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ABSTRACT
In the present study, the concentrations of Co, Cr, Fe, Hg, Rb, Se and Zn in the serum of
103 adult patients with newly diagnosed of leukemia (before treatment) were studied.
Samples were collected from Radiation and Isotopes Center – Khartoum (RICK) and
Institute of Nuclear Medicine and Molecular Biology – Aljazeera State. Samples were
freeze-dried and analyzed using Neutron Activation Analysis (NAA). Serum levels of
these elements were compared with the contents found in healthy group samples.
The patients were divided into 4 groups:I – Acute Lymphoid Leukemia (ALL)
II – Acute Myeloid Leukemia (AML)
III – Chronic Lymphoid Leukemia (CLL)
IIII - Chronic Myeloid Leukemia (CML)
The control group was formed of 40 healthy subjects; data analysis was performed using
the T-tests. Partial correlation was used to study a relationship between two variables. It
was found that;
In group I (ALL): Higher concentrations of Cr , Fe , Hg , Rb and Zn were found in the
serum of patients with significant difference as compared to healthy group ( p < 0.05).
The concentration of Co was higher than the control group but statistically not
significant. The level of selenium was considerably lower than in the control group ( p
<0.05).
In group II (AML): Significantly elevated values were found in Cr and Fe as compared to
the control group. The concentrations of Co , Hg and Zn also were higher but statistically
not significant (p>0.05), The level of selenium was statistically lower than in the control
group ( p < 0.05).
In group III (CLL): It was observed that the contents of the Cr , Fe , Hg , Rb and Zn
elements were elevated significantly ( p < 0.05) than healthy subjects. The concentration
of Co was higher than the control group but statistically not significant, the level of
selenium was considerably lower than in the control group (p < 0.05).
In group IIII (CML): The concentrations of Fe , Hg , Rb and Zn were statistically higher
than in the healthy subjects ( p < 0.05). Also the level of Cr was higher but statistically
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not significant (p>0.05). Similar result was obtained in Co. The level of selenium was
statistically lower than in the control group (p < 0.05).
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في ) (AMLوجد ان  Crو  Feذات تراكيز اعنى في بالمزا امررىى وذات فر انوي بيور
 Hg ,Coو Znذات تراكيز اعنى ومكن امفر غير انوي  .استيى  Seاوخفض في بالمزا
امررىى وذو فر انوي .
في ) (CLLيالحظ ان تراكيز كل ان  Rb , Hg , Fe , Crو Znتفي تراكيزه في بالمزا
االصح ء وذات فر انوي  .تركيز  Coاعنى ومكوه غير انوي  .ايض استيى  Seاوخفض
اق رنة ب الصح ء وذو فر انوي .
في ) (CMLتراكيز  Rb , Hg , Feو Znاحص ئي تنني تراكيزه في بالمزا االصح ء وذات فر
انوي  ,ايض  Crذو تركيز اعنى مكن احص ئي الييجد فر انوي  .تركيز  Coفي بالمزا
امررىى يش به تركيزه في بالمزا االصح ء .استيى  Seاحص ئي اوخفض في بالمزا امررىى
اق رنة ب الصح ء .
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CHAPTER ONE
INTRODUCTION

1.1 Background
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, 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 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, 2001).
Most types of cancer cells form a lump or mass called a tumor , and are named after
the part of the body where the tumor originate (Ghafoor et al., 2003).

1.2 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. While
much international attention is given to communicable diseases like HIV/ADIS and
malaria, chronic diseases are rapidly increasing burden on developing countries. In
Sudan hospitals in 2000, cancer was the third leading cause of death after malaria and
viral pneumonia, accounting for 5% of all deaths. Between 1966 and 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 cancers 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 woman. At present, the causes of this high incidence of
1

CML are not known, but epidemiological studies have been initiated to address this
growing problem. A preliminary study suggested it may be related to smoking
(Hamad, 2006).
During the year 2000-2006 the total number of leukemia is 2282 (8.56%), in each
100.000 of the population the percentage of leukemia is 6.6%.
Depending on statistics obtained from nuclear medicine and Molecular biology
institute (Aljazeera state- madani), and radiation and isotope Center-Khartoum
(RICK), the total number of leukemic patients during the years 2000 – 2006,are
shown in Table 1.1 and Table 1.2 respectively.

1.3 Leukemia
Leukemia is a cancer of the bone marrow and blood, characterized by the
uncontrolled growth of specific types of white blood cells. While leukemia occurs
about 10 times more often in adults than in children (Johnsons et al., 1999).
Individuals with leukemia generally maintain abnormally high amounts of leukocytes
or white blood cells in their blood. This condition results in an individual‘s inability to
maintain certain body functions, particularly a person ability to combat infection
(ACS, 2005).
In 2005 leukemia is expected to affect approximately 34,810 individuals (19,640
males and 15,170 females) in the United States, resulting in 22,570 deaths. In the
Massachusetts, approximately 770 individuals will be diagnosed with the disease in
2005 representing more than 2% of all cancer diagnoses.

1.3.1 Types of Leukemia
There are four major types of leukemia:
 Acute Lymphoid Leukemia (ALL)
 Acute Myeloid Leukemia (AML)
 Chronic Lymphoid Leukemia (CLL)
 Chronic Myeloid Leukemia (CML)
In adult the most common types of leukemia are AML and CLL. Leukemia is the
most common type of childhood cancer, accounting for about 30% of all cancers
diagnosed in children. The majority of these cases are of ALL type (ACS, 2005).

1.3.2 Risk Factors Information for all Types of Leukemia
1.3.2.1 Acute Lymphoid Leukemia
2

Occurs predominantly among children (peaking ages 2 and 3 years), an elevation in
incidence is also seen among adult individuals. The increase of incidence among adult
individuals begins at approximately 40-50 years of age, peaking at about age 85 (linet
and Cartwright, 1996).ALL is more common among whites than African Americans
and among males than females (Weinstein and Tarbell, 1997).
Exposure to high-dose radiation (e.g., by survivors of atomic bomb blasts or nuclear
reactor accidents) is a known environmental risk factor associated with the
development of ALL (Sheinberg et al., 1997). Significant radiation exposure (e.g.,
diagnostic x-rays) befor birth may carry up to a5-fold increased risk of developing
ALL (ACS, 2000a). How ever, few studies report an increased risk of leukemia
associated with residing in proximity to nuclear plants or occupational exposure to
low-dose radiation (Linet and Cartwright, 1996; Scheinberg, et al., 1997). It is unclear
whether exposure to electromagnetic fields (EMF) plays a role in the development of
ALL, however, most studies, to date, have found little or no risk (ACS, 2000b). Few
other risk factors for ALL have been identified. There is evidence that genetics may
play an important role in the development of this leukemia type. Studies indicate that
siblings of twins who develop leukemia are at an increased risk of developing the
disease. Children with Down‘s syndrome are 10 to 20 times more likely to develop
acute leukemia (Weinstein and Tarbell, 1997).
In addition, other genetic disease, such as Lifaumeni syndrome and klinefelters
syndromes, are associated with an increased risk of developing leukemia. Patients
receiving medicaication that suppresses the immune system (e.g., organ transplant
patients) may be more likely to develop ALL (ACS, 2000b).
ALL has not been definitively linked to chemical exposure, however, childhood ALL
may be associated with maternal occupational exposure to pesticides during
pregnancy (infante- rivard, et al., 1999). Certain rare types of adult ALL are caused
by human T-cell leukemia/lymphoma virus -1(HTLV-1) (ACS, 2000a). Some reports
have linked other viruses with various types of leukemia, including Epstein-Barr virus
and hepatitis B virus. Still others propose that leukemia may develop as a response to
viral infection. However, no specific virus has been identified as related to ALL (lint
and Cartwright, 1996). Recent reports also suggest an infectious etiology for some
childhood ALL cases, although specific viral agent has not been identified and
findings from studies exploring contact among children in day-care do not support
3

this hypothesis (Greaves MF, 1997; kinlen and balk will, 2000; rosenbaum et al.,
2000).

1.3.2.2 Acute Myeloid Leukemia
Although AML can occur in children (usually during the first two years of life), AML
is the most common leukemia among adults, with an average age at diagnosis of 65
years (ACS, 2000a and 2000b). This type of leukemia is more common among males
than females but affects African Americans and whites at similar rates (scheinberg, et
al., 1997). High-dose radiation exposure (e.g., by survivors of atomic bomb blasts or
nuclear reactor accidents), long-term occupational exposure to benzene, and exposure
to certain chemotherapy drugs, especially alkylating agents (e.g., mechlorethamine,
cyclo phosphamide), have been associated with an increased risk of developing AML
among both children and adults (ACS, 2000a and 2000b; linet and Cartwright, 1996).
The development of childhood AML is suspected to be related to parental exposure to
pesticides and other chemicals, although findings are inconsistent (linet and
Cartwright, 1996). Recent studies have suggested a link between electromagnetic field
(EMF) exposure (e.g., from power lines) and leukemia (minder and pfluger, 2001;
schuz et al., 2001). However, there is conflicting evidence regarding EMF exposure
and leukemia and it is clear that most cases are not related to EMF (ACS, 2000a;
kleinerman, et al., 2000).
Other possible risk factors related to the development of AML include cigarette
smoking and genetic disorders. It is estimated that approximately one fifth of cases of
AML are caused by smoking (scheinberg et al., 1997). Also a small number of AML
cases can be attributed to rare inherited disorders. These include Down syndrome in
children, fanon s anemia, Wiskott - Aldrich syndrome, bloom s syndrome, li-fraumeni
syndrome, and ataxia telangiectasia (ACS, 2000a and 2000b). Recently, scientists
have suggested that a mutation in a gene responsible for the de activation of certain
toxic metabolites may have the ability to increase the risk of acute myeloid leukemia
in adults.

1.3.2.3 Chronic Lymphoid Leukemia
Is chiefly an adult disease; the average age at diagnosis is about 70years (ACS, 1999).
Twice as many men as women are affected by this type of leukemia (deisseroth et al.,
1997). While genetics and diseases of the immune system have been suggested as
4

playing a role in the development of CLL, high-dose radiation and benzene exposure
have not (ACS, 1999; and tarbell, 1997). It is thought that individuals with a family
history of CLL are two to four times as likely to develop the disease. Some studies
have identified an increased risk of developing CLL (as well as ALL, AML, and
CML) among farmers due to long-term exposure to herbicides and or pesticides (linet
and Cartwright, 1996). In addition, many researchers believe that cigarette smoking
plays a role in some chronic leukemia. The role of EMF in the development of
chronic leukemia remains controversial (ACS, 1999). Although viruses have been
implicated in the etiology of other leukemia‘s, there is no evidence that viruses cause
CLL (Deisseroth et al., 1997).

1.3.2.4 Chronic Myeloid Leukemia
Of all the leukemia‘s CML is among the least understood. While this disease can
occur at any age, CML is extremely rare in children (about 2% of leukemia‘s in
children) and the average age of diagnosis is 40 to 50 years (ACS, 1999). Incidence
rates are higher in males than in females, but unlike the other leukemia types, rates are
higher in blacks than in whites in the U.S. (Linet and Cartwright, 1996). High-dose
radiation exposure may increase the risk of developing CML (ACS, 1999). Finally,
CML has been associated with chromosome abnormalities such as the Philadelphia
chromosome (Weinstein and Tarbell, 1997).

1.4 Trace Elements
Analysis of trace elements in cancer human tissues has gained an important interest
due to the increasing knowledge of the role that these elements have in physiological
processes and of the possible correlations between abnormal concentrations and
pathological conditions (Silva, M. P et al., 2006). In recent years, several studies have
linked the concentrations of specific transition metals to various diseases such as
Wilson‘s disease, Hodgkin‘s disease, leukemia, and many other malignancies. Since it
has been established that trace element levels in human serum can be utilized as
indicators for several pathological conditions, the simultaneous determination of
certain elements in serum offers a very interesting approach in diagnosis and
treatment of various diseases (Canellas et al., 2006). There are several publications on
the elemental content of leukemic lymphocyte . In these publications it is suggested
that some metals, such as iron, copper, zinc etc., play an important part in lymphocyte
5

maturation and regulation of immune function. Several studies have been performed.
In one study, it was found that the zinc concentration was lower and the copper and
iron concentrations were higher in lymphocytes from children with acute lymphocytic
leukemia (ALL) compared with controls. Similar results were obtained by several
research groups, but the only information available was limited to the low zinc
concentrations of the lymphocytes from leukemic patients (Canbolat et al., 1994).
In the present study the main purpose was to investigate the relation between the
concentration of (Co- Cr- Fe- Hg- Rb- Se- and Zn) in leukemic and healthy Sudanese
adult serum. Also this is the first time to conduct a research to study the relation
between these trace elements and leukemia in Sudan.

1.5 Objectives
This study was carried out with the following aims:
1- To determine the concentrations of some trace elements in human serum (patients
with acute lymphoid, acute myeloid, chronic lymphoid, chronic myeloid, leukemia
and healthy subjects) in Sudanese adult. And to compare the concentration of these
elements in leukemic patients and healthy subjects.
2- To obtain information about the possible use of the values of trace elements in human
serum for different purposes such as diagnosis and prognosis of the leukemia disease.

6

Table 1.1: Statistics of all Types of Leukemia in Institute of
Nuclear Medicine and Molecular Biology - Aljazeera State
during the Year 2000-2006
Leukemia

2000

2001

2002

2003

2004

2005

2006

ALL

11

7

7

20

10

17

22

AML

4

2

7

7

14

9

16

CLL

5

5

7

7

12

4

11

CML

4

12

7

18

17

28

17

Total

24

26

28

52

53

58

66

types
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Table 1.2: Statistics of all Types of Leukemia in Radiation
and Isotope Center-Khartoum (RICK), during the Year
2000-2006
Leukemia 2000

2001

2002

2003

2004

2005

2006

types

ALL

57

76

76

23

13

32

33

AML

28

46

51

17

18

15

32

CLL

19

53

69

15

36

30

39

CML

79

64

94

56

81

51

54

Total

183

239

290

111

148

128

158
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CHAPTER TWO
LITERATURE REVIEW

2.1 Biological Role of Trace Elements
In the field of biomedical research the role of trace elements and their function in the
human body, interaction with environmental pollution, role in the diseases has
become very important. The behavior of trace elements in the biological systems and
their mechanisms are far from being understood. Most scientists are convinced that
trace elements play a major role in diseases. In addition to the role in human
metabolism (Elamri et al., 1993).
In order to maintain vital processes trace elements must be present in the organism
within certain concentration ranges. They full fill special biological functions e.g. as
catalysts in the synthesis of proteins and enzymes, as active centers of proteins and as
structure-forming parts of molecules. In body fluids, many metal containing proteins
are present that are involved in transport processes, acute phase reactions or in the
protection of cells against damage by radicals. Basically, for clinical investigations
almost any body fluid can be used to obtain information about metabolic and
catabolic behavior and the interaction of trace elements, with the choice of the fluid
being dependent on the medical indication. Usually those body fluids which are
preferred are those that can be easily taken from the human body including urine
breast milk and blood. Blood serum and plasma are the body fluids that are usually
investigated with respect to trace elements. How much of a trace element enters into
the blood circulation after absorption in the gastrointestinal tract depends on its
chemical binding form in the food stuff. It is transported via the serum to sites where
metabolic transformation takes place (e.g. the liver) followed by the transport of the
resulting metabolites to the sites of action or to the body pools for deposition.
Products of catabolism are also transported via the serum to be excreted or reutilized.
The total concentration of a trace element in serum is the result at least of all of these
processes and it is nearly impossible to determine the contribution of the different
compartments to the final concentration by serum analysis. Therefore the common
clinical practice of using the trace element level in serum as a marker in the diagnosis
9

of deficiency states must be regarded with a critical eye. Taking homeostatic
regulation of the serum level into account even subclinical states cannot be detected
by measuring the total element concentration. Deficiency states become evident when
the body pools are depleted, at a point too late for preventive care (Bratter et al.,
2000). It is well known that various elements are present in our human body in a wide
concentration range, and many of them play important roles in blood and organs. For
example, various enzymes containing Zn play essential roles in physiological
functions and biological synthesis. In addition, Fe is responsible for the transport of
molecular oxygen in the blood, and Cu is engaged specifically with redox reactions in
human body. In recent years, it has been also reported that various elements interdependently work through the mutual interactions in human body. Therefore, further
information about the distributions and kinetic behaviors of major-to-trace elements in
human body are really required for elucidation of their biological roles and functions
on the multi elements basis (Hasegawa et al., 2001).
Trace elements are classified as essential or non 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 essential elements 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 essentiality lacking: - B, Ba, Br, Cd, Li, Rb, Sr
(d) Inessential: - All other elements
The essentiality mentioned above for molybdenum is supported by Guang-Huil et al.,
which showed a negative correlation between soil contents Mo and mortality rate of
gastric cancer (Guang-Hui1 et al., 1998). In recent year some trace elements have
gained 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
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trace elements or the manner in which toxic elements cause dysfunction have been
known (Bowen, 1988).
Several trace elements are essential micronutrients and are required for various body
functions and well being of the immune system. The deficiencies of trace elements
and infectious diseases often coexist and exhibit complex interactions. Several trace
elements such as selenium, zinc, copper, manganese, etc. have immune modulatory
functions and thus influence the susceptibility to the course and the outcome of a
variety of viral infections. Some trace elements inhibit virus replication in the host
cells, thus showing antiviral activity. Many trace elements act as antioxidants or help
such functions that not only regulate immune responses of the host, but also may alter
the genome of the viruses (Chaturvedi et al., 2004).
Trace elements are required for numerous metabolic and physiological processes in
the human body (Mertz et al., 1981). They play a part in the synthesis and structural
stabilization of both proteins and nucleic acids. Therefore, imbalances in the optimum
levels of trace elements may adversely affect biological processes, and are associated
with many diseases (Muralidhar et al., 2004). Trace elements like manganese (Mn),
copper (Cu), zinc (Zn) etc. have been studied in many diseases, including
autoimmune diseases, neurological disorder, and psychiatric disorders. These
elements are incorporated into the structures of proteins, enzymes, and complex
carbohydrates. They take part in biochemical reactions together with enzymes
(Livesay et al., 2003). Various trace elements unquestionably play an important role
in the physiology and pathology of the central nervous system. Some elements (e.g.,
Mn, Fe, Cu, Zn, and I) are essential for brain growth and functioning, whereas others,
such as Pb and Hg may cause severe brain damage. However, the essential trace
elements may also impair brain function, when they are present at elevated levels
(Duflou et al., 1989).
One might ask why an understanding of the relationship between requirements and
toxicity of essential trace elements, more will be better, and therefore self medicate
themselves. If Paracelsus‘ dictum, ―the dose makes the poison,‖ were more widely
understood, self-medication might be less frequent. Toxic effects of EThs have been
known for many years from research in farm and experimental animals. Until recently
it has been assumed that homeostatic mechanisms effectively protect against excess
amounts of most ETEs. Recent proposals that deficiencies of some EThs, in the
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presence of excesses of others, contribute to the pathogenesis of some chronic
diseases indicate that this assumption is being questioned (Harold, 1995).

2.2 Trace Elements and Cancer
The role of trace metals in cancer has been the subject of conjecture, and reports of
different authors are often conflicting and contradictory. A major reason for these
discrepancies is the difficulty in analyzing trace elements and the problems that exist
in collecting specimens without contamination (Thiers et al., 1957).
Trace elements are required in small concentrations as essential components of
biological enzyme systems or of structural portions of biologically active constituents.
They constitute less than 0.01 % by weight of the total body composition and those
thus far defined as essential in animal deficiency experiments include iron, iodine,
fluorine, copper, manganese, zinc, cobalt, chromium, selenium, molybdenum, tin,
vanadium and possibly silicon and nickel (Frieden et al., 1972).
The metals (all of the above except iodine, fluorine, and selenium) play their most
important role as cofactors in enzymes. Iron is an important constituent of succinate
dehydrogenase as well as a part of the Heme of hemoglobin, myoglobin and the
cytochromes. Zinc is involved in carbonic acid (carbonic anhydrase) and in alcohol
(alcohol dehydrogenase) formation and in proteolysis (carboxypeptidase, leucine
aminopeptidase, etc.) (Briggs et al., 1973). Copper is present in many enzymes
involved in oxidation (tyrosinase, ceruloplasmin, amine oxidase, cytochrome
oxidase), and manganese is a part of enzymes involved in urea formation, pyruvate its
role in vitamin 12,cobalt is also a cofactor of enzymes involved in DNA biosynthesis
and amino acid metabolism. Molybdenum plays an important role in purine
metabolism; selenium is related to glutathione peroxidase, an enzyme involved in the
protection of hemoglobin against injurious effects of hydrogen peroxide; and
vanadium blocks cholesterol biosynthesis ( Frieden et al., 1972).
The effects of trace elements are related to concentration and recorded observations
range from a deficiency state, to function as biologically essential components, to an
unbalance when excess of one element interferes with the function of another, to
pharmacologically active concentrations (i.e., zinc in healing), and finally to toxic and
even life-threatening concentrations (Ulmer et al., 1973).
It is therefore reasonable to assume that these trace elements would exert action,
directly or indirectly, on the carcinogenic process (Tipton et al., 1960). Over the past
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decade there has been a growing awareness of, and interest in, the trace element
concentration differences between normal and malignant tissues. Statistically
significant differences from the normal distribution of potassium, rubidium,
magnesium, calcium, copper, zinc, iron, selenium, manganese, and other essential
elements have been reported to occur in patients with various forms of cancer (Sigel
et al., 1980). The cancerous tissue directly indicates changes of trace elements that are
evoked by the disease. Blood or blood constituents such as serum are considered to be
the best indicators of the present exposure of an individual to many metals due to its
easy sampling. In recent years, metal contents in human body have been used as an
aid for diagnosing various diseases including cancer (Milde et al., 2005).

2.2.1 Selenium
Selenium (Se) is an essential trace element in humans (Young, V. R. 1981). Its only
established function is its presence in the enzyme glutathione peroxidase (Hafeman et
al., 1974). Using GSH2 as the reducing equivalent, this enzyme plays a significant
role in detoxification of peroxides induced by oxygen radicals. As such it may be
important in the toxicity of anticancer treatments that generate such reactive
molecules (Batist et al., 1985). In addition, epidemiological and experimental data
suggest an anti carcinogenic activity by selenium (Schrauzer, 1976). Recent studies
have also suggested an anti neoplastic activity by some forms of selenium, in
particular the demonstration of enhanced survival of Erich as cites tumor-bearing
mice treated with selenite (Greeder, 1980). Invitro experiments with a variety of
tumor cell lines, mostly murine, have demonstrated growth inhibition by some forms
of selenium (Milner et al., 1981). In fact selenocystine was used in the treatment of
human leukemia in 1956 with some short term success (Weinberger et al., 1956). The
mechanism of its effect was thought to be competitive deprivation of cystine, but this
was not proven. Others have shown that selenium compounds can cause chromosome
breaks and inhibit critical DNA synthetic enzymes (Weitberg, 1985). Investigations in
a variety of animal systems have suggested that there is a significant interaction of
selenium with glutathione independent of the enzyme glutathione peroxidase (Chung,
et al., 1981) Considerable epidemiological data suggest that cancer mortality is
inversely correlated with selenium consumption. Furthermore, recent reports clearly
show that selenium can retard the growth of chemically induced as well as
spontaneous tumors. Consequently, appreciable experimental evidence does suggest
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that selenium may have a preventive role in the etiology of cancer (Milner et al.,
1981). Weisberger and Suhrland also demonstrated that selenium could retard the
growth of Murphy lymph sarcoma tumor cells (Weisberger et al., 1956). Poirier and
Milner have demonstrated that selenium can retard or completely prevent the growth
of Ehrlich as cites tumor cells in vivo (Poirier et al., 1979).
Greeder and Milner recently showed that the ability of selenium to inhibit or prevent
the growth of Ehrlich as cites tumor cells was highly dependent upon the form and
quantity of selenium administered. The only significant alteration that has been
observed in mice treated with quantities of selenium at dosages of 4µg 3 times weekly
was a slight reduction in intestinal weights. The reduction in intestinal weights was
not attributable to a reduction in the intestinal macro constituents, suggesting that
selenium may have altered rapidly dividing cells (Greeder et al., 1980). Despite an
evident progress in cancer diagnosis and treatment, there is a constant need of a drug
which could arrest the premalignant process, thus reducing the risk of cancer. The role
of selenium (Se) as an antioxidant and anticancer agent is very well documented in
the literature (Tapiero et al., 2003). In addition, it has been proven that an adequate
concentration of selenium can restore the sensitivity to chemotherapeutic agents of
cytostatic-resistant malignant cells (Jonsson-Videsater et al., 2004). The highest
activity as a free radical scavenger and anticancer agent is assigned to selenium
compounds containing selenium at the +4 oxidation level (suchocki et al., 2007). The
essential role of selenium in animal nutrition is well established. In humans, it has
been demonstrated that an endemic cardiomyopathy (Keshan disease) prevalent in
certain areas of China is correlated with selenium deficiency. Patients on seleniumfree total parenteral nutrition regimes in the United States responded favorably to
selenium supplementation. Selenium also has been claimed to prevent certain types of
cancer, to enhance immune responses, and to increase fertility in domestic animals.
The discovery of selenium as an essential component of several enzymes provided
some molecular basis for its biological function. In mammals glutathione peroxidase
is the only selenium-dependent enzyme so far identified, but it seems unlikely that the
complicated biological effects of selenium in man and animals are attributable solely
to variations in the level of this enzyme. In fact, at least two other seleno proteins of
unknown catalytic activity have been detected in animals. Recently, specific
incorporation of selenium into RNA molecules has been observed in several bacterial
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species. Since in a number of instances modified bases in RNAs have been shown to
be involved in regulatory functions of the RNAs, the selenium-modified bases may
have similar roles. Furthermore, some RNA viruses. As well as leader mRNAs
contain RNA-like segments that may interact with specific enzymes and, thus, play
regulatory roles. Hence, it is reasonable to assume that detailed information
concerning selenium-modified RNAs may contribute to the understanding of the
biological roles of selenium (Ching, wei-mei, 1984). Near toxic levels of selenium
have been reported to produce tumors in rats but other studies indicated that these
concentrations of selenium created chronic toxic hepatitis that resembled hyperplasia.
In the early studies, ingested selenium produced liver tumors in 53 animals who
survived 18 months, but the latter investigation medicated that only hyper plastic
lesions were found in the livers of animals that lived more than 282 days ( Morton et
al., 1975). Elevated selenium intake may reduce cancer risk and may alleviate other
pathological conditions, including oxidative stress and inflammation.
Selenium appears to be a key nutrient in counteracting the development of virulence
and inhibition of HIV progression to AIDS. It is required for sperm motility and may
reduce the risk of miscarriage. Selenium deficiency has been linked to adverse mood
states and some findings suggest that selenium deficiency may be a risk factor in
cardiovascular diseases (Ferencik et al., 2003).

2.2.2 Zinc
Zinc (Zn) is present in all body tissues and fluids. The total body zinc content has
been estimated to be 30 mmol (2g). Skeletal muscle accounts for approximately 60%
of the total body content and bone mass, with a zinc concentration of 1.5–3mmol/g
(100–200mg/g), for approximately 30%. The concentration of zinc in lean body mass
is approximately 0.46 mmol/g (30mg/g). Plasma zinc has a rapid turnover rate and it
represents only about 0.l% of total body zinc content. This level appears to be under
close homeostatic control. High concentrations of zinc are found in the choroid of the
eye (4.2mmol/g or 274mg/g) and in prostatic fluids (4.6–7.7 mmol/l or 300–500mg/l)
(Hambridge et al., 1987). Zinc is an essential component of a large number (>300) of
enzymes participating in the synthesis and degradation of carbohydrates, lipids,
proteins, and nucleic acids as well as in the metabolism of other micronutrients.
Zinc stabilizes the molecular structure of cellular components and membranes and in
this way contributes to the maintenance of cell and organ integrity. Furthermore, zinc
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has an essential role in polynucleotide transcription and thus in the process of genetic
expression. Its involvement in such fundamental activities probably accounts for the
essentiality of zinc for all life forms. Zinc plays a central role in the immune system,
affecting a number of aspects of cellular and hums oral immunity (Shankar et al.,
1998). Essentiality of zinc and its deficiency in humans was first recognized in the
early sixties of the last century The current estimate is that a nutritional deficiency of
zinc may affect over 2 billion subjects in the developing world. Growth retardation,
immune dysfunction and cognitive impairment are among major consequences of zinc
deficiency. These effects are reversible with zinc supplementation. Conditioned
deficiency of zinc is known to occur in many diseases, such as mal absorption
syndrome, chronic liver and renal diseases, sickle cell disease, excessive intake of
alcohol, malignancies and other chronic debilitating conditions (Ananda et al., 2002).
It is an essential component of a wide variety of metalloenzymes, transcription factors
and other proteins. A deficiency in zinc affects various organs including the nervous
system, gonadal tissue, skin and the intestine. Ingestion or administration of excessive
amounts of zinc compounds, on the other hand, does not seem to result in any adverse
long-term effects (Vallee et al., 1993). Most physiologically relevant cell death in the
body occurs by an active process of self-destruction known as programmed cell death
or apoptosis. Apoptosis can be initiated by a number of external signals including
glucocorticoids, irradiation, cytokines, or withdrawal of growth factors (Raff 1992,
Williams and Smith, 1993). Several studies have indicated that zinc can inhibit
apoptotic cell death. Apoptosis was observed in the small intestine of animals on a
zinc-deficient diet (Elmes, 1977), and a zinc-chelator was found to induce apoptosis
in human thymocytes and leukemia cells (McCabe et al. 1993). The induction of
apoptosis by irradiation, anti-cancer drugs or tumor necrosis factor (TNF) was
prevented by zinc (Shimizu et al. 1990). In contrast, however, a few reports have
suggested that zinc actually induces apoptotic cell death (Telford et al., 1995).
Furthermore, zinc induced necrosis in prostate carcinoma cells (Iguchi et al., 1998).
Many researchers have reported that zinc inhibits the development of cancer and that
low serum zinc is associated with several forms of cancer. In 1959, Add ink and
Frank reported that blood and serum from cancer patients generally show subnormal
zinc levels when the tumor is associated with tumors rich in zinc. Return to normal
levels was associated with a favorable prognosis. High levels of zinc, 300 ppm,
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decrease tumor incidence and increase the latent period of PYB6 induced neoplasms
in mice (Mulhern, 1980). Aqueous zinc acetate injected intraperitoneally prevented
tumor growth in 50 to 70 percent of male mice previously inoculated with L1210
leukemia cells .Sub cutaneous injections in a different strain did not prevent tumor
growth but significantly increased mean survival (Phillips and Sheridan, 1976). Zinc
mostly remains intracellular and participates in many physiological mechanisms.
Liver functions like urea formation require the presence of zinc. Adequate zinc status
is essential for T-cell division, maturation and differentiation, lymphocyte response to
mitogens, programmed cell death of lymphoid and myeloid origins, gene transcription
and biomembrane functions. The immune system is adversely affected by even
moderate degrees of zinc deficiency. Severe zinc deficiency depresses immune
function. Primary and secondary antibody responses are reduced in zinc deficiency
and generation of spleniccytotoxic T-cells is reduced after immunization (Chaturvedi
et al., 2004).

2.2.3 Copper
Copper (Cu) is essential for a variety of biochemical processes and is needed for
certain critical enzymes to function in the body. Copper is also involved in the
functioning of the nervous system, in maintaining the balance of other useful metals
in the body such as zinc and molybdenum, and other body functions. The main source
of copper is through diet and is present in mineral-rich foods like vegetables, legumes,
nuts, grains, fruits and chocolate. Copper is a natural element found in the earth‘s
crust and the surface water. Groundwater that is used for drinking purposes also
contains copper. Certain foods and water kept for an extended period of time in
copper ware may contain copper transferred from their surface. Copper is an integral
part of many important enzymes involved in a number of vital biological processes.
Although normally bound to proteins, copper may be released and become free to
catalyse the formation of highly reactive hydroxyl radicals that have capacity to
initiate oxidative damage and interfere with important cellular events. Zinc removes
copper from its binding site, where it may cause free radical formation (Gaetke et al.,
2003). The importance of trace amounts of copper for proper functioning of many
biological systems has been established. Several enzymes require copper for catalytic
activity. When copper is limiting, the activity of these cuproenzymes may become
rate controlling in metabolic pathways and lead to well-known defects in the
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hematopoietic, cardiovascular, nervous, skeletal, reproductive and integumentary
systems ( Underwood , 1971). Recent evidence suggests that copper also plays a role
in proper functioning of the immune system. Nutritional copper deficiency in humans
is rare but in infants can lead to recurrent infections and pulmonary sepsis (Karpel et
al., 1972). Copper supplementation is necessary to reduce infections in infants
recovering from marasmus. Domestic animals show decreased bactericidal activity
and impaired neutrophil function when grazing on pastures that provide a marginal
copper intake (Boyne et al., 1981). Laboratory rodents fed a diet low in copper
exhibit increased susceptibility to bacterial infections and decreased resistance to
tumor challenge (Joseph et al., 1987). 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 mitochondna, 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 mg of
copper is 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 mal absorption (kwashiorkor, sprue, and 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 (Sunderman et al.,
1973).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 (Mortazavi et al., 1972). Elevated serum copper has also been reported
following administration of estrogens or thyroid and pituitary hormones and after
surgery (Hrgovcic et al., 1973). 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).

2.2.4 Magnesium
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Magnesium (Mg) is a mineral present in our bones, muscles, soft tissue and body
fluids (Pennington, 1998). Magnesium is one of the intracellular ions and has a key
role in the intermediary metabolism. It is involved in a number of enzymes and is also
a component of the high-energy ATP-Mg2+ complex (1) that provides a universal
form of energy for the organism. The presence of this complex is essential for kidney
functioning. The kidneys maintain ion homeostasis in the organism by either an active
or a passive resorption of ions by kidney tubules. Since the active transport depends
on the ATP-Mg2+ complex, it is obvious that the presence of Mg2+ ions is of utmost
importance for these processes (Wilhelm et al., 2002). Although early epidemiologic
studies showed an inverse correlation between the amount of Mg in soil and water and
the incidence of (gastric) cancer, and several animal studies supported the premise
that Mg has a prophylactic effect against induction of cancer, other studies showed
that Mg supplementation increased the growth of established experimental tumors.
Thus, enthusiasm for this approach subsided. The early epidemiologic findings have
since been confirmed, and there have been studies demonstrating the importance of
Mg

in

maintaining

immunocompetence,

and

others

indicating

that

immunodeficiencies increase susceptibility to the development of cancer. Evidence
has now accrued that indicates that Mg deficiency increases susceptibility to chemical
oncogens. The abnormal metabolism of tryptophan (yielding a carcinogenic
metabolite) that indicates functional or absolute pyridoxine deficiency is an indirect
clue to Mg deficiency. Vitamin B activated enzymes require Mg as a cofactor.
However, the early warnings against the use of Mg as part of an antineoplastic
program against established cancer were justified, since rapidly etabolizing cells (such
as cancers) are dependent on Mg (Mildred, 1979).
Magnesium is one of the physiologically important elements, functioning in various
cellular processes. Several researchers measured magnesium concentrations in serum,
cancerous tissues and cells. In cancerous breast, stomach and colon tissues,
magnesium concentrations were found to be lower than those in normal tissues.
However, in oral, bone marrow and esophageal cancers, no differences were found
between normal and cancerous tissue magnesium concentrations. Magnesium
concentrations in lymph nodes were found to be increased in non-Hodgkin's
lymphoma but unchanged in Hodgkin's lymphoma. Although it is suggested that the
effects of iron, copper and zinc on human lymphocytes are related and interdependent,
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and require the presence of adequate levels of magnesium, no documented
information exists regarding the magnesium concentrations of lymphocytes from
patients with AML, KML and ALL (Canbolat et al., 1994).

2.2.5 Manganese
Manganese (Mn) is an antioxidant nutrient and is important in the breakdown of
amino acids and the production of energy. It is essentially required for the metabolism
of vitamin B-1, C and E and for activation of various enzymes which are important
for proper digestion and utilization of foods. Manganese acts as a catalyst in the
breakdown of fats and cholesterol and also helps in the nourishment of the nerves and
the brain. It is necessary for normal skeletal development and maintains sex hormone
production. The best natural sources of manganese are whole grains, cereal products,
nuts and green leafy vegetables. Dairy products, meat, fish and poultry are poor
sources. A deficiency can cause poor reproductive performance, growth retardation,
abnormal formation of bone and cartilage and an impaired glucose tolerance (Wang
et al., 2003).
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).
Manganese is increased in serum of patients during the active phase of acute icteric
viral hepatitis. The mean value in the patients is 2.32 Â±0.96 ng/ml compared to 0.57
Â±13 ng/ml in normals. The levels return toward normal in the subsiding phase of the
disease. In postnecrotic cirrhosis, the serum but not the packed RBC manganese levels
were also significantly elevated. There is a significant correlation of serum manganese
and both bilirubin and aspartate amino transferase in these patients. The increases
were presumably due to either release of hepatic manganese during parenchymal
necrosis or decreased hepatobiliary excretion (Varsieck et al., 1974). The liver has a
relatively high concentration of manganese and manganese is primarily excreted into
the bile. Manganese concentrations in normal human endometrium and in plasma are
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cyclic with highest concentrations found in the early proliferative phase (Cyclic Days
6 to 8) (Hagenfeldt et al., 1974). Malignant breast tissue demonstrates much higher
manganese concentrations than doe‘s homologous normal tissue (Mulay et al., 1971).

2.2.6 Aluminum
Aluminum (Al) is produced from bauxite by an electrolytic process that results in the
generation of coal tar pitch volatiles containing polycyclic aromatic hydrocarbons
(John et al., 2006). Low-level exposure to aluminum from food, air, water or contact
with skin is not thought to harm human health. Aluminum, however, is not a
necessary substance for human bodies and too much may be harmful. People who are
exposed to high levels of aluminum in air may have respiratory problems including
coughing and asthma from breathing dust. Some studies with high levels in mice and
rabbits show that aluminum may harm young animals more because it can cause
delays in skeletal and neurologic development. Aluminum has been linked to
Alzheimer's disease because those patients have high levels of aluminum in their
brains. It is not known whether aluminum causes the disease or whether the buildup
of aluminum happens to people who already have the disease. Infants and adults who
received large doses of aluminum as a treatment for another problem developed bone
diseases, which suggests that aluminum may cause skeletal problems. Some sensitive
people develop skin rashes from using aluminum chlorohydrate deodorants. There is
no evidence that aluminum affects reproduction in people or animals. The available
information has not shown that aluminum is a potential carcinogen (ATSDR, 1992).
Epidemiologic studies have previously shown elevated risks of bladder and lung
cancer and raised questions about increased risk of other cancers in primary aluminum
smelting workers. Significantly elevated rates were observed for bladder cancer
incidence and brain cancer mortality. The risk of bladder cancer was related to
cumulative exposure to coal tar pitch volatiles CTPV. The risk for non-Hodgkin
lymphoma also increased with increasing exposure to CTPV (John et al., 2006).

2.2.7 Chromium
Chromium (Cr) is a gray, hard metal most commonly found in the trivalent state in
nature. Hexavalent (chromium (VI)) compounds are also found in small quantities.
Chromite (FeOCr2O3) is the only ore containing a significant amount of chromium.
The ore has not been found in the pure form; its highest grade contains about 55%
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chromic oxide (IARC, 1980). It is generally accepted that chromium is an essential
element for humans. Chromium deficiency has been described in both humans and
animals, but a clear quantitative definition of the daily requirement of chromium in
human nutrition has not been arrived (Mertz, 1977). WHO (Geneva, 1996) estimates
that the daily minimum population mean intake likely to meet normal requirements
for chromium might be approximately 33 μg/person.
In humans, systemic effects have been reported to occur in the airways,
cardiovascular system, kidneys and liver (Langard et al., 1986) In the kidneys, high
doses of chromates (10–20 mg/kg) induce necroses of the proximal and distal tubule
(Langard, 1983) According to experiments in which mice were injected with
chromium(VI), this toxic effect may be inhibited by adding to the injection agents that
supply glutathione, whereby this was seen to prevent chromium(VI) from harming the
mouse kidney ( Hojo et al.,1991). There is a large body of documentation on excess
risk of cancer in respiratory organs among workers exposed to chromates, as reviewed
by IARC. Cancer was documented in a chromate-exposed worker 100 years ago
(IARC, 1990).
Lung cancer in chromium-pigment workers was first reported by (Gross et al., 1943).
Who found eight lung cancer cases among workers in three small chromium pigmentproducing enterprises.
Chromium (VI) compounds are toxic and carcinogenic, but the various compounds
have a Wide range of potencies. As the bronchial tree is the major target organ for
carcinogenic effects of chromium (VI) compounds, and cancer primarily occurs
following inhalation exposure, uptake in the respiratory organs is of great significance
in respect of the subsequent risk of cancer in humans. IARC has stated that for
chromium and certain chromium compounds there is sufficient evidence of
carcinogenicity in humans. (IARC, 1990). Lung cancer among chromate workers has
been observed for more than 40 years. Epidemiological surveys in the USA , England
, and Japan show that the lung cancer mortality of chromium workers is significantly
higher than that of the respective control populations The carcinogenicity of some
chromium compounds, e g , calcium chromate, has been demonstrated by
experimental studies Large amounts of chromium have been detected in the lungs of
workers who have died of lung cancer but few studies have been reported on the
organ distribution of chromium other than in the lung Toxicological studies have
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shown that hexavalent chromium is more toxic than the trivalent, while no valency
analysis of chromium in human organs have been carried out (Hyodo et al., 1980).

2.2.8 Cobalt
Cobalt (Co) is a natural element present in certain ores of the earth‘s crust, is essential
to life in trace amounts, but excess dietary cobalt causes toxic effects in mammals
(Domingo, 1989).Everyone is exposed to low levels of cobalt in air, water and food.
Previous work has indicated that exposure to cobalt might cause adverse effects on
the male reproductive system (Pedigo et al., 1988). Occupational exposure to various
cobalt compounds is of concern because of their mutagenic and carcinogenic effects.
The toxic effects of cobalt have been observed in several organ systems.
Polycythemia, goiter, cardiomyopathy, hyperglycemia, allergic dermatitis, and
respiratory impairment have been linked to chronic exposure to cobalt (Ahmed et al.,
2004).
The genotoxic effects of cobalt salts in human and animal cell cultures and their
carcinogenicity in humans and animals have recently been reviewed in detail. The
production of a number of other biological dysfunctions by cobalt compounds in vitro
and in vivo has also been reported. On the basis of the evidence available, it has been
suggested that cobalt compounds be classified as probable chemical carcinogens for
humans. The mechanisms underlying cobalt toxicity have not been established, but
oxygen-derived species may be involved. It has been proposed that oxidation of some
organic compounds by cobalt complexes in the presence of alkyl hydro peroxides,
oxygen, or hydrogen peroxide involves oxygen-centered free radicals and proceeds
via a Haber-Weiss mechanism. It has been suggested that Co (II) reacts with H2O2
form OH, but this view has been questioned on the basis of electron spin resonance
studies (Nackerdien et al., 1991).

2.2.9 Cadmium
Cadmium (Cd) is a relatively rare element (0.2 mg/kg in the earth crust) and is not
found in the pure state in the nature. It occurs mainly in association with the sulfide
ores of zinc, lead and copper. Cadmium has only been produced commercially in the
twentieth century. It is a byproduct of the zinc industry; its production is thus
determined essentially by that of zinc (Friberg, 1986). Short-term exposure to
moderate concentrations (200-500 μg/m3) of freshly generated cadmium fume during
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less than 1 hour may cause symptoms similar to those of the metal fume fever, usually
with a complete recovery within a few days. More intense or prolonged exposure may
lead, again after a latency period of several hours, to a chemical pneumonitis with
death in 15-20% of cases. Chronic respiratory effects consisting of bronchitis,
obstructive lung disease or emphysema have been described in the past in workers
heavily exposed to cadmium (more than 20 μg/m3 for more than 20 years). With the
progressive reduction of acceptable exposure levels in industry, the risk of chronic
lung effects in workers has almost disappeared (Lauwerys et al., 1994). Cadmium is
a known human carcinogen and has recently been implicated as a cause of pancreatic
cancer. Two main risk factors for pancreatic cancer, age and cigarette smoking, are
also associated with cadmium exposure. Cadmium accumulates in the body over time,
because there are no specific mechanisms for its removal. The half-life of this metal
in the body ranges from 10 to 30 years, with an average of 15 years (Harun et al.,
2007). In 1993, the IARC classified cadmium and cadmium compounds as known
human carcinogens. The most convincing human data implicate cadmium as a
carcinogen in the lung, with equivocal evidence at other sites [e.g., prostate and
kidney. To our knowledge, this is the first report to propose that cadmium is a cause
of human pancreatic cancer. We suggest that many of the known risk factors for
pancreatic cancer are intelligible in terms of increased exposure to cadmium. For
example, the increasing incidence rate of pancreatic cancer with age is intelligible
because cadmium levels are undetectable in the pancreata of newborns and
accumulate with age, reaching their peak at about age 50 years (Vuori, 1979).
Cadmium also leads to systemic symptoms like proteinuria due to its enrichment in
the kidney, disturbs several cellular processes like DNA synthesis and repair and may
even induce DNA damage directly by producing free radicals These carcinogenic
properties of cadmium may be one reason for the correlation of cadmium intake and
cancer risk, though in the case of breast cancer, cadmium mimics the effect of
estrogen.

But cadmium also shows immunomodulating action, both suppressing

Descotes and enhancing the immune response, here most probably due to induction of
an immuno-alert state Cadmium exposure induces a systemic increase in
metallothionein, whose gene regulation includes a promoter sequence reacting
specific to heavy metals (Mostbock et al., 2002).

2.2.10 Nickel
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Nickel (Ni) There is evidence that nickel is an essential trace element in several
animal species, plants and prokaryotic organisms. Nickel appears to be essential for
humans, although no data are available concerning nickel deficiency. Inhalation of all
types of nickel compounds induces respiratory tract irritation, chemical pneumonia,
emphysema and varying degrees of hyperplasia of pulmonary cells, and fibrosis
pneumoconiosis (IARC, 1990). Nickel may precipitate autoimmune phenomena and
induce immunosuppression in vitro; the clinical importance of such effects has not
been reported (Pelletier et al., 1990). A thorough evaluation of the carcinogenicity of
nickel has been recently published in the Monograph Series of the International
Agency for Research on Cancer .According to the expert group, nickel compounds are
carcinogenic to humans, and metallic nickel may be carcinogenic to humans All the
epidemiological studies on cancer risk after nickel exposure were reviewed and most
of them re-evaluated with an extended follow-up and more precise exposure data by
the International Committee on Nickel Carcinogenesis in Man (ICNCM) The report
of the ICNCM concluded that more than one form of nickel gives rise to lung and
nasal cancer Besides nickel, smelter workers are also exposed to arsenic, which
increases the risk of skin and lung cancer (Karjalainen, 1992). Nickel compounds
have been shown to be carcinogenic by in vitro, in vivo and epidemiological studies.
Nickel compounds transform cells in culture, as well as produce tumors at the site of
injection in a variety of experimental animals One of the key factors in assessing the
carcinogenicity of a given nickel compound is its solubility. Water insoluble nickel
compounds like nickel sub sulfide are extremely carcinogenic when compared to
water soluble nickel compounds like nickel chloride. Never the less, recent
epidemiological evaluations have suggested that soluble nickel compounds are likely
carcinogenic to humans as well. If nickel must enter cells to be carcinogenic, then the
uptake of nickel compounds may be another important factor in determining potential
toxicity and carcinogenicity (Davidson et al., 2005).

2.2.11 Iron
Iron (Fe) is one of the most abundant and necessary transition metals in the body. It is
most commonly associated with the oxygen carrying function of hem iron, and the
medical profession is more concerned with the effect of low iron which leads to
anemia, decreased oxygen carrying capacity of blood and related diseases (Das,
1990). Free radicals, Oxygen and hydroxyl radicals, interalia, are toxic species,
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primary intermediates in the development of radiobiological damage. Free radicals
have unpaired electrons, but unlike ions they are not necessarily charged. Electrons
may be unpaired in a particular shell even though their number may equal that of
protons. Oxygen can be reduced first to superoxide, then to hydrogen peroxide, and
finally to hydroxyl radicals. Iron is essential to catalyze these reactions, and iron may
also catalyze lipid peroxide formation. Iron can cause lipid peroxidation even in the
form of ferritin, but not in that of lactoferrin (Reizenstein, 1991).
Body iron status may play an important role in risk of infections and of cancer, both
etiology and prognosis. Reviews of the biological mechanisms have covered the role
of iron in infection and cancer, the mechanisms by which cells acquire iron in
microorganisms, x plants, and animals, the role of iron in virulence of enteric
pathogens, and the possible role of iron in radiation-induced cancer (Richard, 1989).
Sarcomas and skin cancers have been reported to have developed when animals were
intramuscularly injected with iron dextran (Rezazadeh et al., 2001), Boyd et al.,
reported an association between iron ore miners and the incidence of lung cancer, but
it also appeared that they may have been exposed to radon, which was also present,
and smoking.
Various malignant neoplasms of different organs are often seen in idiopathic
hemochromatosis, but liver cancer is an especially common complication (Finch et
al., 1955). The mechanisms of the hepatocarcinogenesis are thought to be that iron
bound to low-molecular protein in the liver generates hydroxyl radicals via the Fenton
reaction that damage DNA, and adirect action of iron on the replication process of the
DNA. In a study of iron deposits in the surrounding liver parenchyma in a group of
HCV-positive liver cirrhosis patients with liver cancer and a group without liver
cancer, the iron deposits were reported to be clearly more common in the group with
liver cancer (Chapoutot et al., 2000).

2.2.12 Mercury
Mercury (Hg) is a naturally occurring metal, which is widespread and persistent in the
environment. It exists in three forms: elemental or metallic mercury, inorganic
mercury, and organic mercury. Most of the mercury in the atmosphere is elemental
mercury vapor; most of the mercury in water, soil, plants, and animals is inorganic
and organic mercury Eating fish is the principal way that humans are exposed to
methyl mercury. Humans may also be exposed to mercury from breathing
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contaminated workplace air or by skin contact during use in the workplace (dental,
chemical, and other industries that use mercury). Exposure may also occur by
breathing vapors in air from spills, incinerators, and industries that burn mercurycontaining fuels. The nature and extent of health effects from exposure to mercury
will depend on the amount to which a person is exposed. The nervous system is
sensitive to all forms of mercury. Methyl mercury is more toxic than many other
forms because more mercury in this form reaches the brain. Exposure to high levels of
metallic, inorganic, or organic mercury can permanently damage the brain, kidneys,
and developing fetus (VDH, 2008). Researchers in the Environmental Health
Investigation Branch of the California Department of Health Services have discovered
a possible association between exposure to hazardous air pollutants (HAPs) and the
incidence of childhood leukemia. Their epidemiologic evaluation suggests that
children living in areas of high ambient air pollution are at increased risk of
developing leukemia. Their analysis also examined the incidence of the most common
childhood cancers acute lymphocytic leukemia, acute nonlymphocytic leukemia, and
gliomas (brain tumors) (EHP, 2003). Takashi et al., reported that the negative
association between MeHg and gastric cancer might be explained by salt intake, the
positive association between MeHg and leukemia could not be explained by potential
confounders.

2.2.13 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

86

Rb by normal brain tissue after parenteral administration of

86

Rb

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). A high pH therapy for cancer
arrived at theoretically was tested in mice by feeding them rubidium carbonate.
Tumours were transplanted in the abdomen of mice and allowed to grow for 8 days.
The mice were then divided into two groups. The control group was continued on
conventional mouse chow. The test group, in addition to the mouse chow, was force27

fed 1.11 mg of rubidium carbonate dissolved in distilled water. At the end of 13 more
days the tumors in the controls had grown to a large size so all the mice were
sacrificed. The tumors were then removed and weighed. The tumors in the test
animals weighed essentially one eleventh of those in the controls. In addition the test
animals were showing no adverse effects from the cancers. The probability that this
marked difference in tumor size could have come about by chance is exceedingly
small (Brewer et al., 1979). 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).

2.3 Trace Elements and Immunity
Nutrition and health are known to be intimately linked since ancient times but the
vital importance of micronutrients on the immune response was clearly established
th

only in the last quarter of the 20 century. The understanding of adequate trace
element nutrition is a key factor to design a better nutrition that protects animals and
humans against infections. The present paradigm to evaluate the status of trace
element deficiencies is to characterize some effect or activities in leukocytes from
various tissues such as blood, bone marrow and lymphoid organs. Copper, zinc and
iron nutrition have so far concentrated much attention as tested by recent reviews
describing the relationship between trace elements and immune functions (Bonham et
al., 2002).
The availability of powerful tools in analytical cell biology and molecular genetics
has facilitated efforts to begin to identify the specific cellular and molecular functions
of trace elements in the maturation, activation and functions of host defense cells. In
particular, deficiencies of a number of trace elements alter the secretion of
extracellular factors that modulate the activities of immune cells and other types of
cells that participate in the host response to irritants and infectious agents. Moreover,
recent demonstrations that supplementation of individuals with mild zinc deficiency
decreases the prevalence or severity of several common infectious diseases provides
optimism that improvement of the trace element status of individuals with primary
and secondary deficiencies represents an efficacious means for increasing immune
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competence. These topics are further considered below with a focus on recent
discoveries for zinc, iron and copper. Before proceeding, two items merit comment.
The first is that much remains to be learned about the general effects of ‗‗ultra trace‘‘
elements on immunity as exemplified by recent observations for boron.
Supplementation of a low-boron diet with physiologic levels of the trace element
increases total serum antibody concentrations in rats in response to administration of
the human typhoid vaccine and decreases paw swelling in rats with antigen-induced
arthritis (Hunt et al., 1999).
Immune cells, like all other types of cells, require an adequate supply of trace
elements for the structure and function of metallo proteins that participate in
housekeeping processes such as energy production (e.g., iron for cytochromes a, b and
c, NADH and succinate dehydrogenases; copper for cytochrome

oxidase in the

mitochondrial electron-transport chain) and protection against reactive oxygen species
(e.g., copper and zinc for superoxide dismutase, selenium for glutathione peroxidases
and iron for atalase). Moreover, the continuous generation of immune cells in bone
marrow and the clonal expansion of lymphocytes in response to antigenic stimulation
necessitate the availability of sufficient iron and zinc for the synthesis of
deoxyribonucleotide precursors by ribonucleotide reductase and for the various
nucleotidyl transferases and zinc-finger proteins that are required for DNA replication
and cell division, respectively. In addition, trace elements likely are required for the
activity of a number of enzymes that directly participate in host defense processes.
The evident example of such a role is the need for heme iron for myeloperoxidasedependent generation of hypochlorous acid, which is a microbiocidal factor
Undoubtedly there will be additional discoveries of metalloenzymes that are required
for the normal development and reactivity of immune cells.
Trace element status can affect plasma levels of hormones that regulate the
development and function of host defense cells. The most detailed insights in this area
have been provided by the elegant studies of Fraker and associates. Initial studies that
used the murine model suggested that the thymic atrophy and lymphopenia that is
associated with zinc deficiency in rodents resulted from chronic elevation of plasma
corticosterone (Fraker et al., 2000) Subsequent research revealed that the increased
plasma glucocorticoid level and the decreased cellular zinc content in zinc-deficient
animals contributes to a reduction in the B- and T-cell compartments by inducing
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apoptotic loss of precursor and immature B-cells in bone marrow (Fraker et al., 2001)
and of pre–T-cells in the thymus.

In conjunction with the decline in lymphoid

compartments, zinc deficiency is associated with an increase in myelopoiesis and the
number of neutrophils present in the periphery. This suggests that the expansion of the
innatearm of the immune system at the expense of the acquired arm may represent an
adaptive switch when zinc becomes limiting. Zinc deficiency also is associated with
loss of thymulin activity (Mocchegiani et al., 2000). Thymulin is a zinc-binding
nonapeptide secreted bythymic epithelial cells that requires zinc to promote
extrathymic maturation of T-lymphocytes. Trace element status also affects the
synthesis and secretion of cytokines and chemokines that modulate the activities of
immune and other cells. Studies by Prasad and associates demonstrate that mild zinc
deficiency in humans induces an imbalance in ex vivo cytokine secretion by
peripheral blood mononuclear cells despite maintenance of normal numbers of total
leukocytes and B- and T-lymphocytes (Beck et al., 1997). Dietary zinc restriction is
associated with decreased secretion of interfering, tumor necrosis factor and
interleukin (IL)-2, 4 without changes in concentrations of IL-4, -6 and -10, when
blood mononuclear cells are treated with phytohemagglutinin. The affected and non
affected cytokines are secreted by T-helper (TH) 1 and TH2 cells, respectively, and
phytohemagglutin primarily induces a response by TH1 cells. The adverse impact of
zinc deficiency on TH2 cell responsiveness also is evident when the stimulus elicits
the response by this subpopulation of cells. Splenocytes isolated from zinc-deficient
mice infected with an enteric nematode secrete less IL-4 and -5 after exposures to
parasite antigen than identically treated cells from zinc-adequate mice (Scott et al.,
2000). These observations suggest that zinc plays an important role in maintaining the
proper balance between cell-mediated and humoral immunity by regulating patterns
of cytokine secretion. Recent studies have demonstrated that in the Jurkat T-cell line,
copper deficiency (induced by the copper chelator 2, 3, 2-tetramine) decreased IL-2
synthesis in T-lymphocytes by inhibiting transcription of the IL-2 gene. Thus, current
understanding of how immune response develops in human beings must now be
considered in light of changing emphasis on the role of the microenvironment in
regulation of immune response and growing knowledge concerning the activity of
cytokine patterns in influencing the immune function (Hopkins et al., 1997).
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2.4 Analytical Technique
Nuclear reactors are the most universal radiation 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 becomes possible to activate mainly with fast
neutrons in reactions of the (n, p), (n, alpha) or (n, 2n) types (Lilsovkii et al., 1971).
Neutron activation analysis (NAA) is an analytical technique based for the
measurement of characteristic radiation from radio nuclides formed directly or
indirectly by neutron irradiation of the material of interest. In the last three decades,
neutron activation analysis has been found to be extremely useful in the determination
of trace and minor elements in many disciplines. These include environmental
analysis applications, nutritional and health related studies, geological as well as
material sciences. The most suitable source of neutrons for NAA is a research reactor
(IAEA-TECDOC-1215-2001).
NAA 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.
Neutron activation analysis has become important for trace elements research because
this technique has several important advantages:

Less systematic errors. The number of energetically possible nuclear reactions
from a given target nuclide is small.



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 they are another approach to
analysis.



In nuclear methods there is no analytical blank and other problems related to
dissolution.



Nuclear methods are more precise because of the random process of radioactive
decay.
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It is possible to analyze wide number of elements at the same time.



Sensitivity. Neutron activation analysis has been shown to be applicable to the
analysis of many elements down to sub-picogram amounts.



Results are independent of chemical state of elements and so there is no chemical
matrix effect as in many 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).

2.4.1 General Principles of Neutron Activation Analysis
The initial step in neutron activation analysis is irradiating a sample with neutrons in a
nuclear reactor or sometimes in other neutron sources (Siddappa et al., 1996). The
stable nucleus absorbs one neutron and becomes a radioactive nucleus. The
concentration of the stable element of interest in the sample can be measured by
detecting the decay of these radioactive nuclei (Nuclear Science Division and
Contemporary Physics Education Project 2000).
The radioactive nuclei produced in this activation process usually decay by emission
-

of a beta particle (ß ) and characteristic gamma rays. Detection of the specific gamma
rays (of specific energy) indicates presence of a particular element. Suitable
semiconductor radiation detectors may be used for quantitative measurement. The
concentrations of various component elements in given samples are found by
computer data reduction of gamma ray spectra. Sequential instrumental neutron
activation analysis allows quantitative measurement of up to about 35 elements in
small samples of 5 to 100 mg. The lower detection limit is in parts per million or parts
per billion, depending on the element (Radiation Center, 2003).
The sequence of events that occur during the most common type of nuclear reaction
used for activation analysis is shown in Fig. 2 .1.
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Fig. 2.1: Sequence of events that occur during the most
common types of nuclear reactions used for activation
analysis
(Nuclear Science Division and Contemporary Physics
Education Project 2000).

33

The incident neutron hits the target nucleus, which captures the neutron and is
converted in to a compound nucleus. The latter immediately emits radiation called
prompt gamma radiation and forms the radionuclide, which then kicks out a beta
particle and emits the delayed gamma radiation (since it is emitted after some time
delay), forming the product nucleus.
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 Various Forms of Activation Analyses
2.4.2.1 Instrumental NAA (INAA)
INAA continues to grow in importance and in the range of its capabilities and
accuracy. This has been facilitated by improvements in both hardware and software.
In terms of hardware we can enumerate bigger, higher efficiency detectors, increased
usage of well-type detectors (with more attention given to the problems of geometry
calibration, and coincidence corrections , the advantages of anti-coincidence
arrangements for gamma-spectrometry and improvements in the data-handling
capacity of the electronics, e.g. ―loss-free‖ systems. Software is becoming more
powerful and in view of the dangers of using it simply as a black-box there has also
been a growing awareness of the need to validate results and intercompare different
software (IAEA-TECDOC-1011, 1998).

2.4.2.2 Radiochemical NAA (RNAA)
The general trend is towards less use of RNAA, which is used generally for ultra trace
analysis (e.g. As, Cr, Mn, Ni, Se, V) and for some important elements where limits of
detection by INAA are often inadequate, especially in biological materials (e.g. Cu,
Cd, I). In separations the tendency is to more simplicity and determination of
individual chemical yields for each separation (if one is taking the trouble to perform
RNAA the accuracy should be ensured by recovery measurements). Radio isotopic
tracers are usually the easiest method of measuring such chemical yields; the desirable
properties of such tracers and examples of their use have been considered (IAEATECDOC-1011, 1998).

2.4.2.3 Epithermal Neutron Activation Analysis (ENAA)
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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, gamma) 115Cd (Q0 = 39.6) will be more activated than a low Q0 nuclide like

23Na

(n, gamma)

24Na

(Q0 = 0.59) if compared to the activation in normal NAA.

Consequently, a lower detection limit for Cd determination can be expected (IAEATECDOC-1011, 1998).

2.4.2.4 Prompt Gamma-ray Neutron Activation Analysis
In PGNAA, the prompt gamma-rays emitted during the nuclear reaction are
measured. It is a nondestructive and multi-elemental method. 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 check-ray detector
assembly are needed (Lindstrom et al., 1993).

2.4.2.5 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.
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 (Desilva, 1983).

2.4.3 Detection Limit
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 gamma rays, as well as any gamma ray spectrum interferences
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from such factors as the blank from pre-irradiation treatment and from packing
materials (Currie, 1968).
DL = 2.71 + 4.65 B
Where DL is the detection limit and B is the background under a gamma ray peak. It
is valid only when the gamma ray background (counting statistical error) is the major
interference.
However, practically, the INAA detection limits depend on:

The amount of material to be irradiated and to be counted.



The neutron fluxes.



The duration of the irradiation time.



The total induced radioactivity that can be measured.



The duration of the counting time.



The total turn-around time.



The detector size, counting geometry and background shielding.

The detection limit for all trace elements analysis by INAA may be different for each
individual type of material, and analysis conditions (Bode, 1996).

2.4.4 Quality Assurance / Quality Control
The role of NAA as a reference method (or referee method) is one of its more
important uses and also cost-effective (inaccurate analyses are the most expensive).
NAA continues to be even a main or the major technique in certification of reference
materials (RMs), and is important as a totally independently based method in
certification and intercomparison studies. Its nondestructive and multi-element nature
is particularly valuable in the assessment of possible in homogeneity in candidate
RMs (Byrne et al., 1997).
Another aspect of QC in NAA is the growing awareness of the need to evaluate and
check potential errors. The importance of performing an uncertainty budget and
determining whether experimental variations fall within the limits set by the
uncertainty budget. In this way the presence of unaccounted or unknown errors can be
detected, and the analytical procedure be brought into a state of statistical control,
Recommendations for improvement of the accuracy of NAA in the analysis of
biological samples produced by an earlier IAEA AGM in 1984 are still relevant and
worth studying (Bowenh, 1984).
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CHAPTER THREE
MATERIALS AND METHODS
3.1 Sampling
3.1.1 Patients Characteristics
This study comprised 103 adult patients with newly diagnosed for all types of
leukemia (15 Acute lymphoid leukemia ALL, 25 Acute myeloid leukemia AML, 23
chronic lymphoid leukemia CLL and 40 chronic myeloid leukemia CML) their ages
ranges between 16 to 85 years. The group consisted of males and females, referred to
the radiation and isotopes center Khartoum RICK and nuclear medicine institute
Aljazeera state. All patients entered the study before receiving the first course of
chemotherapy or radiotherapy; all the serum samples collected from people who lived
in Sudan, Their medical records were examined. The Socioeconomic indicators for
the patients such as occupation, educational status, diet, tripe, Relationship between
the parents and family income, demonstrated that these patients were mainly from
low-income families.
The control subjects were 40 healthy Sudanese people of similar age. The control
group was used only for comparing serum trace elements levels.

3.1.2 Sample Preparation
Blood was collected into stainless steel injection vein without any additives. Directly
after collection, each blood sample was centrifuged at 3000 rpm for 15 minutes in
order to separate blood cells and suspended particles from blood 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 12 hrs. Samples were removed from the
freeze-dryer and stored at room temperature in sterilized and dried place.

3.1.2.1 Freeze-drying Process
Freeze-drying is a method that offers some advantages over cryopreservation for
RBCs. the freeze-drying process removes water (ice) from the frozen cell suspension.
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The product potentially could be stored at ambient temperature for long periods,
omitting the need of refrigeration equipment. Moreover, the decreased weight of the
product would favor its unconstrained transportation and availability in an emergency.
Thus, freeze-drying of RBCs has received a lot of attention over the decades. Several
approaches have been reported, but none of them have been particularly successful
generally, the freeze-drying process comprises of three main steps: freezing, drying in
vacuum, and rehydration. The result of freeze-drying is greatly influenced by
protective agents, which protects cell membranes against the effects of freeze-drying.
Disaccharide trehalose has been found at high concentrations in a wide variety of
organisms capable of surviving almost complete dehydration, including bacteria,
yeast, and retroviruses (Hui et al., 2007). Fig. 3.1 shows the apparatus for dehydrating
the samples .
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Fig 3.1: Apparatus for Dehydrating the Samples
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3.1.3 Sample Measurement
3.1.3.1 Irradiation of the Sample
After selection of the reaction and facility, one should consider the amount of time
necessary to activate the sample. The nuclear cross-sections and isotopic half-lives are
important factors to consider in selecting the irradiation time.
The dried serum samples were individually packed in polyethylene 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. Ouster Tissue (IAEA-1566)
and Bovine Liver (IAEA-386) 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 operating at full power
of 30 kW with a neutron flux of 1x1012 n cm-2 s-1 . 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 1x1012 n.cm-2 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 an N-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 of the
experimental procedure are shown in Table 3.1. Fig .3.2 shows the control panel for
the rabbit system apparatus.
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Fig 3.2: Control Panel for the Rabbit System Apparatus
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Table: 3.1 Details of the Experimental Procedure
Nuclide

Nuclide

Half-

analyzed detected life

Irradiation Cooling Counting Gammatime

time

time

time

ray
energy(keV)

50

Cr

51

Cr

27.7d

20h

30d

20h

230.08

58

Fe

59

Fe

44.5d

20h

30d

20h

1099.25

59

Co

60

Co

5.27y

20h

30d

20h

1173.24

64

Zn

65

Zn

243.9d

20h

30d

20h

1115.55

74

Se

75

Se

119.77d 20h

30d

20h

264.66

85

Rb

86

Rb

18.66d

20h

30d

20h

1076.60

46.61d

20h

30d

20h

279.20

202

Hg

203

Hg
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3.1.3.2 Analysis of Gamma-emitting Radioisotopes
A multichannel analyzer equipped with a high purity germanium detector (HPGe) was
used in this study. 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. Fig .3.3 shows the
HPGe detector system. Fig .3.4 shows the PC – based counting and data acquisition
system. Fig .3.5 shows the apparatus for Identification and quantification of specific
elements.
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Fig 3.3: High Purity Germanium Detector System( HPGe)
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Fig 3.4: PC. based counting and data acquisition system
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3.1.3.3 Calculations
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).
-λ ti -λ td

R = ε Iγ A = ε Iγ n φ σ (1-e)

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

where

R = measured gamma-ray count rate (cps)
A = absolute activity of isotope

A+1

Z in sample

ε = absolute detector efficiency
Iγ = absolute gamma-ray abundance
A

n = number of atoms of isotope Z in sample
-2

-1

φ = neutron flux (neutrons·cm ·sec )
2

A

σ = neutron capture cross section (cm ) for isotope Z
-1

λ = radioactive decay constant (s ) for isotope

A+1

Z

ti = irradiation time (s)
td = decay time (s)
If the neutrons flux φ, neutron captures cross section σ, absolute detector efficiency ε,
and absolute gamma-ray abundance I are known, the number of atoms n of isotope
γ

A

Z in the 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

sam

the sample and standard through the following equation (2)
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------------------------------------------------------------------ (2)

where
W

sam

= mass of element in sample (g)

W = mass of element in standard (g)
std

R

sam

= sample gamma-ray count rate (cps)

R = standard gamma-ray count rate (cps)
std
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Fig 3.5: Apparatus for Identification and Quantification of
Specific Elements
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3.2 Statistical Method
Data analysis was performed using the independent-sample T- tests. Partial
correlation was used to study a relationship between two variables. P values 0.05 were
considered statistically significant. All results are expressed as mean and standard
deviation (SD).
Descriptive statistics was used to explain important parameters for measuring central
tendency. Box-plot graphs were used to display the results obtained.
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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 (ouster tissue , Bovine liver) provided by the IAEA. Most of the
results of the elements are in a good agreement with certified values.

Table: 4.1 Analysis of Ouster Tissue (IAEA-1566), Bovine
Liver (IAEA-386)
Certified

Element

Calculated

Certified

values (ppm)

(ppm)

Ouster Tissue Co

0.64

0.570

1.122

Cr

2.27

1.430

1.587

Fe

516.35

539.00

0.957

Hg

0.09

0.060

1.500

Zn

885.19

830.00

1.066

Se

2.29

2.210

1.036

Bovine

Co

0.248

0.250

0.992

Liver

Fe

184.064

184.00

1.000

Hg

0.052

0.033

1.575

Rb

13.002

13.70

0.949

Zn

128.156

127

1.009

Se

0.778

0.73

1.065

reference

values Ratio

materials
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Table 4.2: the Concentration of Elements in Serum with
Acute Lymphoid Leukemia and Control Subjects
Element

SEM
M±SD (PPm)

Ratio

of

means

Co ALL

0.0207±.01372

0.00354

Co control

0.0149±.01066

0.00169

Cr ALL

0.5067±0.17638

0.04554

Cr control

0.0774±0.035154

0.05629

Fe ALL

65.3260±43.71662

11.28758

Fe control

17.8543±5.94408

0.93984

Hg ALL

0.0857±0.11351

0.02931

Hg control

0.0192±0.02848

0.00450

Rb ALL

4.6520±2.91519

0.75270

Rb control

2.0096±1.05535

0.17120

Zn ALL

21.2120±14.11574

3.64467

Zn control

9.0788±2.19964

0.34779

Se ALL

0.7233±0.49524

0.12787

Se control

1.3285±0.26201

0.4143

P-level*

1.3892

0.101

6.5465

0.000

3.6588

0.001

4.4635

0.041

2.3148

0.004

2.3364

0.005

0.5444

0.000

M = mean, SD = standard deviation, SEM = standard error mean
P-level*= level of significance calculated from T- tests partial correlation. No
significant difference at P< 0.05.
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Fig 4.1: Comparison between Concentrations (ppm) of Fe,
Rb, Se and Zn in serum with Acute Lymphoid
Leukemia(ALL) and Healthy Subjects (control) .
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Fig 4.2: Comparison between Means of Concentrations
(ppm) of Co, Cr and Hg in serum with Acute Lymphoid
Leukemia(ALL) and Healthy Subjects (control).
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Table 4.3: The Concentration of Elements in Serum with
Acute Myeloid Leukemia and Control Subjects
SEM
Element

M±SD (PPm)

Co AML

0.0114±0.01195

0.00239

Co control

0.0149±0.01066

0.00169

Cr AML

0.03590±0.50709

0.09945

Cr control

0.0774±0.35154

0.05629

Fe AML

103.55±127.13177

25.42635

Fe control

17.8543±5.94408

0.93984

Hg AML

0.0785±0.39190

0.07686

Hg control

0.0192±.02848

0.00450

Zn AML

23.6891±35.73886

7.45207

Zn control

9.0788±2.19964

0.34779

Se AML

0.9504±0.21980

0.04396

Se control

1.3285±0.26201

0.04143

Ratio

of

means

P-level*

0.7651

0.218

4.6382

0.018

5.7997

0.003

4.0885

0.448

2.6092

0.063

0.7153

0.000

M = mean, SD = standard deviation, SEM = standard error mean
P-level*= level of significance calculated from T- tests partial correlation. No
significant difference at P< 0.05.
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Fig 4.3: Comparison between Concentrations (ppm) of Co,
Cr and Hg in Serum with Acute Myeloid Leukemia (AML)
and Healthy Subjects (control).
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Fig 4.4: Comparison between Concentrations (ppm) of Fe,
Se and Zn in serum with Acute Myeloid Leukemia (AML)
and Healthy Subjects (control).
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Table 4.4: The Concentration of Elements in Serum with
Chronic Lymphoid Leukemia and Control Subjects
SEM
Element

M±SD (PPm)

Co CLL

0.0617± 0.22316

0.4653

Co control

0.0149± 0.01066

0.00169

Cr CLL

0.2261± 0.08494

0.01771

Cr control

0.0774± 0.35154

0.05629

Fe CLL

47.1465± 20946

4.36773

Fe control

17.8543 ± 5.944

0.93984

Hg CLL

0.0687± 0.05581

0.001164

Hg control

0.0192± 0.02848

0.00450

Rb CLL

3.7604± 2.22060

0.46303

Rb control

2.0096± 1.05535

0.17120

Zn CLL

14.2539 ± 7.799

1.62626

Zn control

9.2762±1.64943

0.26080

Se CLL

1.0226± 0.2699

0.05628

Se control

1.3285± 0.2620

0.04143

Ratio

of

means

P-level*

4.1409

0.325

2.9211

0.015

2.6406

0.000

3.5781

0.005

1.8712

0.001

1.5366

0.006

0.7697

0.000

M = mean, SD = standard deviation, SEM = standard error mean
P-level*= level of significance calculated from T- tests partial correlation. No
significant difference at P< 0.05.
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Fig 4.5: Comparison between Concentrations (ppm) of Fe,
Rb, Se and Zn in Serum with Chronic Lymphoid Leukemia
(CLL) and Healthy Subjects (control).
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Fig 4.6: Comparison between Concentrations (ppm) of Co,
Cr and Hg in Serum with Chronic Lymphoid
Leukemia(CLL) and Healthy Subjects (control).
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Table 4.5: The Concentration of Elements in Serum with
Chronic Myeloid Leukemia and Control Subjects
SEM
Element

M±SD (PPm)

Co CML

0.0174±0.01014

0.00162

Co control

0.0149± 0.01066

0.00169

Cr CML

0.1172±0.04407

0.00517

Cr control

0.0774± 0.35154

0.05629

Fe CML

64.3418±92.12039

14.56551

Fe control

17.8543 ± 5.944

0.93984

Hg CML

0.0495±0.05166

0.00838

Hg control

0.0192± 0.02848

0.00450

Rb CML

3.0031±1.06183

0.17697

Rb control

2.0096± 1.05535

0.17120

Zn CML

16.3963±9.27344

1.46626

Zn control

9.2762±1.64943

0.26080

Se CML

0.9482±0.24489

0.03870

Se control

1.3285± 0.2620

0.04143

Ratio

of

means

P-level*

1.1677

0.282

1.5142

0.434

3.6037

0.003

2.5781

0.002

1.4643

0.000

1.7675

0.005

0.7137

0.000

M = mean, SD = standard deviation, SEM = standard error mean
P-level*= level of significance calculated from T- tests partial correlation. No
significant difference at P< 0.05.
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Fig 4.7: Comparison between Concentrations (ppm) of Fe,
Rb, Se and Zn in Serum with Chronic Myeloid Leukemia
(CML) and Healthy Subjects (control).
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Fig 4.8: Comparison between Concentrations (ppm) of Co,
Cr and Hg in Serum with Chronic Myeloid Leukemia
(CML) and Healthy Subjects (control).

62

Tables (4.2), (4.3), (4.4) and (4.5) show a summary of results (mean and ERM) on the
serum samples of leukemia and control subjects analyzed in this work. Also they
show the ratio of means between serum with leukemia and control.
There are relatively few reports on the content of trace elements in the serum of
patients with leukemia. It is very difficult to compare the exact values for each
element, as the available literature shows large variations in the results obtained. It
makes more sense to compare the differences between the cases investigated and
control groups than to compare absolute values. The variance in the results is due both
to problems of analysis (these elements are scarce in body fluids) and to the pollution
of the natural environment with metals, which affects the levels of not only
unnecessary, but vital trace elements as well (Rogers et al., 1993).
In this study cobalt showed higher level in the patients groups (ALL, AML, CLL),
with no significant differences between patients and control in three groups. In CML
group the level of Co was similar to that of the control group. (Chao et al., 2009)
showed a high positive correlation between the content of soil Co and the mortality of
leukemia.
In the case of chromium, a statistically significant increase in its concentration in the
serum of patients with (ALL, AML, CLL) than the control group was observed In
CML group the level of Cr was higher than that of the control group but statistically
not significant. These results are agreeable with those reported by other authors
among others, (Canellas et al., 2006) determined the concentration of Cr in the serum
samples of patients with CML and healthy subjects. It was approximately three times
higher than those found in the serum samples of the control group. As for (ALL,
AML, CLL) no literature was found.
The determination of the level of iron showed a statistically significant increase in the
concentration of this element in the serum of patients in all groups studied. 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).
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Iron values reported in this work agree with the values reported by (Ugo et al., 1985)
who found high level of Fe in children with ALL but different from those obtained by
(Canellas et al., 2006).
Mercury (Hg) showed higher values in the serum samples of patients with leukemia
of each group as compared to healthy subjects with significant value for (ALL, CLL,
CML). Chao et al., 2009 also showed a high positive correlation between the content
of soil Hg and the mortality of leukemia. No studies were found on the concentration
of Hg in serum with leukemia.
The results obtained in this study showed significant increase in the concentration of
rubidium in the serum of patients with (ALL, CLL, CML) as compared with the
control group. Chao et al., 2009 also showed a high positive correlation between the
content of soil Rb and the mortality of leukemia and Canellas et al., 2006 showed that
Rb was elevated in patients with (CML) with the greatest increase. There are no data
in the literature on the effects of Rb in the cancer cells.
Zinc content in the serum of patients with leukemia was considerably higher for all
groups of patients than in corresponding healthy people, this difference is more
significant in all cases. Zinc values reported in the present study agree with the values
reported by (Ugo et al., 1985) who found high level of Zn in children with ALL.
However, Canellas

et al., 2006

showed that no significant differences for the

concentration of Zn was found between the studied groups. The mean of
concentration 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
concentration. 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). The elevation of zinc concentration in the leukemic patients may be due to
diet because Sudanese people depend on beef in their stable food.
Selenium is one of the elements to which anti carcinogenic properties are attributed.
According to epidemiological research in the USA and Finland, individuals with low
levels of Se are more likely to develop cancer.The usual formulation of selenium used
for supplementation is either selenite or selenomethionine; both have been given in
doses up to 200 µg without toxicity. In considering the use of selenium in anticancer
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treatment, it is critical that the appropriate compound be selected to optimize both
tumoricidal effect and therapeutic index (Batist et al., 1985) . In the present work the
level of Se was significantly lower in all studied patient groups in comparison to
control group. This is in agreement with the observations by other authors concerning
its lower concentration in the serum of patients with many types of leukemia, Yves
Beguin et al., found that in 50 patients with chronic lymphocytic leukemia (CLL) and
100 normal subjects selenium was decreased in Stages 3-4 as compared to Stages 0-2.
On the other hand, Zuo, X. L. et al., 2006 has determined Se in 49 patients with
different types of leukemia before initial treatment. Serum selenium concentration
was lower in leukemia patients than those of controls (p<0.01).
Figures (4.1) , (4.2) , (4.3) , (4.4) , (4.5) , (4.6) , (4.7) and (4.8) shows the comparison
between means of concentration of Co, Cr, Fe, Rb, Hg, Zn and Se in leukmic patients
and healthy subjects. The conclusions arrived at earlier are demonstrated by these
results. Although all elements showed higher concentration in leukemic patients than
healthy subjects except selenium, which showed lower concentration in leukemic
patients than healthy subjects, the difference in the cases of Cr, Fe, Hg, Rb, Zn, Se, is
statistically significant. Thus these elements can be used as tumor marker to
differentiate between leukemia patients and healthy subjects.
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CHAPTER FIVE
CONCLUSION
The conclusion of this work can be summarized as follows:
 Trace elements levels in serum are not used for the diagnosis of the patients
suffering from leukemia,

but the serum analyzed in this study showed

alterations in concentrations of (Cr , Fe , Rb , Hg , Se , Zn ), which indicated
the possibility of using these elements in the diagnostic of the leukemia
disease.
 Selenium is needed by the leukemia patients in order to prevent and to
increase the chances for natural immunological remission of leukemia. It has
been emphasized that a failure of the immune surveillance system is central in
the development of leukemia.
 Undoubtedly there is a great need for more advanced research on the role of
trace elements in leukemia. Their importance as prognostic factors for the
study of leukemia is still a subject requiring sampled documentation and
further research.
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APPENDIX
Correlation Coefficients
A.1: Results of Correlations analysis Test of Acute Myeloid Leukemia (AML)
Elements

Correlation Coefficient

Significance

Co : Cr

0.129

0.309

Co : Fe

0.303

0.014

Co : Hg

-0.079

0.532

Co : Se

0.138

0.273

Co : Zn

0.408

0.001

Cr : Fe

0.248

0.048

Cr : Hg

-0.036

0.776

Cr : Se

-0.345

0.005

Cr : Zn

0.611

0.000

Fe : Hg

0.131

0.279

Fe : Se

0.175

0.164

Fe : Zn

0.518

0.000

Hg : Se

0.002

0.990

Hg : Zn

0.000

0.996

Se : Zn

-0.188

0.140

**. Correlation is significant at the 0.01 level.
*. Correlation is significant at the 0.05 level.
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A .2: Results of Correlations analysis Test of Acute Lymphoid Leukemia (ALL)
Elements

Correlation Coefficient

Significance

Co : Cr

0.028

0.842

Co : Fe

0.437

0.001

Co : Hg

0.592

0.000

Co : Rb

0.304

0.027

Co : Se

-0.287

0.033

Co : Zn

0.310

0.021

Cr : Fe

0.352

0.009

Cr : Hg

0.213

0.122

Cr : Rb

0.276

0.046

Cr : Se

-0.442

0.001

Cr : Zn

0.294

0.031

Fe : Hg

0.728

0.000

Fe : Rb

0.516

0.000

Fe : Se

-0.588

0.000

Fe : Zn

0.689

0.000

Hg : Rb

0.554

0.000

Hg : Se

-0.557

0.000

Hg : Zn

0.514

0.000

Rb : Se

-0.411

0.002

Rb : Zn

0.475

0.000

Se : Zn

-0.330

0.014

**. Correlation is significant at the 0.01 level.
*. Correlation is significant at the 0.05 level.
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A.3: Results of Correlations analysis Test of Chronic Lymphoid Leukemia (CLL)
Elements

Correlation Coefficient

Significance

Co : Cr

0.013

0.920

Co : Fe

0.067

0.603

Co : Hg

0.009

0.947

Co : Rb

0.121

0.353

Co : Se

-0.161

0.208

Co : Zn

0.362

0.004

Cr : Fe

0.196

0.127

Cr : Hg

0.067

0.604

Cr : Rb

0.042

0.748

Cr : Se

0.256

0.045

Cr : Zn

0.071

0.585

Fe : Hg

0.343

0.006

Fe : Rb

0.390

0.002

Fe : Se

-0.447

0.000

Fe : Zn

0.409

0.001

Hg : Rb

0.598

0.000

Hg : Se

-0.136

0.288

Hg : Zn

0.187

0.141

Rb : Se

-0.228

0.077

Rb : Zn

0.078

0.551

Se : Zn

-0.158

0.217

**. Correlation is significant at the 0.01 level.
*. Correlation is significant at the 0.05 level.
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A .4: Results of Correlations analysis Test of Chronic Myeloid Leukemia (CML)
Elements

Correlation Coefficient

Significance

Co : Cr

-0.099

0.391

Co : Fe

0.117

0.304

Co : Hg

0.363

0.001

Co : Rb

0.122

0.302

Co : Se

0.024

0.833

Co : Zn

0.247

0.028

Cr : Fe

0.012

0.914

Cr : Hg

0.000

0.997

Cr : Rb

-0.012

0.918

Cr : Se

-0.170

0.137

Cr : Zn

-0.009

0.936

Fe : Hg

0.170

0.136

Fe : Rb

0.274

0.018

Fe : Se

-0.279

0.012

Fe : Zn

0.564

0.000

Hg : Rb

0.456

0.000

Hg : Se

0.313

0.005

Hg : Zn

0.438

0.000

Rb : Se

0.419

0.000

Rb : Zn

0.284

0.014

Se : Zn

0.316

0.004

**. Correlation is significant at the 0.01 level.
*. Correlation is significant at the 0.05 level.
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When analyzing the concentrations of individual trace elements in the patients with all
types of leukemia, any correlation in the behavior of these metals was sought. It was
with this purpose in mind that the correlation coefficients, presented in the Tables (1,
2, 3, and 4) were calculated. As the tables show;
A . 1 (AML): a positive correlations was found between the concentration of Co :
(Fe ,Zn) , Cr : (Fe , Zn) and (Fe : Zn ), negative correlation was noticed between (Cr :
Se).

A . 2 (ALL): there is a positive correlations between the content of Co : (Fe , Hg ,Rb
,Zn ), Cr : (Fe , Rb , Zn ) , Fe : (Hg , Rb , Zn ) , Hg : (Rb , Zn) and Rb and Zn, while
there is strong negative correlation between Se and all elements.
In the case of CLL positive correlations was observed between (Co: Zn) , (Cr : Se) , Fe

: (Hg , Rb , Zn ) and (Hg : Rb ) , strong negative correlation between Fe and Se .
Strong positive correlations were observed in the case of CML between the content of
Co :(Hg : Zn) , Fe : (Rb , Zn ) ,Hg : (Rb , Se , Zn ) , Rb : (Se , Zn ) and Se and Zn ,
negative correlation between Fe and Se.
It is not surprising to find strong negative correlation between Se and the majority of
trace elements studied because these elements counteract the anti carcinogenic effects
of selenium.
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