem ple or standard 

W = dry mass of the sample or standard 

3.2 Statistical Method 
Since the data obtained in 

signed rank sum test (non parametric) is used to see the difference between members 

of paired samples. It resembles the sign test in scope but it is much more sensitive. 

For small numbers with unknown distributions this test is even more sensitive than 

the student T-test. 

Descriptive statistic

tendency. Box-plot graphs were used to display the results obtained (Hassard, 1991). 
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CHAPTER FOUR 
RESULTS AND DISCUSSION 

Table (4.1) shows the results obtained in this work as compared with certified 

reference material (Whey powder) provided by the IAEA. Most of the results of the 

elements are in a good agreement with certified values.  

It is noticed that the results of this work are slightly higher than the corresponding 

certified values with the exception of Mn, Cr and Rb which showed lower 

concentration with certified values. 

   

 

  

 

       Table: 4.1 Analysis of Whey Powder (IAEA-155) 
Element This Work 

(ppm)  

Certified 

Values(ppm)

Ratio 

Cl 72000 69200 1.0462 

K  52847 41700 1.2673 

Na 21532 15800 1.3627 

Al 60.9271 52.9 1.1517 

Mn 7.1392 9.30 0.7677 

Mg 4215 3190 1,3213 

Zn 38 34.3 1.1078 

Se 0.085 0.064 1.3281 

Cr 0.57 0.59 0.9661 

Sc 0.036 0.028 1.2857 

Co 0.052 0.043 1.2093 

Rb 32.4 39.2 0.8265 

Cs 0.10 0.086 1.1627 

Fe 70.20 62 1.1322 
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The Wilcoxon singned ranks test, a non parametric statistical paired sample test was 

used to examine the data for significant difference between normal and malignant 

tissue. The results (Table 4.2) indicate that most of the elements from the malignant 

tissue are significantly elevated (P< 0.05) compared to the normal tissue. 

 

 

 

 

Table 4.2: Elemental concentration of short irradiated elements in 

normal and malignant breast tissue 
 

Element GM±GSD 

(ppm)  

RSD Ratio of 

means 

P-level* 

Na malignant 4947.099±3.46 0.8044 

Na normal 3406.224±3.77 0.5980 
1.2367 0.2411 

Cl malignant 7340.272±9.37 0.9394 

Cl normal 3855.634±4.12 0.7791 
1.877 0.1688 

K malignant 3488.079±6.44 1.1347 

K normal 2403.975±7.73 1.2709 
0.9331 0.5751 

Al malignant 13.812±0.208 29.5334 

Al normal 6.505±0.208 19.8807 
2.0797 0.0069 

Mn malignant 1.325±0.11 72.993 

Mn normal 0.552±0.059 65.1273 
2.4656 .0065 

Mg malignant 176.224±14.7 15.5385 

Mg normal 11.942±3.96 7.2035 
8.13048 0.0051 

GM= geometric mean, RSD= relative standard deviation 

*level of significance calculated from Wilcoxon signed ranks test. No signi ficant 

difference at P< 0.05. 
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The data in table (4.2) showed higher geometric mean of malignant tissue as 

compared to normal tissue. Results from biological samples are usually abnormally 

distributed; therefore, geometric mean is preferred as a measure of central tendency 

than the mean or the median.   

The ratio of means for malignant and normal tissue is one of the more stable 

indicators of the magnitude of elevation of elemental concentration. Most of these 

ratios are higher than one, indicating higher values for the elemental concentration in 

malignant tissue, which might be due to increased cellular activity in malignant tissue 

and active enzymatic systems leading to increased amount of trace elements. In 

addition, an increase in blood flow in malignant tissue might also be expected to lead 

to increased transportation and accumulation of trace elements. 

As the measure of the distribution of data, the RSD was calculated. From this data one 

can conclude that, in malignant tissue the concentration is more scattered compare 

with normal tissue. These results agree reasonably well with other studies which 

suggested the possible use of the distribution of elemental concentration as 

discriminate criteria to differentiate between normal and malignant tissue samples. 

The rationale is that homeostatic control would be expected to balance the rates of 

accumulation and depletion of essential elements in normal tissue which may be 

disturbed to some extent in malignant ones.       
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Figs 4.1 and 4.2 show the comparison between means of concentration of K, Na, Cl, 

Mg and Al. The conclusion arrived to earlier may be strengthened by these results. 

Although all elements showed higher concentration in malignant tissue, the difference 

in the case of Al, Mg and Mn is statistically significant. Thus these elements can be 

used as tumor marker to differentiate between normal and malignant tissue samples.   

Results of the elemental concentrations of different elements are presented as box and 

Whisker plots in (Fig. 4.3-4.8) 
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Box & Whisker Plot
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Figure 4.3: Percentile of Na concentration(ppm) in malignant and 

normal breast tissues.  
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Box & Whisker Plot
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Figure 4.4: Percentile of Cl concentration(ppm) in malignant and 

normal breast tissues.  
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Box & Whisker Plot
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Figure 4.5: Percentile of K concentration(ppm) in malignant and 

normal breast tissues.  
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Box & Whisker Plot
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Figure 4.6: Percentile of Al concentration(ppm) in malignant and 

normal breast tissues.  
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Figure 4.7: Percentile of Mn concentration(ppm) in malignant and 

normal breast tissues.  
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Figure 4. 8:  Percentile of Mg concentration(ppm) in malignant and 

normal breast tissues.  

 47



 
From these figures, one can conclude that the difference between the median of the 

elements K, Cl and Na is statistically insignificant and the figures also show that the 

concentrations of these elements vary over a wide range. For the elements Mg, Mn 

and Al, the difference is statistically significant and the concentrations of these 

elements vary over a narrower range.     

The higher concentrations of these elements in malignant samples compared to 

normal breast tissue observed in the previous percentiles are a significant finding. 

This can not be related to a different dietary intake or circulating levels of the 

elements because each pair of normal and malignant tissues was obtained from the 

same human subject.  

It is feasible that malignant tissue, because of its high cell concentration, rapid cell 

division and more active and complex metabolism utilizes larger amount of elements. 

Another possibility of the elevation of trace elements in cancerous tissue is that, larger 

amounts of trace elements might be attracted and deposited in malignant tissue 

because of its greater vascularity compared to normal tissue so the elevations of 

elemental concentrations and clustered calcifications in breast are possibly related. 

 Although these notions are admittedly speculative never the less our current findings 

as it stands can still be diagnostically important and practically valued as another 

parameter for differentiating normal from malignant breast tissue.  

 48



 

 

 

 

Table 4.3: Comparison between results of short irradiated elements 

in normal tissue and other studies (ppm) 
 

Present study Bradely etal (1997) 
Hoong 

etal (1992) 

Garg 

etal 

(1989) Element  

Geometric 

 mean 
median 

Geometric 

mean 
Median Median Median 

Mn 0.552 0.41  0.83±1.8 0.88 ,,,,,,,,,, ,,,,,,,,,,, 

Na 3406.3 3597.8 3969± 2.2 3475 9200 2200 

K 2403.9 2713.4 1913±1.8 1637 2620 1800 

Cl 3855.6 4409.3 4227±2.2 3325 10140 1500 

Al 6.505 6.169 14.24±1.48 12 13 ,,,,,,,,,,,,, 

Mg 0.5502 0.41 ,,,,,,,,,, ,,,,,,,,,,, ,,,,,,,, ,,,,,,,,,,,,, 
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Table 4.4: Comparison between results of short irradiated elements 

in malignant tissue and other studies (ppm) 

Present study Bradely etal (1997) 

Hoong 

etal 

(1992) 

Garg etal 

(1989) 
Element 

Geometric 

mean 
median 

Geometric 

mean 
Median Median Median 

Mn 1.325 1.31 1.23±2.1 1.5 ,,,,,,,,,, ,,,,,,,,,, 

Na  4947.09 4207.92 7777±1.9 8298 13230 3100 

K 3488.08 3406.67 7628±2.2 7693 14400 2900 

Cl 7340.23 7684.42 8359±2.1 8857 15225 2300 

Al 13.812 14.36 
22.16 

±1.8 
19.5 28 ,,,,,,,,,,,,, 

Mg 176.224 145.02 ,,,,,,,,,,,, ,,,,,,,,,,, ,,,,,,,,,,,,,, ,,,,,,,,,,,,,,,, 
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Tables (4.3 and 4.4) show comparison between the results obtained by this study and 

previous ones done by Bradelly et al., (1997), K. Hoong et al., (1992) and Garg et al 

(1989).The results of this study are consistent with data from literature,  however, for  

Mg no data is reported by those researchers. The value of K in this study differs with 

the value reported by the mentioned researchers but agree with Geraki (2004). 

 The discussion will be focused on the most important elements that have a significant 

role in the induction of cancer. These are long lived radio nuclides which were 

experimentally treated in a similar manner as the short-lived radionuclides except that 

the irradiation, waiting and counting times were longer. The calculation of the activity 

is therefore similar. 
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Table 4.5: Elemental concentration of long irradiated elements in 

normal and malignant breast tissue 
Element Geometric 

mean±GSD (ppm) 

Ratio of means P-level* 

Se malignant 0.668±0.239 

Se normal 0.354±0.130 
1.498 0.0468 

Zn malignant 35.509±9.750 

Zn normal 26.880±3.820 
1.290 0.0145 

Cr malignant 0.663±0.230 

Cr normal 0.246±0.050 
3.791 0.0391 

Cs malignant 0.0161±0.0003 

Cs normal 0.009±0.0004 
1.185 0.306 

Rb malignant 2.505±0.059 

Rb normal  2.037±0.08 
0.629 0.733 

Sc malignant 0.003±0.00002 

Sc normal 0.003±0.00006 
0.754 0.888 

Co malignant 0.0156±0.0002 

Co normal 0.0141±0.00005 

 

1.139 

0.593 

Fe malignant 66.099±12.790 

Fe normal 57.920±7.230 

 

1.251 

0.306 

*level of significance calculated from Wilcoxon singned ranks test. No significant 

difference at P< 0.05. 
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These results show that Se, Zn and Cr are significantly elevated in malignant tissue as 

compared with normal tissue, with P value around 0.04. For Cs, Rb and Fe there is 

increased concentration of trace elements in malignant tissue as compared with 

normal one, however, this elevation was found to be statistically not significant. For 

Sc and Co, similar concentrations were found in both types of tissues.  

The increased concentration of selenium in malignant tissue as compared to normal 

tissue can be explained by the fact that, selenium is known to bind loosely to proteins 

and is taken up rapidly by rapidly growing tumors. The elevation of selenium 

concentration in the tumor cell may be due to an effort of the body to inhibit the 

growth of tumors which may successfully compete with the carcinogen for binding 

places of the protein and thereby prevent cancer genesis (Schwartz.,1975) (Insup.C, 

1989). Tapiero et al., (2003) discussed similar results of zinc and attributed such 

concentration increases to the assumption that zinc was found to abolish the cancer 

protecting effects of selenium and thus causes a dramatic increase of the tumor 

growth rates. It is therefore not surprising that the element accumulates in malignant 

breast tissue rather than normal ones. 

Iron may be enriched in cancerous tissue because cancer tissue retains more blood 

vessels. It is not certain why the remaining elements were enriched in cancer tissue. It 

could be that this is the result of alteration of cell membrane permeability, change in 

extracellular matrix, or increased metabolism in cancer tissue as we mentioned above 

(Insup.C, 1989). 
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Figure 4.9:  Percentile of concentration of long-lived elements in 

malignant and normal breast tissues.  
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The figure (4.9) shows the box and Wisker plots for the long lived elements under 

study. It shows that high concentration is reported for Fe and Zn followed by Rb and 

similar concentrations were reported for Se and Cr but lower than Rb. Low 

concentrations were reported for Co, Cs and Sc. 

The conclusion arrived at for the P- level is clearly explained by the percentile. From 

the plots, Zn, Se and Cr are statistically significant in malignant tissue as compared to 

normal tissue. This is also more evident when you look at the plot for iron. For this 

element, the concentration in malignant tissue is very high but still the difference in 

the concentration of Fe in the two types of tissues is not statistically significant. This 

finding is in agreement with Geraki.K et al who found slight elevation of iron in 

malignant tissues as compared with normal tissue. Iron is implicated in most studies 

concerned with correlation of elements with several diseases, for its role as regulatory 

factor for angiogenesis. (Geraki.K et al., 2004) 

Spearman rank correlation analysis was used to calculate correlation coefficient 

between pairs of elements in malignant and normal tissues (Table 4.6). 

It is not surprising to find strong correlation between Se and Zn in malignant tissue 

because zinc counteracts the anticarcinogenic effects of selenium as we mentioned 

before. Contradictory to the chemical behavior excepted for Rb and K, there is strong 

negative correlation. Ong.S.H et al., (1997) have suggested that Rb may be useful in 

distinguishing between malignant and normal breast tissues. 

 Judging from correlation coefficients for the other elements, weak correlations are 

noticed. 
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Table 4.6: Results of Spearman's rank correlation test 

Elements Correlation coefficient 

Se(n):Zn(n) 0.30 

Se(m):Zn(m) 0.72 

Se(n):Fe(n) 0.10 

Se(m):Fe(m) -0.35 

Se(n):Cr(n) -0.09 

Se(m):Cr(m) -0.27 

Zn(n):Fe(n) 0.44 

Zn(m):Fe(m) 0.08 

Se(n):Co(n) 0.04 

Se(m):Co(m) 0.12 

Rb(n):K(n) -0.60 

Rb(m):K(m) -0.20 

n: normal, m: malignant 
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Table 4.7: Comparison between results of long irradiated elements in 

normal tissue and other studies (ppm) 
 

Present study Bradely et al (1997) 
Hoong 

etal (1992) 

Garg et 

al (1989) 
Element 

Geometric 

 mean 
median 

Geometric 

mean 
Median Median Median 

Se 0.354 0.632  ………….. …………. ……….. 0.81 

Zn 26.880 28.525 25.0 28.0 30 36.6 

Cr 0.246 0.233  …………… …………. ……….. ……….. 

Rb 2.037 1.282 12.8 12.6 11.5 4.30 

Cs 0.009 0.008 0.007 0.007 0.51 1.40 

Fe 57.920 59.056 209.7 203 94 32.0 

Co 0.0141 0.012 0.44 0.57 1.19 2.5 

Sc 0.003 0.004 …………… ……….. ………… ……….. 
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Table 4.8: Comparison between results of long irradiated elements in 

malignant tissue and other studies (ppm) 
 

Present study Bradely et al (1997) 
Hoong et 

al (1992) 

Garg e t al 

(1989) 
Element 

Geometric 

mean 
median 

Geometric 

mean 
Median Median Median 

Se 0.668 1.023  ………… ………. ……… 1.52 

Zn 35.509 39.393  44.2 49.5 57.0 43.8 

Cr  0.663 1.241 ………… ………. …………. …………. 

Rb 2.505 2.211 22.7 27.2 28.5 6.1 

Cs 0.0161 0.018 0.014 0.014 1.1 2.12 

Fe 66.099 92.268 305.5 255 194 40.50 

Co 0.0146 0.015 0.77 0.96 1.95 3.51 

Sc 0.003 0.003 ……….. ……… ……….. …………. 
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From tables (4.7) and (4.8), a good agreement between the results obtained for zinc in 

this work and those reported in the literature can be noticed, with exception of the 

results obtained by Garg et al (1989) which is higher compared to our results. For 

selenium, only one value is reported by Garg et al (1989) agrees with the median for 

selenium in this study. 

Rubidium, iron and cobalt values in this work show discrepancy with the values 

reported in the literature. Cesium values reported in this work agree with the values 

reported by Bradely et al (1997) but differ from those obtained by Hoong et al (1992) 

and Garg e t al (1989). For chromium and scandium no values could be found in 

literature.    
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CHAPTER FIVE 
CONCLUSION 

 
The conclusion of this study can be summarized to guide the future extension of such 

works:  

1. The difference in the concentration of some of these elements in malignant 

tissue in comparison with normal tissue samples indicates the possibility of 

using these elements as discriminant factor. The elements that can be used 

could be Se, Zn, Cr, Al, Mn, and Mg.  

2. Cancer disturbs the physiological functions of biological cells which are 

manifested in the variation of trace elements concentrations in malignant and 

normal tissue obtained from the same subject.   

3. This study forms the basis for future studies on the relation between nutritional 

value of the elements studied and cancer induction. 
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