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ABSTRACT

Cancer incidence and mortality rates have been increasing rapidly worldwide. A
growing body of evidence revealed that exposure to trace metal is the most important
aetiology for the development of cancer. Therefore, present study was designed to
evaluate the imbalances of selected essential and toxic metals (Ca, Cd, Co, Cr, Cu, Fe, K,
Mg, Mn, Na, Pb, Sr and Zn) in the blood of newly diagnosed thyroid cancer patients in
comparison with their counterpart healthy subjects/controls. Concentration of the metals
was quantified by flame atomic absorption spectrometry by employing nitric acid and
perchloric acid based wet digestion method. Average levels of Na (1404 pg/g), K (1322
ng/g), Fe (309.6 png/g), Ca (35.65 ng/g), Mg (25.94 ng/g) and Cr (14.68 pg/g) were found
to be higher in the blood of patients than controls. Correlation study showed significantly
strong relationships (r > 0.500) between Zn-Cd, Mn-Cd and Mg-Fe in the blood of thyroid
cancer patients while Zn-Mg, Sr-Cd, Mn-Cr and Na-K show strong correlations in the
blood of healthy donors. Significant variations in the trace metal levels were observed
with the gender, habitat, food habits and smoking habits of both donor groups. Metal
levels exhibited considerable differences with the stages of thyroid cancer and the age-
groups of the subjects. Principal component analysis (PCA) and cluster analysis (CA) of
metal data manifested significantly divergent apportionment of the metals in the blood of

both the donor groups.

Xi



Chapter 1
INTRODUCTION

1.1 Thyroid Cancer

Thyroid cancer refers to uncontrolled or abnormal growth of cells in thyroid gland
which is located in front part of neck and it has two lobes (NCI, 2015). It has two types of
cells; Follicular cells and C-cells. Former cells control the metabolism by using iodine
from blood, while latter cells make a hormone called Calcitonin that controls the calcium
usage. Prime function of thyroid gland is to secrete hormones that are used to regulate and
control the daily energy requirements (ACS, 2016). There are four major types of thyroid
cancer; (i) Papillary thyroid cancer (ii) Follicular thyroid cancer (iii) Medullary thyroid
cancer (iv) Anaplastic thyroid cancer (NCI, 2016). Papillary thyroid cancer develops in
one lobe of the thyroid gland and it is usually not fatal and can be easily treated. It spread
very slowly but it can spread to lymph node in the neck (ACS, 2016). Second most
common type is follicular thyroid cancer which is well differentiated tumour. It originates
from follicular cells. About 95% of the cancer cases are of papillary and follicular thyroid
cancer. The incidence of follicular thyroid cancer is more in females than males. Mostly it
cannot spread to distant area (Norman, 2016). Medullary thyroid cancer develops from C-
cells of thyroid gland. About 4% of the thyroid cancer is medullary thyroid cancer. One of
the reasons of medullary thyroid cancer is the mutation in a gene that is passed from
parents to child. The fourth type of thyroid cancer is anaplastic thyroid cancer, which is
named as undifferentiated carcinoma because the cells does not resemble to normal
thyroid cells. It accounts for 2% of all thyroid cancer. Mostly it is considered that this type
of thyroid cancer develop from already existing papillary or follicular carcinoma and is
very difficult to treat (ACS, 2016).

There are different systems for staging of thyroid cancer; one of the systems is
TNM system which is developed by American Joint Committee on Cancer (AJCC).
According to AJCC there are three categories; T, N and M. T stands for tumour and use to
tell about the size of primary tumour, while N stands for node which describes that
whether tumour spread to regional lymph node or not. M stands for metastases, and it tells
whether cancer spread to distant area of the body or not. There is another system of

staging; Stage-I, Stage-11, Stage-I1l and Stage-IV. In stage-1 tumour is localized with size



of less than 2 cm and does not spread to other body parts or lymph node. Stage-II has to
meet either of the two conditions; first condition is that the tumour’s diameter range from
2 to 4 cm and should limited to the thyroid region only. It is not spread to distant region
and not even to regional lymph node. The second condition is that the tumour’s size is
greater than 4 cm and started to grown outside the thyroid gland. Stage-Ill has to fulfil
either of following criteria; the tumour has not spread to nearby lymph node or other body
parts but has grown outside the thyroid and its diameter is larger than 4 cm or tumour can
spread to lymph node in the neck but can’t spread any further, and tumour can be of any
size. Stage-1V is further subdivided on the basis that where it is spread. In stage-1V (A)
cancer is not spread to distant body part but it is grown beyond the thyroid gland and
spread to the region such as neck, upper chest etc. In stage-1V (B) the tumour has spread to
large blood vessels and spine but still not to the distant body parts. In stage-1V (C) tumour

cells are metastasized and they spread to distant body parts (AJCC, 2016).

1.2 Role of Trace Metals in Cancer

Trace metals are very important for normal functioning but most of them are
required in minute amount. Some of the metals are deleterious for human health and they
may cause various diseases such as Cancer. Some of the trace metals including As, Cd, Cr
and Ni are among the carcinogenic metals, as mentioned by International Agency of
Cancer Research (IARC). However some essential metals such as Fe can also be
carcinogenic in excess but these can cause cancer only in those who are already suffering
from some genetic disease  (Durham and Snow, 2006). Some other metals including Cu,
Mn, Zn, Co, Cr, Mo and Se are required as enzyme cofactors or prosthetic groups. Any
deficiency or excess of these metals may results in some disorders. Other metals, such as
Pb, Al and As mostly exhibit toxic effects and are carcinogenic (Florea et al., 2012).
Essential trace metals are required for the many important functions in the human body.
Any deficiency in their desired amount leads to hazardous effects that can be prevented by
taking adequate supplementation (Fraga et al., 2005). Some metals act as anticancer; e.g.,
complexes of Pt, Au, Ti and Ga are used for the treatment of cancer (Muhammad and Guo,
2014; Hindo et al., 2009).

Carcinogenic metals that are present in occupational and general environments are
involved in the increased incidence of cancers (Yang, 2011; Lee et al., 2012).

Groundwater contamination, metal working, leather tanning, and mining are the main



sources of toxic metal exposure (Yang, 2011; Hopenhayn-Rich et al., 1998; Katic et al.,
2010; Wild et al., 2009). In addition, different forms of the metals are added into the
medicines (Masur, 2011; Ralph, 2011). The toxic metals can induce cancers especially in
the kidney, liver, lung, prostate, and skin (Wang and Shi, 2001; Leonard et al., 2004). In
the higher oxidation state the oxyanions of V, Cr, Mo, As and Se are stable, so they can
cross cell membrane using normal phosphate and/or sulphate transport systems of the cell.
These oxyanions can inhibit the enzymes that are involved in catalysing phosphoryl or
sulfuryl transfer reactions by acting as phosphate or sulphate analogue (Jennette, 1981).
Similarly divalent ions of Be, Mn, Co, Ni, Cd, Hg and Pb are stable but they can mimic
essential divalent ions such as Mg, Ca, Fe, Cu, or Zn. Thus normal activity of these
species is altered and free radicals may be produced which can damage DNA and other
critical cellular molecules. These free radicals formed are considered as main reason of the

cancer (Dixon et al., 1974).

1.3 Health Effects of Selected Metals

1.3.1 Cadmium

Cadmium is mostly contributed by cigarette smoke, paint additives and batteries. It
may be introduced in environment through welding, electroplating, pesticide, fertilizer and
nuclear fossil plants. It has long biological life (almost 15 to 25 years), thus there are
greater chances of its accumulation than other metals. Exposure to Cd can cause
osteoporosis, anaemia, emphysema and renal damage. It can also cause kidney damage,
bronchitis, gastrointestinal disorder, bone marrow cancer and increased blood pressure
(Singh et al, 2011). If level of exposure to Cadmium is very high it can cause lung damage
which finally leads to lung cancer (Durham and Snow, 2006). There are increased rate of
mortality from lung cancer in Cd exposed workers. International Agency of Cancer on
Research (IARC) classified it as human carcinogen in 1993, lower level of Cd cause
toxicity in kidney but if exposure is prolonged it leads to kidney failure. In Japan certain
areas are rich in Cd concentration; people living in that area suffer from a disease known
as itai-itai disease, which is characterized by the epidemic of bone fracture (MCcally,
2002; Jarup et al., 1998). This disease is mixed up of osteoporosis, osteomalacia and
kidney damage. Cadmium exposure also becomes a cause of colorectal cancer (Lamprecht
and Lipkin, 2003). Elevated levels of Cd can cause prolonged urinary Ca loss, due to

which bones become weak and there are more risks of fractures. Cd is also a



nephrotoxicant (Satarug and Moore, 2004). It is also a root cause of cardiovascular
diseases (CVD), stroke and heart failure (Peters et al., 2010; Navas-Acien et al., 2004;
Everett and Frithsen, 2008; Navas-Acien et al., 2005). Elevated concentrations can also
affects cell cycle progression, proliferation, differentiation, DNA replication and repair
(Bertin et al., 2006). Its exposure can lead to the cancers of prostate, kidney, liver,

hematopoietic system and stomach (Waalkes, 2000; Waalkes and Misra, 1996).

1.3.2 Calcium

Major sources of Ca include milk, cheese, meat, grain, vegetables, fruits, egg,
legumes, nuts, seeds, fish and poultry. Milk and milk products contribute about 50% of
total dietary Ca (Fleming et al., 1994). Women with lower Ca intake in their diet may
suffer from osteoporosis or bone loss in any stage of life. Calcium and vitamin-D can also
reduce the risk of developing diabetes (Pittas et al., 2007; De Boer et al., 2008). During
pregnancy the increase in Ca intake can reduce the chances of high blood pressure and
perinatal morbidity or mortality with no long-term adverse effects (Kumar et al., 2009).
Calcium and vitamin D can adversely affect the cardiovascular events. High level of Ca
intake can lead to increased chances of strokes, which can ultimately leads to death.
Calcium supplementation in patients with renal impairment accelerate the vascular
calcification and there is increase mortality in both dialysis and pre-dialysis populations
(Goodman et al., 2000; Block et al., 2007; Russo et al., 2007; Bolland et al., 2011).
Decrease in Ca concentration can lead to both colon cancer and kidney stones (Newmark
et al., 1984). Imbalance in Ca nutrition can adversely affect the tooth structure (Krall et
al., 2001). Acute deficiency of Ca also termed as hypocalcaemia can lead to serious
complications such as anxiety, depression, fatigue, impaired memory, intellectual
capacity, personality disturbances, neuromuscular irritability, muscle cramps and

paraesthesia (Weaver and Heaney, 2007).

1.3.3 Chromium

Major sources of Cr are mine and minerals. It can cause damage to nervous
system, fatigue and irritability (Singh et al, 2011). The diet contain some amount of Cr
such as in pulses, whole grain products, processed meat, dairy products and most fruits
and vegetables (Anderson, 1995). Ingestion of Cr lead to stomach ulcer, nausea, vomiting,
damage to liver and kidney and ultimately death. Chromium (V1) is most hazardous and

major source of cancer (Durham and Snow, 2006). Chromium is very controversial



metal; some people claim that its supplements are beneficial for human health. It is
involved in building of muscles, losing weight without dieting and exercising. The
supplements are also involved in preventing diabetes, osteoporosis, heart diseases and
aging (Nath, 2000). Major sources of Cr are mine and minerals. It can cause damage to
nervous system, fatigue and irritability (Singh et al, 2011). The diet contain some amount
of Cr such as in pulses, whole grain products, processed meat, dairy products and most
fruits and vegetables (Anderson, 1995) Chromium inhalation causes irritation of
respiratory tract, rhinitis, bronchospasm, and pneumonia (Dayan et al., 2000). It can cause
oral squamous cell carcinoma. People working in the welding of stainless steel industries
are more exposed to fumes of Cr and it is observed that they are mostly suffering from
larynx and pharynx carcinoma (Gustavsson et al., 1998). Generally Cr (V1) is reduced to
Cr (1) because Cr (Ill) is more stable form. During this conversion many reactive
intermediates are formed which are cytotoxic and genotoxic. Cr (V1) is also responsible
for mutations in DNA, it is also involved in chromosomal damage and oxidative changes
in proteins (Shrivastava et al., 2002). It can also cause skin problems such as allergic
contact dermatitis, irritant contact dermatitis and necrotic skin lesion (Rowbotham et al.,
2000). Exposures to elevated Cr-levels are associated with increased lung cancer risks
(Smith and Steinmaus et al., 2009).

1.3.4 Cobalt

Cobalt is an essential micro nutrient; it is present in the human diet, especially in
fish, vegetables and drinking water. It is also present in vitamin B-12 (Taylor and Marks,
1978). It is a cofactor for many enzymes that are involved in amino acid metabolism and
DNA biosynthesis (Schwartz, 1975). Excess of Co exposure may lead to acute
intoxification, anorexia and vomiting. It can also be cause of lung related diseases which
are major occupational problem for the people working in hard metal industries (Lauwerys
and Lison, 1992). Low concentration of Co can trigger allergic diseases and can also affect
the metabolism of thyroid hormone (Christensen and Poulsen, 1994). High level exposure
may lead to serious problems such as heart failure and bronchial asthma (Gheysens et al.,
1985; Machado et al., 2012; Swennen et al., 1993). Cobalt can also be used for treatment
of anaemia because it stimulates the formation of red blood cells (Baborik and Dusek,
1972). Excessive occupational exposure to Co powder can lead to progressive hearing loss
and atrophy of the optic nerve (Meecham and Humphrey, 1991). Excessive exposure can

also lead to pulmonary cancer. The carcinogenic effect of Co can be explained based on its



ability to induce DNA damage, to inhibit DNA repair mechanisms and to generate reactive

oxygen species (Lee et al., 2012).

1.3.5 Copper

Copper is an essential trace metal which is involved in many vital functions. Cu
rich foods include legumes, wholegrain, oyster, nuts and dried fruit (Standstead, 1995).
Major anthropogenic sources of Cu include mining, pesticide production, chemical
industry and metal piping. The inhalation of Cu mist can be a source of congestion of
nasal and mucous membrane. Exposure to its fumes may cause nausea, gastric pain and
diarrhoea (Stellman, 1998). It can also cause anaemia, liver and kidney damage. Copper is
considered as integral part of many enzymes and is responsible for their proper
functioning (Harris, 2001). Its deficiency in diet leads to retardation in the growth,
defective keratinization, hypothermia, mental retardation, and pigmentation of hair. It can
also cause changes in skeletal system and degenerative changes in aortic elastin (Odell,
1982). Its deficiency can also cause heart diseases (Nath, 2000). Absence of Cu based
enzyme named tryosinase leads to Albinism which is characterized by the absence of
pigmentation in hair, skin and the eye (Guy, 1999). Deficiency in Cu may lead to defective
immune system, by impairing the immune cell number and also disturbing their proper
function (Turnlund et al., 2004). It is also involved in oxidative damage; it may result in
the formation of hydroxyl radical, which is strong oxidizing radical and is capable of
reacting many biological molecules, and initiates the oxidative damage (Buettner, 1993). It
is also involved in lipid peroxidation in membranes, direct oxidation of proteins and
cleavage of DNA and RNA molecules (Halliwell and Gutteridge, 1984; Tapiero et al.,
2003). Abnormalities in Cu concentration also lead to Menkes and Wilson disease (Danks
et al., 1973; Tapiero et al., 2003).

1.3.6 Iron

Iron is the major component of red blood cells while some significant contribution
was found in liver, bone marrow and muscles. The major Fe containing substance is
Heme. It is the part of many enzymes (Vasudevan and Sreekumari, 2007). Iron deficiency
is the major reason of anaemia which can lead to heart failure. The major clues of Fe
deficiency are tiredness, achlorhydria, impaired attention, irritability, and lowered memory
(Prashanth et al, 2015). However, elevated exposure of Fe may leads to nausea, vomiting,

diarrhoea, hepatic damage, diabetes, testicular atrophy, arthritis, cardiomyopathy,



peripheral neuropathy, and hyperpigmentation (Andrews, 1999). Genetic disorders related
to Fe are very few; one of such genetic disorder which is related to abnormal Fe
contribution can result in Head and Neck carcinoma. Iron may play a huge contribution in
oesophageal carcinogenesis (Rajendran et al., 1990; Boult et al., 2008). Its contribution is
significant in infection and immunity. It also plays role in proper functioning of brain,
affecting the visual, auditory, learning and interacting behaviours by doing the proper
myelination of the neurons in oligodendrocytes (Lozoff et al., 2004). Many behavioural
developments such as attention processing, inhibition and extraneous motor movements
are sensitive to changes in Fe concentration. There are many chances of absorption of Pb
and other toxic metals during the deficiency of Fe (Kwong et al., 2004; Bressler et al.,
2004). Excess of Fe can catalyses many reactions that lead to generation of hydroxyl free
radicals through Fenton reaction (Toyokuni, 2009). These free radicals can exert
intracellular damage, oxidative damage to DNA, proteins and lipids (Aust et al., 1985;
Kadiiska et al., 1995). Iron also plays an important role in oxidative energy production
(Haas and Brownlie, 2001).

1.3.7 Lead

Occupational sources of Pb include refining, mining, pipe fitting, plumbing, glass
manufacturing, printers, auto repair, battery manufacturing, construction work and plastic
manufacturing. There are also risks of Pb exposure for workers of gas stations.
Environmental sources of Pb include paints, lead-core candle wicks, soil or dust near
roadways, plastic window blinds and plumbing leachate (Sanborn et al., 2002). In children
Pb poisoning can adversely affect their intellectual and cognitive behaviour (Rosen, 1995).
It can replace Ca thus affecting all the Ca mediated processes (Goldstein, 1992). It can
bind to many enzymes or with the part of the enzymes, resulting in lose their activity
(Morris et al., 1988). If children are more exposed to Pb, their gastrointestinal tract and the
central nervous system are the most likely to be affected. (Markowitz et al., 1999)
Children suffer from hyperactivity even at low level of Pb exposure. Number of studies
reveals that Pb workers exhibit increased blood pressure or hypertension (Batuman et al.,
1983; Weiss et al., 1986). It also affects vitamin-D metabolism. As far as carcinogenicity
of Pb is concerned, it is not still completely resolved by the International Agency for
Research on Cancer (IARC). It can induce liver cell proliferation, but Pb-induced liver cell
hyperplasia does not support initiation by liver carcinogens (Columbano et al., 1987).

However, In smelter workers and battery workers there is excess of malignancies at all



sites especially the lungs (Cooper et al., 1985; Goyer, 1990).

1.3.8 Magnesium

Magnesium acts as a cofactor for more than 300 enzymes. It is considered vital for
many cellular functions, including protein synthesis, enzymatic reactions, and the
regulation of ion channels. It also plays important role in cardiovascular, neurological, and
metabolic functions (Ago et al., 2016). It plays a significant role in maintaining effective
homeostatic regulation, phosphorylation reaction, energy transfer, protein synthesis, lipid
and carbohydrate metabolism. Foodstuff from plant origin contains very higher
concentration of Mg, and about 50% of the human requirement is fulfilled by these
foodstuffs. Excess of blood level lead to nacrosis, hypertension and respiratory paralysis.
Immune response to an antigen is mainly controlled by Mg (Guy, 1999). Any disturbance
in normal Mg level can result in neuromuscular exutibility, heart dysrhythmia and
cardiovascular disease. It is also in involved in blood coagulation process (Seiler and sigel,
1994). Its deficiency is related to increased production of cytokines and reactive oxygen
species (Bussiereet al., 2002; Song et al., 2005). Its deficiency can also cause stress,
neuromuscular hyper excitability, hyperirritability and cardiovascular manifestation in

human.

1.3.9 Manganese

Manganese is considered as nutritionally essential metal, It acts as activator and
also a part of many enzymes (Goyer and Clarkson, 2001; Goyer and Golub, 2004). It can
perform many important cellular functions (Sigel, 2000). Manganese is present naturally
in rocks, soil and water. It can be added in the environment through welding, fuel addition
and ferromanganese production (Singh et al., 2011). It can be found in nuts, grains, and
cereals. Coffee and tea also contain high level of Mn (Burch et al., 1975). The deficiency
of Mn can lead to bleeding disorders due to increased prothrombin time, while its excess
can cause anorexia, apathy, headache impotence, leg cramps, speech disturbance, and
encephalitis and Parkinson disease (Prashanth et al., 2015). Manganese exposure can
affect the nervous system but there is no hazardous effect at low (Santamaria, 2008;
Mergler, 1999). If Mn exposure is very high it will slow down the development in children
and their intellectual function is diminished. Consumption of water which has higher Mn
concentration will lead to hyperactive and oppositional behaviours (Bouchard et al., 2007;
Ericson et al., 2007; Wasserman et al., 2006; Kim et al., 2009).



1.3.10 Potassium

Potassium is very important in neurotransmission, muscle and enzymatic activity.
It is classified as essential macronutrient. Deficiency of K is termed as hypokalaemia,
which results in muscular weakness, increased nervous irritability, disorientation, cardiac
irregularities and ultimately paralysis and respiratory failure (Guy, 1999). Osmoregulation
and membrane resting potential are controlled by K (Seiler and Sigel, 1994). Higher K
concentration is known as hyperkalaemia, which may result in nausea, decreased urine
production and cardiac arrest. Due to its deficiency skin become dry and acne start to
appear. Deficiency of K also cause muscle weakness and slow reflexes which ultimately
lead to nervous disorder, irregular heartbeat and loss of gastrointestinal tone. Potassium
plays a major role in cellular biochemical reactions such as carbohydrate metabolism and
energy metabolism. It can convert glucose to glucagon, which can be stored in liver for
future energy (Sigel, 2013). Higher concentration of K can lower the blood pressure in
normotensive and hypertensive people; thus it helps in maintaining the blood pressure at
normal level (He and MacGregor 1999; He et al., 2012). It also reduces urinary Ca
excretion, which in turn reduces the risk of kidney stones and prevents bone
demineralization (Lemann et al. 1991, 1993). Higher serum concentration of K also
decreases the risk of ventricular arrhythmias in patients with Ischaemic heart disease, heart
failure, and left ventricular hypertrophy (Yusuf et al. 2004; McKee et al., 2006; He and
MacGregor, 2008).

1.3.11 Sodium

Processed foods, including breads, Cereals and grains, contributed heavily to Na
intake (Anderson et al., 2010). In human body Na is mostly present in the form of cation
acting as an electrolyte. It is important in maintaining osmolality. It is also involved in
controlling the water balance. Long term use of Na leads to stroke and coronary heart
diseases, while its deficiency leads to enteric, renal and adrenal disease. Excess of Na
leads to osteoporosis, gastric cancer and bronchial reactivity. It also plays a major role in
cardiovascular issues (Caballero, 2009; Whelton et al., 2012). High concentration of Na is
termed as hypernatremia, which leads to excessive thirst and lessened urine production.
Very low concentration of Na is termed as hyponatremia, which leads to headache,
confusion, muscle spasm, nausea, seizure and vomiting (Sigel, 2013). Table salt is the

major cause of high blood pressure which can lead to other serious problems so it is



generally recommended to decrease the salt intake in order to control blood pressure. It
can be replaced by the mineral salt that is low in Na concentration but contain high levels
of K thus reducing the problems of blood pressure and cardiovascular disease (Anderson
et al., 2010; He and MacGregor., 2012). Excess of Na can be a cause of kidney stones,

asthma, osteoporosis (Paul et al., 2012; He and MacGregor, 2010).

1.3.12 Strontium

Strontium plays a major role in endocrinology, and it mimics the action of Ca in
many cases (Nielsen, 2004). It is effective for bones and enhances the bone health.
Absorption of both Ca and Sr is stimulated by vitamin-D, and they also share same
physical characteristics (Holick, 2004). It reduces the risk of osteoporosis. Excessive
intake of Sr may result in nausea, diarrhoea, skin irritation and headache. However, it is
very effective in reducing vertebral and non-vertebral fractures especially in women. It
increases the bone formation and bone mineral density by decreasing bone re-sorption
(Marie et al., 2001; Meunier et al., 2004; Reginster et al., 2005). One of the causes of lung
cancer is strontium chromate especially the occupational exposure in industries. Any
disturbance in Sr concentration leads to a disease called rickets. It is also used for the
treatment of osteoporosis or any kind of bone mineralization. Some of its salts can cause

coughing and shortness of breath (Watts and Howe, 2010).

1.3.13 Zinc

Zinc is an essential metal for Human. It is involved in three main functions;
catalytic, structural and regulatory functions (Cousins et al., 1996). Major sources of Zn
are cereal, pulses, dairy products, meat, fish, fruits, cakes, poultry, whole grains, leafy
grains, root vegetables, shell fish, oysters and lobster (Deshpande et al., 2013).
Occupational sources of Zn include refineries, metal plating, plumbing and brass
manufacturing units. Its deficiency is mainly observed in vegetarian diet because the plant
constituent such as dietary fibres and lignin can bind the Zn, thus inhibiting its absorption
(Singh et al., 2011; Nriagu, 2007). Deficiency of Zn can affect epidermal, gastrointestinal,
central nervous, immune, skeletal, and reproductive systems (Hambidge and Walravens,
1982). Differentiation, proliferation and metabolic activity of cell are mainly controlled by
Zn (Prashanth et al., 2015). It is important constituent of DNA binding protein and
reproductive tract (Seiler and Sigel, 1994). Zinc supplements are used to cure childhood

diarrhoea, treatment of malaria, in the postsurgical wounds and pneumonia (Sigel, 2013;
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Bhutta et al., 1999; Roohani et al., 2013). Its deficiency can lead to respiratory and skin
allergies, asthma, chronic diarrhoea, abnormal neurosensory changes, poor appetite,
mental lethargy, fertility problems, birth defects; growth failure, growth retardation,
premature aging, vision problems, loss of taste, joint pain, hypertension, angina pectoris,
delayed wound healing, scleroderma, systemic scleroderma, loss of hair colour, anaemia,
night blindness, acne, defective connective tissue, macular degeneration, apathy and
irritability (Nriagu, 2007). Zinc also act as an antioxidant and involve in stabilization of
membranes. It can prevent the free radical induced injury during inflammatory processes.
It also decreases the oxidative stress and inflammatory cytokines (Prasad, 2008). Excess of
Zn can also prove toxic and lead to impaired immune response, hypocupraemia,
microcytosis, neutropenia, nausea, vomiting, loss of appetite, abdominal cramps, diarrhoea
and headaches (Deshpande at al., 2013).

1.4  Biological Specimen used for Analysis

Due to industrialization, toxic pollutants increase significantly, thus it became a
major concern to assess these pollutants which are deleterious for human health. For this
purpose, various biological specimens have been used in past; some of the most
commonly used specimens are blood, plasma, serum, hair, nails, urine, saliva and sweat
(Agahian et al., 1990; Zaprianov, 1992). Monitoring the exposure of the essential and
toxic metal has critical importance in human health (Angerer et al., 2007; Parsons and
Barbosa, 2007). The choice of biological specimen depends on various factors such as
toxicokinetics, the convenience or invasiveness of the specimen collection procedure, and
the potential for specimen contamination (Wilhelm et al., 1994; Nowak and Chmielnicka,
2000; Wilhelm et al., 2002; Pereira et al., 2004; Barbosa et al., 2006a,b; Slotnick and
Nriagu, 2006).

Scalp hair can be used for monitoring environmental and occupational exposures
of different metals and pollutant. Its sampling is non-invasive. Moreover it is easy to store
and transport. Handling of the hair sample is less hazardous (Wang et al., 2009). It is an
effective tool for evaluation of metals and other pollutants because it reflects exposure
from a long-term period. Many metals are present in high concentrations in the hair
strands thus it can be used for analysis of trace metals on large cohort (Rodrigues et al.,
2008; Morton et al., 2002; Pereira et al., 2004). Nevertheless, hair analysis has certain

limitation such as the occurrence of exogenous contamination, which can interfere with
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analysis making it less reliable (Bencze, 1990; Miekeley et al., 1998; Frisch and Schwartz,
2002). Another disadvantage of hair analysis is the lack of scientific knowledge about the
kinetics of trace metal incorporation in it and there is insufficient epidemiological data that
can support the predictions concerning health effect of a particular metal concentration
(Bozsai, 1992; Seidel et al., 2001; Harkins and Susten, 2003)

Human nail is recognized as a valuable tissue for the analysis of human
environmental exposure. It provides a good indication of exposure to various toxic and
essential metals over a period of time (Nowak and Chmielnicka, 2002; Samatha et al.,
2004). Concentration of trace metals in the nail tissue are higher than those of body fluids
and other accessible tissues (Rodushkin and Axelsson, 2000; Sukumar and Subramanian,
2007). Growth of the nail is a continuous process throughout the life, nails reflect the total
metal body burden and it can provide a continuous record of trace metal concentrations
(Barbosa et al., 2005; Were et al., 2008; Wilhelm and Hafner 1991). Sampling and
analysis of the nail is easy but it requires prewashing (Mehra and Juneja, 2005).

Blood is slightly basic having pH in the range of 7.35 to 7.45 (Marieb, 1998). It is
actually a connective tissue, which consists of plasma and formed elements. Plasma is
extracellular fluid while formed elements include erythrocytes (known as red blood cells),
leukocytes and platelets. These are called formed elements because they are enclosed in a
plasma membrane which give them definite shape and structure (Saladin, 2004). It is a
transport medium for various gases, hormones, nutrients as well as toxic substances in the
biological systems. It also transports the waste products to liver and kidney so that they
can be detoxified or removed from the body (Sherwood, 2004). Metals in the blood are
mostly bound to proteins and red blood cells, in order to perform specific transport
functions such as transferring metallothionein and haemoglobin. Blood is an ideal matrix
for trace metal research because of its significance and ease of sampling. It is in contact
with all tissue and organs where metals are deposited. It provides the information about
the materials which are recently absorbed by the body (Pasha et al., 2010b; llyas and
Shah, 2015). As hair and nails samples require washing but blood does not need any
washing prior to analysis thus it is mostly free of external contamination. Blood should be
stored below freezing point and the stored blood can be infectious, therefore should be
carefully handled (Cocciardi, 2012).
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1.5 Cancer Incidence in Pakistan

Pakistan, like other developing countries faces a double burden of diseases with a
significant incidence of cancers and a rising trend in risk factors’ profile and incidence
itself (Ferlay et al., 2004; Bhurgri et al., 2000). Gallbladder cancer cases are more
common in females than in males; these are actually related to gall bladder stones. Breast
cancer is the more common type of the cancer in females all over the country (Bhurgri et
al., 2005; Bhurgri et al., 2002). However, in Quetta oesophageal cancer is more common
type, and breast cancer is second most common cancer. Ovary cancer is the sixth most
common type of cancer while prostate cancers are very less in number (Bhurgri et al.,
2003; Bhurgri et al., 2000). The most common malignancies in males are oral cavity, lung,
urinary bladder, and larynx and in females the common types are oral cavity, breast, and
ovary. There has been an increase in cancer incidence for lung, larynx, and urinary bladder
in males and breast, oesophagus, and cervix in females (Bhuegri et al., 2006). The main
risk factors of oral cancer in Pakistan are smoking, areca nut, betel quid or paan, tobacco
chewing, naswar, paan masala, gutka and poor nutrition (Bhurgri et al., 2006). Pakistan
has one of the highest rates of consanguinity in the world (Hashmi, 1997). Inbreeding is
known to increase the risk of diseases caused by homozygosity of deleterious recessive
genes. Parental consanguinity has been implicated in 60% of mortality and severe
morbidity in Pakistani children born in Britain. An excess of childhood cancers are
reported among the children of consanguineous marriages (Powell, et al., 1995). There is
little information on the possible role that recessive genes play in adult cancers. One study
from Pakistan has described an association between consanguinity and risk of breast
cancer (Shami et al., 1989).

The study of thyroid cancer in Agha Khan Hospital, Karachi showed that out of
8541 tumour cases, 1.2% are of thyroid cancer. Different types of thyroid cancer were
prevailing as papillary carcinoma, follicular carcinoma, medullary and anaplastic
carcinoma (Shah et al., 1999). Papillary carcinoma is the major type in the thyroid cancer
incidents (Zuberi et al., 2004).

There are many chances that multinodular goitre is converted into thyroid
carcinoma (Memon et al., 2010). Globally, thyroid cancer is relatively uncommon (Zuberi
et al., 2004; DeGroot and Jameson, 2001).
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1.6 Aims and Objectives
The aim of the present study is to evaluate the concentrations of selected essential
and toxic metals in thyroid cancer patients and their counterpart healthy donors with
comparable age, gender, socioeconomic status, smoking habits and food habitats.
Following are the major objectives of the study.
e To assess the comparative distribution of selected essential and toxic metals in the
blood of thyroid patients and healthy donors.
e To find out the mutual relationship among the essential and toxic metals in cancer
patients and healthy donors using correlation coefficients.
e To explore the multivariate apportionment among the metal in the blood of the
patients and controls by multivariate methods.
e To compare the concentrations of selected metals in different stages/types of
thyroid cancer
e To explore the role of selected metals towards the thyroid cancer so that it may be
helpful in treatment of thyroid cancer in near future.

e To compare the measured metal levels with the reported levels in literature.
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Chapter 2
EXPERIMENTAL METHODOLOGY

2.1  Study Population

Subjects included in the present study were thyroid cancer patients and healthy
donors. There was no compelltion on the subjects to be a part of this research. All the
participants were selected on volunteer basis and written consent was obtained from all
subjects before sample collection. It was assured to every subject that the information
collected from them will remain confidential. The blood samples were collected from both
the patients and healthy counterparts. A questionnaire was filled in by the patients and
healthy donors to record information such as gender, age, residence, occupation, smoking
habits, diet, disease type, duration, medication and any other disease. The patients and
their counterpart control were selected on the basis of similar gender, socioeconomic
status, food habits, smoking habits and almost same age (Kazi et al., 2014).

2.1.1 Cancer Patients

Thyroid cancer patients of different ages, gender, food habits, smoking habits and
adobe were included in the present study. Blood samples were collected from the patients
admitted in Nuclear Oncology and Radiotherapy Institute (NORI), Islamabad. Before the
sample collection protocol of the study was approved by ethical review committee of the
institute. The selected donors were newly diagnosed thyroid cancer patients without any
treatment such as radiotherapy or chemotherapy. They were not taking any kind of mineral
supplements as well (Khuder et al., 2014; Afridi et al., 2014; Pasha et al., 2010). Blood
samples were collected from a total of 70 thyroid cancer patients on volunteer basis.
Clinical diagnosis was confirmed in the institute by histopathological examinations of all

the patients.

2.1.2 Controls

The controls were not suffering from any type of cancer. They were not taking any
kind of mineral supplements on regular basis. Mostly the controls had close relationship
with the patient, thus they had similar socioeconomic status and environmental exposure.

Most of the controls were matched with the patients regarding age, gender and food habits.
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A total of 70 blood samples were collected from the controls (Qayyum et al., 2014; Pasha
et al., 2010). A Proforma filled to record the information regarding the donors name, age,
sex, social and general health status, nutrition habits, job description, socioeconomic status
past diseases etc. at the time of sample collection. The demographic details related to

patients and controls are shown in Table 1.

Table 1. Demographic characteristics of the subjects

o Thyroid Cancer Healthy
Characteristics
Patients Donors/Controls

n 70 70
Age (years)

Range 15-82 18-78

Mean 48.5 48.0
Gender

Female 39 (56%) 39 (56%)

Male 31 (44%) 31 (44%)
Diet

Vegetarian 46 (66%) 42 (60%)

Non-vegetarian 24 (34%) 28 (40%)
Habitat

Urban 40 (57%) 37 (53%)

Rural 30 (43%) 33 (47%)
Tobacco Use (Smoking)

No use 28 (40%) 46 (66%)

Use 42 (60%) 24 (34%)
Stages of the Cancer

Stage | 21 (30%) --

Stage Il 16 (23%) --

Stage Il 14 (20%) --

Stage IV 19 (27%) --
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2.2  Collection/Storage of the Samples
There are many chances of contamination during blood collection; it may originate

from the skin of the subject or from the hands of the person who is collecting the sample.

There are also chances of contamination during storage or processing of these samples .So

in order to avoid any external contamination, especially designed evacuated tubes are used

for the collection of blood. Before collecting the blood sample from the subjects their skin
was properly cleaned. Separate syringes should be used for each subject. The blood
sample is collected from forearm antecubital vein. Needle is carefully inserted into the
vein and the blood sample is drawn into the plastic syringe (Gonzalez et al., 2008). Almost

3 mL of blood should be collected and transferred to the blood collection tube. Some of

the method reported in literature for the collection and storage of the blood samples are

discussed below:

u About 5 ml blood sample was withdrawn from the antecubital vein by vein
puncture method. It was then transferred to the blood collecting tube containing
lithium-heparin. The samples collected were then stored at -80°F until the further
processing (Ladon et al., 2004).

u The blood sample was drawn by vein puncture under contamination controlled
conditions. The Vacuette system was used for collection of blood. The blood
collection tubes were made up of polyethylene terephthalate (PET) plastic. These
tubes contained EDTA as an anticoagulant. Samples were analyzed within twelve
hours after the collection (Banks et al., 2005).

u About 9 mL of blood sample was withdrawn from the subjects and transferred to
lithium heparin monovettes. To avoid any contamination, blood in the first
monovette were always removed and the blood in a second monovette was used for
further analysis. About 20 monovettes were leaches with deionized water and other
20 with 3% (V/V) nitric acid solution for 48 hours, so that any contamination from
the tube and anticoagulant agent can be removed. These blood samples were stored
at 4°C and then analysed after 2 days (Heitland and Koster, 2006).

d Whole blood samples were collected from the adults in a blood bag that contain an
anticoagulant agent citrate phosphate dextrose adenine solution (14%, wi/v).
Almost 5 mL of the blood was transferred to polyethylene centrifugal tubes, and
properly weighed. The samples were spiked with the appropriate volume of

standard multi element working solutions and left to equilibrate in a water bath for
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1 h at 37°C. After that, a small amount of water (about 2 mL) was used to
quantitatively transfer the spiked samples into PTFE tubes for the digestion
(Daftsisa and Zachariadis, 2007).

Blood samples were taken from an antecubital vein. Proper precautions were taken
during this process so that to avoid contamination with exogenous metals (Aitio et
al., 1994). Approximately 3 mL venous blood was withdrawn and transferred to
the evacuated blood collection tubes. Each sample was gently shaken by hand and
centrifuged at 2000 rpm for 15 minutes. The serum was separated carefully by
using Finn pipette into another clean polyethylene vial duly labelled with relevant
codes related to the donor's name, age, eating and drinking habits, adobe, social
and general health status, all recorded and compiled on regular Proforma at the
time of sampling. Samples were stored at —70°C before further processing
(Chappuis et al., 1994; Subramanian et al., 1995).

Venous blood samples (5 mL) were collected by using metal-free vacationer
EDTA tubes. Then, 2 mL of venous blood sample of each study subjects was
stored at —4°C until required for analysis, while the remaining (3 mL) was used
for separating the sera (Arain et al., 2014).

The blood samples were collected from the median cubital vein without
anticoagulants and placed in vacationer tubes. Serum was separated by
centrifugation at 14000 rpm for 10 min. The serum samples were stored at —20°C
until digestion (Golasik et al., 2015).

Venous blood sample (10 mL) was collected using heparinized vacutainer tube and
the sample was stored at -20°C until elemental analysis. The blood was allowed to
clot at room temperature for 15-30 min. When the blood was clotted completely
then centrifuged for 5-10 min at 2500 rpm. The supernatant fluid was then
separated by a Pasteur pipette, labelled and stored at - 20°C until analysis (Kolachi
et al., 2012; Kazi et al., 2008; Tim et al., 2006).

The sample collection method used in the present study is described below:

Proper precautions were taken in order to avoid any kind of external

contamination. For the collection of blood, specially designed evacuated tubes were used.

Skin of subjects was properly cleaned with 70% isopropyl alcohol. Blood sample was

collected from the antecubital vein by vein puncture method. Approximately 2 to 3 mL

blood was taken from each subject. BD syringes (5 mL) were used for the blood

collection. The samples were stored at -15°C until further analysis.
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2.3 Digestion of the Sample
Digestion is done to remove the organic content of the blood so that it should not

be problematic during analysis. Some of the methods reported in literature for the

digestion of blood are listed below:

d Blood samples were transferred to 50 mL closed polytetrafluoroethylene (PTFE)
tube. Approximately 5 mL of concentrated HNO3 was added to each sample. For
the decomposition of organic matter these samples were allowed to heat at 120 + 1
°C for 1 h. The tubes were cooled and opened when the internal temperature was
under 30°C. These digested samples were then transferred to 25 mL volumetric
flasks and diluted with deionized water (Daftsisa and Zachariadis, 2007).

d Sample of whole blood (0.5 mL) was directly taken into PTFE flasks. Then, 3 mL
of a freshly prepared mixture of concentrated HNO3;—H,0, (2:1, v/v) was added
and kept at room temperature for 10 min. Then, placed the flasks in covered PTFE
container and heated at 80 % of total power (900 W) for 3— 4 min. The digested
samples were diluted up to 10 mL with 0.1 M HNO3. A blank extraction was
carried out through the complete procedure (Blazweicet al., 2010; Prystupa et al.,
2016; Arain et al., 2014).

d Blood was directly taken into Pyrex flasks. 3 mL of a freshly prepared mixture of
concentrated HNO3-H,0; (2:1, v/v) was added to each flask and stood for 10 min,
then the flasks was covered with watch glass and digested at 60-70°C for 1-2 h.
The digests was then treated with 2 mL HNO3 and few drops of H,O,, heated on
hot plate about 80°C until the clear digested solution was obtained. Evaporated the
excess of acid mixture to semidried mass, cooled and diluted up to 10 mL with 0.1
M HNOj3. For validation of methodology certified reference materials of whole
blood were also analysed (Kolachi et al., 2012).

u Polyethylene bottles were used for the blood collection and the sample was then
stored in refrigerator. For the digestion of sample, sulphuric acid and nitric acid
were added in 1 mL of blood sample. These samples are then heated nearly to
dryness. Distilled water was used for dilution of the residue. It was then filtered
through Whatman filter paper. A 30 pL sample solution was used for the
determination trace metals (Shrivas and Patel, 2009).

d The blood sample (1 mL) was mineralized with 5 ml concentrated HNO3 and 1 mL
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of 30% H,0, in a microwave oven. After mineralization, the solution was

evaporated to the volume of 0.1 ml and diluted with deionised water to a final

volume of 5 mL (Memon et al., 2007; Batariova et al., 2006).

The method used for the digestion of blood sample in the present study is as follows:

For the digestion of the blood sample, it was transferred from the storage tube to a
digestion flask. Sample was correctly weighed on weighing balance, and then digested
with nitric acid and perchloric acid (10:1, v/v) mixture. Samples were heated on hot plate
at 80°C to a soft boil until white dense fumes evolved. The fumes marked the completion
of the digestion. Samples were then cooled to room temperature and diluted to proper
volume (50 mL) with 0.1 N HNOj;. Blanks containing all the reagents in the same

sequence (without blood sample) were also processed with each batch of the samples.

2.4  Quantification of the Metals

Atomic absorption spectrometry (AAS) is an analytical technique used to quantify
the metals at trace and ultra-trace level. It has many applications including clinical
analysis, environmental analysis and biological analysis. Moreover it is used in
pharmaceuticals, industry and also in mining. In the present study, selected essential and
toxic metals including Ca, Cd, Co, Cr, Cu, Fe, Mg, Mn, Pb, Sr, Na, K and Zn were
measured on flame atomic absorption spectrophotometer (Shimadzu AA-670, Japan).
Various analytical conditions such as detection wavelength, hollow cathode lamp current,
slit width, flame type and fuel/oxidant flow rates were optimized for the analysis of each
element independently as shown in Table 2. The instrument has many advantages; high
speed, dual frequency and simultaneous photometric system. It has the capacity to operate
automatically in background compensation mode thus correcting all fluctuations in the
observed signal arising from sources other than the sample. It has automatic operation
conditions. Calibration lines are automatically recorded, thus ensuring the high analytical
precision and accuracy. Lamp position, detector gain and beam balance, are all adjusted
automatically with convenience to exclude deviant data in repeated analytical modes. The
digitalized output can be held for transient signals in the memory storage for further
reproduction. Other techniques that can be used for analysis of metals are atomic emission
or fluorescence spectroscopy and inductively coupled plasma emission or mass

spectrometry (Helaluddin et al., 2016).
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Table 2. Optimum analytical conditions maintained on AAS (Shimadzu AA-670, Japan)

for the analysis of selected essential and toxic metals using air-acetylene flame

Metal Wavelength HC lamp Slit width  Fuel-gas flow 1% Absorption
eta

(nm) current (mA) (nm) rate (L/min)  concentration (ppm)
Ca 422.7 6.0 0.5 2.0 0.08
Cd 228.8 4.0 0.3 1.8 0.02
Co 240.7 6.0 0.2 2.2 0.20
Cr 357.9 5.0 0.5 2.6 0.09
Cu 324.8 3.0 0.5 1.8 0.09
Fe 248.3 8.0 0.2 2.0 0.10
K 766.5 5.0 0.5 1.9 0.04
Mg 285.2 4.0 0.5 1.6 0.007
Mn 279.5 5.0 0.4 1.9 0.05
Na 589.0 6.0 0.5 1.6 0.02
Pb 217.0 7.0 0.3 1.8 0.20
Sr 460.7 4.0 0.5 1.6 0.10
Zn 213.9 4.0 0.5 2.0 0.02

2.5 Statistical Analysis

The quantified results of the metal levels were subjected to both univariate and
multivariate statistical analysis, which was performed using MS Excel and STATISTICA
software. Basic statistical parameter, including minimum, maximum, median, standard
deviation (SD), standard error (SE), kurtosis and skewness were computed alongwith the
correlation analysis. They can provide us information about the relative distribution
pattern and mutual relationships of the metal levels in the analysed samples. Multiple
relationships between different metals present in the blood samples of thyroid cancer
patient and healthy donor was also performed using multivariate statistical methods,
including principal component analysis (PCA) and cluster analysis (CA). One can classify
the relationship among the measured variables by using multivariate statistical methods
(Hua et al., 2006). Multivariate techniques have many advantages. It has been successfully
applied to levels of trace elements in human hair to distinguish between healthy people

and cancer patients (Qayyum and Shah, 2014). Recently applied multivariate statistical
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techniques have been used on hair metal data to distinguish between drug-free subjects
and drug abusers (Boumba et al., 2006). Other notable examples of their use in
environmental chemistry are found in (Lopes et al., 2009) the trace metal analysis in
water, soil and sediments (Zimmerman and Weindorf, 2010). The multivariate techniques
have also been used for source identification and apportionment of trace metals in analysis
of scalp hairs (Shah et al., 2006). The two procedures used in the present investigation are

outlined below.

2.5.1 Principal Component Analysis

Principal component analysis (PCA) rotates the data-set such that maximum
variables are projected onto the axes and it is a multivariate procedure. Essentially, a set of
correlated variables is transformed into a set of uncorrelated variables which are ordered
by reducing variability. The uncorrelated variables are linear combinations of the original
variables, and the last of these variables can be removed with minimum loss of real data.
The main use of PCA is to reduce the dimensionality of a data-set while retaining as much
information as possible. It computes a compact and optimal description of the data-set.
The first principle component (PC) is the combination of the variables that explains the
greatest amount of the variance. The second PC defines the next largest amount of the
variation and it is independent to the first PC. There can be as many possible PCs as there
are variables. It can be viewed as a rotation of the existing axes to new positions in the
space defines by the original variables. In this new rotation, there will be no correlation
between the new variables defined by the rotation. The first new variable contains the
maximum amount of the variations unexplained by the rest.

There are several algorithms for calculating the principal components. Given the
same starting data they produce the same results with one exception; which is that, if at
some point, there are two or more possible rotations that contain the same “maximum”
variations, and then which one is used is indeterminate. In two dimensions, the data cloud
would look like a circle, instead of an ellipse. In a circle, any rotation would be equivalent.
In an elliptical data cloud, the first component would be parallel to the major axis of the
ellipse. It can be viewed as finding a projection of the observations onto orthogonal axes
contained in the space defined by the original variables. The criteria being that the first
axis “contains” the maximum variation, or “accounts” for the maximum amount of the
variation. The second axis contains the maximum amount of variation orthogonal to the

first and the third axis contains the maximum variation orthogonal to the first and second
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axis and so on until one has the last new axis which is the last amount of variation left.
PCA was applied to assist the identification of sources of trace metals, and it can show the

multiple relationships among the analyzed metals (Yongming et al. 2006).

2.5.2 Cluster Analysis

Cluster analysis (CA) classifies a set of observations into groups based upon
combinations of internal variables in the form of dendrogram. This technique is a
classification procedure that involves a measurement of the similarity between the
variables. The purpose of cluster analysis is to discover a system of organizing observation
where member of the groups/variables share the properties in common. The variables are
grouped in the cluster in terms of their nearness or similarity. The measurement of
similarity is based on Pearson-r distance. The clustering method used in present study was
Ward’s method, which considers the heterogeneity or deviance (sum of square of distance
of variables from the baricenter of the cluster) of every possible cluster that can be created
by linking two existing clusters. Therefore, it is cognitively easier to predict the mutual
properties based on overall group membership (Prystupa et al., 2016; Pasha et al., 2010).
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Chapter 3
RESULTS AND DISCUSSION

3.1 Distribution of Selected Metals

Basic statistical parameters for the distribution of selected essential and toxic metal
levels (ug/g, wet weight) in the blood samples of thyroid cancer patients are shown in
Table 3. A wide range of concentrations as shown by the minimum and maximum levels
were exhibited by most of the metals. Considerably higher mean levels were observed for
Na (1404 pg/g) and K (1322 ug/g), followed by moderately higher levels of Fe (309.6
Hg/g), Ca (35.6 pg/g), Mg (25.94 pg/g), Co (25.67 pg/g), Pb (18.06 pg/g), Cr (14.68
Mo/g), Zn (11.18 pg/g), Sr (10.38 pg/g) and Cd (9.304 ug/g), while the least
concentrations were found for Mn (3.473 pg/g) and Cu (2.050 pg/g) in the blood of
thyroid cancer patients. Overall the average concentrations of metals showed following
decreasing order: Na> K >Fe > Ca>Mg>Co>Pb>Cr>2Zn>Sr>Cd>Mn>Cu.

Table 3. Statistical distribution parameters for the concentrations of selected essential and

toxic metals (pg/g) in the blood of thyroid cancer patients

Min Max Mean Median SD SE Kurtosis  Skewness

Ca 10.39 90.01 3565 3135 16.57 1981 0.695 0.877
Cd 0.048 60.03 9304 5987 1141 1416 7.605 2.541
Co 0.780 7645 2567 1721  21.37  2.651 -0.090 0.960
Cr 0.042 7235 1468 7.055 17.70  2.247 1.895 1.644
Cu 0.027 1115 2.050 1494 1818 0.226 8.961 2.384
Fe 168.6 8841 3096 2881 1399 16.72 5.848 2.219
K 285.0 3243 1322 1026 728.7  87.10 0.710 1.251
Mg 3.601 5206 2594 2718 10.28 1.229 -0.196 -0.028
Mn 0.022 1536 3473 218 3.654 0.476 2.012 1.494
Na 681.7 2877 1404 1349 4247  50.76 2.733 1.408
Pb 0.110 6254 18.06 11.80 16.56  2.233 -0.185 0.986
Sr 0.026 4721 1038 6.839 9.806 1.299 2.338 1.406
Zn 0.616 4797 1118 6.847 1041 1.254 2.071 1.547
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A random distribution pattern was exhibited by the most of the metals as
demonstrated by relatively higher SD and SE values on one hand and distinctly dissimilar
mean and median levels on the other hand. Relatively large spread of the concentration
was observed in the case of Na, whereas some of the metals (Cu, Mg, Mn, Pb, Sr and Zn)
exhibited moderately normal distribution as supported by relatively lower SE and SD
values. Large skewness and kurtosis values for Cd, Cu, Fe, Na, Sr, Zn and Mn indicated
their significant asymmetric distribution while modest skewness values of Ca, Co, K, Mg
and Pb showed moderately symmetrical distribution of these metals in the blood of thyroid

cancer patients.

Table 4. Statistical distribution parameters for the concentrations of selected essential and
toxic metals (pg/g) in the blood of healthy subjects

Min Max Mean Median SD SE Kurtosis Skewness

Ca 10.77 85.13  29.40 25.80 15.87 1.911 3.695 1.877
Cd 0.189 37.73 10.29 7.946 9.764 1.230 -0.233 0.886
Co 3.329 74.49 38.36  38.73 18.28 2.304 -0.966 -0.081
Cr 0.080  46.22 13.66 11930 11.73 1.582 0.510 1.077
Cu 0.170 6.96 2.239 1.949 1.409 0.179 1.257 1.133
Fe 101.3  490.0 255.0 211.1 107.3 13.21 -0.875 0.647
K 136.0 3094 1003 871.0 645.9 77.76 1.966 1.448
Mg 9.354 4293  23.89 23.79 7.828  0.942 -0.735 0.144
Mn 0.115 18.38  7.445 6.698 5369 0.671 -1.171 0.306
Na 144.0 2361 1325 1346 432.8  52.10 0.004 -0.176
Pb 0.108  56.01 21.04 1441 15.73 1.982 -1.028 0.600
Sr 0.175  49.49 12.85 9.082 11.26 1.441 1.962 1.511
Zn 0.201  47.90 1313  8.834 12.69 1.562 1.103 1.362

Basic statistical parameters for the distribution of selected essential and toxic metal
levels (ug/g, wet weight) in the blood of the controls/healthy subjects are shown in the
Table 4. Very broad range of concentrations was exhibited by most of the metals as shown
by their minimum and maximum levels. On the average basis, significantly higher
concentrations were observed for Na (1325 ug/g), and K (1003 pg/g), followed by
moderately higher levels of Fe (255 pg/g), Co (38.36 ug/g), Ca (29.40 pg/g), Mg (23.89
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Ma/g), Pb (21.04 ug/g), Cr (13.66), Zn (13.13 ug/g), Sr (12.85 pg/g) and Cd ( 10.29 pg/g).
However, Mn (7.445 pg/g) and Cu (2.239 pg/g) were found at the lowest levels. The
selected metals in the blood of normal donors showed following decreasing order in their
average concentrations: Na> K >Fe > Co > Ca > Mg >Pb >Cr>Zn > Sr>Cd > Mn >
Cu. A random distribution pattern was displayed by the most of the metals as established
by their elevated SD and SE values as well as markedly dissimilar mean and median levels
in the blood of controls. Comparatively large dispersion in the concentration was observed
for K, Na and Fe while some of the metals (Cu, Mn, Mg and Cd) exhibited relatively
normal distribution pattern supported by somewhat lower SE and SD values. Large
skewness and kurtosis values for Ca, K and Sr indicated their predominantly asymmetric
distribution while Cd, Co, Mg and Na showed relatively symmetrical distribution in the
blood of healthy subjects. Overall, most of the metals showed non-Gaussian distribution in
the blood of healthy subjects but the extent of randomness was found to be comparatively
less than those of the patients which showed reasonably higher randomness in their
concentrations.

The quartile distribution of selected essential and toxic metals (in the form of box-
whisker plot) in the blood of thyroid cancer patients and healthy donors is shown in
Figures 1 and 2, respectively. Most of the metals demonstrated relatively broad and
asymmetrical distribution in the blood of both donor groups; nevertheless, relatively
narrow distribution was observed for Na, Fe, Mg, K and Ca in the blood samples of cancer
patients. Conversely, Pb, Co and Zn exhibited rather broad variations in the blood samples
of cancer patients. Interestingly, Cu, Cr, Cd, Mn and Sr showed overlapping of outer
quartiles thus exhibiting rather lower extremum variations and consistent concentrations
towards higher and lower ranges in the cancer patients. Such imbalances in the metal
levels may be ascribed to the disproportions of the essential nutrients and toxic metals in
the thyroid cancer patients. In the case of healthy subjects, very broad range and
asymmetric variations were noted for Pb, Cr, Sr, Zn, Mn and Cd while least variations
were observed for Mg, Fe, Ca and Na. Relatively narrow and somewhat symmetric
distribution was noted for Cu, K and Co in the blood of healthy donors (Figure 2).

The average metal concentrations in the blood of thyroid cancer patients and
healthy donors were also compared as shown by bar-graph in Figure 3. On comparative
basis, average concentrations of Mn, Co, Sr, Zn, Pb, Cd and Cu were found to be evidently
higher in the blood of healthy donors than the patients which showed relatively higher

contributions of Ca, Fe, K and Mg in their blood samples. Nonetheless, average levels of
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Cr and Na were marginally higher in the blood of the patients than the controls but the
differences were not statistically significant. The comparative study thus indicated an

imbalance of the metal levels in the blood of thyroid cancer patients.
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Figure 1. Quartile distribution of selected essential and toxic metal levels (ug/g) in the

blood of thyroid cancer patients
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Figure 2. Quartile distribution of selected essential and toxic metal levels (ug/g) in the

blood of healthy subjects
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blood of thyroid cancer patients and healthy subjects

3.2 Correlation Study of Selected Metals

The data on metal-to-metal correlations in the blood of thyroid cancer patients are
shown in Table 5, wherein the bold r-values are significant at p < 0.05. Among the
selected metals, Zn-Cd (r = 0.651), Mn-Cd (r = 0.563), Mg-Fe (r = 0.516), Mg-Cd (r =
0.498), Sr-Pb (r = 0.491), Fe-Cd (r = 0.489), Sr-Co (r = 0.470), Mg-Ca (r = 0.459), Zn-Sr
(r = 0.446), Mg-Cu (r = 0.425), Zn-Mn (r = 0.389), Mn-Mg (r = 0.378), Pb-Mg (r =
0.361) and Pb-Cr (r = 0.304) showed strong and significant positive correlations. Some of
the metal pairs such as Mg-K (r = -0.453), Sr-K (r =-0.398), K-Ca (r = -0.349), K-Co (r =
-0.347), Na-K (r =-0.337), Pb-K (r = -0.310) exhibited inverse relationships and opposing
distributions in the blood of thyroid cancer patients. Rest of the metal pairs exhibited
either weak positive or negative relationships. The correlation study showed mutual
association among Zn, Cd, Mn, Mg, Fe, Sr and Pb in the blood of the thyroid cancer
patients while one of the major electrolytes (K) revealed contrasting variations with most
of the metals thus demonstrating the disproportional distribution of the metals in the blood

of cancer patients.
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Table 5. Correlation coefficient (r)* matrix for selected essential and toxic metals in the blood of thyroid cancer patients

Ca Cd Co Cr Cu Fe K Mg Mn Na Pb Sr Zn
Ca 1.000
Cd -0.041 1.000
Co 0.102 0.197 1.000
Cr 0.059 0.033 0.293  1.000
Cu 0.296 0.114 -0.010 -0.113  1.000
Fe 0.287 0.489 0.225 0.206 0.115 1.000
K -0.349  -0.169 -0.307 -0.277 -0.221 -0.129 1.000
Mg 0.454 0.498 0.164 0.216 0.425 0.516 -0.453 1.000
Mn 0.053 0563 -0.044 0.282 0.026 0.284 -0.130 0.378  1.000
Na 0.228 -0.043  0.244 -0.015 0.021 -0.040 -0.337  0.187 0.037 1.000
Pb 0.137 0.157 0.196 0.304 0.140 0.132 -0.310 0.361 0.034  -0.103 1.000
Sr -0.076 0.196 0470 0.266 -0.018 0.213 -0.398 0.094 -0.068 -0.045 0.491  1.000
Zn -0.162 0651 0290 0289 -0.089 0283 -0.202 0.237 0389 -0.059 0.148 0446  1.000

*bold r-values are significant at p < 0.05
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Table 6. Correlation coefficient (r)* matrix for selected essential and toxic metals in the blood of healthy subjects

Ca Cd Co Cr Cu Fe K Mg Mn Na Pb Sr Zn
Ca 1.000
Cd 0.430 1.000
Co 0.067 0.358 1.000
Cr 0.226 0.121 0.053 1.000
Cu 0.348 0465 0220 0.258  1.000
Fe -0.004  0.293 0.036 -0.035  0.078 1.000
K -0.158 -0.207v -0.098 -0.161 -0.120 0.173 1.000
Mg 0.460 0387 0238 0299 0.084 0.283 0.170 1.000
Mn 0.232 0.269 0.122 0.643 0.226  -0.326  -0.277  0.309 1.000
Na -0.082 -0.175 -0.031 0.149 0.002 -0.069  0.523 0.237 0.114 1.000
Pb -0.014  0.245 0.196 0.324 0.202 -0.082  0.062 0.264 0.352 0.136 1.000
Sr 0.126 0570 0200 0.388 0.184 0.106 -0.065 0.336 0.265 0.050 0.239  1.000
Zn 0.159 0.204 0258 0306 0.158 -0.014 -0.035 0502 0253 0.162 0.346 0.220  1.000

*bold r-values are significant at p < 0.05
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The correlation coefficient matrix for trace metals pertaining to the blood of
healthy subjects is shown in Table 6, wherein the significant r-values are shown in bold at
p < 0.05. Significantly strong positive correlation was observed between Mn-Cr (r =
0.643), Sr-Cd (r = 0.570), Na-K (r = 0.523), Zn-Mg (r = 0.502), Cu-Cd (r = 0.465), Mg-
Ca (r = 0.460), Cd-Ca (r = 0.430), Sr-Cr (r = 0.388), Mg-Cd (r = 0.387), Cd-Co (r =
0.358), Pb-Mn (r = 0.352), Cu-Ca (r = 0.348), Sr-Mg (r = 0.336), Pb-Cr (r = 0.324), Mn-
Mg (r = 0.309) and Zn-Cr (r = 0.306). Nevertheless, Mn-Fe (r = -0.326) exhibited inverse
relationship and opposing distributions in the blood of healthy donors. In comparison to
the patients, correlation study demonstrated mutual associations among most of the
essential metals while toxic/trace metals showed separate grouping in the blood of
controls. Consequently the correlation study pointed out considerably diverse associations
among the metals in the cancerous patients and healthy subjects.

3.3 Comparative Evaluation of Selected Metals in the Blood based on
Demographic Characteristics of the Subjects

Gender-based comparison in the average concentrations of selected metals in the
blood of thyroid cancer patients and controls is shown in the Figure 4. The comparative
evaluation revealed elevated average concentration of Sr and Zn in the male patients than
the female patients, while average levels of Cr, Ca, Fe, K, Mg and Na were more or less
comparable in both male and female patients. Nevertheless, mean levels of Cd, Co, Cu,
Mn and Pb were found to be higher in the female patients than the male subjects. In the
case of controls, mean levels of Cd, K and Pb were found to be higher in the male donors,
while average concentrations of Ca, Co, Cr, Cu, Mn and Zn were found to be higher in the
blood of female controls. Nonetheless, average concentrations of Fe, Mg, Na and Sr were
almost comparable in both male and female controls (Figure 4).

Comparative average metal levels in the blood based on habitat of the subjects are
shown in Figure 5, which revealed comparatively high concentrations of Cd, Mg, Mn, Pb
and Zn in the urban patients than the rural counterparts which exhibited elevated levels of
Co, Cr and Sr. Nevertheless, average levels of Ca, Cu, Fe, K and Na were found to be
comparable in both patient groups. In the case of controls, mean contents of Cu and Fe
were higher in the blood of rural than urban controls, whereas mean levels of Co, K, Mg
and Na were nearly comparable in the blood of both control groups. Average levels of Ca,
Cd, Cr, Mn, Pb, Sr and Zn were found to be higher in urban than rural controls.
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Figure 4. Comparison of the average levels of selected essential and toxic metals (pg/g) in

the blood of thyroid cancer patients and controls based on their gender
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Figure 5. Comparison of the average levels of selected essential and toxic metals (pg/g) in

the blood of thyroid cancer patients and controls based on their habitat
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Figure 6. Comparison of the average levels of selected essential and toxic metals (pg/g) in

the blood of thyroid cancer patients and controls based on their food habits

10000
m Patients (Smok.) m Patients (N-Smok.) = Controls (Smok.) m Controls (N-Smok.)

1000
=
=)
=9
;; 100
3
-
©
o
=
i)
(=]
]
g
o

0.1 T T T T T T T T T T T T T
Ca Cd Co Cr Cu Fe K Mg Mn Na Pb Sr Zn

Figure 7. Comparison of the average levels of selected essential and toxic metals (ug/g) in

the blood of thyroid cancer patients and controls based on their smoking habits
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Average concentrations of selected metals in the blood of the patients and controls
based on their food-habits are depicted in the Figure 6. Comparative assessment of the
metals showed approximately equivalent levels of Cu, Mn and Pb in the blood of
vegetarian and non-vegetarian patients. However, mean contents of Ca, K and Na showed
higher contribution in the blood of vegetarian patients, while Cd, Co, Cr, Fe, Mg, Sr and
Zn were found to be comparatively higher in the non-vegetarian patients than the
vegetarian patients. On the other hand, in the case of controls relatively high
concentrations of Ca, Cd, Fe, Mg, Sr and Zn were observed in the blood of non-vegetarian
subjects compared with the vegetarian donors. However, mean levels of Cr, Cu, K and Mn
were relatively higher in the blood of vegetarian controls than the non-vegetarian donors.
Average concentration of Co and Pb was found to be almost comparable in the blood of
both control groups.

Smoking-based comparison of the selected metals in blood of the patients and
controls is shown in Figure 7, which showed that relatively high concentrations of Ca, Co,
Cr, Na and Zn were found for smoking patients than the non-smoking patients. Average
contents of Cu, Mg and Pb were almost comparable in both smoking and non-smoking
patients, while average levels of Cd, Fe, K, Mn and Sr were found to be relatively higher
in the blood of non-smoking patients. In the case of controls, mean levels of Ca, Cd, Fe,
Mg, Mn, Pb, Sr and Zn showed relatively higher contribution in smoking subjects while
mean level of Co, Cu, K and Na showed comparable levels in both donor groups. Besides,
average concentrations of Cr were found to be higher in the blood of non-smoking
controls than the smoking controls.

Selected metal levels in the blood of both donor groups were also compared to
explore the age-based variations and for this purpose the donors were classified into four
age groups; < 30 years, 31-40 years, 41-50 years and > 50 years. Age-based comparison
among the patients is shown in Figure 8, which revealed high concentrations of Cu, Fe,
Ca, Sr ad Mg in the patients of < 30 years; while 31-40 years age group showed higher
contents of K. Patients of age group 41-50 years showed higher levels of Cr. Nonetheless,
relatively higher levels of Zn, Cd, Co, Pb and Mn were shown by the patients of >51 years
age. Age-based comparison for the controls is shown in Figure 9. Comparatively higher
contributions of Pb, Sr, Zn, Na, K, Cr and Cd were observed in < 30 years of controls,
while those of 41-50 years showed higher concentration of Co and Fe. However, relatively

higher levels of Mn and Ca were shown by >51 years controls (Figure 9).
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3.4 Comparative Evaluation of Selected Metals in the Blood based on

Cancer Stages

In the present study, selected metal levels measured in the blood of the cancer
patients were also compared based on the cancer stages and the comparison of average
metal levels at different cancer stages is shown in Figure 10. A comparative evaluation
indicated that the average levels of Cd, Pb, Fe, Mg and Zn were found to be significantly
elevated at stage-I1, while moderately elevated levels of Sr and Mn were found at stage-I
and stage-I11, respectively. Significant increase in the concentrations of Co, Cr, Cu and Ca
were observed in the blood of patients at stage-1V whereas mean levels of Na and K were
almost comparable at all four stages. Overall, the comparative study revealed significant

variations in the metal levels at various cancer stages (Figure 10).
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in the blood of thyroid cancer patients at various stages

3.5 Multivariate Analysis of Selected Metals

Another fascinating aspect of the present study was the multivariate apportionment
of the metal levels in the blood of thyroid cancer patients and controls using PCA and CA.
The PC loadings extracted by varimax-normalized rotation on the metals data for the
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patients and healthy donors are shown in Tables 7 and 8, respectively. In case of the
patients, PCA vyielded five significant PCs with eigen value greater than 1, commutatively
explaining approximately 74% of the total variance of data (Table 7). The CA of metal
data pertaining to the cancer patients is shown in Figure 11. PC 1 showed higher loading
for Cd, Fe and Zn with a similar cluster of the metals in CA. PC 2 showed maximum
loadings for Cu, Pb and Mg with a parallel cluster of metals in CA. These two PCs showed
the interference of toxic metals (Pb and Cd) with the essential metals in the patients and
they were believed to be mainly contributed by anthropogenic sources. PC 3 indicated
higher loading for Co and Sr along with a similar cluster in CA. PC 4 shows higher
loadings of Na and Ca while PC 5 shows higher loadings of Mn and Cr with a similar
cluster in CA. These metals are mostly derived from the nutritional habits of the subjects.
The PCA and CA results were in very good agreement with each other.

Table 7. Principal component loadings for selected essential and toxic metals in the blood

of thyroid cancer patients

PC1 PC 2 PC3 PC 4 PC5
Eigen value 3.635 1.996 1.748 1.186 1.015
Total Variance (%) 27.96 15.36 13.44 9.126 7.806
Cumulative Eigen value 3.635 5.632 7.379 8.566 9.580
Cumulative Variance (%) 27.96 43.32 56.76 65.89 73.70
Ca -0.215 0.561 -0.110 -0.518 0.109
Cd 0.907 0.056 0.143 0.034 0.027
Co 0.228 -0.123 0.780 0.016 -0.047
Cr -0.005 0.056 0.294 0.080 0.784
Cu 0.107 0.677 -0.114 0.060 -0.347
Fe 0.841 -0.095 0.031 -0.202 0.011
K -0.216 0.341 0.587 -0.346 0.136
Mg 0.591 0.583 0.112 -0.312 0.071
Mn 0.500 -0.033 -0.160 -0.071 0.693
Na -0.228 0.059 -0.054 0.901 0.096
Pb -0.038 0.717 0.255 0.099 0.377
Sr 0.230 0.070 0.816 0.049 0.238
Zn 0.712 0.044 0.384 0.108 0.230
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Figure 11. Cluster analysis of selected essential and toxic metals in the blood of thyroid

cancer patients
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Figure 12. Cluster analysis of selected essential and toxic metals in the blood of healthy

subjects

In the case of controls, PCA of the metal data yielded four major PCs with eigen
value >1, commutatively explaining approximately 69% of the total variance of data
(Table 8). The CA of metal data pertaining to the blood of controls is shown as
dendrogram in Figure 12. PC 1 showed higher loadings for Fe, Mn, Cr and Cd whereas PC
2 showed higher loadings for Na and K with a similar cluster of the metals in CA. These
metals were mostly associated with food habits and also significantly affected by the

anthropogenic contamination. PC 3 showed higher loadings for Ca, Mg, and Sr while PC 4
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showed elevated loadings for Co, Cu, Pb and Zn. The CA also revealed strong clusters of
these metals in the blood of controls. These metals were mostly regulated by internal body
metabolism in healthy donors. It is important to note that in the case of controls, the toxic
metals were not primarily associated with the essential metals as was the case in the cancer
patients thus indicating a disproportion among the metals in cancer patients. Overall, PCA
and CA showed significantly diverse apportionment of the essential and toxic metals in the
blood of cancer patients and healthy subjects which may be ascribed to the imbalances of
trace metals in the cancer patients. Consequently, the multivariate methods can be
employed for diagnostic and prognostic purpose in clinical studies but they required
further validation by considering more variables on larger population groups from

different geographical areas around the world.

Table 8. Principal component loadings for selected essential and toxic metals in the blood

of healthy subjects
PC1 PC?2 PC3 PC 4
Eigen value 4.115 2.028 1.673 1.118
Total Variance (%) 31.65 15.60 12.87 8.603
Cumulative Eigen value 4.115 6.144 7.817 8.935
Cumulative Variance (%) 31.65 47.26 60.13 68.73
Ca 0.184 0.341 0.683 -0.055
Cd 0.745 0.261 0.249 0.422
Co 0.235 0.245 -0.052 0.714
Cr 0.685 -0.007 0.261 0.242
Cu 0.026 0.249 0.051 0.716
Fe 0.799 -0.041 -0.373 -0.055
K -0.045 0.754 0.268 0.235
Mg -0.001 -0.330 0.715 0.192
Mn 0.933 0.110 0.411 0.071
Na 0.103 0.874 0.064 0.041
Pb 0.143 -0.409 0.301 0.637
Sr 0.062 0.209 0.665 0.298
Zn 0.277 -0.163 0.295 0.472
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3.6 Comparison of Selected Metals in the blood of Cancer Patients
with the Reported Studies

Average metal levels found in the blood of thyroid cancer patients in the present
study were compared with other types of cancer reported from various regions around the
world as shown in Table 9. Generally, most of the metal levels observed in the present
study were considerably higher than those reported for other cancer types. Mean levels of
Cd, Co, Cr, K, Mn, Pb and Sr were found to be comparatively higher in the blood of
thyroid cancer patients than those reported for other types of cancer. However, average
concentrations of Ca and Mg in the blood of thyroid cancer patients were more or less
comparable with most of the reported levels in the Table except significantly elevated Ca
levels were reported for lung cancer patients from Pakistan and China. Similarly, mean
level of Cu in the blood of thyroid cancer patients was almost comparable with the
reported blood levels for lung cancer patients from Spain and prostate cancer patients from
Pakistan but the present Cu levels was lower than the reported level for breast cancer
patients from England and higher than rest of the levels given in Table. Likewise, average
level of Fe in the present investigation was found to be higher compared with the ovary
cancer patients from Pakistan but lower than those of prostate cancer patients from Turkey
and Pakistan. However, the mean level was not significantly different than those of lung
cancer patients from Spain and Pakistan. Mean concentration of Na in the blood of thyroid
cancer patients measured in the present study was relatively lower than the reported levels
for lung, ovary and prostate cancer patients from Pakistan as well as liver cancer patients.
Average level of Zn in the present study was found to be lower than the reported levels for
liver cancer patients and breast cancer patients from England but the present Zn level was
higher compared to the lung, ovary and prostate cancer patients from Pakistan, lung cancer
patients from China and Spain, prostate cancer patients from Turkey, oral cancer patients
from Taiwan as well as head and neck cancer patients (Table 9). Overall, the comparative
study showed elevated levels for most of the metals in the blood of thyroid cancer patients
than the reported levels for other cancer types which may be concomitant with the
disproportions of the trace metals due to carcinogenesis.
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Table 9. Comparison of the average metal levels (ug/g) in the blood of thyroid cancer patients with the reported levels for other types of cancer

Type/Country Ca Cd Co Cr Cu Fe K Mg Mn Na Pb Sr Zn  Ref.

Thyroid cancer/Pakistan 35.65 9.304 25.67 14.68 2.050 309.6 1322 2594 3.473 1404 18.06 10.38 11.18 Presentstudy
Ovary cancer/Pakistan ~ 35.63 0.301 2.383 2200 1.029 184.6 2775 33.46 0.156 1822 2735 1.943 6.318 Qayyum and Shah, 2016
Prostate cancer/Pakistan 36.22 1.084 2.190 1.230 1.903 850.8 165.2 29.43 1524 1529 3.658 1.301 4.283 Qayyum and Shah, 2014

Lung cancer/Pakistan 5431 0425 2737 1.080 1.647 3539 708.7 36.59 0.278 1662 5.275 1.267 6.501 Qayyum and Shah, 2014

Lung cancer/China 70.03 1.31 17.92 0.41 Chenetal., 2011
Lung cancer/Spain 31.20 2.087 300.3 39.21 6.783 Diez et al., 1989
Prostate cancer/Turkey 0.456 623 4.375 Ozmen et al., 2006
Breast cancer/England  35.21 3.312 32.21 2.102 17.25 Capel et al., 1982
Oral cancer/Taiwan 1.000 0.83 0.88 3.34 6.73 Yuanetal.2011
Head and neck cancer 37.34 2.340 1.480 872.2 1.932 0.0613 Abdullah et al., 1979
Liver cancer 7.603 0.3339 31.24 1775 42.75 Khlifi et al., 2013
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3.7  Salient Findings of the Present Study
Based on the deliberations stated in foregoing sections, following salient findings

emerged from the present study:

o Most of the metals showed random distribution in the blood of both donor groups,
however the dispersion and asymmetry was higher in the patient group.

o Average levels of Sr, Mn, Cu, Co, Cd and Zn were found to be higher in the blood
of controls than the patients.

o Comparative variations in the quartile distribution were considerably divergent in
the patients than the controls.

o Correlation study showed diverse associations among the metals in the blood of the
patients and controls.

o Significant variations in the metal levels were observed with the gender, habitat,
food habits and smoking habits of both donor groups.

o Metal levels exhibited considerable differences with the age of the donors and
stages of thyroid cancer.

o PCA and CA revealed considerably divergent apportionment of the metals in the
patients and controls; it may be considered as a diagnostic tool in clinical studies.

o In comparison with the reported levels for other types of cancer, average levels for
most of the metals in thyroid cancer patients were found to be higher.

42



REFERENCES

ACS (2016) American Cancer Society, https://www.cancer.org/cancer/thyroid-
cancer/about/what-is-thyroid cancer.html). Retrieved on March 5, 2017.

Agahian B, Lee JS, Nelson JH, Johns RE, (1990) Arsenic levels in fingernails as a
biological indicator of exposure to arsenic. The American Industrial Hygiene
Association Journal, 51(12), 646-651.

Ago R, Shindo T, Banshodani M, Shintaku S, Moriishi M, Masaki T, Kawanishi H, (2016)
Hypomagnesemia as a predictor of mortality in hemodialysis patients and the role of
proton pump inhibitors: A cross sectional, 1 year, retrospective cohort study.
Hemodialysis International, 20(4), 580-588.

Aitio A, Jaurvisalo J, Stoeppler M, (1994) Sampling and sample storage. Techniques and
Instrumentation in Analytical Chemistry, 15, 3-19.

Anderson CA, Appel LJ, Okuda N, Brown I1J, Chan Q, Zhao L, Ueshima H, Kesteloot H,
Miura K, Curb JD, Yoshita K, (2010) Dietary sources of sodium in China, Japan, the
United Kingdom, and the United States, women and men aged 40 to 59 years: the
INTERMAP study. Journal of the American Dietetic Association, 110, 736-745.

Anderson RA (2002) Chromium in the prevention and control of diabetes. Diabetes
Metab, 26, 22-27

Angerer J, Eweres U, Wihelm M, (2007) Human biomonitoring: state of art. International
Journal of Hygiene and Environmental Health, 210(3), 201-228.

Arain SS, Kazi TG, Arain JB, Afridi HI, Kazi AG, Nasreen S, Brahman KD. (2014)
Determination of nickel in blood and serum samples of oropharyngeal cancer
patients consumed smokeless tobacco products by cloud point extraction coupled
with flame atomic absorption spectrometry. Environmental Science and Pollution
Research, 21(20), 12017-12027.

Aust SD, Morehouse LA, Thomas CE, (1985) Role of metals in oxygen radical reactions.
Journal of Free Radicals in Biology and Medicine, 1(1), 3-25.

Baborik M, Dusek J, (1972) Cardiomyopathy accompany industrial cobalt exposure.
British Heart Journal, 34(1), 113.

Banks RE, Stanley AJ, Cairns DA, Barrett JH, Clarke P, Thompson D, Selby PJ, (2005)
Influences of blood sample processing on low—molecular-weight proteome identified

by surface-enhanced laser desorption/ionization mass spectrometry. Clinical

43


https://www.cancer.org/cancer/thyroid-cancer/about/what-is-thyroid%20cancer.html).Retrieved
https://www.cancer.org/cancer/thyroid-cancer/about/what-is-thyroid%20cancer.html).Retrieved

Chemistry, 51(9), 1637-1649.

Barbosa F, Ramires I, Rodrigues MH, Saint’Pierre TD, Curtius AJ, Buzalaf MR, Gerlach
RF, Tanus-Santos JE, (2006) Contrasting effects of age on the plasma/ whole blood
lead ratio in men and women with a history of lead exposure. Environmental
Research, 102(1), 90-95

Barbosa F, Tanus-Santos J, Gerlach F, Jarsons P, (2005) A critical review of biomarkers
used for monitoring human exposure to lead, advantages, limitations and future
needs. Environmental Health Perspectives, 1669-1674.

Barbosa Jr F, Rodrigues MHC, Buzalaf MR, Krug FJ, Gerlach RF, Tanus-Santos JE,
(2006) Evaluation of the use of salivary lead levels as a surrogate of blood lead or
plasma lead levels in lead exposed subjects. Archives of Toxicology, 80, 633-637.

Barceloux, DG, (1999) Copper. Journal of Toxicology: Clinical Toxicology, 37, 173- 194.

Batuman V, Landy E, Maesaka JK, Wedeen RP, (1983) Contribution of lead to
hypertension with renal impairment. New England Journal of Medicine, 309, 17-21.

Beard J, (2003) Iron deficiency alters brain development and functioning. Journal of
Nutrition, 133(5), 1468S-1472S

Belizian JM, Villar J, (1980) The relationship between calcium intake and edema,
proteinuria, and hypertension-gestosis: a hypothesis. American Journal of Clinical
Nutrition, 33(10), 2202-2210.

Bertin G, Averbeck D. (2006) Cadmium: cellular effects, modifications of biomolecules,
modulation of DNA repair and genotoxic consequences (a review). Biochimie,
88(11), 1549-1559.

Bhurgri Y, Bhurgri A, Hassan SH, Zaidi SH, Rahim A, Sankaranarayanan R, Parkin DM,
(2000) Cancer incidence in Karachi, Pakistan: first results from Karachi cancer
registry. International Journal of Cancer, 85(3), 325-329.

Bhurgri Y, Bhurgri A, Hussainy AS, Faridi N, Bhurgri H, Usman A, Mirza J, Malik J,
Muzaffar S, Kayani N, Pervez S (2003) Incidence of cancer esophagus in Quetta and
Karachi, Pakistan. Official Journal of the Indian Society of Gastroenterology, 22(5),
170-172.

Bhurgri Y, Bhurgri A, Nishter S, Ahmed A, Usman A, Pervez S, Kayani N, Ahmed R,
Hassan SH, Riaz A, Bhurgri H, (2006) Pakistan-country profile of cancer and cancer
control 1995-2004. Journal of the Pakistan Medical Association, 56(3), 124-130.

Bhurgri Y, Bhurgri A, Pervez S, Bhurgri M, Kayani N, Ahmed R, Usman A, Hasan SH,
(2005) Cancer profile of Hyderabad, Pakistan 1998-2002. Asian Pacific Journal of

44



Cancer Prevention, 6(4), 474.

Bhurgri Y, Bhurgri H, Ajam A, Pervez S, Hasan SH, Usman A, Khan JA, Kasi Q, Kasi I,
Rasool AG, Bhurgri A (2002). Cancer Patterns in Quetta (1998-1999). Journal of the
Pakistan Medical Association, 52(12), 560-565.

Bhutta ZA, Black RE, Brown KH, Gardner JM, Gore S, Hidayat A, Khatun F, Martorell
R, Ninh NX, Penny ME, Rosado JL, (1999) Prevention of diarrhea and pneumonia
by zinc supplementation in children in developing countries: pooled analysis of
randomized controlled trials. Journal of Pediatrics, 135(6), 689-697.

BbLazewicz A, Orlicz-Szczgsna G, Prystupa A, Szczgsny P, (2010) Use of ion
chromatography for the determination of selected metals in blood serum of patients
with type 2 diabetes. Journal of Trace Elements in Medicine and Biology, 24, 14-19.

Block GA, Raggi P, Bellasi A, Kooienga L, Spiegel DM, (2007) Mortality effect of
coronary calcification and phosphate binder choice in incident hemodialysis patients.
Kidney International, 71(5), 438-441.

Bolland MJ, Grey A, Avenell A, Gamble GD, Reid IR, (2011) Calcium supplements with
or without vitamin D and risk of cardiovascular events: reanalysis of the Women’s
Health Initiative limited access dataset and meta-analysis. BMJ, 342, d2040.

Bouchard M, Laforest F, Vandelac L, Bellinger D, Mergler D, (2007) Hair manganese and
hyperactive behaviors: pilot study of school-age children exposed through tap water.
Environment Health Perspective, 115, 122-127.

Bressler JP, Olivi L, Cheong JH, Kim Y, Bannona D. (2004) Divalent metal transporter 1
in lead and cadmium transport. Annals of the New York Academy of Sciences,
1012(1), 142-152.

Buettner GR, (1993) The pecking order of free radicals and antioxidants: lipid
peroxidation, a-tocopherol, and ascorbate. Archives of Biochemistry and Biophysics,
300(2), 535-543.

Bussiere Fl, Gueux E, Rock E, Girardeau JP, Tridon A, Mazur A, Rayssiguier Y, (2002)
Increased phagocytosis and production of reactive oxygen species by neutrophils
during magnesium deficiency in rats and inhibition by high magnesium
concentration. British Journal of Nutrition, 87(02), 107-113.

Caballero B, (2009) Guide to Nutritional Supplements. Academic Press, Oxford, UK, pp.
339-345.

Chappuis P, Pineau A, Guillard O, Arnaud J, Zawislak R, (1994) Practical advice

concerning collection of biological fluids for determination of trace elements.

45



Annales Biologie Clinique, 52(2), 103-109.

Christensen JM, Poulsen OM, (1994) A 1982-1992 surveillance programme on Danish
pottery painters. Biological levels and health effects following exposure to soluble or
insoluble cobalt compounds in cobalt blue dyes. Science of the Total Environment,
50(1- 3), 95-104

Cocciardi JA, (2012) Operating Safely in Hazardous Environments. Jones & Bartlett
Publisher, pp. 111

Columbano A, Ledda-Columbano GM, Lee G, Rajalakshmi S, Sarma DS, (1987) Inability
of mitogen-induced liver hyperplasia to support the induction of enzyme-altered
islands induced by liver carcinogens. Cancer Research, 47(21), 5557-5559.

Cooper WC, Wong O, Kheifets L, (1985) Mortality among employees of lead battery
plants and lead-producing plants, 1947—1980. Scandinavian Journal of Work,
Environment and Health, 331-345.

Cousins RJ. Zinc. In: Filer LJ, Ziegler EE, (1996) Present Knowledge in Nutrition. 7"
Edition, International Life Science Institute Nutrition Foundation, Washington, DC:
pp. 293-306.

Cullen MR, (1984) Respiratory diseases from hard metal exposure. A continuing enigma.
CHEST Journal, 86(4), 513-514.

Daftsis EJ and Zachariadis GA (2007) Analytical performance of electro thermal atomic
absorption spectrometry method for Cd, Co, Cr and Pb determination in blood
fractions samples. Talanta, 71, 722-730

Danks DM, Campbell PE, Walker-Smith J, Stevens BJ, Gillespie JM, Blomfield J, Turner
B, (1972) Menkes’ kinky hair disease. Lancet, 299(7760), 1100-1103.

Dawson-Hughes B, Dallal GE, Krall EA, Sadowski L, Sahyoun N, Tannenbaum S, (1990)
A controlled trial of the effect of calcium supplementation on bone density in
postmenopausal women. New England Journal of Medicine, 323(13), 878-883.

De Boer IH, Tinker LF, Connelly S, Curb JD, Howard BV, Kestenbaum B, Larson JC,
Manson JE, Margolis KL, Siscovick DS, Weiss NS, (2008) Calcium plus vitamin D
supplementation and the risk of incident diabetes in the Women's Health Initiative.
Diabetes Care, 31(4), 701-707.

DeGroot LJ, Jameson JL, (2001) Endocrinology. 4™ Edition, Philadelphia: WB Saunders,
pp. 1541-1566.

Deshpande JD, Joshi MM, Giri PA, (2013) Zinc: The trace element of major importance in

human nutrition and health. International Journal of Medical Science and Public

46



Health, 2(1), 1-6.

Dixon JR, Lowe DB, Richards DE, Cralley LJ, Stokinger HE, (1974) The role of trace
metals in chemical carcinogenesis: Asbestos cancers. Cancer Research, 30(4), 1068-
1074.

Dombovari J, Papp L, (1998) Comparison of sample preparation methods for elemental
analysis of human hair. Microchemical Journal, 59(2), 187-193.

Durham TR, Snow ET, (2006) Transition Metal lons and Carcinogenesis. Springer
Science & Business Media, pp. 97-130.

Ekman P, (1999) Genetic and environmental factors in prostate cancer genesis: identifying
high-risk cohorts. European Urology, 35(5-6), 362-369.

Ericson JE, Crinella FM, Clarke-Stewart KA, Allhusen VD, Chan T, Robertson RT,
(2007) Prenatal manganese levels linked to childhood behavioral disinhibition.
Neurotoxicology and Teratology, 29(2), 181-187.

Everett CJ, Frithsen IL, (2008) Association of urinary cadmium and myocardial infarction.
Environmental Research, 106(2), 284-286.

Fenton HJ, (1894) LXXIIl.—Oxidation of tartaric acid in presence of iron. Journal of the
Chemical Society Transactions, 65, 899-910.

Ferlay J, Bray F, Pisani P, Parkin DM, (2001) GLOBOCAN 2002. Cancer Incidence,
Mortality and Prevalence Worldwide. International Agency for Research on Cancer,
5(2), 3030-3044.

Fleming KH, Heimbach JT, (1994) Consumption of calcium in the US: food sources and
intake levels. Journal of Nutrition, 124, 1426S-1430S.

Foley RN, Parfrey PS, Sarnak MJ, (1998) Clinical epidemiology of cardiovascular disease
in chronic renal disease. American Journal of Kidney Diseases, 32(5), S112-S1109.

Folsom AR, Hong CP, (2006) Magnesium intake and reduced risk of colon cancer in a
prospective study of women. American Journal of Epidemiology, 163(3), 232-235.

Fraga CG, (2005) Relevance, essentiality and toxicity of trace elements in human health.
Molecular Aspects of Medicine, 26(4), 235-244.

Gaetke LM, Chow CK, (2003) Copper toxicity, oxidative stress, and antioxidant nutrients.
Toxicology, 189(1), 147-163.

Gheysens B, Auwerx J, Van den Eeckhout A, Demedts M, (1985) Cobalt-induced
bronchial asthma in diamond polishers. Chest, 88(5), 740-744.

Golasik M, Przybylowicz A, Wozniak A, Herman M, Gawegcki W, Golusinski W, Walas
S, Krejpcio Z, Szyfter K, Florek E, Piekoszewski W.(2015) Essential metals profile

47



of the hair and nails of patients with laryngeal cancer. Journal of Trace Elements in
Medicine and Biology, 31, 67-73.

Goldstein W, (1992) Neurologic concepts of lead poisoning in children. Pediatric Annals,
21(6), 384-388.

Gonzalez AS, Gayon JMM, Lobo JMT, Jimenez JP and Mede AS (2008) High-resolution
ICP-MS determination of Ti, V, Cr, Co, Ni, and Mo in human blood and urine of
patients implanted with a hip or knee prosthesis. Analytical and Bioanalytical
Chemistry, 391(7), 2583-2589.

Goodman WG, Goldin J, Kuizon BD, Yoon C, Gales B, Sider D, Wang Y, Chung J,
Emerick A, Greaser L, Elashoff RM, (2000) Coronary-artery calcification in young
adults with end-stage renal disease who are undergoing dialysis. New England
Journal of Medicine, 342(20), 1478-1483.

Goyer R, Golub M, Choudhury H, Hughes M, Kenyon E, Stifelman M, (2004) Issue paper
on the human health effects of metals. US Environmental Protection Agency Risk
Assessment Forum, (Vol. 1200).

Goyer RA, (1990) Lead toxicity: from overt to subclinical to subtle health effects.
Environmental Health Perspectives, 86, 177.

Goyer, RA, Clarkson TM, (2014) Organoselenium Chemistry Between Synthesis and
Biochemistry. 3" Edition, Bentham Science Publishers, New York, pp. 811-868.

Guy RH, (1999) Metals and the skin: topical effects and systemic absorption. CRC Press,
San Francisco, California, pp 258-260,186,181.

Haas JD, Brownlie T, (2001) Iron deficiency and reduced work capacity: a critical review
of the research to determine a causal relationship. Journal of Nutrition, 131(2),
676S- 690S.

Halliwell B, Gutteridge JM, (1984) Oxygen toxicity, oxygen radicals, transition metals
and diseases. Biochemical Journal, 219(1), 1.

Halliwell B, Gutteridge JM, (1990) Role of free radicals and catalytic metal ions in human
disease: an overview. Methods in Enzymology, 186, 1-85.

Hambidge KM, Walravens PA, (1982) Neonatal Nutrition and Metabolism. Cambridge
University Press, New York, pp. 87-117.

Hanif M, Zaidi P, Kamal S, Hameed A, (2009) Institution-based cancer incidence in a
local population in Pakistan: nine year data analysis. Asian Pacific Journal of
Cancer Prevention, 10(2), 227-230.

Harris ED, (2001) Copper homeostasis: The role of cellular transporters. Nutrition

48



Reviews, 59(9), 281-285.

Hashmi M, (1997) Frequency of consanguinity and its effects on congenital malformation:
a hospital based study. Journal of Pakistan Medical Association, 47, 75-77.

Hayflick SJ, Westaway SK, Levinson B, Zhou B, Johnson MA, Ching KH, Gitschier J,
(2003) Genetic, clinical, and radiographic delineation of Hallervorden-Spatz
syndrome. New England Journal of Medicine, 348(1), 33-40.

He FJ, Campbell NR, MacGregor GA, (2012) Reducing salt intake to prevent
hypertension and cardiovascular disease. Revista Panamericana de Salud Publica,
32(4), 293-300.

He FJ, MacGregor GA, (2008) Beneficial effects of potassium on human health.
Physiologia Plantarum, 133(4), 725-735.

He FJ, MacGregor GA, (2010) Reducing population salt intake worldwide: from evidence
to implementation. Progress in Cardiovascular Diseases, 52(5), 363-382.

Heaney RP, Recker RR, Saville PD, (1977) Calcium balance and calcium requirements in
middle-aged women. American Journal of Clinical Nutrition, 30(10), 1603-1611.

Heitland P and Koster HD (2006) Biomonitoring of 37 trace elements in blood samples
from inhabitants of northern Germany by ICP-MS. Journal of Trace Elements in
Medicine and Biology, 20(4), 253-262.

Helaluddin, A. B. M., Khalid, R. S., Alaama, M., & Abbas, S. A. (2016). Main Analytical
Techniques Used for Elemental Analysis in Various Matrices. Tropical Journal of
Pharmaceutical Research, 15(2), 427-434.

Hellstrom L, Elinder CG, Dahlberg B, Lundberg M, Jérup L, Persson B, Axelson O,
(2001) Cadmium exposure and end-stage renal disease. American Journal of Kidney
Diseases, 38(5), 1001-1008.

Hindo SS, Frezza M, Tomco D, Heeg MJ, Hryhorczuk L, McGarvey BR, Dou QP, Verani
CN, (2009) Metals in anticancer therapy: copper (Il) complexes as inhibitors of the
20S proteasome. European Journal of Medicinal Chemistry, 44(11), 4353-4361.

Holick MF, (2004) Nutrition and bone health, In; Nutrirtion and Health, Columbia
University, New York, pp. 618-621.

Hopenhayn-Rich C, Biggs ML, Smith AH, (1998) Lung and kidney cancer mortality
associated with arsenic in drinking water in Cordoba, Argentina. International
Journal of Epidemiology, 27(4), 561-5609.

Hua F, Hautaniemi S, Yokoo R and Lauffenburger DA (2006) Integrated mechanistic and

data-driven modelling for multivariate analysis of signalling pathways. Journal of

49



Royal Society Interface, 3(9), 515-526.

lannotti LL, Tielsch JM, Black MM, Black RE, (2006) Iron Supplementation in
earlychildhood: health benefits and risks. American Journal of Clinical Nutrition,
4(6),1261-1276.

llyas A, Shah MH, (2015) Abnormalities of selected trace elements in patients with
coronary artery disease. Acta Cardiologica Sinica, 31(6), 518.

Ingles SA, Ross RK, Mimi CY, Haile RW, Irvine RA, La Pera G, Coetzee GA, (1997)
association of prostate cancer risk with genetic polymorphisms in vitamin D receptor
and androgen receptor. Journal of the National Cancer Institute, 89, 166-170.

Jennette KW, (1981) The role of metals in carcinogenesis: biochemistry and metabolism.
Environmental Health Perspectives, 40, 233.

Kadiiska MB, Burkitt MJ, Xiang Q-H, Mason R, (1995) Iron supplementation generates
hydroxyl radical in vivo: an ESR spin-trapping investigation. Journal of Clinical
Investigation, 96(3), 1653.

Kati¢ J, Fuci¢ A, Gamulin M, (2010) Prenatal, early life, and childhood exposure to
genotoxicants in the living environment. Arhivza Higijenurada i Toksikologiju,
61(4), 455-463.

Kazi TG, Jalbani N, Arain MB, Jamali MK, Afridi HI, Sarfraz RA, Shah AQ (2009) Toxic
metals distribution in different components of Pakistani and imported cigarettes by
electrothermal atomic absorption spectrometer. Journal of Hazardous Materials,
163(1), 302-307.

Kazi TG, Jalbani N, Kazi N, Jamali MK, Arain MB, Afridi HI, Kandhro A, Pirzado Z ,
(2008) Evaluation of toxic metals in blood and urine samples of chronic renal failure
patients, before and after dialysis. Renal Failure, 30(7), 737-745.

Kazi TG, Wadhwa SK, Afridi HI, Talpur FN, Tuzen M, Baig JA.(2014) Comparison of
essential and toxic elements in esophagus, lung, mouth and urinary bladder male
cancer patients with related to controls. Environmental Science and Pollution
Research, 22(10), 7705-7715.

Khaw KT, Rose G, (1982) Population study of blood pressure and associated factors in St
Lucia, West Indies. International Journal of Epidemiology, 11(4), 372-377.

Khuder A, Bakir MA, Hasan R, Mohammad A, Habil K, (2014) Trace elements in scalp
hair of leukaemia patients. Nukleonika, 59(3), 111-120.

Kim Y, Kim BN, Hong YC, Shin MS, Yoo HJ, Kim JW, Bhang SY, Cho SC, (2009) Co-

exposure to environmental lead and manganese affects the intelligence of school-

50



aged children. Neurotoxicology, 30(4), 564-571.

King JC, Cousins RJ, Shils ME, Shike M, Ross AC, Caballero B, CousinsRJ, (2006)
Modern Nutrition in Health and Disease. 10™ Edition, Lippincott Williams and
Wilkins, New York, pp. 271-285.

Kolachi N F, Kazi T G, Afridi H I, Kazi N G, Khan S, (2012) Investigation of essential
trace and toxic elements in biological samples (blood, serum and scalp hair) of liver
cirrhotic/cancer female patients before and after mineral supplementation. Clinical
Nutrition, 31(6), 967-973.

Krall EA, Wehler C, Garcia RI, Harris SS, Dawson-Hughes B, (2001) Calcium and
vitamin D supplements reduce tooth loss in the elderly. American Journal of
Medicine, 111(6), 452-456.

Kumar A, Devi SG, Batra S, Singh C, Shukla DK, (2009) Calcium supplementation for
the prevention of pre-eclampsia. International Journal of Gynecology and
Obstetrics, 104(1), 32-36.

Kwong WT, Friello P, Semba RD, (2004) Interactions between iron deficiency and lead
poisoning: epidemiology and pathogenesis. Science of the Total Environment,
330(1), 21-37.

Ladon D, Doherty A, Newson R, Turner J, Bhamra M and Case CP (2004) Changes in
metal levels and chromosome aberrations in the peripheral blood of patients after
metal on-metal hip arthroplasty. Journal of Anthroplasty, 19(8), 78-83.

Lamprecht SA, Lipkin M, (2003) Chemoprevenation of colon cancer by calcium, vitamin
D and folate: molecular mechanisms. Nature Reviews Cancer, 3(8), 601-614.

Larsson SC, Bergkvist L, Wolk A, (2005) Magnesium intake in relation to risk of
colorectal cancer in women. JAMA, 293(1), 86-89.

Lauwerys R, Lison D, (1994) Health risks associated with cobalt exposure - an overview.
Science of the Total Environment, 150 (1-3), 1-6.

Lee JC, Son YO, Pratheeshkumar P, Shi X, (2012) Oxidative stress and metal
carcinogenesis. Free Radical in Biology and Medicine, 53(4), 742-757.

Lemann J Jr, Pleuss JA, Gray RW, (1993) Potassium causes calcium retention in healthy
adults. Journal of Nutrition, 123(9), 1623-1626.

Lemann J Jr, Pleuss JA, Gray RW, Hoffmann RG, (1991) Potassium administration
reduces and potassium deprivation increases urinary calcium excretion in healthy
adults. Kidney International, 39(5), 973-983.

Leonard SS, Harris GK, Shi X, (2004) Metal-induced oxidative stress and signal

51



transduction. Free Radical in Biology and Medicine, 37(12), 1921-1942.

Lopes WD, Santelli RE, Oliveira EP, Carvalho MFB and Begerra MA (2009) Application
of multivariate techniques into optimization of a procedure for determination of
bioavailable concentrations of Se and As in estuarine sediments by ICP-OES using a
concomitant metals analyzer as a hydride generator. Talanta, 79(5), 1276-1282.

Lozoff B, Black MM, (2004) Impact of Micronutrient Deficiencies on Behavior and
Development. 2™ Edition, Karger Medical and Scientific Publishers, Switzerland, pp.
119-135.

MacGregor GA, Smith SJ, Markandu ND, Banks RA, Sagnella GA, (1982) Moderate
potassium supplementation in essential hypertension. Lancet, 320, 567-570.

Machado C, Appelbe A, Wood R, (2012) Arthroprosthetic cobaltism and cardiomyopathy.
Heart, Lung and Circulation, 21(11), 759-760.

Malik 1A, (2002) A prospective study of clinico-pathological features of epithelial ovarian
cancer in Pakistan. Journal of Pakistan Medical Association, 52(4), 155-158.

Marie PJ, Ammann P, Boivin G, Rey C, (2001) Mechanisms of action and therapeutic
potential of strontium in bone. Calcified Tissue International, 69(3), 121-129.

Marieb EN, (1998) Human Anatomy & Physiology. 9" Edition, Pearson Education,
Australia, pp. 168.

Markowitz ME, (1999) Lead poisoning: a disease for the next millennium. Current
Problems in Pediatrics, 30(3), 62-70.

Masur LC, (2011) A review of the use of mercury in historic and current ritualistic and
spiritual practices. Alternative Medicine Review, 16(4), 314-320.

McKee M, Lock K, Pomerleau J, (2006) Fruit and vegetable consumption and stroke.
Lancet, 367, 1056.

Meecham, HM, Humphrey P, (1991) Industrial exposure to cobalt causing optic atrophy
and nerve deafness. A case report. Journal of Neurology, Neurosurgery and
Psychiatry, 54(4), 374-375.

Mehra R, Juneja M, (2005) Fingernails as biological indices of metal exposure. Journal of
Biosciences, 30(2), 253-257.

Memon W, Khanzada TW, Samad A, Kumar B, (2010) Incidence of thyroid carcinoma in
multinodulargoiters. Rawal Medical Journal, 35(1), 65-67.

Mergler D, (1999) Neurotoxic effects of low level exposure to manganese in human
populations. Environmental Research, 80(2), 99-102.

Mergler D, Baldwin M, Belanger S, Larribe F, Beuter A, Bowler R, Panisset M, Edwards

52



R, De Geoffroy A, Sassine MP, Hudnell K, (1998) Manganese neurotoxicity, a
continuum of dysfunction: results from a community based study. Neurotoxicology,
20(2-3), 327-342.

Meunier PJ, Roux C, Seeman E, Ortolani S, Badurski JE, Spector TD, Cannata J, Balogh
A, Lemmel EM, Pors-Nielsen S, Rizzoli R, (2004) The effects of strontium ranelate
on the risk of vertebral fracture in women with postmenopausal osteoporosis. New
England Journal of Medicine, 350(5), 459-468.

Misra RR, Hochadel JF, Smith GT, Cook JC, Waalkes MP, Wink DA, (1996) Evidence
that nitric oxide enhances cadmium toxicity by displacing the metal from
metallothionein. Chemical Research in Toxicology, 9(1), 326-332.

Morris V, Markowitz ME, Rosen JR, (1988) Serial measurements of aminolevulinic acid
dehydratase in children with lead toxicity. Journal of Pediatrics, 112(6), 916-919.

Morton J, Carolan VA, Gardiner PH, (2002) Removal of exogenously bound elements
from human hair by various washing procedures and determination by inductively
coupled plasma mass spectrometry. Analytica Chimica Acta, 455(1), 23-34.

Mozaffarian D, Fahimi S, Singh GM, Micha R, Khatibzadeh S, Engell RE, Lim S, Danaei
G, Ezzati M, Powles J, (2014) Global sodium consumption and death from
cardiovascular causes. New England Journal of Medicine, 371(7), 624-634.

Muhammad N, Guo Z, (2014) Metal-based anticancer chemotherapeutic agents. Current
Opinion in Chemical Biology, 19, 144-153.

Navas-Acien A, Selvin E, Sharrett AR, Calderon-Aranda E, Silbergeld E, Guallar E,
(2004) Lead, cadmium, smoking, and increased risk of peripheral arterial disease.
Circulation, 109(25), 3196-3201.

Navas-Acien A, Silbergeld EK, Sharrett AR, Calderon-Aranda E, Selvin E, Guallar E,
(2005) Metals in urine and peripheral arterial disease. Environmental Health
Perspectives, 164-1609.

Nawrot T, Plusquin M, Hogervorst J, Roels HA, Celis H, Thijs L, Vangronsveld J, Van
Hecke E, Staessen JA, (2006) Environmental exposure to cadmium and risk of
cancer: a prospective population-based study. The Lancet Oncology, 7(2), 119-126.

NCI (2017) National Cancer Institute,
https://www.cancer.gov/types/thyroid/patient/thyroid-treatment-pdg. Retrieved on
March 6, 2017.

NCI, (2015) Thyroid Cancer Types, Stages and Treatment Overview

https://www.cancer.org/cancer/thyroid-cancer/detection-diagnosis.../staging.htm.

53


https://www.cancer.gov/types/thyroid/patient/thyroid-treatment-pdq.%20Retrieved
https://www.cancer.org/cancer/thyroid-cancer/detection-diagnosis.../staging.htm.Retrieved

Retrieved on March 31, 2017.

Newmark HL, Wargovich MJ, Bruce WR, (1984) Colon cancer and dietary fat, phosphate,
and calcium: a hypothesis. Journal of the National Cancer Institute, 72, 1323-1325.

Nielsen SP, (2004) The biological role of strontium. Bone, 35(3), 583-588.

Norman MD, (2017) Thyroid Cancer Symptoms, Diagnosis, and Treatments
(https://www.endocrineweb.com/.../thyroid-cancer/thyroid-cancer-follicular cancer).
Retrieved on March 8, 2017.

Nowak B, Chmielnicka J, (2000) Relationship of lead and cadmium to essential elements
in hair, teeth, and nails of environmentally exposed people. Ecotoxicology and
Environmental Safety, 46(3), 265-274.

Nriagu J, (2007) Zinc deficiency in human health. School of Public Health.

Odell BL, (1982) Biochemical basis of the clinical effects of copper deficiency. Clinical,
Biochemical, and Nutritional Aspects of Trace Elements, 301-320.

Parsons PJ, Barbosa F, (2007) Atomic spectrometry and trends in clinical laboratory
medicine. Spectrochimica Acta Part B: Atomic Spectroscopy, 62(9), 992-1003.

Pasha Q, Malik SA, Igbal J, Shaheen N, Shah MH (2008) Comparative evaluation of trace
metal distribution and correlation in human malignant and benign breast tissues.
Biological Trace Element Research, 125(1), 30-40.

Pasha Q, Malik SA, Igbal J, Shaheen N, Shah MH, (2010) Investigation of trace metals in
the blood plasma and scalp hair of gastrointestinal cancer patients in comparison
with control. Clinica Chimica Acta, 411(7), 531-5309.

Pasha Q, Malik SA, Shaheen N, Shah MH, (2010b) Investigation of trace metals in the
blood plasma and scalp hair of gastrointestinal cancer patients in comparison with
controls. Clinica Chimica Acta, 411(7), 531-539.

Pereira R, Ribeiro R, Goncalves , (2004) Scalp hair analysis as a tool in assessing human
exposure to heavy metals (S. Domingos mine, Portugal). Science of the Total
Environment, 327(1), 81-92.

Peters JL, Perlstein TS, Perry MJ, McNeely E, Weuve J, (2010) Cadmium exposure in
association with history of stroke and heart failure. Environmental Research, 110(2),
199-206.

Pittas AG, Lau J, Hu FB, Dawson-Hughes B, (2007) The role of vitamin D and calcium in
type 2 diabetes: a systematic review and meta-analysis. Journal of Clinical
Endocrinology and Metabolism, 92(6), 2017-2029.

Powell JE, Kelly AM, Parkes SE, Cole TRP, Mann JR, (1995) Cancer and congenital

54


https://www.cancer.org/cancer/thyroid-cancer/detection-diagnosis.../staging.htm.Retrieved
https://www.endocrineweb.com/.../thyroid-cancer/thyroid-cancer-follicular%20cancer).%20%20Retrieved
https://www.endocrineweb.com/.../thyroid-cancer/thyroid-cancer-follicular%20cancer).%20%20Retrieved

abnormalities in Asian children: A population based study from the West Midlands.
British Journal of Cancer, 72(6), 1563.

Prasad AS, (2008) Zinc in human health: effect of zinc on immune cells. Molecular
Medicine-Cambridge Ambridge Ma Then New York, 14(5/6), 353.

Prashanth L, Kattapagari KK, Chitturi RT, Baddam VR, Prasad LK, (2015) A review on
role of essential trace elements in health and disease. Journal of Dr. NTR University
of Health Sciences, 4(2), 75.

Predki PF, Sarkar B, (1992) Effect of replacement of “zinc finger” zinc on estrogen
receptor DNA interactions. Journal of Biological Chemistry, 267(9), 5842-5846
Prystupa A, Btazewicz A, Kicinski P, Sak JJ, Niedziatek J, Zatuska W, (2016) Serum
concentrations of selected heavy metals in patients with alcoholic liver cirrhosis
from the Lublin region in Eastern Poland. International Journal of Environmental

Research and Public Health, 13(6), 582.

Qayyum MA, Shah MH, (2014) Comparative study of trace elements in blood, scalp hair
and nails of prostate cancer patients in relation to healthy gonors. Biological Trace
Element Research, 162(1-3), 46-57.

Ralph FS, (2011) Quadruplex DNA: a promising drug target for the medicinal inorganic
chemist. Current Topics in Medicinal Chemistry, 11(5), 572-590.

Reginster JY, Seeman E, De Vernejoul MC, Adami S, Compston J, Phenekos C,
Devogelaer JP, Curiel MD, Sawicki A, Goemaere S, Sorensen OH, (2005) Strontium
ranelate reduces the risk of nonvertebral fractures in postmenopausal women with
osteoporosis: Treatment of Peripheral Osteoporosis (TROPOS) study. Journal of
Clinical Endocrinology and Metabolism, 90(5), 2816-2822.

Rodrigues JL, Batista BL, Nunes JA, Passos CJ, Barbosa F, (2008) Evaluation of the use
of human hair for biomonitoring the deficiency of essential and exposure to toxic
elements. Science of the Total Environment, 405(1), 370-376.

Rodushkin I, Axelsson MD, (2000) Application of double focusing sector field ICP-MS
for multielemental characterization of human hair and nails. Part I. Analytical
methodology. Science of the Total Environment, 250(1), 83-100.

Roohani N, Hurrell R, Kelishadi R, Schulin R, (2013) Zinc and its importance for human
health: An integrative review. Journal of Research in Medical Sciences, 18, 144-157.

Rosen JF, (1995) Adverse health effects of lead at low exposure levels: trends in the
management of childhood lead poisoning. Toxicology, 97(1-3), 11-17.

Rowbotham AL, Levy LS, Shuker LK, (2000) Chromium in the environment: an

55



evaluation of exposure of the UK general population and possible adverse health
effects. Journal of Toxicology and Environmental Health Part B: Critical Reviews,
3(3), 145-178.

RSC, (2017) Royal Society of Chemistry.
http://www.liskeard.cornwall.sch.uk/images/Liskeard-Sixth-Form/Atomic-
Absorption-Spectrometry.pdf (Retrieved on March 17, 2017).

Russo D, Miranda I, Ruocco C, Battaglia Y, Buonanno E, Manzi S, Russo L, Scafarto A,
Andreucci VE, (2007) The progression of coronary artery calcification in predialysis
patients on calcium carbonate or sevelamer. Kidney International, 72, 1255-1261.

Ryan JA, (1976) Factors affecting plant uptake of heavy metals from land application of
residuals. Proceedings of the National Conference on Disposal of Residues on Land,
St. Louis, Missouri.

Saladin KS, (2004) Anatomy and Physiology — The Unity of Form and Function. 6"
Edition. McGraw-Hill, New York, pp. 920-944.

Salnikow K, Zhitkovich A, (2008) Genetic and epigenetic mechanisms in metal
carcinogenesis and cocarcinogenesis: nickel, arsenic and chromium. Chemical
Research in Toxicology, 21(1), 28.

Samatha G, Sharma R, Roychowdhury T, Charkraborti D, (2004) Arsenic and other
elements in the hair, nails and skin scales of arsenic victims in West Bengal India.
Science of the Total Environment, 326(1), 33-47

Sanborn MD, Abelsohn A, Campbell M, Weir E, (2002) Identifying and managing
adverse environmental health effects: 3. Lead exposure. Canadian Medical
Association Journal, 166(10), 1287-1292.

Sandstead, HH., (1995) Requirements and toxicity of essential trace elements illustrated
by zinc and copper. The American Journal of Clinical Nutrition, 61(3), 621S.
Santamaria AB, (2008) Manganese exposure, essentiality & toxicity. Indian Journal
of Medical Research, 128(4), 484.

Satarug S, Moore MR, (2004) Adverse health effects of chronic exposure to low-level
cadmium in foodstuffs and cigarette smoke. Environmental Health Perspectives,
1099- 1103.

Schwartz MK, (1975) Role of trace elements in cancer. Cancer Research, 35 (11 Part 2).
3481-3487.

Scott KC, Turnlund JR, (1994) Compartment model of copper metabolism in adult men.
Journal of Nutritional Biochemistry, 5(7), 342-350.

56


http://www.liskeard.cornwall.sch.uk/images/Liskeard-Sixth-Form/Atomic-Absorption
http://www.liskeard.cornwall.sch.uk/images/Liskeard-Sixth-Form/Atomic-Absorption

Seiler H, Sigel A, Sigel H, (1994) Handbook on Metals in Clinical and Analytical
Chemistry. CRC Press, Switzerland, pp. 16, 19, 20.

Shah MH, Shaheen N, Khalique A, Alrabti AAA, Jaffar M, (2006) Comparative metal
distribution in hair of Pakistani and Libyan population and source identification by
multivariate analysis. Environmental Monitoring and Assessment, 114(1), 505-519.

Shah SH, Muzaffar S, Soomro IN, Hasan SH, (1999) Morphological pattern and frequency
of thyroid tumors. Journal of Pakistan Medical Association, 49(6), 131.

Shami SA, Schmitt LH, Bittles AH, (1989) Consanguinity related prenatal and postnatal
mortality of populations of seven Pakistani Punjab cities. Journal of Medical
Genetics, 26(4), 267-271.

Sherwood L, (2004) Human Physiology: From Cells to Systems. 6" Edition,
Thomson/Brooks/Cole, Boston, USA, pp. 222-226.

Shrivas K, and Patel DK (2009) Separation and preconcentration of trace level of lead in
one drop of blood sample by using graphite furnace atomic absorption spectrometry.
Journal of Hazardous Materials, 176(1), 414-417.

Shrivastava R, Upreti RK, Seth PK, Chaturvedi UC, (2002) Effects of chromium on the
immune system. FEMS Immunology and Medical Microbiology, 34(1), 1-7.

Sigel A, Sigel H, Sigel RK, (2013) Interrelations between essential metal ions and human
diseases, Springer Science and Business Media , New York, pp.12, 13, 40, 41.

Sigel H, (2000) Metal lons in Biological Systems: Volume 37: Manganese and its role in
biological processes. CRC Press, pp. 45.

Singh R, Gautam N, Mishra A, Gupta R, (2011) Heavy metals and living systems: an
overview. Indian Journal of Pharmacology, 43(3), 246.

Slotnick MJ, Nriagu JO, (2006) Validity of human nails as a biomarker of arsenic and
selenium exposure: a review. Environmental Research, 102(1), 125-1309.

Smith AH, Steinmaus CM, (2009) Health effects of arsenic and chromium in drinking
water: recent human findings. Annual Review of Public Health, 30, 107-122.

Song Y, Ridker PM, Manson JE, Cook NR, Buring JE, Liu S, (2005) Magnesium intake,
C-reactive protein, and the prevalence of metabolic syndrome in middle-aged and
older U.S. women. Diabetes Care, 28, 1438-1444.

Stellman JM, (1998) Encyclopaedia of Occupational Health and Safety. International
Labour Organization, pp. 63.10, 63.11, 63.12, 63.14, 63.13, 63.24.

Subramanian KS, (1995) Storage and preservation of blood and urine for trace element

analysis. Biological Trace Element Research, 49(2), 187-210.

57



Sukumar A, Subramanian R, (2007) Relative element levels in paired samples of scalp
hair and fingernails of patients from New Delhi. Science of the Total Environment,
372(2), 474-479.

Swennen B, Buchet JP, Stanescu D, Lison D, Lauwerys R, (1993) Epidemiological survey
of workers exposed to cobalt oxides, cobalt salts, and cobalt metal. British Journal of
Industrial Medicine, 50(9), 835-842.

Tapiero H, Townsend DM, Tew KD, (2003) Trace elements in human physiology and
pathology. Copper. Biomedicine and Pharmacotherapy, 57(9), 3863-3898.

Taylor A, Marks V, (1978) Cobalt: a review. International Journal of Food Sciences and
Nutrition, 32(3), 165-177.

Tolot, F., R. Girard, G. Dorsit, G. Tabourin, P. Galy and J. Bourret, (1970). Manifestations
pulmonaires des 'm&aux durs'. Troubles irritatifs et fibrose (enqu&e et observations
cliniques). Arch. Mal. Prof, 31: 453-470.

Toyokuni S, (2009) Role of iron in carcinogenesis: cancer as a ferrotoxic disease. Cancer
Science, 100(1), 9-16.

Tichsen F, Jensen MV, Villadsen E, Lynge E, (1996) Incidence of lung cancer among
cobalt-exposed women. Scandinavian Journal of Work, Environment and Health,
444- 450.

Turnlund JR, Jacob RA, Keen CL, Strain JJ, Kelley DS, Domek JM, Keyes WR, Ensunsa
JL, Lykkesfeldt J, Coulter J, (2004) Long-term high copper intake: effects on
indexes of copper status, antioxidant status, and immune function in young men.
American Journal of Clinical Nutrition, 79(6), 1037-1044.

Turnlund JR, KeyesWR, Erson HL, Acord LL, (1989) Copper absorption and retention in
young men at three levels of dietary copper using the stable isotope 65Cu. American
Journal of Clinical Nutrition, 49, 870-878.

Vasant C, Balamurugan K, Rajaram R, Ramasami T, (2001) Apoptosis of lymphocytes in
the presence of Cr(V) complexes: role in Cr(VI1)-induced toxicity. Biochemical and
Biophysical Research Communications, 285(5), 1354-1360.

Verity MA, (1999) Manganese neurotoxicity: a mechanistic hypothesis. Neurotoxicology,
20, 489-497.

Villar J, Belizan JM, Fischer PJ, (1983) Epidemiologic observations on the relationship
between calcium intake and eclampsia. International Journal of Gynecology and
Obstetrics, 21(4), 271-278.

Waalkes MP, (2000) Cadmium carcinogenesis in review. Journal of Inorganic

58



Biochemistry, 79(1), 241-244,

Wang T, Fu J, Wang Y, Liao C, Tao Y, Jiang G, (2009) Use of scalp hair as indicator of
human exposure to heavy metals in an electronic waste recycling area.
Environmental Pollution, 157(8), 2445-2451.

Wasserman GA, Liu X, Parvez F, Ahsan H, Levy D, Factor-Litvak P, Kline J, van Geen
A, Slavkovich V, Lolacono NJ, Cheng Z, (2006) Water manganese exposure and
Chilren's intellectual function in Araihazar, Bangladesh. Environmental Health
Perspectives, 124-129.

Watts P, Howe P, (2010) Strontium and Strontium Compounds. Concise International
Chemical Assessment Document, International Programme on Chemical Safety, 77,
pp.22, 23.

Weaver CM, Heaney RP, (2007) Calcium in Human Health. Springer Science and
Business Media, Farmington, pp. 363.

Weiss ST, Munoz A, Stein A, Sparrow D, Speizer FE, (1986) The relationship of blood
lead to blood pressure in a longitudinal study of working men. American Journal of
Epidemiology, 123(5), 800-886.

Were FH, Njue W, Murungi J, Wanjau R, (2008) Use of human nails as bio-indicators of
heavy metals environmental exposure among school age children in Kenya. Science
of the Total Environment, 393(2), 376-384.

Whelton PK, Appel LJ, Sacco RL, Anderson CA, Antman EM, Campbell N, Dunbar SB,
Frohlich ED, Hall JE, Jessup M, Labarthe D, (2012) Sodium, blood pressure, and
cardiovascular disease. Circulationm, 126(24), 2880-2889.

Wild P, Bourgkard E, Paris C, (2009) Lung cancer and exposure to metals: the
epidemiological evidence. Cancer Epidemiology: Modifiable Factors, 139-167.
Wilhelm M, Hafner D, (1991) Monitoring of Cd, Cu, Pb and Zn status in young children
using toenails: comparison with scalp hair. Science of the Total Environment, 103,

1999- 2007.

Wilhelm M, Lombeck I, Ohnesorge FK, (1994) Cadmium, copper, lead and zinc
concentrations in hair and toenails of young children and family members: a follow-
up study. Science of the Total Environment, 141, 275-280.

Wilhelm M, Pesch A, Rostek U, Begerow J, Schmitz N, Idel H, Ranft U, (2002)
Concentrations of lead in blood, hair and saliva of German children living in three
different areas of traffic density. Science of the Total Environment, 297(1), 109-118.

Yang, M, (2011) A current global view of environmental and occupational cancers.

59



Journal of Environmental Science and Health, Part C, 29(3), 223-249.

Yongming H, Piexuan D, Junji C, and Posmentier ES (2006) Multivarient analysis of
heavy metals contamination in urban dusts of Xian, central China. Science of the
Total Environment, 3559(1), 176-186.

Yusuf S, Hawken S, Ounpuu S, Dans T, Avezum A, Lanas F, McQueen M, Budaj A, Pais
P, Varigos J, Lisheng L, (2004) Effect of potentially modifiable risk factors
associated with myocardial infarction in 52 countries (the INTERHEART study):
case-control study. Lancet, 364(9438), 937-952.

Zaprianov Z, (1992) Biological Monitoring of Metals in Some Bulgarian Population
Groups. Institute of Hygiene and Environmental Health, Sofia, Bulgaria.

Zheng W, Ren S, Graziano JH, (1998) Manganese inhibits mitochondrial aconitase: a
mechanism of manganese neurotoxicity. Brain Research, 799(2), 334-342.

Zuberi LM, Yawar A, Islam N, Jabbar A, (2004) Clinical presentation of thyroid cancer
patients in Pakistan-AKUH experience. Journal of Pakistan Medical Association,
54(10), 526-527.

60



	Contents
	Thesis-Kalsoom
	Chapter 1
	Chapter 2
	Chapterr 3
	Table 5. Correlation coefficient (r)* matrix for selected essential and toxic metals in the blood of thyroid cancer patients
	*bold r-values are significant at p < 0.05
	Table 6. Correlation coefficient (r)* matrix for selected essential and toxic metals in the blood of healthy subjects

	References


