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ABSTRACT
Cancer is known to be a process consisting of several steps and stages including initiation,
promotion, progression and metastasis. Chemical carcinogens such as trace metals can cause
variations in any of these processes to induce their carcinogenic effect. These elements
perform specific and important functions in several metabolic processes of cells and tissues.
Deficiency of trace elements or excess is implicated in the development of some cancers and
stimulates the growth of tumors. The main purpose of this study is to evaluate the
concentration of trace elements Cu, Zn, Cd, Ni and Pb in non-invasive biomarker hair, nails
and blood samples. These samples were collected from cancer patients from different
hospitals of Karachi. In hair, nails and blood we have determined the concentration of Copper
(Cu), Zinc (Zn), Cadmium (Cd), Nickel (Ni) and Lead (Pb) in healthy and cancerous
individuals. However, some drastic change was observed in cancerous and healthy samples of
hairs, nails and blood. The results of healthy hairs and nails revealed high concentration of
cadmium (Cd) as compare to cancerous hairs and nails samples. While the concentration of
Copper (Cu), Zinc (Zn), Nickel (Ni) and Lead (Pb) were found high in cancerous patients. A
comparative study in blood of cancerous and healthy individuals showed that the mean
concentration were higher in cancer patients related to the healthy except zinc which showed
higher concentration in healthy. For the analysis of toxic metals in human biological samples,
Flame Atomic Absorption Spectrophotometer (FAAS PE-AAnalyst-700) and Graphite
Furnace Atomic Absorption Spectrophotometer (GFAAS) were used. Statistical parameters
were applied on the data to determine the significance of mean values between different and
each sample. It was concluded that the mean concentration of Zn, Cu and Ni were within the
range of WHO guideline except the concentration of Pb and Cd which were found higher
than WHO recommended values. In cancerous hair and nails samples, all the metals were
observed within the acceptable range with reference to WHO guideline. Anodic stripping
voltammetry (CHI 760D) was used to determine concentration of Cu and Pb in cancerous and
healthy human serum in presence of acetate buffer (pH 5.2, 0.1M) as supporting electrolyte at
30±1 0C by using Glassy carbon as a working electrode, Pt wire as counter and Ag/AgCl as
reference electrode via standard addition method. This is a very sensitive and rapid technique.
The level of concentration of copper and lead were determined by calibration curve. The
sensitivity of proposed method was observed by regression statistic through LOD (133.9,
39.0 µM) and LOQ (44.1, 13.0 µM) with the correlation coefficient (R2) 0.903, 0.957 for

copper and lead respectively. Heavy metals may have prognostic importance in complex
diseases such as cancer and this fact may be associated to environmental or occupational
factors. The significance of this technique is that it required minimum time, least quantity of
sample with higher sensitivity. The techniques used for this study are very fast and efficient.
This quantitative study is helpful to know the impact of toxic metals on our environment and
human health. It is very necessary to investigate the concentration of toxic metals in
biological samples because now a day’s these metals produce many disorders and diseases
like cancer.
Key words: Heavy and trace metals, Biological samples, Cancer, Atomic Absorption
Spectrophotometer, Anodic stripping voltammetry.
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Introduction
Elements, which are relatively dense metals with high atomic weights, are known as
Heavy metals (Fergusson J. E., 1990). It is assumed that heaviness of a metal relates to
its characteristic of being toxic even if introduced at a lower level. Due to high level
toxicity of such metals at lower concentrations metalloids like Arsenic is also included
in heavy metals (Duffus J. H., 2002).
In past few years, these metals are found to contaminate environment and their effect on
ecological and public health throughout the world is notably increased. Rapidly
growing advancements in the field of technology, industries, agriculture and domestic
practices human exposure to these metals has exponentially increase (Bradl H., 2002).
Main sources that add heavy metal in human environment are reported as geo-genic,
industrial, agricultural, pharmaceutical, domestic effluents and atmospheric emissions
(He Z. L., et al., 2005). Areas occupied for metal-based industries like mining, foundries
and smelters etc. are notable point sources of environment pollution through heavy
metals (Fergusson J. E., 1990; Bradl H., 2002; He Z. L. et al., 2005).
Due to their presence in trace concentration (ppb range to less than 10ppm) in numerous
environmental matrices they are also called as “Trace Elements” (Kabata- Pendia, 2001).
The physical factors that enhance the chances of their presence can be temperature,
phase association, adsorption and sequestration. Chemical factors like thermodynamics
equilibrium, complexation kinetics, lipid solubility and octanol / water partition
coefficients also affect speciation (Hamelink J. L. et al., 1994). Specie characteristics,
trophic interactions and biochemical / physiological adaptations are important
biological factors for the natural presence of heavy metals in environment (Verkleji J.
A. S., 1993).
It is reported that several cellular organelles like cell membrane, mitochondria,
lysosome, endoplasmic reticulum, nuclei and few enzymes that are involved in
metabolism, detoxification and damage repair are affected by heavy metals (Wang S.
and Shi X., 2001).
The ions of these metals are able to react with cell components such as DNA and
some kind of nuclear protein leading them towards a severe damage and conformational
changes that alters the cell cycle modulation, developing cancers by carcinogenesis or
caspase-mediated cell death i.e. apoptosis (Chang L. W. et al., 1996; Beyersmann D.,
2008).
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Various laboratory experiments have concluded that the key role in toxicity and
carcinogenicity of metals such as arsenic (Yedjou C. G. et al., 2006; Yedjou G. C.,
2007; Tchounwou P. B. et al., 2004), cadmium (Tchounwou P. B., Ishaque A., Schneider
J., 2001), chromium, (Patlolla A. et al., 2009), lead (Yedjou G. C. and Tchounwou
P. B., 2008; Tchounwou P. B. et al., 2004) and mercury (Sutton D. J. and Tchounwou P.
B., 2007; Sutton D. J., Tchounwou P. B., 2002) are being played by reactive oxygen
species (ROS) production and oxidative stress.
These five metals are ranked among the highly significant metals in regard of public
health. Being systemic toxicants they are capable of causing multiple organ damage
even at least level of exposures. Epidemiological and experimental researches presented
these metals as “known” or “probable” human carcinogens due to their association
between exposure and cancer occurrence among human and animals as stated by
United States Environmental Protection Agency (U.S. EPA) and the International
Agency for Research on Cancer (IARC).
It is observed that there are some unclear interpretations and inferences regarding
mechanistic aspects of toxicity and carcinogenicity induced by heavy metals. Although
every metal has different characteristics and physico-chemical properties that specifies
their toxicological mechanism of actions. Through this review an analysis of
environmental occurrence production and usage, capacity for human exposure, molecular
mechanism of toxicity, geno-toxicity and carcinogenicity of cadmium, copper, lead,
nickel and Zinc can be presented.

1.4 Carcinogenic Substances
Carcinogens are known as any substance that induces carcinogenicity leading to
production of tumors in body; these tumors produced by carcinogens can be benign or
malignant both of which are severely harmful for human body and over health.
Enhancement in the virulence of tumor or speed of its production depends upon the
routes and procedure by which they have encountered the human body for instance
inhaling, injecting or ingesting (Maurici et al., 2005). Such carcinogens are classified
according to their mode of action towards the targeted tissues, either non-genotoxic or
genotoxic. Carcinogens, which have ability to initiate the carcinogenetic process by
interacting directly with DNA, results in damaging DNA or altering the chromosomal
sequence and can be diagnosed through genotoxicity tests known as Genotoxic
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Carcinogens (OECD, 2006). Whereas the chemical substances which are potent to
indirectly interact with DNA and leads to indirect modifications in structure of DNA
along with alteration in amount and functioning of DNA ending up into a transformed
gene expression or signal transduction is called as non- genotoxic carcinogens (OECD,
2006).
International agency for research on cancer (IARC) has determined the carcinogenicity
of numerous trace elements, which are grouped and defined as follows:
1.4.1

Sufficient: This can be characterized by development between exposure
to an age net and human cancer on casual or routinely basis.

1.4.2

Limited and within boundary: an association, which can be visualized,
but chance characterize this, where bias and confounding are unable to
get excluded from collected data.

1.4.3

Insufficient: this is abbreviated with deficient amount of data and
observational inferences that do not allow drawing proper statistical
conclusion from it (IARC, 1989).

Number of chemical elements including zinc and selenium contain anti-carcinogenic
effects, few elements exhibit carcinogenic effects in particular organs while having no
significant harm on other organs. IARC never detected any particular anti- carcinogenic
effects of such metals (IARC 1993). DNA damage is the most noteworthy among
injurious effects of reactive oxygen species (ROS) in the process of carcinogenesis,
which often results in DNA lesions i.e. stand break and sisterchromatid exchange process (Valco et al., 2005). It is approximated that every day
2×104 DNA gets damaged in each cell of human body (Ames and Shigenaga, 1992),
ROS may be responsible for all of such processes. It is necessary to know that despite of
having toxic effects on human body, the trace metals are also required by the body to
regulate its overall health and maintain the balance mechanism i.e. homeostasis. The
major contributions put by these trace metals for human body mechanism are (i) serving
as a stabilizer (ii) structural elements (iii) vital for regulating normal hormonal
function (iv) serving as a co-factor for various enzymatic reactions. However, receiving
inadequate amount of these important trace metals can lead human body to lose ionic or
charge properties of cell structure due to losing the stability processes, which are
regulated by trace metals (Mehmet, 2006).
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1.5 Biochemistry of Toxicity
The reason behind toxic effects of heavy metals is their intervention in the
biochemical metabolic process of a normally functioning body. If these metals are
introduced in acidic medium of body in stomach, they transform their selves into
stable oxidative states (Zn2+, Pb2+, Cd2+, As2+, As3+, Hg2+ and Ag+) resulting in forming
strong chemical bonds with biomolecules of body i.e. Proteins and other enzymes
which later on affect their functions due to alteration in structure.
In an equation below a reaction with the sulphydryl groups (-SH) of cysteine and
sulphur atoms of methionine (-SCH3) (Ogwuegbu and Ijioma, 2003) can be seen
which occurs during bond formation.

Here we may assume: (A) = Intramolecular bonding; (B) = Intermolecular bonding; P
= Protein; E = Enzyme; M = Metal
In such reactions hydrogen atoms or the metal groups are removed by poisoning metals
resulting in failure of functionality of enzyme and thus a protein-metal compound is
formed which serves as a substrate for metabolic enzyme to react. These enzymes may
react through lock and-key pattern or induced fit pattern, as depicted in the equation
below
Whatever pattern is followed to react the substrate will always set in the enzyme with a
strictly particular manner, because of the chirality of enzyme to produce enzymesubstrate complex, which can be seen below (Holum, 1983):
E + S E-S E–S* E–P E+P -----(C)
(E = Enzyme; S = Substrate; P = Product; * = Activated Complex)
In the states of the E-S, E–S* and E-P the given enzyme cannot adjust at any other
substrate, except it is free. Often in this complete sequence, more than three or four
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enzymes exist as a multi-enzyme complex, where first enzyme reacts while second
serves in a chain process and last produces the final yield of product.
The yield of final product returns back towards the first enzyme to inhibit the reaction
from continuation as the final product is not the initiating reactant of the process.
Thus first enzyme (E1) becomes unable to join more substrates till the last product (F) is
eliminates and it is only eliminated if the human body consumes it. If the body
remains unable to utilize the end product produced from heavy metals i.e. Protein
substrate, the enzyme E1 will get block forever due to which there will be no initiation
of any further biological reactions, supposed to be performed by it. Hence, the metal
will end staying up embedded in tissue leading to biological dys-functioning on a number
of significant points (Holum, 1983).
In addition to this, other metal ions of same size can replace this embedded metal ion
from metallo-enzyme. Therefore, in few dehydrogenating enzyme Cd2+ replaces Zn2+
resulting into cadmium toxicity. In this entire inhibition process protein molecule is
structurally disfigured into a form which is biologically inactive, and may lead to
complete destruction of the enzyme. For instance, the toxin contained by herbicides,
fungicides and insecticides called As3+ is able to attack –SH groups present in enzymes
to stop their biological tasks, as shown in the following image (Ogwuegbu and Ijioma,
2003).

Interestingly, the most stable oxidation states of ionic species of this metal are its
most toxic forms as well like Cd2+, Pb2+, Hg2+, Ag+ and As3+. They are able to form
stable bio-toxic complexes with biological molecules of human body from their stable
oxidation states so that it would become onerous to detach them during medical
detoxification therapies.

The comprehensive mechanism of trace elements enter in living system represent the
signal system leading to toxicity or tolerance, the following will be the event train as
shown in (Fig 1.1). Trace elements in the system assist the transport or propagation of
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protein. At the local level there is an enhance in the production of hydrogen peroxide by
direct action on NADPH oxidase; at the systemic level there is an interruption of the
biphosphate layer due to lipid peroxidation, ensuing in the fabrication of ROS
interactive action creation of SOD, CAT, APX and increased levels of H2O2 especially
by the SOD. In time, surplus metals enter cellular organic cells such as mitochondria and
chloroplasts, act as a sink in the flow of the electron, or harm the flow of the electron
(depending on the oxidation state of the metals), resulting in the production of free
radicals. Free radicals turn, initiating an antioxidant system to quench hydrogen
peroxide. In addition, complex metal receptors in the plasma membrane cause excess
calcium ion concentration that begins with the calmodulin Ca
2+

activation system of different kinases. Reactive molecules and kinase act as signals

on the transcription factor present in DNA as well as organelles, resulting in the
production of stress protein and secondary metabolites that can act as damage causing
factors or stress resistance factors.

Fig. 1.1 Mode of action and toxicity of Trace elements in general

1.6 Heavy and Trace Metals
1.3.1 Lead
Lead is exposed to general population through air or food in almost equal quantity.
Food stuff can get lead from the storage pots and/or utensils used for cooking and
storing purposes whereas lead acetate was found to be used as port wine sweetener.
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With recent advancements the consumption of lead in synthesis of ceramic products,
paints, caulking and pipe solder is notably declined (CDC, 1991). Often dust recontaminates well-cleaned homes with lead (Farfel M.R. and Chisolm J.J. Jr., 1991).
This re-contamination helps to increase lead concentrations in blood of children who
usually play bare foot on contaminated soil (Centers for Disease Control and Prevention
CDC, 2001). Nowadays lead poisoning is majorly occurred due to dust and chips
from degenerating lead paint on internal surfaces (Lanphear B.P., Matte T.D., Rogers
J. et al., 1998). Blood lead concentration can increase around 20 μg/dL or more in
children whose homes having degenerating lead paint (Charney E.,

Sayre

J. and Coulter M., 1980). Usually lead-based medicines, cosmetics, ceramic containers
for storing food and water, paints and certain workplaces are some major sources of
lead exposure (CDC, 1991; ATSDR, 1992). Numerous studies by National Health and
Nutrition Examination Surveys (NHANES) have examined U.S. populations regarding
their blood lead levels on parameters of lead exposure variations by age, gender, race,
income and degree of urbanization (Pirkle J.L. et al., 1994). Due to these studies it is
noted that generally blood lead levels are decreasing from 1970s but it is also seen that
large number of children are inclining in blood lead levels up to > 10 μg/dL. Workers
in mines, smelters, welders of lead painted metal and those working in battery plants
can get occupational exposure to inorganic lead. Glass industry is also able to impose
low or moderate exposure. Lead mines and smelters can cause high-level air pollution
by emissions. Soil and water can be contaminated by airborne lead and ultimately
reaches human through food chain. In the course of last few decades, awareness related
to lead consumption and

its exposure is considerably raised because lead is a

conventionally progressive toxic element. However, it cannot be found naturally as a
plain element often but it has been consumed unwatchful for industrial purposes. 25
megatons of lead was mined in 1980 to help manufacturing batteries, pigments and
pipes. Lead intoxication was quickly elevated worldwide (Belitz H., Grosch W.,
Schieberle P., 2004).due to rapid industrialization and using leaded gasoline in cars that
emitted lead in environment. Interestingly tetra ethyl lead [(C2H5)4Pb] was added into
batteries as an anti-knocking agent in order to increase octane level of gasoline which
was ultimately converted into Lead Oxide (PbO) and Lead Chloride (PbCl2)due to
combustion and thus such intoxicating lead compounds were formed and were found
around roads and highways (Belitz H., Grosch W., Schieberle P., 2004).in high
concentration. Researchers have
9
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proven that occurrence of brain cancer in human population is enhanced by lead
exposure by environmental sources (Wu W.T.,et al 2011). Due to which governments
were enforced to reduce lead consumption or use a less toxic element as an alternate
(Goyer R.A., 2001).

1.3.1.1 Molecular Mechanism Toxicity and Carcinogenicity
Number of documented studies has claimed that lead can negatively affect children
and adult populations. In children lead poisoning can lead to degenerating intelligence,
lower intelligent quotient IQ, impaired neurobehavioral development, decreased hearing
ability, speech and language impairment, growth retardation, poor attention span,
diligent and anti-social behaviors (U.S. EPA, 2002; Kaul B. et al., 1999; Litvak P. et
al., 1998; Amodio-Cocchieri R. et al., 1996). On the other hand in adult men it may
cause decreased sperm count while in women spontaneous abortions are associated with
high lead exposure (Hertz-Picciotto I., 2000; Apostoli P., 1998). Brain damage, kidney
damage and gastrointestinal diseases can be induced by acute exposure of lead
whereas its chronic exposure can cause harmful effects on blood, central nervous
system, blood pressure and vitamin D metabolism (ATSDR, 1999; 1992).
The biochemical mechanism due to which lead imposes its toxicity in human body
includes lead’s ability to inhibit mechanism of action of calcium and by which it can
easily interact with proteins. Lead integrates itself in the skeleton by replacing calcium. A
number of mechanisms are interfered when lead binds with the biological molecules
inside body. The configuration of sulfhydryl and amide groups of enzymes is altered and
their activities are adversely affected due to binding of lead within it. Lead also has
ability to replace essential metallic cations from their binding sites, inhibiting enzyme
activity and may interfere the transport of important cations for instance calcium
(Flora S.J.S. et al., 2007).
Investigators have brought this to light that lead intoxication may enhance cellular
damage mediated by formation of ROS i.e. reactive oxygen species (Hermes Lima
M., Pereira B. and Bechara E.J., 1991). In the blood of occupationally exposed workers,
the concentration of lead strongly correlates with levels of malondialdehyde (MDA) as
demonstrated in the study carried out by Jiun and Hseien (Jiun Y.S. and Hsien L.T.,
1994). Some other studies have revealed that erythrocytes of exposed
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workers carry anti-oxidant enzymes like superoxide dismutase (SOD) and glutathione
peroxidase in a high quantity as compare to non-exposed workers (Bechara E.J. et al.,
1993). A sequence of new laboratory examinations have concluded that self-killing
process (apoptosis) in human cancer cells includes various cellular and molecular
activities mainly include induction of cell death and oxidative stresses (Yedjou G.C.
and Tchounwou P.B., 2008; Yedjou C.G. and Steverson M., 2006).
Transcriptional activation of stress genes (Tchounwou P.B., 2004), DNA damages
externalization of phosphatidyslerine and activation of caspase-3 (Yedjou C.G. et al.,
2010). So many researchers have concluded that lead interfere calcium-dependent
processes that are involved with neuronal signaling and intracellular signal transduction
as well. Lead is also responsible of causing intracellular calcium cycling and alteration of
releasability of endoplasmic reticulum and mitochondria (Goldstein G., 1993; Simons T.,
1993). Rarely it is also seen that lead refrains calcium dependent events for instance
release

of

those

several

neurotransmitters

and

receptorcoupledionophores

in

glutamatergic neuron whose release is calcium driven (Vijverberg H.P.M. et al., 1994).
Other than this lead has also enhanced protein kinase C and calmodulin which is a
calcium dependent event (Schanne F.A., Long G.J. and Rosen J.F., 1997). IARC has
considered lead as a probable human carcinogen (IARC, 1987) due to its potential of
causing renal tumors in rats and mice as demonstrated by experimental researches
(Waalkes M.P. et al., 1995; Goyer R.A., 1993). Lead exposure may cause gene
mutations and sister chromatid exchange (Yang J.L. et al., 1999; Lin R.H. et al., 1994),
cultured rodent cells can be morphologically transformed (Dipaolo J.A., Nelson Rh and
Casto B.C., 1978), while anchorage independence in diploid human fibroblasts is notably
enhanced (Hwua Y.S. and Yang J.L., 1998). Both technically controlled (In vitro) and
within biological entities (in vivo) researches have shown that genetic damages by
various indirect processes including inhibition of DNA synthesis and repair, oxidative
damage and interaction with DNA binding proteins and tumor suppressor protein are
caused by lead. According to a study conducted by Roy and his group concluded that
lead acetate potentially enhances mutagenicity at a toxic dose at E. coligpt locus which is
introduced into V79 cells. It was also reported by Roy’s study that toxic doses of both
lead acetate and lead nitrate influence DNA damage at the E. coli gptlocus when
introduced to V79 cells (Roy N. and Rossman T., 1992). Wise and his associates
conducted another study but found no verification for direct genotoxic or DNA
destroying effects of lead with exception for
10
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lead chromate. Interestingly it is stated that genotoxicity induced by lead chromate is due
to presence of hexavalent chromate instead of lead (Wise J.P., Orenstein J.M. and
Patierno S.R., 1993).

1.3.6 Copper
A reddish-orange chemical element, bearing atomic number 29 is known as Copper
and is denoted by symbol of Cu.In its natural state it is soft in texture and is heavily
used as a conductor of electricity in wires and in building material. It is a typical
metal present in environment habitually and is essential for a number of metabolic
processes within a cell (Kabata and Pendias, 1993). This metal is found vital for
healthy human life however its toxicity may leads to anemia, different kinds of allergies,
hair fall, arthritis, cancer, depression, diabetes, fatigue, fracture of the bones,
hypertension. A number of heart-related diseases, tooth decay and varied vitamin
insufficiencies may also be caused by copper intoxication (Sonofonte et al., 2000).
Cu (II) & Cu (I) are most commonly found oxidation numbers of copper in living
bodies. This vital trace element also acts as an important cofactor for different enzymes
relating to redox reaction for instance cytochrome c oxidase, ascorbate oxidase, or
superoxide dismutase. Furthermore, it also plays important enzymatic role for electron
transport in living organisms (Valko et al., 2005). Azurin and plastcyanin are those blue
copper proteins, which are involved in electron transport.

1.3.6.1 Copper Metabolism
Small intestine absorbs copper from the diet without reluctance, approximately
(∼2mg/day of copper is accumulated in liver. However for its way out to liver, copper
may use biliary route for more than 80% of times (Linder and Hazegh-Azam, 1996).
Serum albumin and histidine has a tendency to get bound with copper and trade it
through the circulatory system for reaching tissues or getting deposited in liver. High
affinity human copper transporter called hCtr1 is responsible of bringing copper into the
hepatocytes (Zhouand Gitschier, 1997), confined on the plasma membrane. Intracellular
categorization of copper is also supported by hCtrl. On reaching the intrinsic parts of cell,
copper is conducted to (i) metallothionein pool, or (ii) delivered to the mitochondria for
cytochrome c oxidase incorporation, or (iii) for delivery to emerging Cu, Zn-SOD or
(iv) conveyed to the Wilson disease P-type ATP-ase in the

11

Chapter # 1

Introduction

trans-golgi network for further integration to the ceruloplasmin (Shim and Harris,
2003). 95% of copper present in serum is contained by ceruloplasmin.
Copper through Fenton and Haber–Weiss chemistry can catalyze ROS formation, thus it
is very rare to find free copper inside of the cells under normal physiological conditions.
In a study for investigating copper chaperone for SOD, Rae et al., 1999 enquired that
“free-pools of copper” has much lesser upper limits than that of a single atom per cell.
This conclusion bears great significance, specifically when other vital trace metal ions
are regarded physiologically.

1.3.6.2 Oxidative Stress and Copper
Generally, there are two mechanisms by copper to initiate oxidative stress in cells. In the
first one, it catalyze the ROS formation directly, through a reaction alike Fenton
(Prousek, 2007; Liochev and Fridovich, 2002). As a second method, increased levels of
exposure to copper may lead to decline in glutathione levels (Speisky et al., 2009).
Oxidation and reduction reactions are found to have cupric and cuprous ions. In the
presence of superoxide anion radical, like ascorbic acid or GSH and some biological
reductants are able to be reduced as cuprous ion Cu(I)). Cu(I) is able to catalyze
formation of reactive hydroxyl radicals by decomposing of hydrogen peroxide through
the Fenton reaction (Aruoma et al., 1991; Prousek, 1995; Barbusinski, 2009).
Cu(II) + O2−• → Cu(I) + O2

(7)

Cu(I) + H2O2→ Cu(II) + •OH + OH− (Fentonreaction) (8)
Hydroxyl radicals are highly reactive and they are able to react with any available
biological molecule in surrounding for instance, vacating a carbon centered radical
through hydrogen abstraction like using unsaturated fatty acid to form lipid radical
form. Copper is potent enough to break DNA stands and oxidize their bases through
ROS. Both of the oxidative states of copper (cupric or cuprous) are highly active in
promoting breaking of DNA by inducing genotoxic benzene metabolite 1,2,4benzenetriol.
A site-specific Fenton reaction is the main reason of making DNA damage (Moriwaki et
al., 2008). A significant cellular oxidant called glutathione is found in cells in
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millimolar concentrations serves as a substrate for a number of enzymes that are involved
in removal of ROS. It has various roles on detoxification and metabolism of intracellular
copper. Copper toxicity can be reduced by glutathione directly by simple metal chelation
(Mattie and Freedman, 2004) and it helps refrain it from entering redox cycle by
persisting it in reduced state. Disturbance in maintenance of copper balance may lead
to increased pools of copper as a consequence of which redox balance is moved in
more oxidizing environment by depletion of glutathione levels (Linder, 1991).
Decline in glutathione may lead to increase cytotoxic impacts of ROS which metal
become more catalytically active by this produces more levels of ROS. It can be said that
GSH is an important cellular antioxidant because with decline in GSH, toxicity of copper
is generally raised; clearly showing that GSH works against copper intoxication. Impacts
on oxidation of low density proteins (LDL) on copper are also studied. Promoting
atherogenesis and prothrombic characteristics are few of clinical outcomes of such
studies. Copper as demonstrated by in vitro studies promotes LDL oxidation. Along
with copper ion ceruloplasmin contains seven copper atoms per molecule which
becomes an origin of getting free Cu therefore it is indulged in LDL oxidation. High
density lipoproteins (HDL) are also vulnerable to oxidation as reported (Klaudia
Jomovaa and Marian Valko., 2011).
HDL’s cardio-protective characteristics are highly affected by their oxidation, thus it is
said that as compare to LDL, HDL is more receptive to oxidation by copper. In the
studies for copper incubated with HDL; it was observed that HDL may have a damaging
effect from Dose-dependent oxidation and may have a protective effect of vitamin E
against oxidation of HDL. It is experimented that lipid oxidation in HDL is inhibited by
Vitamin C and it also helps in maintaining the antioxidant property related with this
lipoprotein fragment. Copper and iron-dependent oxidation of LDL is promoted by
homocysteine which is an atherogenic amino acid (Hillstrom

et al., 2003). Such

conclusive studies encourage the idea that copper toxicity and lipid peroxidation are
protected by vitamin E and dietary selenium (Gaetke and Chow, 2003).
Various effects of smoking on lipid peroxidation and copper plasma level are also studied
(Lapenna et al., 1995). And the conclusions says that copper concentrations are higher
in smokers as compare to non-smokers along with this fluorescence spectroscopy was
used to assess damage rate of lipid peroxidation, which was also
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raised in smokers as compare to non-smokers, as expected. Such results are enough to
specify that smoking tobacco partially contributes for increased pro-oxidant action by
copper. Oxidative damage can be normally protected by superoxide dismutase in cells,
thus the protective capacity of SOD in regard of DNA damage was also studied. Effect
of copper deficiency on oxidative DNA damage in Jurkat T-lymphocytes is also
inquired through various experiments (Pan and Loo, 2000).
Carr et al. concluded that cellular susceptibility to oxidative disruption is enhanced by
copper deficiency. Decline in copper may result in reduced cell potential in regard to the
production of SOD; therefore the tendency of oxidative damage is increased. Both
superoxide anion and nitric oxide are produced in cells of immune system while
oxidative burst is activated for inflammatory processes. Under such circumstances,
peroxynitrite anion (ONOO−) is produced (which is more oxidatively active molecule)
in notable quantity by reaction of nitric oxide and the superoxide (Carr et al., 2000):
NO• + O2−• → ONOO− (9)
A strong cytotoxic oxidizing agent called Peroxynitrite anion is potent of targeting
proteins and resulting lipid oxidation and DNA damage. It is shown that Peroxynitriteis
likely to damage ceruloplasmin which is a transport protein and liberates copper ions to

enhance production of copper–lipoprotein complex, this process triggers lipid
peroxidation. A remarkable hydroxyl radical generating system known as “the
Udenfriend system” is achieved by combining ascorbate, copper (or iron) and hydrogen
peroxide (Udenfriend et al., 1954).
Under in vitro conditions of the described system, prooxidant behavior of ascorbate is
also reported. A laboratory examination is conducted by using human plasma to observe
whether ascorbate behaves as a prooxidant in company of copper (or iron) in
physiological conditions. The findings have concluded that ascorbate is potential enough
to help refraining lipid peroxidation and protein oxidation even in co- existence with
redox-active iron or copper and hydrogen peroxide in human plasma (Suh et al., 2003).
It is seen that components of MPAK signaling cascades are activated by exposing to
metals (Mattie and Freedman, 2004). MPAK pathways are activated with Transcriptional
activation by copper and it modifies the status of cellular glutathione. A number of
studies are evident of the fact that through both metal- and oxidative stress-mediated
mechanisms of copper it becomes able to activate transcription.
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Although inducing molecular mechanisms of exploring gene expression due to copper is
not clearly defined. Peroxidation of lipids can be a consequence of Copper-induced
formation of ROS, which ultimately leads to elevated levels of signaling molecule
HNE (Mattie et al., 2008).

1.3.6.3 Carcinogenicity
It has been published in almost all the literature till date that copper has an important role
in inducing cancers and traces of this metal is found in serum and tumor tissue of cancer
patients in higher quantity in contrast to healthy population. Along with copper, most of
such studies revolved around metals like zinc, iron and selenium for finding their
concentrations and contributions towards cancer. However, concentrations of zinc, iron
and selenium are comparatively lower in cancer patients while copper is found in
increased amounts in patients as compare to healthy people. Patients striving through
breast, cervical, ovarian, lung, prostate, stomach cancer and leukemia are found to have
most increased quantities of copper. Additionally, it is reported that as compare to
normal populations, cancer patients have high ratios of Cu, Zn, Se, Fe (Gupte and
Mumper, 2009). As it is already discussed above that copper is responsible for
inducing oxidative stress and inflammation, thus it is evident that under nonphysiological conditions of elevated levels of copper, it may play progressive role in
establishment of different kinds of cancer. It is documented that in number of different
tumors the markers of oxidative stress are found raised, this might become possible
because of multiple combining factors like increased active metabolism, mitochondrial
mutation, cytokines and inflammation (Roberts et al., 2010). Enhanced copper levels are
found related to development of cancer (Gupte and Mumper, 2009). A process of
growing of any tumor more than a few millimeters is known as angiogenesis, in which
copper plays significant role. Rich new blood supplies to feed the tumorous cells are
produced for angiogenesis to proceed. The process comprises of multiple steps which
includes deterioration of base membrane in endothelial cells, endothelial cell migration
to the perivascular stroma and sprouting of capillaries. The idea of anti-angiogenic
therapies is gaining attention to limit the extra growth of tumor at early stages.
Detailed studies of endogenous angiogenesis stimulators along with growth factors (e.g.
VEGF, EGF, angiogenin, basic Fibroblast Growth factors and others), cytokines
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(e.g. Interleukin (IL-1)) and transition metal elements, such as copper are required for
such therapies.
A study was carried out among 20 patients of prostate and colon cancer and it was
concluded that cancer patients have higher concentrations of copper and ceruloplasmin
in comparison to controls; it was also declared that to diagnose early stages of colon
and prostate cancer, concentrations of trace metals and detection of antioxidants can be
very significant (Nayak et al., 2003). By becoming a part of Cu- Zn superoxide
dismutase and exhibiting its antioxidant properties, it can also serves as a guarding agent
in preventing the disease (Harris, 1992).
Studies have demonstrated that under cancerous conditions ceruloplasmin secretion
from liver increases along with the increase in copper concentration inside plasma and
ceruloplasmin concentration. Due to this elevation in ceruloplasmin in cancer patients,
more quantity of copper will be available for absorption for normal cells as compare to
cancerous cells. Furthermore, in malignant conditions, a copper binding protein called
transcuprein is found in high amount. However copper can be picked from nonceruloplasmin part of plasma by the neoplastic cells thus higher quantity of copper is
found in tumor cells. Copper has a particular role in angiogenesis as well, which is
majorly required for growth of tumor and it is preceded through copper-dependent
amine oxidases (Linder and Hazegh-Azam, 1996). Molecules like ceruloplasmin and
heparin which are able to get bound with copper, turn non-angiogenic when they are
not bound with copper and will return to angiogenic form after bound. These days to
treat some of the serious diseases anti-copper drugs are being extensively consumed
(Brem et al., 1990).

1.3.7 Zinc (Zn)
Bluish white metal bearing atomic number 30 is known as Zinc. Earth crust comprises of
0.02% of zinc thus it is usually available in ecosystem. Numbers of physiochemical
processes in human body are regulated by zinc due to its chemical properties thus it
has notable significance (Kenneth, 1999). More than 200 enzymes and proteins contain
zinc as a major constituent. Metabolic reactions of proteins and nucleic acid and other
universal processes like cell differentiation and replication are also carried out by zinc.
Production, storing and release of various hormones are also regulated by zinc. It
majorly contributes in efficacy of receptor sites and effect responsiveness of various
organs (Hambidge et al., 1987). Zinc is also vital for maintaining normal
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growth, lactation and reproductive processes (Miller et al., 1979). This vital mineral is
also found associated with taste, sense of smell, wounds and burn healing. Zinc is also
indulged in cell membrane stabilization and microtubule polymerization reaction
(Hambidge et al., 1987). It is suggested that males take 11 mg/day of zinc and females 8
mg/day of zinc everyday in diet from which 4% is excreted out from urination and rest
is defecated with stool (Medeiros J. et al., 2012; Goldhaber, 2003). Red meat, cereals
with whole grains and pulses, chicken, fish, milk, vegetables, fruits and eggs are
included among rich sources of zinc (Kenneth, 1999).
Zn(II) is usually the most stable oxidation number of zinc. In plants and animals it is an
ever-present trace element. Around 1.5–2.5 g of zinc is found in all organs, tissues, fluids
and secretion of an adult human body. Over 70 various enzymes that serves for cellular
metabolism of proteins, lipids and carbohydrates contains zinc.

1.3.7.1 Zinc, Metabolism and Oxidative Stress
DNA repair proteins contain zinc as a principal constituent thus it contributes in a
broad range of cellular processes which involves: intra-cellulartransduction of signal,
replication and transcription (Xia et al., 1999). Zn is able to support the structure of
DNA, RNA and ribosomes by stabilizing it. The rate of progression of different tumors
can also be reduced by provision of zinc and other nutrients, similarly it is also used as a
medicinal agent in oral cancer patients to treat lesion at initial stages (Krishnaswamy et
al., 1995). Patients with cervical cancer, esophageal carcinoma and ovarian cancer are
reported to have a minimal amount of zinc in their serum samples (Dar et al., 2008;
Yaman M. et al., 2007). However patients of liver cancer have comparatively high
amount of zinc metal (Karlinskiĭ and Bogomolova, 1985). It was observed that
supplementing zinc to serve as a protection agent against free radical damage is found
successful. Due to its contribution towards gene transcription process and cell
proliferation, zinc is beneficial in tumor growth (Faber et al., 1995).
In 1961, a study was conducted on Iranian males which concluded that growth
retardation and hypogonadism in humans is actually a consequence of zinc deficiency
(Prasad et al., 1961). Later a research showed that zinc is vital for human being and its
deficiency is being prevailed in Middle East (Prasad et al., 1963). Less zinc intake
through diet, extra phytate intake, any kind of chronic sickness or over-dosage of iron or
copper may lead to zinc deficiency.
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While in well-nourished individuals zinc deficiency can occur but the reason of its
incidence remains unknown because of obstacles during diagnosis and variation in its
metabolic functions. Zinc deficiency is also symptomized by losing appetite, dermatitis,
reduced taste acuity, slowed wound healing, reproduction impairment and deficient
immune function. Zinc has a vital role in establishing and maintaining immune system
of the body, it also regulates action of insulin and concentration of glucose in blood.
Acute zinc inadequacy is unusual and is mostly caused as a result of genetic or some
acquired state of health.
Zinc is known as a redox inert metal thus it is not involved in oxidation reduction
reactions. There are two different mechanisms of zinc by which it can serve as
antioxidant: (i) it protects sulphydryl groups of proteins against attack of free radical and
(ii) it reduces formation of free radical by refraining its mechanism or simply by
antagonizing redox-active transition metals like iron or copper (Bray and Bettger, 1990).
Both of these mechanisms result in reducing reactivity of sulphydryl group.
Direct binding of zinc with sulphydryl group is considered in first model whereas
second model considers attachment of zinc to a binding site close to the sulphydryl
groups, then there is a third model which suggests binding of zinc to another site of
the protein leading to a configurationally changed protein. Number of sulphydryl
containing protein are found to get protected by zinc such as dihydroorotase (Kelly et al.,
1986), DNA zinc-binding proteins (zinc fingers) (Klug and Rhodes, 1987), protein
farnesyltransferase (Fu et al., 1996) and many more.
It is already known that protein oxidation is a site-specific reaction ad it undergoes
oxidative modifications primarily surrounding the metal binding site. In second
mechanism of zinc, a couple of potent processes are able to refrain production of
hydroxyl radicals. The first of which is done by simple removing or “pulling” the
radical out of the metal’s binding site by using a ligand-chelator which is of course
high in affinity. While the other procedure involves the opposite i.e. “pushing” with
which it replaces the radical with an iso-structurally similar redox-inactive metal like
copper replaced by zinc and pushes redox metal off from the binding site (Stadtman,
1990). Interestingly the removed redox metal is then expelled out of the cell; therefore
the ability of the cell to catalyze the Fenton reaction (hydroxyl radical formation) is
reduced.
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Fig. 1.2 Zinc Metabolism and Oxidative Stress
The metal binding proteins (6000–7000 kDa) consisting of 60–68 amino acid residues
are called metallothioneins. Thus if zinc is administered long-drawn it may impact
usefully by linking to the initiation of other species which are regarded as ultimate
anti-oxidants, from which metallothioneins seems most effective (Powell, 2000). Up to
25-30% cysteine amino acid is found in metallothioneins, so it has non-aromatic
amino acid or no disulphide bonds, thus are more effective in binding 5–7 g zinc
(mol/protein). Current researches have demonstrated that an affiliation between redox
state of the cell and cellular zinc is represented by metallothioneins (Maret, 2008).
Cell may undergo alterations in cellular redox state leading to release of zinc from
metallothionein as a consequence of exchanging sulphide/disulphide under high
oxidative stress. As an antioxidant, zinc helps reducing formation of free radical through
number of different ways (Prasad, 2009). Zinc serves as an inhibitor of NADPH oxidase,
inducer of metallothionein which effectively engulf radicals and is a fundamental metal
of Cu, Zn-SOD. NF-kappa B are stimulated from ROS and further helps triggering
growth factors, antiapoptotic molecules leading to cell proliferation (cancer),
inflammatory cytokines and adhesion molecules (Prasad, 2009). Many chronic diseases
are a result of chronic inflammations and oxidative stress that may include
atherosclerosis, cancers, neurological disorders and autoimmune diseases, therefore the
contribution of zinc deficiency and supplementation is needed to be studied and
explored well (Figure 1.2).
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1.4.5 Nickel and Nickel Compounds
Environment and earth crust has nickel in an abundant quantity. Its harmful effects are
noted in workers particularly at nickel refineries, due to exposure with high
concentration of nickel sulfides and nickel oxides. It is proved with a number of
studies that exposure to nickel sulfate, nickel sulfide and oxide increases the risk of
developing nasal cancer, lungs cancer, prostate cancer and larynx cancer (Boffetta,
1993).According to its toxico-kinetics, it is said that nickel salts in soluble form can be
transported to plasma membrane through ion channels. However, other toxic forms like
less soluble metallic and sulfides are engulfed by cells through phagocytosis. When
taken up by mammalian cells, the elemental nickel lead to a less soluble nickel
compound, releases nickel ions. Interestingly poorly soluble nickel compounds are more
available biologically, which demonstrates that it has more severe and long term toxic
effects as compared to readily soluble salts. At first, nickel particles are locally
accumulated intra-cellular nuclear membrane after which it is dissolved and accumulated
in nucleus in the form of nickel and binds with nucleic acid and protein. Dermatitis,
contact urticaria, allergic rhinitis and allergic asthama are diseases which are caused by
acute toxicity of nickel, nickel compounds and its alloys. The target organs of
carcinogenic effect of nickel and its compounds is chronic toxicity of lungs and nose
particularly in the form of inhalable dust or other aerosols. Generally, nickel ion release
is responsible for inducing genotoxic, carcinogenic and sensitizing effects of all forms
of nickel. Chromosome aberrations, sister chromatid exchange, DNA breaks and
DNA protein cross links in mammals are caused by nickel ions when in high
concentration (mmol/L range). There are 3 different mechanisms for nickel to work as
a carcinogen.

2

Enhanced formation of reactive oxygen species catalyzed by nickel: Nickel
(II) produces oxidative DNA damage in presence of hydrogen peroxide, due to
this damage, DNA and chromatin can be isolated, antioxidants are responsible
for producing these effects. Interestingly such oxidative damages are only
noted in cell cultures where concentration of cytotoxic nickel chloride is more
than 0.75 mM.

3

Epigenetic mechanism inducing increased cell proliferation: Methylation
of cytosine bases in tumor suppressor genes are increased due to nickel
chloride leading to enhanced cell proliferation. Alterations in gene expression
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occurred due to nickel are regarded as impairment in normal routinely growth
control.
4

Inhibition of the repair of DNA damage: This mechanism is characterized
by increase in agents that cause DNA damage. This enhancement is based on
mechanism of action of inhibition of DNA repair process through nickel.
Nevertheless, nickel ion has a co mutagnic effect which agrees with
consequences of epidemiology, thus getting exposed to readily soluble nickel
compounds result in developing lung tumor (at specifically high exposure
levels) and by exposing to less readily soluble nickel compounds and tobacco
smoke, it also enhances the probability of developing tumor.

5

A nonsubstance specific mechanism of carcinogenicity based on a particle
overload:
Chronic activation of macrophages leading to chronic inflammation and
effecting as a carcinogen (only as a secondary effect) are impacts of poorly
soluble nickel oxide.

Histone proteins are usually found to have combined with most of the quantity of
nickel in nucleus, as compare to DNA. This combination represents the benefit of
nickel-protein interaction mechanism in process of nickel carcinogenicity. Studies have
also concluded that interaction of nickel ion directly with DNA enhances the speed of
oxidation process, hydroxylation and deglycosylation. Most common type of damages
that are resulted due to attachment of DNA-protein or any other protein structure
with nickel ion can be DNA strand break and crosslinking of DNA-protein and DNAinterstrand. Nickel metal compounds are capable of developing cancer in experimental
animals such as nickel, nickel monoxide, hydroxide of nickel and crystalline nickel
sulfides in metallic forms (Boffetta, 1993).

1.4.6 Cadmium
Cadmium is considered a heavy metal with environmental and occupational relevance.
Its distribution in the earth crust is far-ranging; 0.1 mg/kg is its average
concentration. Cadmium has a wide use in industrial operations for instance it is
utilized in production of alloys, pigments and batteries (Wilson D.N., 1988). However
consumption of cadmium in battery production has drastically increased in recent years,
whereas it’s commercial value is decreased in developed countries where
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environmental protection is a sensitive concern. For instance, in United States the
daily cadmium inputs are around 0.4 μg/kg/day, which is less than half of US E.P.A’s
oral reference dose (EPA, 2006).Blood-Cd is used to represent current exposure but
partially it may reflect lifetime body burden (Järup L, et al., 1983). Urine-Cd is cadmium
concentration in urine and it is majorly affected by body burden,

Urine-Cd is

proportional to kidney concentration. Usually higher urinary cadmium concentrations are
found in residents of contaminated areas as well as smokers. Smokers are found to have
two times higher concentration as of a non-smoker (Jarup L., 1998).

1.4.6.1 Carcinogenicity
On the basis of abundant evidences in both human and animals IARC has classified
cadmium as a human cancer causing agent (Carcinogen) Group I (IARC, 1993). It is also
observed by IARC that the experimental examinations were based on a fewer studies
of lung cancer cases in people who have been occupationally exposed to cadmium
but the data of exposure remain imperfect also it was difficult to distinguish the cofactors like smoking or exposure to other heavy metals like Nickel & Arsenic. Cadmium
is also found causing Prostrate Cancer, but the published studies show both positive and
negative conclusions in this regard.
Earlier the data also represented the relation in kidney cancer and cadmium exposure
(Kolonel L.N., 1976). Later on the researches failed to ratify the idea of cadmium as a
kidney carcinogen, interestingly a large multi-center research shown a meaningful
conclusion regarding risk of renal cancer as a whole, but then this causal relationship was
not defended by negative dose-relationship (Mandel J.S. et al., 1995). In addition to this
it was stated that occupationally exposed people have a higher risk of developing renal
cell carcinoma according to a population based multi-center study (Pesch B. et al., 2000).

1.4.6.2 Mode of Action of Toxicity of Cadmium
Cadmium has a number of ways to affect the cell, cell organelles and bio-molecules in
the body. Primary effects of Cadmium (Cd+2) exposure is generally oxidative stress.
However an interesting fact is that Cd being a redox-active metal never participates in
Fenton and Haber-Weiss reactions due to which symptoms of oxidative stress like lipid
peroxidation are a result of depleting GSH by binding Cd+2 to GSH and forming
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GSH-driven PCs (Schu¨tzendu¨bel and Polle, 2002). Cadmium is found responsible for
affecting cell cycle progression, DNA replication, repair differentiation, proliferation and
alteration in apoptotic pathways (Fig 1.3).
Cadmium helps regulating the cell cycle progression and inhibition of DNA methylation
along with its interference with cell adhesion by activating cellular signals. However, all
its impacts on body like DNA synthesis and cell proliferation are completely
dependent on the amount of dose. While on having 1 mM exposure from cadmium can
help enhancing DNA synthesis and cell proliferation, the increased amounts of exposure
may obstruct cell division and DNA synthesis [Yang et al., 2004; Dong et al., 2001].
Genes which are mainly involved in generating stress- response towards pollutants or
toxic agents are also affected by cadmium. Cd2þ toxicity majorly targets Zn-reliant
proteins and Zn-binding molecules. Interestingly the similarity in chemical properties of
these two ions makes it possible for Cd2þ ions to replace Zn, and as the consequences
of it many Zn-dependent processes can be altered.
The most-studied proteins in regard to Cd and its mechanism of toxicity is
Metallothioneins due to its ability to get induced highly after being exposed to
Cadmium. Metallothioneins (MT) in mammals are cysteine-rich which is a heavymetal-binding protein and helps protecting the protein against oxidative stress and
cadmium toxicity. They are known to have the cysteine residues up to 30% due to which
they become able to chelate free cadmium. Cadmium intoxication results in an increased
level of production of metallothioneins, which is actually the principle pathway of
detoxifying this particular heavy metal. Thus it can be stated that cadmium and oxidative
stress induces Metallothionein (MT) gene transcription.
Cadmium denatures proteins and oxidizes them which lead to over expression of HSP
chaperones [Gaubin et al., 2000]. Oxidative stress is also associated with HSPs induction
after getting exposed to Cd2þ. Around 10-15 families of heat shock proteins are induced
for over expression due to cadmium intoxication. One of the well-studied effects of
cadmium on living tissue is apoptosis; except in plants. It is declared through various
morphological and biochemical studies that cell do undergo self- killing process
because of cadmium intoxication. Although it needs to be clarified that whether cadmium
itself or cadmium induced metallothionein is the major cause behind cell undergoing
apoptosis. However CdMT is said to have a self-contradictory role; where it protects the
intracellular milieu from cadmium ion but on the other hand
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it facilitates cadmium intoxication whenever it is available in adequate quantities in
those particular parts of living bodies where they are quick to get absorbed.
Therefore the role of MT in regard to the influence of cadmium remains controversial.
One of the well-proved mechanisms of action in relation to cadmium intoxication is
oxidative damage. Due to such concluding studies it can be stated that apoptosis caused
by cadmium is actually the result of its indirect oxidative effects initiated by over
expression of MT genes.
The mechanism which includes mitochondrial toxicity with decline in ATP, breaking
down of membrane potential of mitochondria and ROS formation, enhances apoptosis by
disrupting cellular membrane and leading them to necrosis. Cadmium is also responsible
for enhancing neurotoxicity [Monroe and Halvorsen, 2006].
It can also be observed that managing cadmium primarily influence the integrity and
perviousness of vascular endothelium and leads to necrotic alterations in nerve cells
appears as secondary to those effects. Cadmium acts as a competitive ion to Ca2þ at
the voltage-dependent Ca2þ channels and restrains all notable pathways of cellular Ca2þ
influx; it is also potential enough to block the discharge of Ca2þ-dependent
neurotransmitter. Such outcomes from Ca2þ influx are a result of interaction of thiol
groups of proteins with the heavy-metal ion which is already indulged in intracellular
Ca2þ seclusion. In contrast to this, it is stated that cadmium is responsible for raising
concentrations of intracellular Ca2þ. This significant rise is considered to be principal
reason of cell death or apoptosis. Furthermore, elevations in free radicals and Ca2þ
levels are related with exposure of Cd which ultimately induces disruption of
mitochondria and releasing cytochrome C into the cytosol.
Cadmium is not only responsible for cell death but it is also known for generating
neurotoxicity, genotoxicity and targeting DNA repair mechanism, which seems a greater
risk among all other noxious trace elements. DNA injuries are mainly protected by selfrepair mechanism, regulated by routinely metabolic processes and environmental factors.
It also involves abundance of biochemical mechanisms which adjoins safeguarding of
genetic sequence, reducing apoptosis to all possible extents, mutations, duplication
errors, resolution of DNA injury and genomic volatility. Cadmium also disrupts
collective DNA repair process and it also elevates mutagenicity enhanced by other DNA
destructing factors at comparatively lower biologically related concentration.
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By this it can be theorized that cadmium can affect living systems severely due to
these interferences with DNA repair mechanism Giaginis have proposed that sufficient
quantity of verifications shown that DNA repair processes are affected by cadmium,
resulting in enhanced accumulation of disfigured bases of DNA. As a result of
unsuccessful correction of damaged bases by DNA repair system detrimental mutations,
genomic vulnerability and apoptosis (Giaginis et al., 2006).

Fig. 1.3 Mechanism of Cadmium Toxicity and Tolerance

1.14

Cancer

Cancer is known as a fatal abnormal growth of tissue(s) called neoplasm medically. It is
a group of wide variety of number of diseases relating to uncontrolled growth
process of cells. Cancer is defined as uncontrolled growth on irregular patterns that
leads formation of tumors among cells and invades adjacent areas of effective site.
Lymphatic system and blood flow helps these cancer cells to spread over a wide area
within the body. However it is seen that some tumors do not have cancerous
characteristics an example of which is benign tumors (Cancer Research, 2012). Cancer
has different types and can be categorized into different forms based on the attributes.
It is demonstrated as cells and tissues being uncontrollably grown, which can be
classified differently due to the presence of surrounding tissues. Cancer can occur in all
living organisms. All type of living organism possesses certain
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physiological features regarding cells and same DNA & RNA templates. This is why the
way for cancer development and procedures of treatment of cancer considered same
(Marek R.M., 2004).

1.14.1

What is Cancer?

Cancer cells run parallel with those cells of individuals where they originated and
have associated configuration alike DNA and RNA although the similarity is not
completely identical. Due to this ability cancer cells cannot be differentiated clearly
from unaffected or normal cells by the immune system of individual. Usually cancer
cells have potential to divide a high rate as telomeres on their DNA strands which is
supposed to maintain counter number of division with 40-60 cells becomes nonfunctional and the number of division becomes infinite. By continuing such processes
huge clumps of tissues are formed and start interfering routinely functioning of body by
reducing organs to nothing, disturbing vital structures and arrangements

in

individuals’body (Marek R.M., 2004., 2004).

1.14.2

How is Cancer Formed?

Ascribed to certain mutations of DNA or RNA or any moderation procedures by
normal cells in the body cancer cells can be developed. Exposure to nuclear and/or
electromagnetic radiations, viral, bacterial or parasitical attacks, free radicals formation,
evolution and ageing process within DNA and RNA etc. may lead to such cancer
inhibiting mutations however they can also be induced automatically. All of the
mentioned circumstances can usually initiate cancer. Cancercan also be regarded as
entropic diseases as the infected human immune system fails to rectify the increased
entropy of cells leading the body to develop cancerous cells. Fortunately this entropic
stability of human body can be restored by some extrinsic intrusions in human body.
Interestingly it is reported that a normal living body carries around 10,000 cancer cells
and they are continuously being developed in the organism. Here the questions that
needs to get ponder is why some cancer cells multiply to the extent where they develop
malignant tumors while other remain constant in number.
It is demonstrated that every damaged cell is not able to re-divide as many of them
quickly dies. Such cells have enough potential to develop as cancerous cells but the
immune system of organism’s body keeps destroying them in a proper and continuous
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process. If the immune system get weakened and become unable to perform such
regular processes properly, these cells may start generating at a higher rate which
ultimately becomes uncontrollable for immune system to stop and thus the condition will
lead in developing cancer (Marek R.M., 2004).
Probability of developing cancer is induced by factors like obesity, exposure with
ecological effluence, using tobacco, dietary factors, infections, radiation and exposures
are deficient in physical activity (Anand et al., 2008).
It is calculated that on an average 5-10% of deaths caused by cancer are found to be
linked with hereditary genetic imperfection. Various kinds of cancers can be reduced by
less or no smoking, using balanced diet with increased use of vegetables, fruits and
grains, reducing of eating meat, maintaining the right weight according to age and
height, minimizing exposure to radiations and sunlight and using vaccination for
infectious disorders (Anand et al., 2008; Kushi et al., 2012).
Cancer can be diagnosed by number of method; such methods may include finding
particular sign and symptoms in the organism, screening tests or medical imaging of the
probable patient. Severe stages of the diseases are cured by using techniques like
chemotherapy, radiation therapy and surgeries however the chances of sustaining life
after the curing methods being applied varies by type and location of tumor in the
body also the stage of disease where the therapy by physicians have started. Some
types of cancers are particularly found in children and with increasing age the risk of
developing cancerous cells also increases. Cancer is considered as the reason of around
13% of all human deaths in world which makes 7.9 million in the year 2007 (Jemal et
al., 2011).

1.14.3

Sign and Symptoms

Symptoms of cancer are dependent upon the location of cancerous tumor in organism
thus it may be regarded as metastatic process. At the onset of its development cancer
usually do not display any symptoms. The signs and symptoms start appearing when the
tumor mass continues to increase in size or it may start to ulcerate. Some of its
symptoms can be confused with other diseases or minor disorders on the basis of
which it is also called great imitator for not having particular symptoms (Holland, J.C.
and Alici, Y., 2010).
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Local Effects

In ulceration process of cancerous tumor local symptoms may start appearing for
instance in case of mass accumulation in lungs, bronchus could get blocked which
ultimately leads to cough or pneumonia. In esophageal cancer, esophagus becomes
narrow resulting in difficulty while swallowing of food while in colorectal cancer bowel
mode of action changes due to blockage of bowel. Ulceration processes can cause
bleeding; if lungs are being ulcerated individual will end up coughing blood, if it is in
the bladder then blood will be passed along with urine and if the uterus is infected
with cancerous tumors it will lead bleeding through vagina. In severe stages of cancer
patients are observed to experience pain (Holland J.C., 2010).
•

Systematic Symptoms

Few of the general symptoms of cancer can be defined as losing weight unintentionally,
fever, tiredness and changing skin texture of body (O'Dell, edited by Michael D. et al.,
2009). In conditions like Hodgkin disease, leukemia and cancer of liver or kidney
continued fever is observed (Holland J.C., 2010).
•

Metastasis

Many times it is seen that cancer spreads and integrates it tumors to the adjacent
locations of the actual infected site due to this metastasis can be observed as a symptom
which includes lymph node enlargement, splenomegaly or hepatomegaly in abdominal
region, pain, fracture or damaged bones and some symptoms of CNS (Holland J.C.,
2010).
1.14.4

Causes

Cancer is actually an environment related disease where 90-95% causes are linked to
environmental factors while only 5-10% is hereditary or genetic causes. The prominent
environmental factors that play an important role in causing cancer are environmental
pollution and degradation, tobacco consumption (25-30%), obesity and improper diet
habits (30-35%), infections and different types of disorders (15-20%) and radiation
exposure (10%)(Anand et al., 2008).
•

Chemicals

DNA mutations are caused by chemicals known as mutagens, mutagens that are capable
of causing cancers are called carcinogen. Particular substances are linked
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with specific type of cancers. Tobacco smoking is known to be a cause of many types of
cancers (Sasco et al., 2004) and it is capable of causing lung cancer with 90%
probability (Biesalski et al., 1998). Numbers of mutagens are found carcinogenic in
characteristics although few carcinogens are not actually mutagens the best example of
which is alcohol a chemical carcinogen (Seitz et al., 1998).
In a study Kuper et al., 2002 demonstrated the association among tobacco users and
cancers in body parts like lungs, esophagus, pancreas, stomach, bladder, neck, kidney
and head. Smoke which is emitted out by tobacco can contain up to fifty known
carcinogens including nitrosamines and polycyclic aromatic hydrocarbons. One in three
of all cancer deaths are caused by tobacco in the recent era of advanced world (Sasco
et al., 2004). According to WHO report every year around 200,000 deaths are caused by
workplace related-cancer throughout the world, and majority of all deaths are a result of
occupational acts that are risk factors to health in developed and advanced world.
Asbestos fiber and tobacco smoke causes a greater risk of cancers specifically lung
cancer and mesothelioma in a number of occupationally exposed workers; similarly
workers who are exposed to cyclic benzene are prone to develop leukemia.

•

Diet and Exercise

30-35% of cancer deaths are a result of irregular bowel habits, less physical activity
and over-weightiness (Anand et al., 2008). In US over weightiness is considered as an
inducing factor of developing a cancer and it can cause 14-20% cancer deaths. Physical
inactivity imposes adverse effects on human immune and endocrinal system along with
affecting body weight thus it is considered as a risk factor for developing cancer. Diet
can also induce establishing cancer in body especially when it habitually contains more
red meat than vegetables, fruits and whole grains (Kushi et al., 2006). Gastric cancer
is associated with high level of salt consumption in food; a common food
contaminant is aflatoxin B1 that may cause liver cancer, whereas chewing betel nut may
lead to oral cancer (Park et al., 2008).

•

Infection

On an average it is calculated that infectious disorders leads to 18% of cancer deaths.
This ratio varies region to region in the world as it is greater in Africa up to 25% as
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compared to other regions by 10% in developed and advanced world (Anand et al.,
2008).
Oncovirus is a virus with potential of causing cancer. It belongs to the group of virus
which contains human papilloma virus which is a causative agent of cervical carcinoma.
Epstein-Barr

virus

which

causes

nasopharyngeal

carcinoma

and

B-cell

lymphoproliferative diseases, kaposi’s sarcoma, herpesvirus, hepatitis B and C which
potentially causes hepato cellular carcinoma. It also includes Human T-cell leukemia
virus-1 which causes T-cell leukemia. Bacterial infections are also observed to be a
major cause of establishing cancer for instance helicobacter pylori which causes gastric
carcinoma (Pagano et al., 2004).

•

.

Radiation

Ionizing and non-ionizing UV radiations are also linked with 10% of invasive types of
cancer (Anand et al., 2008). Non-melanoma skin cancers are included under a broad
range of non-invasive cancer which is caused by non-ionizing ultra-violet radiations.
Medical imaging and radon gas can be potential sources of ionizing radiations. The
main reason behind majority of body parts developing cancer is radiation. It is observed
that solid tumors that take 10-15 years and can reach up to 40 years are commonly
caused by radiations; radiation caused leukemia takes 2-10 years to get diagnosed. As
compare to adults children are more prone to establish cancerous cells. If cancer causing
agents associates with radiations they collectively become more potent of causing
cancers (Little J.B. et al., 2000).
These radiations have capability to strike molecules in human body, unfortunately if
the radiation reaches to the chromosome it may cause chromosomal breakage, abnormal
number of chromosome and it is able to inactivate the exposed part of chromosome,
it can also alters DNA sequences and translocate chromosomes which ultimately
results in different types of abnormalities in the structure of chromosome. Morphological
alterations in the cellular structure, cellular immortality and supporting the generation of
cancerous tumors are three distinct steps of developing cancer due to ionizing radiations.
These radiations are also used to cure few kinds of cancer but in consequences it can
develop another form of cancer in the individual’s body (Little
J.B. et al., 2000).
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Heredity

There is a large range of sporadic cancers which are basically non-hereditary cancers.
Genetically transferred defects lead to hereditary cancers. Individuals which are potential
carriers of genetic mutation are only 0.3% in population but they have a huge effect
and probability of causing cancer and due to this less than 3-10% of all types of
cancers are occurred (Roukos D.H., 2009).

•

Physical Agents

Some carcinogenic substances are considered cancerous due to their physical abilities
rather than their chemical effects on cells. Asbestos exposure can be a good example of
such agents, prolong exposure to which can cause cancer due to presence of a
natural mineral fiber which can cause mesothelioma which is a cancerserous outer
membrane of lungs which provide coverage to its outer area. Natural and synthetic
asbestos-like fiber can also be another example of it as it includes same characteristics
because of having wollastonite, attapulgite, glass wool and rock wool.
Cancer causing agents can be non-fibrous too, the example of which is powdered form
of metallic cobalt and nickel and crystalline state of silica. Interestingly it is to be noted
and understood that such physical agents that are able to cause cancer should enter into
the body via breathing (inhalation) process and it takes prolong exposure to establish
cancer through them (Maltoni and Holland., 2000).
Cell proliferation level is elevated by having multiple injuries, incisions or infection on
same body parts which ultimately leads to occurring mutations and resulting in
cancerous cells. Although it is proven that only inflammation cannot result in
establishing cancers in a cell (Gaeta and John, 2000).

•

Hormones

Cell proliferation process can be increased due to particular mechanism of action of
some hormones specifically (Henderson et al., 2000). Some growth factors similar to
insulin and the proteins; they are bind to play key-role in procedures like cellproliferation, cell-differentiation and self-killing processes i.e. apoptosis in cancer
(Rowlands et al., 2009).
These hormones are importantly related to breast cancer, endometrium, prostrate, ovarian
cancer, testis, thyroid and bone cancer, as they are collectively known as sex- related
kinds of cancers. It is found that daughter of females who have been victim of
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breast cancer have greater probability of developing breast cancer as they possess high
level of estrogen and progesterone as compare to daughters of those females who never
had developed breast cancer. Same as African lineage has particular great level of
testosterone hormone in comparison to European lineage thus they are more susceptible
of having prostate cancer. It is noticed that growth hormones may help to elevate level of
osteosarcoma (Henderson et al., 2000).

1.14.5
•

Pathophysiology
Genetic Alterations

Cancer is invariably considered as disfunctioning of tissue growth system including its
regulation and maintenance of finite division. As soon as the normal cell changes itself
into a cancerous cell its genes alters the function and failed to maintain growth process
(Croce, 2008).
Cancer developing genes are categorized into two major types. Genes that support cell
growth and reproductive processes are called Oncogenes while those which are related
to stop cell division process and their survival as normal cells are termed as Tumor
Suppressor genes. The processes by which these cells are transformed into malignant
form are carried out by novel oncogenes and through the improper over- expression of
normal oncogenes, although it can also be occurred due to under- expression of tumor
suppressor genes. This is how a normal cell undergoes several structural changes in its
genes to become a cancerous cell (Knudson, 2001).
Different processes lead to changes and alterations in genes at a number of levels.
Due to single error in a mitosis process a complete set of chromosome can be gain or
lost. The kind of mutations where DNA nucleotide sequence alters is most common
among these processes. Mutation can cause removal or addition of chromosome parts at
a large-scale; however point mutations are noticed in a smaller scale where insertions and
deletions are occurred in promoter area of gene and alter the expression, this may also
take place within coding sequence and potentially alters the function of its proteinous in
nature.
Whenever a particular defined error appears in a cell, the cell undergoes apoptosis
which is already programmed and known as self-killing. Due to some mutations this selfrectification process of cell can be failed and cell remain unable to perform it, by
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this cell can live and even keep multiplying into daughter cells with the contained
error.

•

Epigenetic Alterations

According to past researches and studies it is concluded that cancer can be defined as a
set of disease occurs due to abnormalities in genes that can possibly because of the
mutations in tumor suppressor genes and oncogenes and may be some structural
alteration in the sequence and now it can be said that epigenetic alterations can also be a
major cause of cancer (Baylin and Ohm, 2006).
Functionally related moderations in the genetic structure which is not involved in
contrasting the nucleotide sequence is known as epigenetic alteration. DNA methylation
variation and histone moderation (Kanwal and Gupta, 2012) along with different
variations occurred in chromosomal structure can be good examples of epigenetic
alterations.
DNA repair mechanism can be declined by deficiency in expression of repair genes.
The rate of presence and integration of damaged DNA in cell can be increased due to
this decline in repair mechanism, if this level exceeds from the normal level the
chances of mutation or epimutation processes get higher and there will be more cells
with defected DNA mismatched repairs. (Narayanan et al., 1997; Hegan et al., 2006).
Due to excessive damage levels in DNA structure the rate of mutation and epimutation
also increases. Epigenetic gene silencing can result due to inadequate void locations
of repair while repairing of broken double strands of DNA and repairing its other
fragments (O'Hagan et al., 2008; Cuozzo et al., 2007).
Previously it was said that cancer can be developed by failing to regulate the tissue
growth mechanism, due to alteration of the functions of genes that help monitor cell
growth, in recent era it becomes comprehensible that cancer can be caused by mutation in
DNA sequence in oncogenes and tumor suppressor genes and because of epigenetic
alterations as well.

1.17Diagnosis
By keenly observing signs and symptoms and by applying screening methods different
types of cancers can be diagnosed at early stages. These methods are devoid of actual
diagnosis which includes clinical and pathological examination of tissue
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sample. Blood tests, x-rays, CT scans and endoscopy techniques are used for patients
who may have doubts regarding developing cancer.

1.18Classification
On the basis of cell structure and the resemblance of tumor cells (to present primary
assumptions about tumor) cancer can be divided into following types. .
1.18.1

Carcinoma: This type of cancer is developed by epithelial cells.

Some of commonly found cancers are a part of this group particularly in aged
population. This type of cancer includes all extensions of breast,

lung,

prostate, lung, pancreas and colon cancer.
1.18.2

Sarcoma: Such cancers are acquired from connective tissues which

includes bones, cartilage, fat, nerve and leading to the cells which are
originated to mesenchymal layer of cells extrinsic of bone marrow and spinal
cord.
1.18.3

Lymphoma and leukemia: The hematopoietic cells (blood forming

cells in the bone marrow) which are completely matured in the lymph nodes
and blood are found to develop in these types of cancers. However it is
reported that the most commonly found cancer in children is leukemia 30% of
affected children population (Varricchio and Claudette G., 2004).
1.18.4

Germ cell tumor: Pluripotent cells give rise to this kind of cancer

thus it is appeared in tesitcles called seminoma or in the ovary as
dysgerminona.
1.18.5

Blastoma: Precursor cells and embryonic tissues originate this type

of cancers although blastoma is more commonly found in children rather than
adults.
Suffix like carcinoma, sarcoma and blastoma are commonly used for naming cancers
with linking the organ’s Greek or Latin name as a root name for instance the cancer of
important organs which is liver parenchyma arises from a fatal epithelial cell called
hepatocarcinoma along with its fatality procured from hepatoblastoma that is liver
precursor cells, similarly liposarcoma is a cancer originated from fat cells of body.

1.19Pathology
Proliferation process, histological grade, abnormalities in genetic structure and other
characteristics of tumor are diagnosed by tissue sampling through pathologist suggested
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cell type. This diagnosis result can help is assessing the medical condition of patient by
which the most suitable medication and therapies are selected for cure.
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Pathologist performs two different types of tests on the tissue sample i.e. cytogenetic
analysis and immunohisto chemistry. By these tests the alteration in molecular structures
like mutation can be observed along with gene fusion, chromosomal changes that are
appeared in cancer cells and interestingly these tests may predict future conditions
and severity of the disease by which best possible treatment patterns can be designed and
opt.

1.20Dietary
Although the encouragement of recommended diets for reducing risk of developing
cancers are not specific but a number of recommendations are reported (Kushi et al.,
2012; Wicki and Hagmann, 2011). Obesity and consuming alcohol are major factors in
enhancing risk although the idea of developing cancer due to unbalanced diet with less
vegetable and fruit consumption and high red meat consumption is also not confirmed
yet (Cappellani et al., 2012; Key, 2011). Risk of developing liver cancer can be
reduced by using coffee (Larsson and Wolk, 2007). The recommended dietary sources to
prevent cancer includes consuming vegetables, fruits, whole grains, fish and stopping
the usage of red meat, animal fats and refined carbohydrates, a finite range of proofs
are used to present these recommendations (Kushi et al., 2012; Wicki and Hagmann,
2011).

1.21Medication
Evidence have reported that although different medication techniques can be applied to
cure cancer but their use must be restricted within a specific and limited range of
condition and circumstances (Hong W.K., 2010). The general society of NSAIDs has
reduced the risk of colorectal cancer due to the cardiovascular and gastrointestinal side
effects they were considered harmful when applied for prevention (Rostom et al., 2007).

1.22 Vaccination
A progression in production of vaccine is observed and its consumption can possibly
prevent occurrence of few infections caused by certain viruses. The risk of establishment
of cervical cancer can be reduced by using human papilloma virus.
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Similarly hepatitis B vaccine not only guards against hepatitis B virus it also ensures
lowering the risk of lung cancer (Cancer Vaccine Fact Sheet, 2006).

1.23 Management
Surgery, chemotherapy, radiation therapy and palliative care are the basic management
operations for cancer. These therapies are opt and recommended based on the kind,
location and severity of cancer also it is highly dependent upon patient’s overall health
and will.

1.24 Palliative Care
.Palliative care is a type of treatment in which intentional attempts are made for
patient to feel good and comfortable, such attempts may or may not be associated
with aggressing the disease. Due to this process patients’ physical, emotional, spiritual
distress is being reduced. The main purpose of palliative care procedures is to bring
positive advancements in patient’s life despite of being tested and observing for
molecular changes like mutation processes, fusion of genes and different chromosomal
changes that may appear in cancer cells and it also portray the upcoming behavior of this
acute disease and best possible cure of it.

1.25 Prevention
Death ratio of cancer can be reduced if patients follow some preventive measures and
refrain themselves from the factors that enhance risk of cancer such as smoking tobacco,
obesity and over weightiness, improper or imbalanced diet, being physically inactive,
consuming alcohol, sexually transferred diseases and being exposed to polluted air
(Cancer, WHO, 2011).

1.16.3 Chemotherapy
Chemotherapy is opted in order to damage the cancer cells by using different types of
chemicals. Through chemotherapy these chemicals are targeted to the infected cells
with pre-calculated and proper of amount of doses due to which a decline in collateral
damage to other tissues can be achieved in the adjacent body parts however the
protection to other parts is actually not achieved by this method. Chemotherapy results in
inclining entropy of individual and restricts the immune system, it promotes
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more toxic cells in adjacent locations and in body cavity, it diminishes healthy cells
and it can help produce more mutated cells that are potent enough to transform into
cancer cells afterwards, these conditions leads to more medical trauma to a cancer patient
than cancer itself.

1.16.4 Radiation Therapy
Radiation therapy methods include using ionization radiations for curing the cancer or
help reducing symptoms of cancer among patients. These methods are particularly
used besides ongoing chemotherapies or some surgical treatments although a few times it
is applied separately for some definite types of cancer like head and neck cancer.
70% of bone cancer population have claimed that radiation therapies are ample alone as
a part of treatment against this painful metastasis (Hong W.K., 2010).

1.17 Recent Research in Cancer Treatment
1.17.3 Genetically Engineered Bacteria and Viruses
Genetically engineered bacteria and viruses are also being considered to diminish
cancerous cells in patients’ body by some advanced researchers. Patients who priory
established large masses of tumors in their cancer cells can find this advantageous.
However the main drawback of the procedure is the yield of large quantity of toxins
from the diminishing of cancerous cells. This may also lead to declination in function or
failure of immune system resulting in death of the patient. Most of the time it is
reported that bacteria and viruses undergoes mutation processes and produce infection in
healthy and normal non-cancerous cells of patients’ body (Marek R.M., 2004).

1.17.4 Anti-cancer Vaccines
Anti-cancer vaccines are an enthralling field of research regarding cancer and it is use
for definite type of cancer patients. Individuals can get immune systems’ reply in
destroying of liver cancer cells by partitioning cancer cells to the immune system of
body.
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1.17.5 Cancer Markers
There are some chemical materials which can be applied to mention or particularize
the cancer cells, this gives raise to another compelling field of research in cancer. By this
the identification of cancer cells by immune system becomes easier (Marek R.M., 2004).

1.17.6 Cancer Growth Inhibitors
Researchers have an idea to consume chemical materials which are potential to restrain
the growth of cancerous cells. The important research subjects here are the substances
that refrain activity of telomerase enzyme which is responsible for elongation of
telomerase. 80% of tumors have shown levels of this enzyme in high concentration
due to which the tumor cell becomes immortal and keeps on dividing by dismissal of
the limitation factors on cell division process. Life span of normal cells which is
ultimately elongation in the life time of individual is also supported by telomerase
enzyme (Marek R.M., 2004).

1.17 Non-Traditional Treatment of Cancer
Numbers of year are required for the progression of cancer disease in body thus its
treatment is also expanded in months or even years. The most important part of the
treatment is to reverse the procedure to stop cancerous growth. Although accomplishing
to stop this process is difficult. Individual may have to go for several things and select
best choices for making the process go reverse. Among a large population of cancer
patients in 90-05% cases it is noted that complete reversal become attainable.
2

Some major factors devoted to health and cancer reversal process:
2.16 The diet must be maintained as to have a lower level of entropy in the
body which can be achieved by depending upon organic raw food. pH balance
and acidity must be ranged normally and restricting one’s self from foods
with higher pH like sugars. Sugars can help damaging cell environment which
may take cancer into more toxic and harmful stages.
2.17 Home environment must be devoid of chemicals. Dishes and food storing
pots are to be cleaned with Luke warm water. All the stuff in
environment of patient and his/her home must be cleaned with warm water,
detergent or
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vinegar to achieve sterility. Herbicides and pesticides must be absent from
backyards and gardens.
2.18 It is to be noted and understood that some viruses and bacteria are good
for health thus it is necessary to discourage complete sterility. By this immune
system may become better as bacteria and viruses play vital role in regulating
immune system.
2.19 Cancer patients must maintain a greater level of satisfaction and
contentment and must reduce stress level as stress inclines a large number of
chemicals and radicals which have adverse effects of health.
2.20 People must get involved in recreational exercises like brisk walking,
biking and swimming because sticking to strict exercises may decreases ability
of immune system due to free radicals and may inclines the level of tissue
damaging processes.
2.21 Alcohol consumption, tobacco smoking and unhealthy environment must
be avoided by healthy individuals. Even human health is vulnerable to flying
as high altitude regions comprises of ionization process leading to damaging
of cells due to presence of cosmic rays.
The ability of immune system can be increased, maintained and protected by consuming
specific herbs, food supplements, relaxation and massage techniques and meditation
processes (Marek R.M., 2004).

1.18 Types of Cancer
1.18.4 Lung Cancer
An ailment characterized by unconstrained and infinite growth of cells in tissues of
lungs of human body is known as lung cancer (Fig 1.4). This uncontrolled growth if
left untreated can proliferate in whole organ through a process called metastasis which
can potentially harm tissues of other organs in the surrounding. Carcinoma that affects
the cells of epithelial lining of body are usually called Primary Lung Cancers as they are
mostly found in lungs. Coughing (sometimes with blood), losing weight unintentionally,
shortness of breath and chest pain are among its major symptoms that can be observed
regularly. The causes behind this malignant disease formation inside human lung in
almost 80-90% population (Horn et al., 2012) is mostly

40

being

Chapter # 1

Introduction

introduced to tobacco smoke, for a long span of time (Lung Carcinoma, 2007). There is
around 10-15% chances among non-smokers of developing cancer (Thun et al., 2008),
although interestingly these reported cases were found linked with some combinations of
genetic factors, consumption of radon gas (Alberg and Samet, 2010) using asbestos
(O'Reilly et al., 2007) and air pollution also had a valuable contribution in developing
lung cancers among non-smoker population (Alberg and Samet, 2010).

Fig. 1.4 Developing of Lung Cancer

1.18.4.1 Sign and Symptoms
Cough, wheeze, shortening of breath, cough with bleeding, weight loss, fever, fatigue,
chest pain, bone ache and difficulty in swallowing of bolus are mostly found signs and
symptoms among patients of lung cancer (Horn et al., 2012).
However it is also demonstrated that weight loss, fatigue and fever are included among
non-specific symptoms of lung cancer patients (Lu et al., 2010). Bones, brain, adrenal
gland, other lung, liver and kidneys can be potentially affected due to spreading of these
tumors (Greene, Frederick L., 2002).

1.18.4.2 Causes
Genetic demolition of DNA and epigenetic changes can be occurred because of cancer,
due to which cell’s regular function like cell proliferation processes, apoptosis and repair
mechanism of DNA become irregular and deviant. With increasing number of nonfunctionalities, the more prone a cell become of cancer (Brown et al., 2010).
The major reason of lung cancer is undoubtedly smoking (Biesalski et al., 1998).
There are more or less 60 known carcinogens present in cigarette smoke
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2003), cigarette smoke may also contain radioisotopes from radon decay process,
nitrosamine and benzopyrene. To depress the immune response regarding growth of
cancerous cells in effected tissue, nicotine plays a major role (Sopori, 2002). Behind
this advanced and developed era there were 90% patients of lung cancers attributed
with smoking died during year 2000 in which around 70% were women (Peto et al.,
2006). Smoking habit has resulted 80-90% of deaths among lung cancer patients
(Horn et al., 2012).
Radium is a radioactive product that emits a colorless and odorless gas called Radon;
this element occurs naturally in earth’s crust and is known as a decay product of
uranium. Output and emissions from radiation decay are potent to ionize genetic
substances which lead to mutations and sometimes can have canceroums effects. In
United States after smoking, this radioactive radon gas is known to be the secondmost found cause of lung cancer (Alberg and Samet, 2007).
Asbestos is considered as a causative agent of number of lung diseases which includes
lung cancer as well. Human body can develop lung cancer through synergistic effect of
asbestos and smoking (O'Reilly et al., 2007).
Only 1-2% of reported lung cancer cases were a result of out door air pollution thus it can
be stated that the negative effect of air pollution is comparitively less as of other factors
that induce lung cancer (Alberg and Samet, 2010). However the risk of lung cancer by
increases up to 14% due to nitrogen dioxide (Clapp et al., 2008).

1.18.4.3 Pathogenesis
Activation of oncogenes or inactivation of tumor suppressor genes initiates process of
lung cancer (Fong et al., 2003). Human becomes more vulnerable to cancer due to the
presence of oncogenes. With exposure to particular carcinogens proto-oncogenes are
converted into oncogenes (Salgia and Skarin, 1998). Cell proliferation process,
apoptosis, angiogenesis and tumor invasion in the body are regulated by a specific
epidermal growth factor receptor (EGFR) (Herbst et al., 2008). The most affected
gene is p53 tumor suppressor gene which is located on position of chromosome 17p
and it is reported that 60-75% cases of lung cancers have affected (Devereux et al.,
1996).
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1.18.4.4 Diagnosis
If a person start showing symptoms for lung cancer, one of the most important clinical
diagnoses can be made by performing a chest radiography or x-ray. The radiograph
helps seeking for occluded mass, widening of the mediastinum, atelectasis (collapse
process), consolidation (pneumonia), or pleural effusion which are possible signs of
developing tumors (Cancer Fact Sheet N 297, 2009)

1.18.4.5 Screening
In asymptomatic patients from the population screening is recommended and conducted
as a medical test for the diagnosis of disease. Sputum cytology, chest radiograph
(CXR) and computed tomography (CT) are screening methods which are used to
diagnose lung cancer. However CXR or cytology based screening procedures are
demonstrated as ineffective or non-beneficial (Manser et al., 2004).

1.18.4.6 Treatment
Opting treatment methods for lung cancer mainly depends on the stage and severity of
cancer along with its specific cell type, the rate of metastasize of disease within
surrounding organs and tissues and patients performance status towards recovery
methods. Palliative care (Ferrell et al., 2011) surgery, chemotherapy and radiation
therapy techniques (Horn et al., 2012) are considered as some commonly opted methods
of treatments.

1.16.7 Stomach Cancer
The type of cancer which arises from any given part of stomach is called stomach or
gastric cancer (Fig 1.5). Throughout the year 800,000 deaths are reported due to
stomach cancer (Cancer Fact Sheet N, 297 2009).
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Fig. 1.5 Cancer Development in Stomach

1.16.7.1 Sign and Symptoms
Problem in digesting food, losing appetite, feeling discomfort in abdominal region,
weakness and fatigue, nausea, vomiting, diarrhea, constipation and bleeding while
defecating or in vomiting are some prominent signs and symptoms of stomach cancer.

1.16.7.2 Causes
The risk of gastric cancer can be particularly elevated in smokers; around 40% of
current smokers and 80% of regular heavy smokers are more prone to have stomach
cancers. Smoking generally affects the upper portion cardiac end of stomach near
esophageal region (Nomura et al., 1990; Trédaniel et al., 1997). Although alcohol
consumption also inclines the risk of developing stomach cancer as reported (Sung et al.,
2007).

1.16.7.3 Histopathology
A malignant epithelial neoplasm which arises from glandular layer of epithelium of
mucus lining of stomach is known as gastric adenocarcinoma. Functionally up to 90% of
stomach cancers are severe adenocarcinomas (Kumar et al., 2010). There are two
defined types of gastric adenocarcinoma (Lauren classification): i.e. Intestinal Type
& Diffuse Type.
Generally inner layer of stomach tends to initiate stomach cancer. With passage of
time the cancerous cells penetrates into the inner region and grow inside stomach
wall. When the stomach tumor reaches the extrinsic layer of stomach it become
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enable to penetrate the organs in surrounding environment like liver, pancreas,
esophagus or intestine. Sometimes stomach cancer cells find a way to get separated
from initial cancer tumor by diffusion. They get diffused into blood or lymphatic vessels
through which they can reach any tissue throughout the human body. Lymph nodes
adjacent or surrounding stomach site can also get affected by these cancerous cells of
tumor. These cancer cells are able to penetrate among other organs and grow new
tumors in those organs or tissues as well which causes destruction to those tissues.

1.16.7.4 Treatment
If not diagnosed early, stomach cancer becomes difficult to treat stomach cancer;
early stage can be characterized by the extent of which cancerous cells have penetrated
in the surrounding parts of body. Unfortunately, initially stomach cancer failed to
show symptoms or show very few symptoms, cancer is already formed till the time of
diagnosis came. Surgery, chemotherapy and radiation therapy are some techniques
which are used for treatment of stomach cancer. Biological therapy is included in some
of newly established advanced treatments which are being explored and clinically
experimented.

1.17.3 Liver Cancer
The type of cancer which is generated among liver cells of human body is known as
Liver or Hepatic Cancer (Fig 1.6). Throughout the world initial or primary level liver
cancer is known as fifth most occurring cancer and is also reported as the second
reason of cancer deaths. Fatal neoplasms developed inside or on either surface(s) of
liver is actually liver cancer. Liver, blood vessels within liver or bile duct may generate
them. Medical imaging equipment helps observing liver tumors; however they
become symptomatic by producing a mass in abdominal region which is them attributed
by abdominal pain, jaundice, nausea or it may lead liver non-functionality.
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Fig. 1.6 Formation of Liver Cancer
1.17.3.1 Sign and Symptoms
So many types of cancers can be defined under the term of hepatic cancer, thus the
signs and symptoms may vary according to the type of cancer which is occurring in
human body. Sweating, jaundice, abdominal discomfort and pain, weight loss and
hepatomegaly conditions are the symptoms of cholangiocarcinoma.

1.17.3.2 Causes

1.17.3.2.1 Viral Infection
The main reason of liver cancers is viruses like Hepatitis C virus (HCV) or Hepatitis B
virus (HBV). Around 80% of hepato cellular carcinoma (HCC) is caused by these
viruses (Arzumanyan et al., 2013; Rosen, 2011).

1.17.3.2.2 Cirrhosis
There is a link between occurrence of HCC and using alcohol and alcoholic people
generally have higher risk of getting alcohol-induced cirrhotic liver cancer. Hereditary
hemochromatosis and primary biliary cirrhosis are kind of some diseases which can
elevate the chances of developing cancerous conditions (Fattovich et al., 2004).

1.17.3.3 Prevention
Prevention procedures regarding cancers are categorized into primary, secondary and
tertiary processes. Initially less exposure to cancer causing agents can be a primary
preventive measure against the disease. However the most promising preventive
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measure against primary or initial level liver cancer is considered a vaccination for
Hepatitis B.
The treatments that are included in secondary preventive measures are curing the
carcinogenic substances in the body that are responsible of forming cancers and also
stopping the carcinogenesis within the body. If the victim is already virus-infected the
disease is considered non-curable, but treatment with anti-viral medicines like interferon
can help declining the probability of developing liver cancer.
Treatments that help preventing development of cancer after cure are known as tertiary
preventive measures. Implying chemotherapeutic and anti-viral drugs are included in this
kind of prevention (Hoshida et al., 2012).

1.17.3.4 Treatment
Complete and proper treatment can be provided to patients if the cancer is diagnosed
initially at Stage A. For this, three different methods are opted as per patient’s
convenience and disease’s severity which are as follows.

2

Removal of the affected part of liver -also known as resection treatment.

3

Transplanting Liver – a surgical method of replace infected liver with
healthy liver.

4

Heat Technique to retard Cancerous Cells: Radio frequency ablation (RFA)
is a technique used to kill cancer cells through heating them.

1.17.4 Colorectal Cancer
Cancers that are characterized by uncontrolled growth in epithelial lining of colon or
rectum which are parts of large intestine are termed as Colorectal, Colon, Rectal or
Bowel cancer (Fig 1.7). According to genetic analysis it is reported that cancers that
results in colon and rectal tumors are similar in genetic terminology (Cancer Genome,
2012).
Cancers which are particularly developed within the bowel lining is regarded as
colorectal cancer, leaving such cancers untreated, they can potentially spread in muscle
layers within and over the bowel lining which is their actual area of origin and can reach
up to the walls of abdominal region. Probability of deaths by this type of cancer can be
effectively decreased by screening techniques. It is recommended that
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to initiate screening at the age of 50 and continue it till the age of 75. Sigmoidoscopy or
colonoscopy is most commonly applied screening techniques for localized bowel
cancer.

Fig. 1.7 Four Stages of Colorectal Cancer
Although colorectal cancer is usually found in developed countries it is still regarded as
third most commonly occurring cancer around the world. There is an estimate of 60%
reported cases of colorectal cancer in the advanced world. It was calculated that
throughout the world there were 1.23 million reported cases of which approximately
608,000 individuals were lead to death due to sufferings of colorectal cancer in year
2008 (Ferlay et al., 2010).

1.17.4.1 Sign and Symptoms
Position of tumor and the level of metastasis of cancerous cells in body are responsible
for showing signs and symptoms of the cancer. Worsening constipation, blood in the
stool, decrease in stool ability, loss of appetite, weight loss and nausea or vomiting in
patients over 50 years of age are some of its common signs (David H., 2008). Usually
patients with more than 50 years of age may suffer with rectal bleeding or anemia along
with weight loss and a differentiable shift in bowel habits which are related to bleeding
(Astin et al., 2011; Adelstein et al., 2011).

1.17.4.2 Causes
Genetic risk is negligibly or not involved in developing colon cancer; 75-95% of
colorectal cancer cases are found in patients with minor or no genetic risk (Watson
and Collins, 2011; Cunningham et al., 2010).
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factors to this type of cancer can be older age, male gender (Cunningham et al., 2010),
high intake of fat containing diet, consuming alcohol or red meat, over- weightiness,
smoking habit and lacking of physical exercise (Watson and Collins, 2011).

1.17.4.3 Treatment
Palliation and cure techniques can be used for major treatment of this type of cancer.
Although to opt these methods several methods are considered which basically includes
patients’ health status and his preferences along with the stage of cancer tumor in
patients’ body (Stein et al., 2011). Surgeries are also proven as a remarkable method of
cure treatment only if the cancer is diagnosed at early stage whereas of the cancer has
reached higher level of metastasis process or has entered later stages of the disease;
surgery option is replaced with palliation, to stop symptoms which are result of tumor so
that the patient remain relax as much as possible (Cunningham et al., 2010).

1.18.4 Breast Cancer
The type of cancer which is derived from breast tissues, usually within the intrinsic
layers of milk ducts or lobules that help supplying ducts with milk is known as Breast
Cancer (Sariego, 2010). If the cancer arises in ducts it is termed as ductal carcinoma
whereas if it is found in lobules it is called lobular carcinoma. Human beings and all
other higher mammals are vulnerable to breast cancer. Although majority of breast
cancer occurrence is reported among female population but it can also be developed in
male population as well.
The ratio of occurrence of breast cancer among all other types of cancer in women is
22.9% throughout the world. It is reported that around 458,503 deaths were caused by
breast cancer worldwide in year 2008 i.e. 13.7% of cancer deaths among women
(IARC, 2008).

•

Sign and Symptoms

A lump that feels distinct among other breast tissues is particularly one of the most
important and initial symptom of breast cancer. Sensing a lump leads to diagnoses of
80% cases among women. Lumps that are usually found in lymph nodes located
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around armpits (Merck, 2003) can also be regarded as breast cancer. Breast cancer
can be a metastatic disease that spreads out in the body from its organ of origin.
Symptoms of metastatic breast cancer are characterized by their position of outgrowths.
It can commonly spread up to bones, liver, lungs and brain (Lacroix, 2006). Notable
weight loss and fever may signify deeply integrated breast cancer. Being metastatic in
nature breast cancer can also be symptomized through bone or joint aches, jaundice
and some neurological symptoms. However all these symptoms are considered vague
and are not specific to breast cancer as they can be a depiction of any other disorders as
well (National Cancer Institute, 2004).

•

Causes

Female sex and older age are major key risks for developing breast cancer (Reeder
and Vogel, 2008). Genetics, lack of childbearing or lack of breastfeeding
(HaimAbraham, Portnov and Biris P., 2013). Greater levels of specific hormones
(Yager, 2006; Santoro et al., 2009), particular dietary procedures and over weightiness
are also considered as important risk factors for the disease.

•

Prevention

Maintaining a healthy weight, consuming less alcohol, being physically active and
breastfeeding the children (Howell et al., 2014)can be used as preventive measures for
breast cancer. It is reported that Marine omega-3 polyunsaturated fatty acids helps
lowering the risk of breast cancer (Zheng et al., 2013).

•

Treatment

There are so many factors to be considered before opting treatment of breast cancer,
most important of which is the stage of disease. When patients represent poor prognosis
and the chances of reoccurrence of disease are high then highly aggressive treatments are
opted. Usually this type of cancer is treated by chemotherapies or radiation therapies
followed by surgery. A highly specialized approach is required to treat breast cancer
thus the treatment techniques are multidisciplinary (Saini et al., 2011). Hormone
blocking therapy is mostly used for number of years as a course to treat hormone
receptor positive cancer. For advanced stages of breast cancer with
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some particular cases of high rate of metastasis among female population monoclonal
antibodies and other immune-modulating treatments are used.

1.18.4 Bladder Cancer
Cancerous cells growth which is found in epithelial lining i.e. the urothelium of urinary
bladder in humans is also a major kind of cancer which is termed as Bladder Cancer.
Urinary bladder is a hollow muscular organ located in pelvic region of human body and it
helps in storing urine Lymphoma or Sarcoma conditions are also observed as nonepithelial cancers in bladder. This condition is characterized by uncontrolled and
infinite growth of cells in the bladder. In the normal histology of urothelium region
it is observed that bladder cancers may re-occur after treatment such re- occurrence is
known as transitional cell carcinoma or urothelial cell carcinoma. Worldwide there are
almost 383,000 reported cases of bladder cancer (Ferlay et al., 2008).

1.18.4.1 Sign and Symptoms
Bladder cancer can be symptomized by redness or hematuria i.e. appearance of blood in
urine sample. Feeling of pain while urinating, rapid rate of urination, or feeling to
urinate are also some important symptoms of the disease. However these symptoms
can also represent other diseases or infection like prostate cancer and are not specific
with bladder cancer only.

1.18.4.2 Causes
Around the world tobacco smoking is known as the major culprit behind bladder
cancer, in the densely populated areas it is observed that smoking is linked with almost
half bladder cancer cases in male population and is reported with ratio of one- third cases
among women population (Zeegers et al., 2000). Researchers have observed a liner
relationship between risk of developing bladder cancer and tobacco smoking thus it
can be stated that abandoning smoking may help reducing risk of developing bladder
cancer (Boffetta, 2008).
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1.18.4.3 Prevention
According to a study presented by World Health Organization in year 2008 it is stated
that a particular amount of intake of fruits and vegetables may help to decrease the
risk of developing bladder cancer (Brinkman and Zeegers, 2008). Fruits and some
yellow-orange vegetables particularly those carrots having selenium in them are linked
with regulating lower risks of developing bladder cancer (Brinkman and Zeegers, 2006).

1.18.4.4 Pathological Classification
Only 10% of bladder cancers are squamous cell carcinoma, adenocarcinoma, sarcoma,
small cell carcinoma and metastasis from cancers in other parts of body while 90% of
them are transitional cell carcinoma in origin.

1.18.4.5 Treatment
After complete diagnosis of bladder cancer along with its type and stage, treatment
procedures are opted. Treatment highly depends upon the type of cancer, the level it
has reached and most importantly on patients’ health.

1.18.4.5.1 Surgery
The most common type of treatment for bladder cancer patient is surgery. Although
the type of surgery may vary from a minor procedure of cleaning tumor through
cytoscopic techniques to removal of the whole bladder from the body. These surgeries
may or may not be associated with chemotherapy or radiation therapies.

1.18.4.5.2 Chemotherapy Technique
Both starting and developed stages of bladder cancer can be treated with
chemotherapeutic techniques however they are carried out in a different way according
to the stage. For early staged patients Intravesical Chemotherapeutic technique is used
where it is passed directly into the bladder of patient while in advanced staged cancer
Intravenous technique is applied in which it is transmitted ahead of the bladder which
is more definitive type of treatment and is used for patients advantage.
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1.18.4.5.3 Radiation Therapy Technique
Curing of bladder cancer along with providing ease to the symptoms is done by
Radiation therapy technique. In this procedure a high energy radiation is used that
helps shrinking the tumor and completely removes it from the cancerous cells. Due to
this radiation technique the capability of cancer cells to divide infinitely is actually
destroyed.

1.20 Biological Component
Biological components of body contain its integumentary system which includes hair,
nails, sweat glands and skin. These components collectively play a vital role in
protection of human body against harmful agents in external environment, thus they
also makes-up the external covering of human body.

1.20.1 Features
The characteristic features of such biological components are as follows:
•

Providing protection to the body against injuries or trauma.

•

Serves as receptors for skin senses like feeling of touch, pain, heat and cold
and pressure stimulus to the body.

•

Prevents drying process in the cell.

•

Regulates normal body temperature through capillaries and sweat glands of
body.

1.20.2 Blood
Basic environment or medium of transport in the human body is blood; it carries
dissolved gases, nutrients, hormones and waste products in it. Blood is a connective
tissue (Fig 1.8) and it makes up circulatory system with the organ of heart and all the
blood vessels of the body. This system helps maintaining the balance inside body by a
process called homeostasis.

•

Composition of Blood

Blood is considered as a connective tissue thus it comprises of two main parts:
•

An extra-cellular fluid called Plasma
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Different types of Blood cells and platelets component collectively termed as
Formed Elements. Formed elements are found dispersed in plasma membrane
with a distinct structure and configuration. Except platelets all formed
elements are of cellular nature and these cells are derived from bone marrow.

Fig. 1.8 Composition of Human Blood
Formed elements constitutes of
Red Blood Cells also known as Erythrocyte White
Blood Cells also termed as Leukocytes Platelets
These formed elements are extracted from plasma by cell centrifugation method i.e.
spinning blood sample for a particular span of time in centrifugation instrument to
have all the components separated and settling into layers according to their densities.
45% of total volume is then taken by red blood cells being denser than plasma this
volume is regarded as heamatocrit while on other hand white blood cells and platelets are
converted in a cream colored part which is known as a buffy coat above the red blood
cell region. The remaining 55% of total volume is then occupied by plasma which
appears on the top layer in pale yellow color.

•

Blood Plasma

The liquid part of blood in which blood cells are suspended in whole volume is a straw
colored blood plasma. 55% of whole blood volume in human body comprises of plasma.
All body fluid present outside the cell i.e. intravascular liquid is considered Blood
plasma, thus it can also be stated as fluid component of blood. 93% volume of blood
plasma consists of water due to which it can carry proteins, glucose molecules, clotting
agents, mineral ions, hormones for a number of functions and most
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importantly carbon-dioxide all in dissolved form. This blood plasma also serves as
storage for proteins in body. Intravascular osmotic effect is also regulated by blood
plasma in which the electrolytic condition of body is balanced due to maintenance of
these electrolytes human body is kept saved from numerous disorders and infections
related to blood. Blood plasma can be processed by centrifugation method where
fresh blood is spin along with anti-coagulant in it till the point where it sets according it
to the respective densities of component after which blood plasma can be separated from
the last layer as it has the highest density among all serum components. The
density of blood plasma is almost 1025kg/m3.

•

Serum (Blood)

The part of blood plasma which is devoid of fibrinogens is known as serum thus it
doesn’t have clotting factors and it doesn’t carries blood cells in blood infect. However
serum contains proteins which are not involved in blood clotting and it also carries
electrolytes, antibodies, antigens, hormones and some external materials that enter
body like drugs and microorganisms.
The study that deals with chemistry of serum is called serology and comprises all its
proteomics. Serum is used in numerous clinical observations and for diagnosis of
blood disorders and in blood typing process. To remove or separate blood components
centrifugation technique is used. Plasma along with all its clotting factor and fibrinogen
is received by anti-coagulated blood. In coagulated blood the serum lacks fibrinogen, but
some other clotting factors can be present.

•

Blood Serum Chemistry

Serum in its chemical profile as a blood component is a vital initial diagnostic tool for
analysis of any clinical alterations in body. A blood sample is obtained from infected
person. The sample is then gone through procedures like spinning through which it is
differentiated into layers; this process is known as centrifugation. The diversified layers
in which the components of serum are settled then measured in quantity and
examined. Through this examination functionality of several organs and overall system
of body can be determined.
Number of important components can be analyzed by performing chemical tests on
serum like glucose, blood urea nitrogen (BUN), calcium mineral, total proteins,
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creatine

phosphatase

enzymes,

alkaline

phosphatase,

alanine

aminotransferase, aspartate aminotransferase, chloride and potassium and sodium ions.

•

Components of Blood Plasma

Plasma is a combination of various biochemical components such as proteins, enzymes,
various nutrients, dissolved form of gases and hormones. All of these components have a
characteristic feature and a vital role which can be described in detail as follows:

2.1.2.4.1

Proteins

Proteins are found in plentiful amount in blood plasma and have vital functions like
clotting and transportation of various elements throughout the body. Proteins are an
important reserves transport and storage of amino acids required to cell for its nutrition
and building up. Protein acts as carriers for various other biological molecules as well.
The protein part of plasma reacts to body responses towards number of stimuli like
coagulation of blood in response to trauma suffered by blood vessels, by this it helps
saving blood loss and infiltration by microorganisms and harmful viruses. Plasma
proteins are also capable of separating water among blood and tissue fluid by generating
colloidal osmotic pressure.

Plasma proteins can be divided into three main constituents, each of which has different
characteristics and functions in human body.
3

Albumins: The most common and smallest kind of plasma protein is called
Albumins. Decline in albumin content from blood plasma may lead to losing
liquid from blood and earning of it in interstitial spaces, this condition may
incline chances of getting nutritional, liver, kidney disorders. Albumin also
helps adhering dissolved material so that plasma can perform its vital functions
of transporting drugs, hormones and fatty acids within the body.

4

Globulins: This type of protein is further divided into three sub groups varying
from least to most molecular weights they are respectively known as alpha, beta
and gamma globulin components. Globulins can actually defined as high density
lipoproteins (HDL) an alpha-1 globulin but few of them are of comparatively
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lower density lipoproteins (LDL) i.e. a beta-1 globulin. Lipid conduction
processes and carrying of fat cells for consumption is metabolic processes
relating to energy, reconstruction or repair of membrane and regulation of
hormone function are carried out particularly by HDL. Prevention

from

invasion by cholesterol and accumulation of it in arteries and their walls is also
done by HDLs. Whereas LDL is responsible of transferring cholesterol and fats
to the part of body where they are required for producing hormones like steroids
and developing cell membranes. It also provides support to diminish
accumulation of cholesterol within arteries thus it plays a significant role in
various disorders related to vessels and heart. Due to their maintenance and
regulation roles it can be stated that HDL and LDL are required for important
metabolic functions regarding cholesterol and a vital role in cardiovascular
diseases.

5

Fibrenogen: Fibrinis known as a soluble precursor of a stick protein which is
responsible for clotting of blood. Coagulation of blood is performed by fibrin.

2.1.2.4.2

Amino Acids

The tissue protein breakdown process i.e. catabolic reactions results in producing amino
acids however they can also be produced by digestion of already digested protein.

2.1.2.4.3

Nitrogenous Waste

The harmful undigested part of food and toxic end products of metabolic process in
the body is termed as Nitrogenous waste. This nitrogenous waste is excreted out from the
body through a proper excretory system that involves kidney.

2.1.2.4.4

Nutrients

Nutrients are the essential elements that are obtained through digestive system and
then distributed by the help of circulatory system in blood plasma. These nutrients
include glucose, amino acids, fats, cholesterol, phospholipids, vitamins and minerals and
other biological molecules.

56

Chapter # 1

•

Introduction

Gases

Plasma has the ability to carry dissolved oxygen and carbon dioxide in the body. It
also carries a massive quantity of dissolved nitrogen in it.

•

Electrolytes

Sodium ion is considered the most common electrolyte of body which valuably helps
enhancing volume of blood’s osmolality as compare to other solutes.

2.1.8

2.1.8.1

Formed Elements

Red Blood Cells (RBCs)

Transporting oxygen throughout the body is main function of red blood cells. They
can be distinguished from other cells of body for lacking nucleus. Body keeps on
producing red blood cells, but their life span is as short as four months. They also
contain hemoglobin which is a compound of iron and protein and carries oxygen by
binding it with itself.

2.1.8.2

White Blood Cells (WBCs)

Unlike red blood cells, white blood cells possesses nucleus but they are devoid of
hemoglobin. Their main function is to protect body against antibodies that enters body in
order to harm the body functions for example microorganism; they are usually larger in
shape.
1.17.3.4 Blood Platelets
One of the prominent components of megakaryocytes is blood platelets. They help
blood in undergoing coagulation process i.e. clotting, whenever needed. There are
various factors that are involved in clotting process. These factors are deliberately
developed by body itself and then transferred into blood. For instance, a protein;
fibrinogen is produced in liver and then it gets mixed with blood to collaborate in
clotting process. In case of absence of such properties blood would not be able to clot
which may result in various disorders.

57

Chapter # 1

Introduction

2.1.15 Functions of Blood
Blood is responsible of performing two main functions:
2.1.15.1

It serves as a carrier within the body and helps transporting gases

like carbon dioxide, oxygen and several ions like sodium, calcium and
nitrogenous wastes and hormones.
2.1.15.2

It is a defense line of human body; it fights against every

foreign particle which is harmful for body.

1.18 Human Hair Follicle
Process of producing hair is initiated from the hair follicle of a mammalian skin (Fig
1.9). The process of hair production has three different stages which include a growth
phase called anagen, a cessation phase called catagen and resting phase i.e. telogen.
Stem cells are basically responsible for producing hair and carrying out all the process of
it.

Fig. 1.9 Structure of Human Hair Follicles

1.18.1 Structure
A hair is comprises of both organic and inorganic material in it thus hair is complex
structure and isn’t easy to understand. Hair can represent powerful and authentic
conclusions about presence and quantities of trace elements regarding usual and unusual
metabolic processes along with information about absorption of trace elements from
environment (Hashem and Abed, 2007).
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1.18.2Papilla
A big part of hair follicle base is called its papilla (Pawlina et al., 2003). A papilla is
constitutes of connective tissues and capillary loop. Interestingly, papilla region rarely or
never undergoes the process of cell division.

1.18.3 Matrix
Hair matrix surrounds the papilla and epithelial cells are assembled with pigmentproducing cells called melanocytes. The inner root sheath and hair fiber are vital
structures of hair which are generated through cell division process within the hair
matrix. Within the human body the quickest among growing cells are the hair matrix
epithelium, this is the reason of having hair loss after chemotherapies and radiation
therapies as these therapeutic techniques destroy cells with dividing ability. Papilla is
usually of oval or pear shape. Except the neighboring connective tissue area the whole
papilla is surrounded by matrix. This helps capillary for proceeding ahead.

•

Root Sheath

Root sheath has an external and an internal part. After the staining the external root
sheath is visibly empty with just cuboid shaped cells while the internal sheath comprises
of three different layers Henle’s layer, Huxley’s layer and inner cuticle region which
is continued to the outermost external layer of hair fiber.

•

Hair Fiber

A hair fiber is formed of a protein called Keratin.

•

Bulge

The origination spot of arrector pili muscle at the exterior root sheath is known as
bulge. Bulge is responsible of storing stem cells and then sending it ahead towards the
complete hair follicle along with new cells and it also plays a role in healing of the
epidermis after any wound (Ma et al., 2004; Cotsarelis, 2006).
1.18.4 Other Structural Components
Other important parts of hair follicle may include infundibulum a cup like part in
which growth of follicle takes place (Tuthill, R.J., 2005), the arrector pili muscles,
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sebaceous gland and apocrine sweat gland. The location of hair is detected with the
help of hair follicle receptors.
Arrector pili muscle is a little bunch of muscle fibers to adhere the hair follicle. The
function of arrector pili muscle is to make follicle lisis become vertical to surface area of
skin and it extends follicle slightly higher in the neighboring skin, this process is
known as piloerection process.
Follicle is also associated with sebaceous gland which is responsible for producing
sebum which is an oily or waxy substance.

3.16 Human Nails
Finger nails are composed of a tough protein called keratin and it plays a vital role to
protect fingers. Keratin-composed nails have two main functions in human body; they
are responsible for protecting the plate and increasing sensual feeling of the finger tip.
However the protection of finger nail is more important but sensation ability also has its
own vitality. Numbers of nerve endings are grouped in a fingertip through which we
become able to gather messages by sensing the objects we touch.

Fig. 1.10 Composition of Human Nail

3.16.7 Nail Growth
Growth of nails is normal throughout the life under all circumstances but it may get
declines with ageing process and poor blood circulation in body. On an average fingernail
grows up to 3 mm per month however they grow much more speedily than toe nails. To
generate a nail from its root to its free end generally takes 6 months. To
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completely alter a toe nail 12-18 months are required as they grow only 1 mm per
month.

3.16.8 Nail Structure
Nails are generally assembled in six particular components which are root, nail bed,
nail plate, eponychium (cuticle), perionychium and hyponychium parts. These six
components have defined vital roles failure of which may lead to abnormal growth
and appearance of finger nail.

3.16.9 Nail Root
Germinal matrix is actually the root area of fingernail which can be found just below the
skin following the fingernail area; it is extended up to several millimeters into finger.
This nail root is responsible of developing major area of nail and nail bed. The root area
of nail is devoid of any melanocyte or any pigment-producing cell. There is a marginal
area of germinal matrix where a cresent shaped structure is visibly present known as
lunula.

3.16.10

Nail Bed

Nail is also included in a part of nail matrix which is usually known as sterile matrix. It
is extended from the origin of germinal matrix or lunula to the area of
hyponychium. Nail bed is richly supplied with blood vessels, nerves along with presence
of melanocyte and melanin-producing cells in it. Nail is initially generated and then
developed in the root area and it leans towards the nail bed in downward direction, by
reaching to nail bed it encounters the nourishment that helps making it naturally
thicker. Nail bed is always smooth and soft to make nail grow in a normal manner. In
case of non-smooth nail bed the growing nail can get distorted or may get broken and
appears with a deformity.

3.16.11

Nail Plate

The actual fingernail part is called nail plate region, this comprises of translucent
keratin however it shows pink color which is actually originated from the supply of
blood vessels under the nail.
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3.16.12 Cuticle
Eponychium is the cuticle area of the finger nail. Cuticle is used to attach the skin of
finger with the nail plate thus it is located between these two components and provides a
water proof obstruction.

3.16.13 Perionychium
Paronychial edge is the skin that covers the nail plates from sides. It is positioned at
the hang nails and in grown nails. This skin may also get infected and develops a
disorder known as paronychia.

3.16.14 Hyponychium
The area between nail plate and finger tip region is called hyponychium. It also works as
a waterproof pathway and a junction among free end of nail and skin of finger tip.

4.8

Analysis of Biological Components

Clinically examining the hair samples help concluding an authentic assessment of
nutritional and environmental intakes of the patients (Taylor, 1986). Hair may contain
the metabolic end products of body as they are considered excretory products of body
thus carry notable concentrations of trace elements that can be used to assess the
metabolic processes of body (Kaluza et al., 2001). Hair is considered an essential yet
interesting biological component due to its convenient sampling methods, easy
transportation and handling and most importantly it carries reliable information regarding
the quantities of numerous trace elements and they effect they impose on hair in
comparison to other biological substances (Zhunk and Kist, 1995).
It is essential to watch out while examining the trace elements obtained from hair that
internally obtained proportion of elements must not be confused with that of external
contamination through exposures (Katz and Chatt, 1988; VCH Publishers, 1988).
Systein residues develop fibrous protein which is responsible of generating nail tissue.
Roots of these nail tissues are dependent upon health and constitution of cells, while on
the other hand blood and other body fluids are known to have transient concentration,
a sequential record of constitution of all elements can be obtained from human body nail.
It isn’t appropriate to assess Cd from blood or other body fluids as Cd has capability to
retain itself in these fluids thus it is present there for a short span
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of time. However nails are convenient to examine as they can be easy to collect, transport and
store and they are not required any specifications while storage and transportation as compare to
other body fluids which can easily get contaminated (VCH Publishers, 1988).
Opting hair and nails to assess or analyze over other biological components is advantageous in
many ways such as they represent a stable concentration of trace elements in them and are not
fluctuated easily due to shift in diet, air and water effects hence a reliable nutritional data can be
established by examining them even over a long span of time. Collection of their samples
involves no invasion; they are temperature tolerant and cannot be denatured easily, they are
easy to examine as they contain a high amount as compare to other measurements and
observation options (Borel and Anderson., 1984; Bord and Anderson, 1984).
In this study we inspected concentration of heavy and trace metals in the biological components
like hair, nails and blood of cancerous and healthy folks by atomic absorption
spectrophotometer and also determine the cadmium and lead in blood of healthy and cancerous
individuals by anodic stripping voltammetry.

4.9

Aim of Study
4.9.1 This study is developed in order to acquire knowledge on concentration of heavy metals
Cd, Cu, Pb, Ni and Zn in biological components such as hair, nails and blood of cancer
and healthy individuals.

4.9.2 It is very important to monitor the toxic metals for the control of severe diseases
especially cancer and many other, which are spreading due to heavy metals exposure in the
environment because these metals in exceeded or trace concentrations cause variations in
different metabolic processes, which are happening within the human body.

4.9.3 The data generated reflects the awareness to the public as well as the public health
issues linked to the environment.

Theme of Study
4.9.4 Main objective of this whole research is to find the concentration of toxic and heavy metals
in human biological samples of cancer patients as well as healthy individuals by using Flame
Atomic Absorption Spectrophotometer (FAAS) and Graphite Furnace Atomic Absorption
Spectrophotometer (GFAAS).

4.9.5 To find out the significance of mean values between different and each sample statistical
parameters were applied on the data.

4.9.6 In addition, to determine the concentration of Cu and Pb in cancerous and healthy serum
by using Anodic Stripping Voltammetry; a method was optimized by using Glassy carbon as
a working electrode, Pt wire as a counter and Ag/AgCl as a

reference electrode and

acetate buffer (pH 5.2, 0.1M) as supporting electrolyte at 30±1 0C.
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In this research work we have used Atomic Absorption Spectrophotometer and Cyclic
Voltammeter for the determination of heavy metals in human biological samples of
cancer and as well as in healthy individuals.

4.9 Atomic Absorption Spectrophotometer (AAS)

4.9.1 Principal of Atomic Absorption Spectrophotometer
Atomic Absorption Spectrometry is an analytical technique used to determine quantities
of chemical elements present in environmental samples by detecting the absorbed
radiation by the chemical element of interest. This is done by interpreting the spectra
produced when the atomic vapor containing free atoms of an element in the ground
state absorb the radiation coming from the radiation source of certain wavelength
and get excited to higher energy level. The atom represents transition to higher energy
level and absorbs ultraviolet and visible light. Atomic absorption method detects the
amount of energy in the form of photon of light that are absorbed by the analyte in
samples. Detector is a component that measures the wavelength of light transmitted by
the sample, relates, and compares them to the wavelength, which really passes through
the respective sample. Signal processor then integrates the variations in wavelength
absorbed, which observed in the readout as peaks of energy absorption at various
wavelengths. The amount of energy required for an electron to go away from an atom is
called ionization energy and this energy is specific for each element. When an electron
moves from one energy level into another a photon of energy E=hυ is emitted. Atoms
of an element exhibits a characteristic spectra. Every atom has its own specific pattern of
wavelengths at which it will absorb energy radiations from source, because of specific
configuration of electrons in its outer shell. This permits the qualitative analysis of
sample. This concentration is estimated based on Beer’s law, which states that
absorbance is directly proportional to the concentration of the analyte specie.
A=abc
A deviation in absorbance from Beer’s law is seen at higher concentration of element
and is not linear that’s why directly apply of this law in AAS is hard due to changes in
atomization efficiency from the sample matrix concentration measure are commonly
analyzed by a working curve means the analysis is completed by correlating the
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absorption with the one obtained by convenient standard samples of the analyte of
known concentration under identical experimental situation in this way the absorption of
sample solution can be measured and each element has characteristic spectrum.

4.9.2 Instrumentation
A general atomic absorption spectrophotometer consist of following respective parts
•

Radiation source

•

Nebulizer

•

Sample cell (Atomizer)

•

Detector

•

Readout

Fig 2.1.2 Basic Atomic Absorption Spectrophotometer

•

Radiation Source

The electronic transition energies are specific for each element and atoms absorb energy
at various specific wavelengths, so it is essential to use a narrow-line source which
gives off the narrow line spectra of the element of interest. Narrow line sources gives
narrow line atomic absorption lines which cause atomic absorption to become a specific
analytical method.
The common and major sources used for atomic absorption are:

•

•

Hollow Cathode Lamp (HCL)

•

Electrothermal Discharge Lamp (EDL)

Hollow Cathode Lamp (HCL)

Hollow cathode lamp is most commonly used source for atomic absorption calculations.
HCL is mainly consisting of tungsten anode, a cylindrical cathode sealed
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in a glass tube, and this tube is filled with the noble gases Neon and Argon at a
pressure of 1-5 torr and this source is composed of metal of interest.
Approximately 300V electric potential is applied between anode and cathode so the
gas, which is filled in lamp, atoms of gas become, ionizes and when the ions and
electrons become move towards the respective electrode current up to 5-10 mA becomes
produced. If the voltage is sufficiently higher, the positively charged ions of the gas
acquire sufficient kinetic energy to dislodge some of the metal atoms from negatively
charged cathode and generate a cloud of atoms by a process known as “sputtering”.
These sputtered atoms of metal are more excited and when they return to the ground
state they emits photons of their characteristic wavelength. This process eliminates
some of the metal atoms from the cathode surface are defuse back to the surface of
cathode electrode and then redeposit.
A wide range of HCLs is available. A cathode is generally consist of combination of
metals or an alloy, the appeared lamp is become known as multi-element lamp. It can
used as a source for various metals present in cathode so the analysis of several metals
becomes possible as compared to single element.
The disadvantage is reported that the emission intensity for specific element in
multielement lamp is decreased as that for the same element in a single element lamp.
This condition will lead to a poor signal/noise ratio, which can affect the precision of
analyses and the detection limit (Skoog et al., 2007).

•

Electrodeless Discharge Lamp (EDL)

Electrodeless discharge lamps are also an important and common source of atomic
line spectra and give more intense radiant intensities than the Hollow Cathode Lamp.
This lamp is mainly consist of a sealed tube made up of quartz, in which a few torr of an
inert and noble gas e.g. Ar and vary less amount of metal or salt of element for which
the source is to be used is present within the tube. This lamp does not have electrodes
and energized by the intense field of radiofrequency or microwave radiation, which
causes ionization of atoms of Argon gas and gives ions. Then these ions accelerated by
the high frequency component of the field till they gain specified amount of energy for
excitation. The metal atoms caused them to emit their characteristic wavelength.
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These lamps are available for a wide range of elements. HCL is a completely adequate
source for AAS than EDL because the performance of EDL is not accurate, précised and
reliable. For atomic absorption determination of Se, Cd, As and Sb EDLs give better
detection limits as compared to HCL (Skoog et al., 2007).

•

Nebulizer

There are several types of nebulizer used in the technique of AAS and the most
commonly found type is concentric tube pneumatic type. In this type the liquid sample
is drawn by a capillary tube through a high pressure stream of gas flowing about the
tip of the tube (the Bernoulli Effect) is the mechanism which happens in this nebulizer
and the process of liquid transport become known as aspiration. The liquids turns into
droplets form of different sizes due to the high velocity gas and these droplets become
transport into atomizer component (Skoog et al., 2007).

•

Atomizer

The main function of atomizer is to give a representative portion of the analyte specie in
the optical path and convert it into free neutral atoms in ground state. In absorption
spectrometry technique, the flame and furnaces, which produces temperature in the
range of 1500-3000 °C, are the most commonly used types for atomization process.
The commonly used types of atomization for producing atomic specie in the gaseous
phase are:
5 Flame atomizer
6 Electrothermal atomizer

•

Flame Atomizer

This type of atomizer used for atomic absorption spectroscopy which consists of
nebulizer and a burner. The aerosols generated by the flow of oxidant are associated
with fuel and passes by a series of baffles, which erase the droplets of large size and
leaving the only fine mist in the optical path. It is reported that only 1% of total
sample solution is reach to the flame by the mixture of oxidant and fuel. The droplets of
large size sample in the bottom region of the mixing component drains to the waste
container.
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The aerosols, oxidant and fuel are burned in a slotted burner that generates a flame
which is about almost 5-10 cm in length; this provides a long path length for absorption
up to maximum range because of these characteristics the sensitivity and
reproducibility becomes increased in AAS. The basic advantage of this atomizer is
being stable and simple in use (Skoog et al., 2007; Dennis et al., 2010).

•

Electrothermal Atomizer

This type of atomizer takes few micro liters of sample solution and evaporates it at
low temperature and then ashed it at high greater temperature in an electrically heated
graphite tube. After ashing the current becomes higher to several hundred amperes
rapidly, which higher the temperature approximately up to 2000-3000 °C that generates
volatilization and atomization. The process of atomization requires few milliseconds to
seconds for completion. The absorption of the atomic vapors is observed in the space
region just above the surface where the analyzing samples become heated (Skoog et al.,
2007; Dennis et al., 2010).
2.1.2.4 Detector
Photomultiplier tube (PMT) is used to analyze the radiation in Atomic Absorption
Spectrometers (AAS). This electric tube changes photon current into an electrical
signal and amplifying this signal. The signal PMT composed of a photo cathode and a
secondary electron multiplier component.
Initially the photon of radiation sticks the surface of photocathode and cause removal of
an electron from its surface region. Then these electrons are accelerated in an
electric field and then directed towards the other electrodes known as dynodes, from the
surface of which each electron ejects or sputtered several other electrons known as
secondary electrons and a specific raised level of number of electrons is obtained. At last
step the electron effect on an anode and flow off to the mass. The current observed is
now measured at anode region. The amplification factor becomes raised exponentially
as the number of dynodes increases. Common PMT have 10 dynodes
usually, which relates to an amplification factor of approximately up to 107 (98;
Skoog et al., 2007).
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4.15.8 Spectrophotometers
Instrument for AA measurement are provided by several manufactures such as

•

•

Single-Beam Atomic Absorption Spectrophotometer

•

Double-Beam Atomic Absorption Spectrophotometer

Single-Beam Atomic Absorption Spectrophotometer

A common single beam spectrophotometer(Fig 2.1.3.1)consists of various hollowcathode sources, a chopper, a pulse power supply, an atomizer component, a common
grating monochromator, a PMT detector and a recording arrangement. The HCL
radiation is chopped for removing of background signal rising from the radiations
emitted by the sample component, focused on vapor which contains atoms generated by
the atomization chamber and directed towards the monochromator component where the
atomic line of interest is analyzed. A blank is aspirated in flame and transmittance
adjusted up to 100% in this instrument (Skoog et al., 2007).

Fig 2.1.3.1Schematic Diagram of a Single Beam Flame Atomic Absorption
Spectrophotometer

•

Double-Beam Atomic Absorption Spectrophotometer

In this type of spectrophotometer (Fig 2.1.3.2), a mirrored chopper splits the incident
light beam. This allows half of the radiations to pass through atomizer region while
the remaining half portion of light around it. The two beams are then reunite by a half
silvered mirror and pass into Czerny-Turner grating monochromator and a PMT becomes
acts as a detector component (Skoog et al., 2007).
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Fig 2.1.3.2 Schematic Diagram of a Double Beam Atomic Absorption
Spectrophotometer

2.1.4 Interferences in Atomic Absorption Spectrometry
There are two basic types of interferences observed which include:
•

Spectral interference

•

Chemical interference

2.1.4.1 Spectral Interference
The emission lines of hollow-cathode sources are narrow, so chances of interferences
observe because of overlapping is very rare. Interference is also caused by particles in
flame and absorption of light by any molecular form of matrix substances in the flame
region. It is also observed from the presence of combustion products that shows
broadband absorption or particulate products that scatters light both decreases the
intensity of the transmitted beam and results in positive analytical error (Skoog et al.,
2007).

2.1.4.2 Chemical Interference
This is most commonly found type of interference in AA. This is happens because of
ionization formation of low volatility compounds, dissociation etc. during atomization
process various reactions may proceeds resulting in the generation of analyte compound
which lowers atomic population in the cell. This is mostly occur due to anions that
produce compounds of low volatility with the analyte specie and thus
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lowers the fraction of analyte that is being atomized, fewer conclusions becomes
obtained.

2.1.5 Background Correction Method
2.1.5.1 The Continuum-Source Correction Method
It is a technique for automatically analyzing and compensate for any background
component, which may be present in measurement and may cause error in results. A
deuterium lamp is giving a source of continuum radiation throughout the region of
ultraviolet radiation during the analysis.

2.1.6 Electrochemical Techniques
Electrochemical methods are design based on measuring current signals, which were
related with molecular properties or some interfacial procedures that are gone through by
chemical species. These are actually because of direct alterations in required chemical
information such as concentration and activity of current signal potential, resistance,
current and capacity in accordance to selected method (Cornilis R., 2003). There are two
types of electro analytical techniques; electrodics and ionics; the “electrodics” occur at
interface metal solution while the other “ionics” takes place in the bulk of solution
(Cornilis R., 2003). Mainly almost all major electro analytical methods are related to
field of electrodics. The scheme of electro analytical methods describes below in Fig
2.1.6 (Barón-Jaimez, J., Joya, M.R. and Barba-Ortega, J., 2013), in which ac V: ac
Voltammetry; IM: Impedance measurements; CV: Cyclic Voltammetry; LSV: Linear
sweep voltammetry; DPV: Differential pulse voltammetery; SWV: Square wave
voltammetry; NPV; Normal pulse voltammetry.
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Fig 2.1.6 Scheme of the Electroanalysis Technique

2.1.7 Voltammetry
Voltammetry is regarded as the measurement of current resulted when potential is
applied. Dissimilar to potentiometric measurements, that engages a pair of electrodes
(working, auxiliary, and reference) accompanied by an instrument called potentio-stat
that facilitates exact appliance of potential functions and measurements of current
which is received as a result. Polarography is the key technique to develop the
voltammetry; discovered in early 1920s by a chemist known as Jaroslav Heyrovsky
Czechoslovak. Kinds of Voltammetry are given below,
(a) Anodic Stripping Voltammetry (ASV)
(b) Cyclic Voltammetry (CV)
(c) Differential Pulse Poralography / Voltammetry (DPP/ DPV)
(d) Linear Sweep Voltammetry (LSV)
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(e) Normal Pulse Polarography (NPP)
(f) Square Wave Voltammetry (SWV)
(g) Stripping Voltammetry (SV)

2.1.7.1 Stripping Voltammetry
Stripping voltammetry is a type of technique, which is used in detecting and determining
the quantity of metals, and its complexes, particularly heavy metals present in water.
Stripping voltammetry generally comprises of a pre-concentration of metals on the
surface of electrodes, subsequent to a potential sweep, which is also a voltammetric
method to dissolve pre-concentrated species of choice, to quantify them. It mainly
depends on nature of analyte to use which mode of concentration analysis. Anodic
Stripping Voltammtery (ASV) is the most frequent technique, this technique has
excellent sensitivity, selectivity, and low detection capability than any of usually
consumed electrochemical methods (Settle F., 1997; Hernandaz O., 2006; Gunzler H.,
Willams A., 2001; C Zosky 2007). There are two types of stripping voltammetry
anodic and cathodic stripping.

2.1.7.2 Anodic Stripping Voltammetry (ASV)
In stripping analysis, the mainly used technique is Anodic Stripping Voltammetry
(Wang, 2006). Anodic stripping voltammetry is a quantitative technique used for the
analysis of metal cation. In this type of voltammetry the analyte is deposited on the
working electrode, in first step this is called the deposition step. In stripping step, it is
oxidized, and current is measured in this step. Three electrodes system are used;
working (mercury or metal electrode), counter electrode (frequently made of platinum
wire), reference electrode (silver silver chloride Ag/AgCl) which has a constant
potential during all the experiment (Skoog e t a l ., 2004). The detection limit of this
technique is (10−9 - 10−10 M).Electrochemical methods like ASV anodic stripping along
with proper electrode help us in finding concentrations of heavy metals in ppm range
which are single digits which facilitates us to be at highest possible limits for human
exposure or utilizations described by World Health Organization and leading to
concluding with promising low cost, higher sensitivity and more variant in the group of
these electrochemical techniques.
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2.1.7.3Cathodic Stripping Voltammetry
The quantitative process in which Analysis of anions takes place is called cathodic
stripping voltammetry. By applying the positive potential, mercury electrode is oxidized
and insoluble precipitates of anions are formed. Then by applying the negative potential,
the deposited film reduces in to the solution. This technique is mainly used for the
determination of specific ionic species (Achterberg, E.P., Barriada, J.L., Braungardt,
C.B., 2005).

2.1.8 Principal of Anodic Stripping Voltametry
The process of anodic stripping voltammetry comprises of three major steps:
•

Pre-concentration

•

Resting

•

Stripping

(a) Pre-concentration Step
Here analyte is provided with different modes for pre-concentration for working
electrode, these modes can be summed-up by a couple of ways, first of which is
electrochemical way regardless of presence or absence of potential stimulus, while
another one is by adsorption. By virtue of this step it is obtained that concentration of
species in volume is comparatively much lower than solutions’ volume. It is necessary
to control the hydrodynamic parameters such as pre-concentration duration, stirring,
temperature, area of electrode and early applied potential to obtain reproducible results
(Amber M., 1999). Due to pre-concentration sensitivity increases for 2 or 3 orders of
magnitude, this helps to operate with analyte concentrations in ppm range or even in
lower range.
(b) Resting Step
Electrolysis and stirring must be stopped with a span of time, which is accurately
measured. However, initial potential have to remain constant. Within this period, the
substance should be homogenized on electrode along with recovering of diffusion
regime.
(c) Stripping Step
In the step of stripping, the deposited analyte is evaluatedby stripping itself, with the
help of potential sweep against the initial voltage. The stripping peak and peak width
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are directly proportional to the size, exposure and allocation of the metal phase on the
electrode surface.

2.1.9 Supporting Electrolytes
The salts, which are ionic in nature and other ionizable compounds present in solvent,
are termed as supporting electrolyte. It is a common observation that a medium is
required for electrochemicalprocess generally supporting electrolyte which contains
dissolved ions in the solvent (aqueous or non aqueous) are used as medium. The
supporting electrolyte should be mobile and capable to sustain the flow of current in the
electrochemical cell (C. Zoski., 2007).The characteristic features of these supporting
electrolytes are, they should be electrochemically in active with metallic electrode and
analyte. Secondly, the concentration of the supporting electrolyte must be higher than
of analyte. So we can easily identify the analyte qualitatively and quantitatively.
Usually to carry study in acidic aqueous solutions H2SO4, HCIO4 and HCl are employed
whereas for studies in alkaline media NaOH or KOH are used. Acetate, citrate,
pyrophosphate and phosphate buffers are added when buffering is required in neutral
regions. For a broad pH range Briton Robinson (B-R) buffer is used.

2.1.10 Electrochemical Cell
With emergence of advanced electrochemistry, the need for new electrodes and electrode
setups has also been evolved. There are three most commonly used electrochemical cells
with three unlike electrodes are as follows:
• Working electrode (WE)
• Reference electrode (RE)
• Auxiliary electrode (CE)

2.1.11 Working Electrode
Working electrode is supposed to be a clear metal surface with a well-demonstrated
symmetry, which is in direct contiguity with electrochemical test solution. These working
electrodes are supposed to carryout general-purpose work thus they are commonly made
up of electrochemically inert metal having a broad range of potentials. Mercury,
platinum, gold, and various forms of carbon are among most
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commonly used metals for working electrodes. Solid metals are conventionally designed
into disks that surrounds by a chemically inert winding sheet which is composed of
Teflon, glass, or epoxy. Being a liquid, mercury is usually consumed as a droplet, which
is in contact with the solution.
Voltammetric response of electrode is influenced by size and shape of electrode surface.
All the current altogether as observed at an electrode is directly linked to its surface
area. Gold, platinum, silver and mercury are examples of working electrodes although
glassy carbon electrodes are being used in recent researches. A number of forms of
carbon have been consumed as working electrodes materials (Panzer R.E. and Elving
P.J., 1975). Over a notably broad potential window carbon electrodes are useful in both
positive and negative directions; carbon is preferred over platinum electrode due to their
ability to function at negative potentials in liquid mediums as well. Pyrolytic graphite
or glassy carbon is used to make solid carbon electrodes; both electrodes are costly
enough and are tougher to make work as a machine than metals like platinum or gold.
Carbon electrode’s surface requires to get polished more often, and a number of
empirical methods are applied to make their surface “activated” due to which maximal
performance form electrode can be achieved.

2.1.12 Reference Electrode
The potential of working electrode is always kept in control according to some predefined standards; those standard criteria are known as reference electrode. Three
different types of reference electrode are used in electrochemical process (i) saturated
calomel electrode (ii) silver-silver chloride or Ag/AgCl (iii) Hydrogen electrode (SHE).
In this research work silver-silver chloride or Ag/AgCl is used as a reference electrode,
which is notably famous among all other reference electrodes. It is supposed that the
actual potential by Ag/AgCl reference is based on the action of chloride anion
because the remaining two species present in half reaction are solid in state thus they
always have unit activity. To facilitate as a reference, the chloride activity required
to be kept constant. To achieve this consistence, wire made up of silver and coated
with silver chloride is introduced in intrinsic solution, which is already saturated
with potassium chloride. Thus the saturation limit helps making chloride ion
concentration constant. A direct connection with silver wire develops an
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electrical contact, a salt bridge or porous glass frit is used to establish ionic contact
between internal electrode and analyte.

2.1.13 Auxiliary Electrode
Traditionally when two electrode cells, comprising a single working electrode and a
reference electrode, it is compulsory for current to flow forcefully via the reference
electrode whenever measurement is to be made. Internal chemical composition can be
notably affected, the current will flow via reference electrode, and this may lead to
drift way the potential from the desired standard value. Due to such causes, it is
necessary to obtain electrochemical measurements when current is not flowing from
the reference electrode. A potentiostat at modem three and four helps to maintain
feedback circuit to restrain such happenings; however this feedback circuit also needs an
extra auxiliary electrode to get immersed in electrochemical cells. This auxiliary
electrode is also known as counter electrode and it helps in provision of a substitute
pathway for flow of current, due to which, a very low amount of current flows through
reference electrode.
Any material with any required geometry can be used to serve as an auxiliary electrode.
It is necessary to find a material, which has been studied with specific test solutions and
is chemically inert; also, it must have a large surface area to serve as an efficient
auxiliary electrode. In majority of cases, a coil made up of platinum wire is consumed,
whereas in non-corrosive solutions stainless steel, copper or aluminum may also work
well, due to the non-interference of metal cation in it. A platinum wire based auxiliary
electrode was used in present research work.

2.1.14 STATISTICAL ANALYSIS

2.1.14.1 Analysis of Variance (ANOVA)
Sir R.A. Fischer first introduced the analysis of variance (ANOVA) in 1923. In
examining and assenting data analysis, ANOVA is tremendous imperative method.
Unfortunately, it is not always easy to set up an appropriate ANOVA in complex
problem (Gleman, A., 2005). This technique is based on two facts (a) the more the
sample mean differ, the greater the variance become (b) the divergent components offer
independent and impartial approximation of the common population variance
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(Montgomery, 2008). A method that divides the whole distinction in to its substantial
factor, fragments particularly related to a different source of variation. Certain hypothesis
can be experienced to examine these components of variance. We used ANOVA where
we require creating multiple comparisons. We apply one way ANOVA if there is only
one factor but if the experiments have two factors then two ways ANOVA is applied
(Lane D.M. et al., 2017).

2.1.14.2 Pearson Correlation
Correlation assesses the degree of interdependence or relationship between two variables.
Correlation subsists between two variables so it may be positive or negative. The two
variables are persuasive in same direction either increasing or decreasing, the correlation
is said to be positive. If both the variables are eloquent in opposite direction i.e.
increase in the values of one variable, the values of other variables also decrease or
vice versa. The Pearson correlation is defined as the strength of the linear relationship
between two variables. If the relation is not linear then the coefficient of correlation
does not satisfactorily signify the strength of relationship. When Pearson correlation is
measured in a sample it is represented by “r”. The linear relationship ranges from (-1, 0,
+1), when r= (-1) showed for a perfect negative relationship where as r= (+1) represent
for the perfect positive relationship and (r=0) means that there is no linear correlation
is present between the variables (Lane D.M. et al., 2017).

2.1.14.3 Principal Component Analysis (PCA)
Principal component analysis is a statistical tool to reduce the more complex data set in
simplest form while lessen the information loss. PCA transpose the data set in which
there are large numbers of interconnected variables in to a new set of uncorrelated
variables (Lane D.M et al., 2017). It prearranged the data in subsequent form through
first component as much of the deviation as it can. Each one is a linear combination of
the original variables in which the coefficient point towards the comparative significance
of the variable in the component. The overall function of the PCA is to reduce and
elucidate the figures. Reduction of data is the procedure in which the original data are
converting into different principal components. Principal component analysis gives the
information about the relationship that was not prior to
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deduce. PCA allow analysis that would not usually consequence(Johnson and Wichern,
2014).
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This chapter consists of two parts. Part (a) includes the material and method related to
Atomic Absorption Spectrophotometer and Part (b) consists of Cyclic Voltammetry.

3.1 Research Place
The presentresearch work was carried in the Atomic Absorption Spectrphotometer /
Environmental Analytical Chemistry Research Laboratory at Department of Chemistry,
Federal Urdu University, Gulshan-e-Iqbal Campus,Karachi by using “Atomic Absorption
Spectrophotometer” and “Cyclic Voltammetry”.

3.2 Reagents and Solutions
All the reagents used in this research work were of analytical grade. Nitric acid (65%)
obtained from Merck (Germany). All the glassware were cleaned with washing soda and
washed several times with de-ionized water. Then all samples were dried at room
temperature and weighed by using electronic balance (Shimadzu A×200) and then
stored in the laboratory until the process of sample preparation begins.

3.3 Sampling Area
Fresh samples of hairs, nails and blood commonly called as “biological components” of
cancer patients were collected from different hospitals of Karachi after getting
permission from administrative authorities of hospitals.

3.4 Sample Collection
We have taken 17 hairs, 33 nails and 182 blood samples from different patients of cancer
patients. We were collected blood samples from patients having different types of cancer
in which proportion of breast cancer is high among cases. After collection of samples;
we packed hair and nail samples in pre-cleaned polythene bags and transported to the
laboratory while the blood samples collected in vacutainer (blood preservation tubes)
and stored these blood samples in laboratory freezer. We have also collected healthy
biological samples of blood, hairs and nails samples of those healthy individuals who
were not suffering from the severe diseases like hepatitis, cardiovascular disease,
diabetes etc. and the healthy person have no case history of cancer in the past.
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3.5 Preparations of Standard Solutions for Atomic Absorption
Spectrophotometer
Standard solutions of concerning metals Cu, Cd, Zn, Pb and Ni were prepared from
standard stock solution of 1000 ppm (1000 µg/g), which were purchased from Merck,
Germany. Each metal standard was diluted from the above 1000 ppm to 100 ppm
solution and this 100 ppm solution was further diluted immediately in to the range of
respective detection limit (2, 3, 5, 7 and 10 ppm). All the dilutions were prepared in
deionized water. To avoid the blockage of burner slot 1 % nitric acid solution was
incessantly aspiring.

3.6 Sample Preparation
 Blood samples were collected from different hospitals and centrifuged in
centrifuge machine (Model 800 with rpm 50 C/s) to separate plasma and serum.
 Serum preserved in vacutainer gel tubes for analysis.
 While the samples of hairs and nails were taken out from polythene bags carefully
and these samples for digested to transform into liquid solution for analysis.

3.7 Digestion Process
After washing the apparatus with tap water, washed with deionized water and then dried.
Wet digestions of samples were carried out in a beaker by adding 5 ml of conc. HNO3 in
hair and nail samples. Then heated the beaker on hot plate and continuously did stirring
with the help of glass rod. After dissolving the sample solutions, filtered the solutions if
solid particles present and then transferred into 50 ml volumetric flask and added
deionized water up to the mark (Elliott P. and Peakman T.C., 2008; Flanagan, R.J.et al.,
2005; Kawasaki E.S., 1990). Heavy metals such as Cd, Cu, Pb, Ni and Zn were
determined in nails and hairs samples of patients and in healthy individuals by
Atomic Absorption Spectrophotometer (PE-AAnalyst 700).

3.8 Sample Analysis
Heavy metals Cu, Cd, Zn, Ni and Pb concentrations in biological samples (hairs, nails
and blood) were measured on Flame Atomic Absorption Spectrophotometer and
Graphite Furnace Atomic Absorption Spectrophotometer (Perkin Elmer AAnalyst

83

Chapter # 3

Material & Method

700) using specified parameters for each element (Table 3.1). Results of hairs and nails
were reported in µg/g or ppm while the results of blood samples expressed in
µg/l or ppb.

Table 3.1: Parameters Used in FAAS and GFAAS
Parameters

Cd

Cu

Ni

Pb

Zn

228.8

324.8

232

247.6

213.9

Slit Width (nm)

0.5

0.5

0.2

1.0

1.0

Support

Air

Air

Air

Air

Air

C2H2

C2H2

C2H2

C2H2

C2H2

Fuel in GFAAS

Ar

Ar

Ar

Ar

Ar

Acetylene Flow (L/min)

10

10

10

10

10

Lamp Current (mA)

4

4

4

5

5

Measurement Time (sec)

3

3

3

3

3

Replicate (number)

3

3

3

3

3

Wavelength (nm)

Fuel in FAAS

3.9 Instruments
Different kinds of instruments were used for the analysis of heavy metals, the name
and specifications are given below.
3

Flame Atomic Absorption Spectrophotometer (FAAS) (Perkin Elmer AAnalyst
700)

4

Graphite Furnace Spectrophotometer (GFAAS) (Perkin Elmer AAnalyst 700)

5

Cyclic Voltammeter (CHI 760 D)

6

Hot Plate

7

Electronic Balance (Shimadzu A×200)

8

Centrifuge Machine (Model 800 and rpm is 50 C/s).

9

Sonicator

10 Magnetic Stirrer
11 pH meter
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3.10 pH meter
The pH was determined by potentiometric measurement at room temperature with a
pre–calibrated [Jenway 3510] pH meter, pH meter was calibrated by using standard pH
buffers solutions.

3.11 Electronic Balance
For the measurement of accurate and the appropriate amount of the analyte electronic
balance having accuracy of 0.001 g(A×200 Shimadzu, Tokyo, Japan) was used.

3.12 Sonicator
Sonicator, (Elma Ultrasonic) was used to clean the tip of Glassy Carbon working
electrode (GCE) in ethanol and distilled water individually for 15 min.

3.13 Hot Plate with Magnetic Stirrer
Magnetic Stirrer (Lab Tech, LMS 1003) was used in the present research work for the
deposition of more Cu+2 and Pb+2 ions on the working electrode or to increase the
mass transport process. Hot plate (Lab Tech, LMS 1003) was used for the digestion of
samples.

3.14 Centrifuge Machine
Centrifuge machine (800D, 4000rpm) was used for the separation of plasma and
serum.

3.15 Cyclic Voltammetry
3.15.1 Material and Method
3.15.2 Reagents and Chemicals
All reagents and chemicals used were of Analytical grade or the highest purity was
available. The main chemicals which were used in present work; summarized their
purities and sources in Table 3.2. Sodium hydroxide (NaOH) and acetic acid
(CH3COOH) were used to prepare acetate buffer of pH 5.2. Aqueous solutions were
prepared in high purity deionized water (DI). The stock solution of Cu and Pb (1000ppm,
Merck) were used for analysis on cyclic voltameter.
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Table 3.2: List of Chemicals Used in the Present Work with their Purities
and Source
S.

Name of

No.

Chemical

Formula

Percentage

Molecular

Purity

Mass/Formul

Source

a Mass
1

Sodium hydroxide

NaOH

99%

40.0

Merck
Germany

2

Acetic acid

3

Methanol

4

Deionized water

5

Copper

CH3COOH

99.5%

60.05

BDH

CH3OH

99.5%

32.04

BDH

H2O

-

18.013

-

Cu(NO3 )2

187.5

Merck

Pb(NO3)2

331.20

Merck

standard(1000ppm)
6

Lead standard
(1000ppm)

3.15.3 Anodic Stripping Voltametry Studies
The voltamograms were obtained using (CHI-760D) Electrochemical Workstation,
controlled by intel Core 2 Quad Supported IBM computer with windows XP Operating
System. The electrochemical experiments were carried out in a conventional threeelectrode cells; working electrode (WE), reference electrode (RE) and counter electrode
(CE). Different electrodes which were used in present work are presented in Table 3.3
and illustrated in Figure 3.1.
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Table 3.3: List of Electrodes Used in the Present Work with their Dimensions
and Model Numbers
S. No.

Name

Symbol

Dimension

Model

Supplier

No
1

2

Silver

Ag/AgCl

CHI 111

-

CH

/Silver

Instrument

chloride

Inc.

Glassy
Carbon

GC

Surface area
0.07065cm
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CH
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Inc.
3

Platinum

Pt

Wire

Surface area
=0.0206 cm

CHI 115

2

CH
Instrument
Inc.

3.15.4 Sample Preparation of Blood Samples
The digestion of blood samples were performed in 5-10 ml of nitric acid (65%) and
hydrogen peroxide was used for decolorizing. The mixture was refluxed on the hot
plate. The digested samples were allowed to cool and then used for analysis.

3.15.5 Voltammetric Measurement
5 µL of digested sample of cancerous blood was directly transferred into the 5 ml
volumetric flask, then added 1µL standards of copper and lead and then made up with
deionized water. After this, prepared four more solutions by varying the amount of
standards of copper and lead like (2, 3, 4, 5 µL). Then samples were run on cyclic
voltammeter computerized electrochemical instrument on optimized experimental
conditions. This instrument has three major components.
 Electrochemical Cell
 Potentiostat
 Recorder
The electrochemical process takes place in the electrochemical cell. The probe of
the electrochemical cell consists of three larger holes for electrode assembly and
two smaller holes for purging the solution. The purposes of these smaller holes are
to make available atmosphere inert throughout electrochemical analysis and to
avoid the inquisitive of dissolved oxygen. The larger holes were used to dip the
reference electrode, counter electrode and the auxiliary electrode in the
electrochemical cell respectively. The vial is filled with the suitable volume of
analyte and then connected with the electrode assembly, which was further
attached with potentiostat and voltammogram were recorded in the recorder.
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3.15.6 Preparation of Acetate Buffer
3.15.6.1 Acetate Buffer
Different pH range (4.0 to 5.5) of acetate buffer was freshly prepared by using stock
solution of the following reagents.

3.15.6.2 Glacial Acetic Acid
A stock solution of acetic acid has a concentration of 17 M. We prepared (1 M)
solution of acetic acid by taking 15 ml in 250 ml volumetric flasks. This flask was
filled up to the mark with double deionized water.

3.15.6.3 Sodium Hydroxide (NaOH)
A stock solution of 1 M was prepared by weighing 4 gm of sodium hydroxide (NaOH)
in 100 mlvolumetric flask which was made up to the mark with deionized water.

3.15.7 General Procedure of the Acetate Buffer
After preparation of these two separate solutions we have taken 5 ml of sodium
hydroxide (1 M) in 100 ml volumetric flask, 7.4 ml of acetic acid (1M)and filled up to
the mark with deionized water. The desired mixture or buffer solution of pH 5.0 was
obtained which was adjusted with pH meter by using standard 0.1M of NaOH solution.

3.15.8 Nitrogen Gas
Nitrogen gas (99.99% pure) used for degassing the oxygen gas to achieve the inert
atmospheric condition.

3.15.9 Selection of Electrode
In this research work we have used silver/silver chloride (Ag/AgCl) saturated with
KCl, Platinum (Pt) and Glassy carbon electrode (GCE) as reference, counter and working
electrode respectively.
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3.15.10 Polishing of Electrode
The surface of the GCE becomes monotonous because the serum of the cancerous and
healthy individuals adhere on the surface of the electrode due to aggregation and
produce hurdle in reproducible results so we polished the surface of the working
electrode with alpha alumina powder (0.3 micron) prior to the each run.

3.15.11 Preparation of Stock Solution of Cancerous and Healthy
Serum
 The digested samples of cancerous and healthy serum were used for the
preparation of stock solution by using standard addition method.
 First we have taken five volumetric flask and transfered 1µL of digested
cancerous serum in to the 5 ml voltametric cell and then poured 1, 2, 3,4 ,5 µL
of standard of copper and lead into each volumetric flask with acetate buffer
(used as supporting electrolyte) at 30 ± 1 ºC. The same procedure

was

followed for the preparation of healthy serum.

3.15.12 Standard Procedure
3.15.12.1 Determination of Base Line
To reduce the outcome of non-faradic contribution in the total current, the residual or
background current was anticipated in the determination of base line in each supporting
electrolyte. For both qualitative and quantitative studies, this was done earlier than taken
each cyclic voltammogram. For this purpose, we have taken the supporting electrolyte
(acetate buffer) and placed three-electrode assembly in the voltametric cell. Pure
nitrogen gas (99.9%) was purged in the solution for 5 minutes to sustain an inert
atmosphere. After this, the solution was stirred for 15 minutes, subsequent to a
number of adjustment associated to current sensitivity, scan rate, initial and final
potential voltage then potential was applied. Finally, the voltammogram was appeared
which was recorded as a base line.
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3.15.12.2 Determination of Cyclic Voltammogram of Cancerous and Healthy
Serum
After the voltammogram of base line in acetate buffer which was used as a supporting
electrolyte, the electrochemical cell was rinsed twice with the analyte individually
prepared in the same supporting electrolyte. Transferred the sample in to cell which
was prepared by using standard addition method, after placed and adjusted the electrode
assembly (working, counter and reference) confirmed that there is no air bubble was
present on the surface of gassy carbon electrode (GCE). This procedure was similar as
followed by the base line determination. The voltammogram was recorded at different
concentration of sample. Same procedure was repeated for the healthy serum.
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This study is developed in order to give basic informations on concentration of heavy
metals including Cd, Cu, Pb, Ni and Zn in biological components of human body such as
hairs, nails and blood of cancer and healthy individuals by using atomic absorption
spectrophotometer.

Part A
Determination of Metals in Cancerous and Healthy Samples by Atomic
Absorption Spectrophotometer
4.1 Metals Analysis in Human Biological Samples by Atomic
Absorption Spectrophotometer
Trace metals have essential effects as a part of several enzymes on a large number of
biological procedures. They have some regulatory roles and have influence on immune
reactions and generation process of free radicals. The intensely low concentration of trace
elements and their diversity mention that they may not be act as alternate for one another.
The cancerous tissues directly reports variations in the concentration of trace elements
that are evoke by the disorders. Blood constituents such as serum are observed to be
best indicator component of the recent exposure of an individual person to several
metals because of easiness in sampling of blood. These components are used in
laboratories in diagnosis of various diseases. The sampling of these biological
components is easy and non-invasive. For our research work, these samples were
collected from persons that exposed to various types of cancers, and collected
biological components of those individuals who not have any measure disease considered
as healthy individuals. The concentrations of all these metals were expressed in µg/g and
µg/l.
The human blood may possess components absorbed and temporarily present in body
circulation before excreted from body or storage (EPA, 1980). Hairs and nails are the
tissues in which trace elements and minerals sequestered or stored and can utilize to
mainly monitor the greater priority toxic trace metals (Barrett, 1985; Afridi et al.,
2006a, b; Kazi et al., 2008). Hairs and nails act as recording filaments over long
period of time, which may expose post nutritional events and different metabolic
processes happening within the body (Strain et al., 1996, 1972; Hambidge, 1982; Klevay,
1997).
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Analysis of trace heavy metals in biological components is a simple laboratory procedure
that becomes helpful to determine how well bodies are responding to our diets and
environmental factors (EPA, 1979). Most importantly, the advantage of hair and nails
tissue analysis over other diagnostic samples is a concentration of trace metals which
did not change because of sudden fluctuations due to diet, air and water hence a longterm stable nutritional report is obtained (Borel and Anderson, 1984; Bord and
Anderson, 1984).
We focused on five metals including Cadmium, Copper, Lead, Nickel and Zinc. The
parameters used for the metals determination on atomic absorption spectrophotometer,
processes of sample preparation and the discussion of achieved results are given in this
research work. The determination of Cd, Cu, Ni, Pb and Zn metals by atomic
absorption spectrophotometer have proved to be a simple and efficient way to find
concentration of these metals in blood serum, hairs and nails components.

4.2 Cancerous Hairs
The results obtained in Table 4.2of hairs samples of cancer patients showed that the
mean concentration of Cd is 0.004 µg/g and in all individual samples values of Cd
metal were under the range of reference value (Cd=10 µg/g) of WHO guideline (Rashed
and Hossam, 2007). These results also showed that the mean concentration of Cu and Pb
are 0.013 µg/g and 0.080 µg/g respectively (Table 4.2) and in all individual samples
values of Cu and Pb metals also below the reference value (Cu=20 & Pb=0.2
µg/g)of WHO guideline (Rashed and Hossam, 2007). From the previous study Bashir et
al., 2011 determined the concentration of Zn, Cu, Pb, Ni, Fe and Mg in hairs of
lymphoma and esophageal cancer (EC) victims and control in Khyber Pakhtunkhwa. The
results indicated that mean concentration of Zn (167.80 µg/g), Cu(21.64 µg/g), Pb
(26.31 µg/g) and Ni (5.92 µg/g) were higher in patients than control individuals. It is also
observed that in our studied samples the observed mean value of Ni (0.059
µg/g) and Zn (2.362 µg/g) and its individual values were below the recommended
maximum acceptable values as proposed by Caroli et al., 1994 (Ni=1.25 µg/g)and
Iyenger and Woittiez, 1988(Zn =175.0 µg/g) as showed in (Table 4.2). Benson, 2011 was
also analyzed the presence of trace element Zn in children non-invasive biomarker (hair).
He observed that the level of Zn is 172 µg/g which was within the
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reference value (150-250 µg/g). Qaisara Pasha et al.,2010 investigated the concentration
of Cd=16.82 µg/g, Cu=30.20 µg/g, Ni=5.971 µg/g,Pb=28.71 µg/g and Zn=370.5 µg/g in
scalp hair of gastrointestinal cancer patients and compare it with control.
Table 4.2 Mean Concentration (µg/g) of Trace Metals in Hairs Samples (*n=3)
Sample ID

Cd

Cu

Pb

Ni

Zn

Ca 1

Mean ± S.E.M
0.002±0.0003

Mean ± S.E.M
0.023±0.0210

Mean ± S.E.M
0.118±0.0183

Mean ± S.E.M
0.083±0.0198

Mean ± S.E.M
2.041±1.5171

Ca 2

0.003±0.0006

0.004±0.0119

0.127±0.0059

0.063±0.0236

1.068±1.7138

Ca 3

0.000±0.0004

0.013±0.0020

0.149±0.0077

0.008±0.0144

1.704±2.9209

Ca 4

0.000±0.0011

0.015±0.0093

0.149±0.0053

0.008±0.0497

2.838±0.7569

Ca 5

0.001±0.0008

0.008±0.0133

0.182±0.0154

0.010±0.0146

4.295±3.1462

Ca 6

0.003±0.0010

0.015±0.0028

0.209±0.0070

0.105±0.0123

6.210±3.3213

Ca 7

0.002±0.0008

0.015±0.0067

0.208±0.0038

0.111±0.0342

6.397±0.7045

Ca 10

0.003±0.0010

0.009±0.0030

0.014±0.0086

0.141±0.0308

2.699±2.2419

Ca 11

0.004±0.0004

0.011±0.0095

0.047±0.0112

0.004±0.0181

0.880±0.7972

Ca 13

0.006±0.0009

0.003±0.0051

0.067±0.0123

0.079±0.0317

0.950±0.1599

Ca 14

0.007±0.0005

0.010±0.0082

0.000±0.0116

0.064±0.0154

2.324±2.3825

Ca 17

0.002±0.0011

0.013±0.0128

0.016±0.0277

0.009±0.0104

0.753±0.6506

Ca 18

0.002±0.0010

0.007±0.0062

0.012±0.0124

0.057±0.0034

1.427±0.4576

Ca 22

0.003±0.0006

0.026±0.0161

0.011±0.0238

0.138±0.0276

0.761±0.7659

Ca 23

0.004±0.0005

0.032±0.0166

0.020±0.0209

0.092±0.0122

1.171±1.2365

Ca 24

0.005±0.0005

0.003±0.0212

0.022±0.0032

0.000±0.0203

4.109±3.7737

Ca 27

0.004±0.0009

0.016±0.0264

0.007±0.0123

0.030±0.0449

0.535±0.9361

Mean

0.004

0.013

0.080

0.059

2.362

WHO /

10.0

20.0

0.2

1.25 (***)

175.0
(****)

Reference
Values (**)
* n= number of samplesS.E.M. = Standard error of the mean of three replicates.
(**): Rashed and Hossam, 2007 (***): Caroli et al., 1994 (****): Iyenger and Woittiez, 1988

4.3 Correlation of Cancerous Hairs in between Individuals of
Different Types of Cancer
4.3.1 Breast Cancer
A Pearson correlation matrix (Table 4.3.1) between metals in a hair sample of breast
cancer patients cadmium shows a strong negative correlation with Pb (r=-0.8105) and Zn
(r=-0.8105). Lead also shows a strong negative correlation with Cu (r=-0.8065) and
Ni (r=-0.8714). There is also a strong positive correlation between Cu and Ni
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(r=0.7813),Pb and Zinc (r=0.7075). Nickel shows a moderate negative correlation with
Zn (r=-0.5579). Copper shows a weak negative correlation with Zn (r=-0.3346).

Table 4.3.1 Correlation Matrix between Elements in Hairs of Breast Cancer
Patients
Variables

Cd

Cu

Pb

Ni

Zn

Cd

1

Cu

0.4465

1

Pb

-0.8105

-0.8065

1

Ni

0.6374

0.7813

-0.8714

1

Zn

-0.8310

-0.3346

0.7075

-0.5579

1

Values in bold are different from 0 with a significance level at α=0.05

4.3.2 Lung Cancer
In hair samples of lung cancer (Table 4.3.2) cadmium shows a strong negative correlation
with Pb (r= -0.6428).Where as nickel shows a weak negative correlation with Pb (r=0.3879) and Cu (r= -0.3456).
Table 4.3.2 Correlation Matrix between Elements in Hairs of Lung Cancer
Patients
Variables

Cd

Cu

Pb

Ni

Cd

1

Cu

-0.0902

1

Pb

-0.6428

0.3252

1

Ni

0.3797

-0.3456

-0.3879

1

Zn

-0.2287

-0.1458

0.3127

0.0271

Zn

1

Values in bold are different from 0 with a significance level at α =0.05

4.3.3 Buccal Cancer
In Pearson correlation matrix (Table 4.3.3) Ni shows a strong positive correlation with
Cu (r=0.7287) and Pb (r= 0.7959). Pb shows a positive correlation with Zn (r=0.6983).
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Table 4.3.3 Correlation Matrix between Elements in Hairs of Buccal Cancer
Patients
Variables

Cd

Cu

Pb

Ni

Cd

1

Cu

-0.0231

1

Pb

-0.3348

0.4209

1

Ni

-0.5036

0.7287

0.7959

1

Zn

-0.1840

0.0849

0.6983

0.4356

Zn

1

Values in bold are different from 0 with a significance level at α=0.05

4.3.4 Mouth Cancer
A Pearson correlation matrix of hair samples of mouth cancer (Table 4.3.4) shows a
strong significant negative correlation of Pb with Cu (r=-0.9140). Cadmium also shows a
negative correlation with Cu (r=-0.7006). Cadmium shows a positive correlation with Pb
(r= 0.6518) where as Pb shows a moderate negative correlation with Zn (r=-0.5873).
Table 4.3.4 Correlation Matrix between Elements in Hairs of Mouth Cancer
Patients
Variables

Cd

Cu

Pb

Ni

Cd

1

Cu

-0.7006

1

Pb

0.6518

-0.9140

1

Ni

0.2101

0.2374

-0.3240

1

Zn

-0.2309

0.4481

-0.5873

0.6080

Zn

1

Values in bold are different from 0 with a significance level at α=0.05

4.4 Analysis of Variance (ANOVA) of Hairs Samples in between
Individuals of Different Types of Cancer
Analyses of variance (ANOVA) in between individuals of cancerous hairs of different
types of cancer are represented below.
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4.4.1 Breast Cancer
Sample

Cd

Cu

ID

Mean±S.E.M.

Pb

Mean±S.E.M.
B

Ni

Mean±S.E.M.

Mean±S.E.M.

Ca1

0.002±0.000

0.015±0.003

Ca2

0.004±0.000A

0.004±0.00 B

0.120±0.008B

0.053±0.012B

1.642±0.798A

Ca5

0.001±0.00 B

0.007±0.005B

0.187±0.016A

0.021±0.012C

5.389±3.052A

Ca23

0.004±0.000A

0.053±0.011A

0.034±0.012C

0.091±0.014A

1.156±1.153A

0.071±0.012

AB

Mean±S.E.M.

B

0.122±0.002

B

Zn

2.871±0.874A

BDL = Below detection limit.
S.E.M. = Standard error of the mean of three replicates.
(A-C) Mean in the same column that do not share a common letter differ significantly, (P< 0.05).

4.4.2 Lung Cancer
Sample

Cd

Cu

Pb

Ni

Zn

ID

Mean±S.E.M.

Mean±S.E.M.

Mean±S.E.M.

Mean±S.E.M.

Mean±S.E.M.

Ca3

0.000±0.000C

0.012±0.001A

0.152±0.002B

0.008±0.003D

4.388±3.975A

Ca4

0.000±0.000C

0.020±0.016A

0.147±0.001B

0.010±0.007D

2.914±0.418A

Ca6

0.003±0.001B

0.016±0.002A

0.210±0.001A

0.103±0.008B

4.977±2.812A

Ca10

0.003±0.001B

0.008±0.004A

0.016±0.012C

0.161±0.008A

3.119±2.412A

Ca14

0.008±0.001A

0.014±0.002A

0.000±0.000C

0.064±0.007C

2.940±1.372A

BDL = Below detection limit.
S.E.M. = Standard error of the mean of three replicates.
(A-D) Mean in the same column that do not share a common letter differ significantly, (P< 0.05).

4.4.3 Buccal Mucossa Cancer
Sample

Cd

Cu

ID

Mean±S.E.M.
B

Pb

Mean±S.E.M.
0.015±0.005

A

Ni

Mean±S.E.M.
0.206±0.004

A

Zn

Mean±S.E.M.
0.106±0.028

Mean±S.E.M.

A

5.869±0.811A

Ca7

0.002±0.001

Ca18

0.001±0.001B

0.011±0.003A

0.016±0.013B

0.054±0.001B

1.294±0.527B

Ca24

0.004±0.001A

0.004±0.001A

0.022±0.003B

0.000±0.001C

3.643±3.070AB

Ca27

0.005±0.001A

0.012±0.009A

0.024±0.004B

0.032±0.021BC

0.502±0.146B

BDL = Below detection limit.
S.E.M. = Standard error of the mean of three replicates.
(A-C) Mean in the same column that do not share a common letter differ significantly, (P< 0.05).
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4.4.4 Mouth Cancer
Sample

Cd

ID

Mean±S.E.M.

Ca11
Ca13
Ca17
Ca22

Cu

AB

0.004±0.000
0.006±0.002A
0.002±0.001B
0.003±0.000B

Pb

Mean±S.E.M.
B

0.011±0.001
0.003±0.001C
0.013±0.002B
0.021±0.003A

Ni

Mean±S.E.M.
AB

0.044±0.018
0.066±0.007A
0.032±0.005BC
0.008±0.003C

Zn

Mean±S.E.M.

Mean±S.E.M.

C

1.050±0.511AB
0.929±0.217AB
0.588±0.425B
1.854±0.514A

0.015±0.014
0.104±0.017B
0.007±0.005C
0.156±0.032A

BDL = Below detection limit.
S.E.M. = Standard error of the mean of three replicates.
(A-C) Mean in the same column that do not share a common letter differ significantly, (P< 0.05).

4.5 Metal Content in Hairs Samples of Different Types of Cancer and
Healthy Individuals (µg/g)
The results obtained for the mean, minimum, maximum values, and grouping
information of cancerous (Breast, Lung, Buccal, Mouth) and healthy samples are
presented in Table 4.5. Kazi, T.G., 2007 reported the concentration of Zn114.5 µg/gin
breast cancerpatients offemale individuals which is higher than our study (Zn=2.765
µg/g) as shown in Table 4.5. Tasneem Gul Kazi et al., 2014 reported the
concentration of Zn, Cd and Ni in control and lung cancer; Zn: 3.94 µg/g in control
and 2.37 to 6.56 µg/g in lung cancer patients, Cd: 20.3µg/g in control and 9.62 to 43.1
µg/g in patient and Ni 10.2 µg/g in control and 5.96 to 17.3 µg/g in lung cancer
individuals respectively and also found the concentration of Zn, Cd and Ni in mouth
cancer and control. Zn: 1.79 µg/g and 1.18 to 2.70 µg/g, Cd: 10.5 µg/g and 5.31 to
20.8 µg/g, Ni: 8.92 µg/g and 5.81 to 13.7 µg/g in patient and control individual
respectively. The concentrations of these metals in lung and mouth cancer were
significantly higher than present work as given in Table 4.5.
Table 4.5 Metal Concentration in Hairs Samples of Different Types of Cancer
(µg/g)
Type of Cancer

Breast cancer

Lung cancer

Cd

Cu

Pb

Ni

Zn

Mean

0.003

0.02

0.116

0.059

2.765

Range

0.00-0.004

0.003-0.064

0.026-0.203

0.011-0.102

0.278-8.858

Grouping Information

A

A

A

A

AB

Mean

0.003

0.014

0.105

0.069

3.667

Range

0.000-0.009

0.001-0.032

0.000-0.217

0.005-0.175

1.149-8.823

Grouping Information

A

A

A

A

A
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Mean

0.003

0.01

0.067

0.048

2.827

Range

0.00-0.006

0.003-0.021

0.00-0.210

0.00-0.139

0.171-6.659

Grouping Information

A

AB

AB

A

AB

Mean

0.004

0.012

0.037

0.071

1.105

Range

0.001-0.007

0.002-0.024

0.004-0.074

0.002-0.190

0.248-2.398

Grouping Information

A

AB

B

A

BC

Mean

0.324

0.004

0.046

0

0.216

Range

0.000-6.024

0.00-0.028

0.000-0.916

0.000-0.000

0.000-3.572

Grouping Information

A

B

B

B

C

Buccal cancer

Mouth cancer

Healthy hair samples

Results are expressed as mean, minimum and maximum values of each metal, (A-C) Mean in the same column that do not share a
common letter differ significantly, (P< 0.05).

4.6 Principal Component Analysis of Cancerous Hairs
Similarly, Principal component was applied to the data set of five variables of seventeen
samples of hairs of different types of cancer patients. The study of Principal component
analysis was extracted for those samples where the Eigen value is greater than 0.90. Five
independent components were obtained from this study. The first component contributed
as 43.80%, second 23.56%, third 19.3%, fourth 9.29% and fifth 3.98%. The total
contribution of these five components is 100% of the total variation (Table 4.6). The
table shows that Cd, Pb and Zn are major contributor of principal component 1 (PC1).
The major component of principal component 2 (PC2) were Cu and Ni. Principal
component 3 was Cu. Principal Component 4 & 5 have no major contributors. These
grouping were also observed in the plot score of PC1 and PC2 of hair of cancerous
serum. Figure 4.6 showed total 67.37% variance of the data. Elements include in the
upper right quadrant are Cd, Cu, Ni. Where as in the upper left quadrant Pb and Zn
showed a positive correlation with each other.
Table 4.6 Principal Component Loading of Cancerous Hairs
Variables

PC1

PC2

PC3

PC4

PC5

Cd

0.5368

0.0001

0.2165

0.2465

0.0001

Cu

0.0448

0.4405

0.4561

0.0556

0.0029

Pb

0.8247

0.0174

0.0017

0.0617

0.0945

Ni

0.0465

0.6643

0.2033

0.0789

0.0070

Zn

0.7372

0.0560

0.0899

0.0221

0.0948
0.1993

Eigen value

2.1900

1.1783

0.9675

0.4647

Variability (%)

43.8007

23.5669

19.3510

9.2949

3.9865

Cumulative variance %

43.8007

67.3676

86.7186

96.0135

100.0000

100
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Variables (axes F1 and F2: 67.37 %)
1

Ni
Cu

0.5

Zn
Pb

Cd

0.25
0
-0.25
-0.5

F2 (23.57 %)

0.75

-0.75
-1
1 0.75 0.5 0.25 0 -0.25 -0.5 -0.75 -1

F1 (43.80 %)

Figure 4.6 Plot of PCA scores for combined data of cancerous hairs

4.7 Healthy Hairs
The results obtained in Table 4.7 of healthy hairs samples showed that the mean
concentration of Cd in all individual samples were below the detection limit except in
samples NH4 and NH7. The results showed a mean concentration of Cd 0.3237 µg/g
which is under the range of reference value (Cd=10 µg/g) by WHO guide line (Rashed
and Hossam, 2007). The results also revealed that the mean concentration of Cu is
0.0052µg/g and Zn is 0.2152 µg/g. While the concentration of Cu and Zn in some
individuals samples were below the detection limit. In case of Pb metal mean
concentration is 0.0547 µg/gwhich is below the reference value (Pb=0.2 µg/g) of WHO
guide line. Ni is below the detection limit in all healthy individuals of hairs samples.
Qaisara Pasha et al., 2000 reported the average scalp hair concentrations in healthy
individuals. They revealed that concentration of Zn (140.7 μg/g), Pb (15.50 μg/g), Cu (21.08
μg/g) and Cd (1.675 μg/g) were lower than the scalp hair of patients of gastrointestinal cancer.
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Table 4.7 Mean Concentration (µg/g) of Trace Metals in Healthy Hair Samples
(*n=3)
Sample ID

Cd

Cu

Pb

Ni

Zn

Mean±S.E.M

Mean±S.E.M.

Mean±S.E.

Mean±S.E.

Mean±S.E.M.

M.

M.

.

NH1

BDL

BDL

0.680±0.316

BDL

0.0009±0.0001

NH2

BDL

BDL

BDL

BDL

BDL

NH3

BDL

0.009±0.0008

0.522±0.261

BDL

BDL

NH4

6.023±0.0002

BDL

BDL

BDL

BDL

NH5

BDL

BDL

BDL

BDL

BDL

NH6

BDL

BDL

BDL

BDL

0.001±0.00051

NH7

1.096±0.0006

BDL

BDL

BDL

BDL

NH8

BDL

BDL

BDL

BDL

BDL

NH9

BDL

0.018±0.0040

BDL

BDL

BDL

NH10

BDL

BDL

BDL

BDL

0.212±0.00710

NH11

BDL

BDL

BDL

BDL

0.012±0.00185

NH12

BDL

BDL

BDL

BDL

0.044±0.00103

NH13

BDL

BDL

BDL

BDL

0.028±0.00512

NH14

BDL

0.007±0.0069

BDL

BDL

0.093±0.00104

NH15

BDL

0.003±0.0011

BDL

BDL

0.066±0.00034

NH16

BDL

0.021±0.0096

BDL

BDL

0.037±0.00099

NH17

BDL

BDL

BDL

BDL

0.073±0.00315

NH18

BDL

BDL

BDL

BDL

BDL

NH19

BDL

BDL

BDL

BDL

0.123±0.00223

NH20

BDL

0.022±0.0135

BDL

BDL

0.505±0.00541

NH21

BDL

0.026±0.0027

BDL

BDL

3.528±0.02317

NH22

BDL

0.005±0.0069

BDL

BDL

0.005±0.00095

Mean

0.3237

0.0052

0.0547

0.0000

0.2152

10.0

20.0

0.2

1.25 (***)

175.0 (****)

ppm
WHO / Reference
Values (**)
BDL = Below detection limit.
S.E.M. = Standard error of the mean of three replicates.

4.7.1 Analysis of Variance (ANOVA) of Healthy Hairs Samples
The result obtained from the analysis of variance (ANOVA) of healthy hair samples (n=22)
are presented in Table 4.7.1.
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Table 4.7.1 Average Metal and Analysis of Variance (ANOVA) of Healthy Hair
Sample (µg/g)
Sample ID

Cd

Cu

Pb

Ni

Zn

Mean±S.E.M.

Mean±S.E.M.

Mean±S.E.M.

Mean±S.E.M.

Mean±S.E.M.

NH1

BDL

BDL

0.680±0.316A

BDL

0.0009±0.00012H

NH2

BDL

BDL

BDL

BDL

BDL

0.522±0.261

BDL

BDL

BDL

BDL

BDL

BDL

NH3

BDL

0.009±0.0008
A

BC

B

NH4

6.023±0.00021

NH5

BDL

BDL

BDL

BDL

BDL

NH6

BDL

BDL

BDL

BDL

0.001±0.00051H

NH7

1.096±0.00067B

BDL

BDL

BDL

BDL

NH8

BDL

BDL

BDL

BDL

BDL

NH9

BDL

0.018±0.0040AB

BDL

BDL

BDL

NH10

BDL

BDL

BDL

BDL

0.212±0.00710C

NH11

BDL

BDL

BDL

BDL

0.012±0.00185H

NH12

BDL

BDL

BDL

BDL

0.044±0.00103G

NH13

BDL

BDL

BDL

BDL

0.028±0.00512G

NH14

BDL

0.007±0.0069BC

BDL

BDL

0.093±0.00104E

NH15

BDL

0.003±0.0011BC

BDL

BDL

0.066±0.00034F

NH16

BDL

0.021±0.0096BC

BDL

BDL

0.037±0.00099G

NH17

BDL

BDL

BDL

BDL

0.073±0.00315F

NH18

BDL

BDL

BDL

BDL

BDL

NH19

BDL

BDL

BDL

BDL

0.123±0.00223D

NH20

BDL

0.022±0.0135BC

BDL

BDL

0.505±0.00541B

NH21

BDL

0.026±0.0027A

BDL

BDL

3.528±0.02317A

NH22

BDL

0.005±0.0069BC

BDL

BDL

0.005±0.00095H

BDL = Below detection limit.
S.E.M. = Standard error of the mean of three replicates.
(A-C) Mean in the same column that do not share a common letter differ significantly, (P< 0.05).

4.7.2 Correlation of Healthy Hairs Samples
ThePearson correlation matrix (Table 4.6.3) of healthy individuals of (n=22) showed that
there is strong positive correlation in between Cu, Zn (r= 0.6406). The other metals
showed a non-significant correlation with each other. Nickel is below detection limit so
nickel did not show any correlation with other metals.
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Table 4.7.2 Correlation Matrix between Elements in Healthy Hair Samples
Variables

Cd

Cu

Pb

Cd

1

Cu

-0.1371

1

Pb

-0.0699

0.0877

1

Zn

-0.0751

0.6406

-0.0800

Zn

1

Values in bold are different from 0 with a significance level at α=0.05

4.7.3 Principal Component Analysis (PCA) of Healthy Hairs
The principal component analysis (Table 4.7.3) deal with the data set of healthy hair
individuals (n= 22), three components generated after extracted the Eigen value 0.9. In
principal component analysis (PC1) copper and zinc are the major components where
as Pb is a major component of PC2. In principal component 3 (PC3) Cd is
considered as a major component. The first component is contributed as 42.20 %, second
is 26.80 %, and third is 22.86 %. The total variation of the data is 100%. The factorloading diagram (Fig 4.7.3) also showed that Pb shows a negative correlation to Zn with
greater extent but to a smaller extent with cadmium. Nickel is below detection limit so
nickel does not affect any other variables. Copper shows a positive relation largely.

Table 4.7.3 Principal Component Loading of Healthy Hairs
Variables

PC1

PC2

PC3

PC4

Cd

0.0829

0.3344

0.5817

0.0010

Cu

0.8189

0.0001

0.0211

0.1598

Pb

0.0013

0.6841

0.3059

0.0087

Ni

0.0000

0.0000

0.0000

0.0000

Zn

0.7849

0.0536

0.0059

0.1556

Eigenvalue

1.6881

1.0722

0.9146

0.3251

Variability (%)

42.2035

26.8048

22.8647

8.1270

Cumulative %

42.2035

69.0083

91.8730

100.0000
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Variables (axes F1 and F2: 69.01 %)1
Pb

0.75

0.25
Cu

Ni

0
-0.25

Zn

F2 (26.80 %)

0.5

-0.5

Cd

-0.75
-1

1

0.75

0.5

0.25

0

-0.25 -0.5 -0.75

-1

F1 (42.20 %)

Figure 4.7.3 Plot of PCA scores for combined data of cancerous hairs

4.7 Cancerous Nails
The data observed in Table 4.7of nails samples of cancer patients represents that mean
concentration of Cd is 0.004 µg/g and in all individual samples values of Cd metal
were under the range of reference value (Cd=10 µg/g) of WHO guideline (Rashed and
Hossam., 2007). This result also showed that the mean concentration of Cu and Pb are
0.005 µg/g and 0.154 µg/g respectively (Table 4.7)and values of Cu and Pb metals in all
individual samples were under the range of reference value (Cu=20 & Pb=0.2
µg/g) of WHO guideline (Rashed and Hossam, 2007). It is also noted that the measured
mean value of Ni (0.049 µg/g) and Zn (0.194 µg/g) and their individual values were
below the recommended maximum acceptable values as proposed by Gammelgaard
et al., 1991 (Ni=1.19 µg/g) and Rogers et al., 1991 (Zn=97.0 µg/g). Bashir Ahmed et
al., 2011 have found the concentration of Zn 120.41and 141.4 µg/g, Cu 7.88 and 5.57
µg/g, Pb 24.58 and 15.64 µg/g and Ni 9.70 and 5.83 µg/g in esophageal cancer vs
control respectively. In lymphoma cancer vs control the concentration of Zn=120.37 and
141.67 µg/g, Cu=7.78 and 5.57 µg/g, Pb= 21.31 and15.63 µg/g, Ni=9.03 and 5.82 µg/gin
control and patient respectively.
Table 4.7 Mean Concentration (µg/g) of Trace Metals in Nails Samples (*n=3)
Sample ID

Cd
Mean±S.E.M

Cu
Mean±S.E.M

Pb
Mean±S.E.M

Zn
Mean±S.E.M

Ni
Mean±S.E.M

Ca 1

0.001±0.0004

0.000±0.0086

0.055±0.0076

0.014±0.0086

0.188±0.0020

Ca 2
Ca 3
Ca 4
Ca 5
Ca 6
Ca 7
Ca 8

0.001±0.0006
0.004±0.0004
0.003±0.0011
0.007±0.0008
0.006±0.0017
0.008±0.0007
0.007±0.0013

0.002±0.0036
0.001±0.0005
0.001±0.0045
0.001±0.0013
0.006±0.0015
0.009±0.0070
0.002±0.0063

0.061±0.0046
0.096±0.0173
0.102±0.0067
0.084±0.0036
0.102±0.0132
0.125±0.0042
0.160±0.0104

0.013±0.006
0.018±0.0105
0.015±0.0073
0.016±0.0018
0.017±0.0024
0.034±0.0088
0.039±0.0161

0.234±0.0027
0.239±0.0027
0.219±0.0014
0.144±0.0015
0.160±0.0009
0.088±0.0003
0.213±0.0017
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Ca 9
Ca10
Ca11
Ca12
Ca13
Ca14
Ca16
Ca17
Ca18
Ca19
Ca20
Ca21
Ca22
Ca23
Ca24a
Ca24b
Ca25
Ca26
Ca27
Ca28
Ca30
Ca32
Ca34
Ca35
Mean
(ppm)

0.008±0.0007
0.000±0.0008
0.002±0.0004
0.002±0.0008
0.002±0.0007
0.005±0.0007
0.007±0.0004
0.007±0.0008
0.008±0.0006
0.007±0.0002
0.002±0.0007
0.002±0.0007
0.002±0.0005
0.002±0.0014
0.003±0.0005
0.001±0.0010
0.002±0.0006
0.000±0.0016
0.003±0.0013
0.003±0.0011
0.003±0.0003
0.004±0.0007
0.015±0.0045
0.005±0.0016
0.004

0.001±0.0025
0.000±0.0021
0.002±0.0049
0.007±0.0022
0.013±0.0078
0.006±0.0065
0.009±0.0051
0.002±0.0002
0.007±0.0032
0.002±0.0036
0.007±0.0030
0.004±0.0022
0.002±0.0064
0.013±0.0023
0.008±0.0036
0.011±0.0025
0.014±0.0015
0.007±0.0042
0.006±0.0022
0.004±0.0083
0.002±0.0041
0.006±0.0071
0.004±0.0038
0.005±0.0035
0.005

0.158±0.0082
0.169±0.0183
0.191±0.0066
0.223±0.0168
0.026±0.0271
0.035±0.0147
0.055±0.0109
0.091±0.0206
0.097±0.0075
0.120±0.0124
0.152±0.0184
0.154±0.0035
0.167±0.0115
0.167±0.0255
0.194±0.0236
0.206±0.0171
0.245±0.0157
0.217±0.0058
0.217±0.0101
0.234±0.0144
0.236±0.0198
0.257±0.0164
0.265±0.0245
0.273±0.0037
0.154

WHO
/Reference
Values (**)

10.0

20.0

0.2

0.051±0.0065
0.050±0.0091
0.056±0.0057
0.058±0.0086
0.068±0.0141
0.074±0.0268
0.081±0.0212
0.110±0.0137
0.102±0.0027
0.113±0.0173
0.135±0.0010
0.127±0.0158
0.005±0.0071
0.002±0.0039
0.018±0.0220
0.028±0.0074
0.023±0.0106
0.031±0.0061
0.038±0.0061
0.046±0.0030
0.045±0.0140
0.060±0.0091
0.052±0.0083
0.042±0.0106
0.049

1.19
(***)

0.260±0.0016
0.231±0.0001
0.253±0.0030
0.248±0.0025
0.083±0.0047
0.181±0.0023
0.173±0.0015
0.194±0.0018
0.233±0.0010
0.103±0.0046
0.214±0.0017
0.220±0.0008
0.156±0.0012
0.146±0.0038
0.185±0.0018
0.224±0.0028
0.200±0.0006
0.192±0.0012
0.205±0.0010
0.207±0.0023
0.205±0.0046
0.175±0.0019
0.202±0.0014
0.249±0.0011
0.194

97.0
(****)

* n= number of samplesS.E.M. = Standard error of the mean of three replicates. (**):
Rashed and Hossam, 2007 (***): Gammelgaard et al., 1991.

4.8 Correlation of Cancerous Nails in between Individuals of
Different Types of Cancer
4.8.1 Breast Cancer
In nail samples of breast cancer individuals (Table 4.8.1), in a Pearson correlation matrix
cadmium shows a strong positive correlation with Ni (r=0.7167). While there is no
significant (P> 0.05) correlation showed by other metals in nail samples of breast
cancer.

Table 4.8.1 Correlation Matrix between Elements in Nails of Breast Cancer
Variables

Cd

Cu

Cd

1

Cu

-0.1519

Pb

1
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Ni

Zn

References
Pb

0.1167

0.2592

1

Ni

0.7167

-0.2549

0.1221

1

Zn

-0.2628

-0.3223

0.2484

-0.4188

1

Values in bold are different from 0 with a significance level at α=0.05

4.8.2 Lung Cancer
The correlation between different elements were determined by the Pearson correlation
matrix in Table 4.8.2, Zn shows a significant negative correlation with Cd (r=-0.7856)
and Ni (r=-0.8438). Whereas Ni also observed a positive correlation with Cu (r=0.6031).

Table 4.8.2 Correlation Matrix between Elements in Nails of Lung Cancer
Variables

Cd

Cu

Pb

Ni

Cd

1

Cu

0.0690

1

Pb

0.2664

0.4026

1

Ni

0.5485

0.6031

0.5147

1

Zn

-0.7856

-0.1906

-0.3776

-0.8438

Zn

1

Values in bold are different from 0 with a significance level at α=0.05

4.8.3 Uterus Cancer
In a Pearson correlation matrix of uterus cancer of cancerous nails sample (Table 4.8.3)
cadmium shows a significant negative correlation with Pb (r=-0.7478). But Pb shows a
significant positive correlation with Cu (r=0.7431). Cadmium also shows a negative
correlation with Cu (r=-0.6121). Ni shows a moderate correlation with Zn (r=0.5106).

Table 4.8.3 Correlation Matrix between Elements in Nails of Uterus Cancer
Variables

Cd

Cu

Pb

Cd

1

Cu

-0.6121

1

Pb

-0.7478

0.7431

1

Ni

0.4546

-0.4637

-0.6360
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0.2712

-0.1645

-0.4813

0.5106

1

Values in bold are different from 0 with a significance level at α=0.05

4.8.4 Prostate Cancer
A correlation matrix (Table 4.8.4) shows that Ni has a significant positive correlation with Pb (r=
0.8808). However, Pb shows a positive correlation with Cd (r= 0.6238). Ni also shows a
positive correlation with Cd (r= 0.6223).

Table 4.8.4 Correlation Matrix between Elements in Nails of Prostate Cancer
Variables

Cd

Cu

Pb

Ni

Cd

1

Cu

-0.4571

1

Pb

0.6238

-0.3079

1

Ni

0.6223

-0.4263

0.8808

1

Zn

0.5572

-0.2059

-0.2396

-0.1565

Zn

1

Values in bold are different from 0 with a significance level at α=0.05

4.8.5 Stomach Cancer
A Pearson correlation of stomach cancer in Table 4.8.5, zinc shows a positive significant
correlation with Ni (r=0.9728). Zinc also shows a strong negative correlation with Pb
(r=-0.7113). A significant negative correlation of Ni is also observed with Pb (r=0.7570). There is also a positive moderate correlation between Cd and Cu (r=0.5844).

Table 4.8.5 Correlation Matrix between Elements in Nails of Stomach Cancer
Variables

Cd

Cu

Pb

Cd

1

Cu

0.5844

1

Pb

0.3229

0.1847

1

Ni

-0.3573

-0.3686

-0.7570

1

Zn

-0.4377

-0.5416

-0.7113

0.9728

Values in bold are different from 0 with a significance level at α =0.05

108

Ni

Zn

1

References

4.8.6 Mouth Cancer
In nails samples of mouth cancer individuals (Table 4.7.1.5) there is no significant (P>
0.05) correlation were found between metals.
Table (4.8.6) Correlation Matrix between Elements in Nails of Mouth Cancer
Variables

Cd

Cu

Pb

Ni

Zn

Cd

1

Cu

-0.1530

1

Pb

0.3712

0.3330

1

Ni

0.4720

-0.2715

0.4814

1

Zn

-0.0760

0.2113

0.4815

-0.0877

1

Values in bold are different from 0 with a significance level at α =0.05

4.8.7 Buccal Cancer
A Pearson correlation matrix of Buccal cancer (Table 4.8.7) shows that Cu has a
strong positive correlation with Pb (r=0.8073). While Cu shows a significant negative
correlation with Zn (r=-0.7263). A negative correlation of Pb with Zn (r=-0.6081) is
also observed.

Table (4.8.7) Correlation Matrix between Elements in Nails of Buccal Cancer
Variables

Cd

Cu

Pb

Cd

1

Cu

0.4330

1

Pb

0.4650

0.8073

1

Ni

0.3805

0.2876

0.2618

1

Zn

-0.3987

-0.7263

-0.6081

-0.6592

Values in bold are different from 0 with a significance level at α =0.05
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4.8 Analysis of Variance (ANOVA) of Nails Samples in between
Individuals of Different Types of Cancer
The analyses of variance (ANOVA) in different types of cancerous nails are
presented below in Table.

4.8.1 Breast Cancer
Sample

Cd

Cu

ID

Mean±S.E.M.

Mean±S.E.M.

Mean±S.E.M.

Mean±S.E.M.

D

AB

D

D

0.187±0.002F

0.009±0.001

Pb

Zn

0.001±0.000

Ca2

0.001±0.000D

0.004±0.002AB

0.062±0.005CD

0.016±0.002D

0.230±0.001B

Ca3

0.004±0.001B

0.001±0.000B

0.076±0.019CD

0.020±0.004D

0.240±0.003A

Ca8

0.007±0.001A

0.009±0.007AB

0.159±0.005B

0.043±0.012BC

0.212±0.001D

B

B

0.018±0.010

Mean±S.E.M.

Ca1

BC

0.055±0.005

Ni

B

Ca10

0.003±0.001

0.001±0.000

0.170±0.013

0.051±0.003

0.231±0.000B

Ca24b

0.001±0.001CD

0.010±0.004A

0.208±0.023A

0.025±0.002CD

0.224±0.002C

Ca17

0.007±0.001A

0.002±0.000AB

0.095±0.008C

0.106±0.013A

0.194±0.002E

BDL = Below detection limit.
S.E.M. = Standard error of the mean of three replicates.
(A-F) Mean in the same column that do not share a common letter differ significantly, (P< 0.05).

4.8.2 Lung Cancer
Sample

Cd

Cu

Pb

ID

Mean±S.E.M.

Mean±S.E.M.

Mean±S.E.M.

B

A

BC

0.004±0.005

Ni

Zn

Mean±S.E.M.

Mean±S.E.M.

0.101±0.007

B

0.010±0.004

0.218±0.001A

Ca4

0.004±0.0011

Ca5

0.007±0.0012A

0.000±0.000A

0.083±0.005C

0.017±0.004B

0.144±0.001C

Ca6

0.007±0.001A

0.006±0.002A

0.117±0.014AB

0.019±0.002B

0.161±0.001B

Ca7

0.008±0.000A

0.008±0.008A

0.125±0.002A

0.039±0.012A

0.088±0.000D

BDL = Below detection limit.
S.E.M. = Standard error of the mean of three replicates.
(A-D) Mean in the same column that do not share a common letter differ significantly, (P< 0.05).

4.8.3 Uterus Cancer
Sample

Cd

Cu

Pb

Ni

Zn

ID

Mean±S.E.M.

Mean±S.E.M.

Mean±S.E.M.

Mean±S.E.M.

Mean±S.E.M.

Ca 9

0.009±0.001A

0.002±0.001B

0.160±0.011C

0.047±0.009BC

0.260±0.001A

BC

B

C

Ca 11

0.002±0.000

0.005±0.002

0.189±0.008B

0.059±0.002

0.254±0.002B

Ca 12

0.002±0.001C

0.006±0.003B

0.223±0.005AB

0.061±0.004B

0.249±0.001C

Ca18

0.008±0.001A

0.003±0.003B

0.092±0.014D

0.098±0.001A

0.233±0.002D

Ca24a

0.004±0.001B

0.005±0.002B

0.166±0.043C

0.030±0.018C

0.186±0.002F

Ca 25

0.002±0.000BC

0.014±0.000A

0.257±0.010A

0.022±0.010C

0.200±0.00E

BDL = Below detection limit.
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S.E.M. = Standard error of the mean of three replicates.
(A-F) Mean in the same column that do not share a common letter differ significantly, (P< 0.05).

4.8.4 Prostate Cancer
Sample ID

Cd

Cu

Pb

Ni

Zn

Mean±S.E.M.

Mean±S.E.M.

Mean±S.E.M.

Mean±S.E.M.

Mean±S.E.M.

C

A

B

B

0.084±0.0053D

Ca13

0.001±0.0003

0.018±0.0098

0.033±0.0099

0.057±0.0118

Ca14

0.005±0.0009B

0.013±0.0138A

0.035±0.0144B

0.061±0.0134B

0.180±0.0018A

Ca16

0.007±0.0003A

0.006±0.0052A

0.053±0.0099B

0.079±0.0305AB

0.172±0.0010B

Ca19

0.007±0.0001A

0.005±0.0019A

0.115±0.0118A

0.121±0.0030A

0.109±0.0025C

BDL = Below detection limit.
S.E.M. = Standard error of the mean of three replicates.
(A-D) Mean in the same column that do not share a common letter differ significantly, (P< 0.05).

4.8.5 Stomach Cancer
Sample ID

Cd

Cu

Mean±S.E.M.
A

Pb

Mean±S.E.M.
0.008±0.0014

AB

Ni

Zn

Mean±S.E.M.

Mean±S.E.M.

Mean±S.E.M.

A

A

0.214±0.0012B

Ca20

0.002±0.0004

0.151±0.0091

0.135±0.0015

Ca21

0.002±0.0011A

0.003±0.0034B

0.155±0.0027A

0.116±0.0135B

0.220±0.0008A

Ca22

0.002±0.0003A

0.005±0.0027B

0.175±0.0042A

0.004±0.0026C

0.156±0.0007C

Ca23

0.003±0.0003A

0.014±0.0011A

0.169±0.0170A

0.004±0.0035C

0.144±0.0020D

BDL = Below detection limit.
S.E.M. = Standard error of the mean of three replicates.
(A-D) Mean in the same column that do not share a common letter differ significantly, (P< 0.05).

4.8.6 Mouth Cancer
Cd

Cu

Pb

Ni

Zn

Mean±S.E.M.

Mean±S.E.M.

Mean±S.E.M.

Mean±S.E.M.

Mean±S.E.M.

Ca26

0.004±0.0015B

0.006±0.0039A

0.216±0.0044A

0.031±0.0048C

0.192±0.0002C

Ca30

0.003±0.0004

B

A

A

C34

0.018±0.0062A

0.005±0.0034A

0.273±0.0497A

0.051±0.0068A

0.203±.0013BC

Ca35

0.006±0.0014B

0.007±0.0037A

0.273±0.0038A

0.038±0.0023BC

0.249±0.0008A

Sample ID

0.004±0.0026

0.251±0.0098

0.044±0.0056

BDL = Below detection limit.
S.E.M. = Standard error of the mean of three replicates.
(A-C) Mean in the same column that do not share a common letter differ significantly, (P< 0.05).
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4.8.7 Buccal Cancer
Sample ID

Cd

Cu

Pb

Ni

Zn

Mean±S.E.M.

Mean±S.E.M.

Mean±S.E.M.

Mean±S.E.M.

Mean±S.E.M.

A

A

A

A

0.206±0.000A

Ca27

0.003±0.002

0.005±0.003

0.229±0.008

0.045±0.006

Ca28

0.003±0.000A

0.003±0.002A

0.227±0.016A

0.047±0.003A

0.207±0.001A

Ca32

0.004±0.001A

0.010±0.004A

0.244±0.011A

0.052±0.001A

0.176±0.001B

BDL = Below detection limit.
S.E.M. = Standard error of the mean of three replicates.
(A-B) Mean in the same column that do not share a common letter differ significantly, (P< 0.05).

4.9 Metal content in Nails Samples of Different Types of Cancer and

Healthy Individuals (µg/g)
The results of the mean, minimum, maximum values, and grouping information of
different types of cancerous nails (breast, lung, uterus, prostate, stomach, mouth, buccal)
and healthy nails samples are presented in Table 4.9. Golgis et al., 2012 analyzed levels
of Zn and Cu among 50 subjects of prostate cancer and 50 controls. Mean Zn level in
nails of case were specifically lower (Zn=2.70µg/g) as compared to controls
(Zn=3.97µg/g). Mean level of Cu (0.07 µg/g) was significantly raised in case than
control (0.06 µg/g). In our studies the concentrations of Zn and Cu in prostate cancer
patients were higher as compare to control or healthy individuals.Ghasem Janbabai1 et
al., 2017 reported the concentration of Cu (49 and5µg/g) and Zn (134 and 150 µg/g)
in nails samples of stomach cancer patients and control respectively. Present data
showed significantly lower amount of Cu and Zn in stomach cancer patients (Table
4.9) than reported in literature.
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Table 4.9 Metal Concentration in Nails Samples of Different Types of Cancer
(µg/g)
Type of Cancer

Breast cancer

Lung cancer

Uterus cancer

Prostate cancer

Stomach cancer

Mouth cancer

Buccal cancer

Healthy Samples Nails

Cd

Cu

Pb

Ni

Zn

Mean

0.003

0.005

0.118

0.04

0.217

Range

0.00-0.008

0.000-0.016

0.050-0.235

0.008-0.117

0.184-0.243

Grouping Information

A

A

A

BC

A

Mean

0.007

0.005

0.107

0.021

0.152

Range

0.003-0.008

0.000-0.016

0.078-0.133

0.006-0.051

0.088-0.218

Grouping Information

A

A

B

CD

CD

Mean

0.004

0.006

0.181

0.053

0.23

Range

0.001-0.009

0.000-0.014

0.076-0.266

0.011-0.099

0.184-0.260

Grouping Information

A

A

B

ABC

A

Mean

0.005

0.011

0.059

0.08

0.136

Range

0.001-0.007

0.000-0.029

0.022-0.129

0.044-0.123

0.078-0.181

Grouping Information

A

A

B

A

D

Mean

0.002

0.008

0.163

0.065

0.183

Range

0.001-0.003

0.001-0.014

0.144-0.189

0.001-0.137

0.142-0.221

Grouping Information

A

A

B

AB

BC

Mean

0.008

0.005

0.253

0.041

0.212

Range

0.003-0.024

0.001-0.010

0.211-0.329

0.026-0.058

0.192-0.250

Grouping Information

A

A

B

BC

AB

Mean

0.004

0.006

0.233

0.048

0.196

Range

0.001-0.005

0.001-0.014

0.210-0.256

0.039-0.053

0.175-0.208

Grouping Information

A

A

B

ABC

AB

Mean

0.273848633

0.004473055

1.06007764

0

0.00914349

Range

0.00-6.023

0.000-0.077

0.00-2.983

0.00-0.00

0.00-0.054

Grouping Information

A

A

B

D

E

Results are expressed as mean, minimum and maximum values of each metal, (A-C) Mean in the same
column that do not share a common letter differ significantly, (P< 0.05).

4.10 Principal Component Analysis of Cancerous Nails
Principal component analysis was useful to the data set of 5 variables separately on the
thirty five types of nails of cancerous patients to check and identify the influence on
each one. In this study Principal component of Eigen values greater than 0.90 is
extracted, so from this five independent components were generated. The first
component contributed as 30.26%, second 24.18%, third 18.98%, fourth 18.22% and
fifth 8.34% variability of the data. Total contribution of these five components is
100% of the variation (Table 4.10). Cu, Pb and Zn are the major contributor of
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principal component 1 (PC1). The major component of principal component 2 (PC2) was
Cd, Principal component 3 (PC3) was Ni and Principal component 4 (PC4) was Pb.
Principal component 5 (PC5) shows no major component. The above grouping also
shows in the diagram of loading of components 1 (PC1) and 2 (PC2) (Figure 4.10).
Total variance of the data is 54.44% which was shown in the (Figure 4.10). Elements
included in the lower left quadrant are Zn and Pb where as Cd was found in upper left
quadrant. Cu and Ni were found in the lower right and upper right quadrant respectively.

Table 4.10 Principal Component Loading of Cancerous Nails
Variables

PC1

PC2

PC3

PC4

PC5

Cd

0.0270

0.6126

0.1043

0.1909

0.0651

Cu

0.3984

0.1305

0.1289

0.2519

0.0904

Pb

0.4230

0.0652

0.0142

0.4164

0.0812

Ni

0.0068

0.3711

0.5943

0.0032

0.0246

Zn

0.6578

0.0299

0.1076

0.0490

0.1558

Eigen value

1.5130

1.2092

0.9492

0.9114

0.4171

Variability (%)

30.2602

24.1846

18.9843

18.2282

8.3427

Cumulative %

30.2602

54.4447

73.4291

91.6573

100.0000

Variables (axes F1 and F2: 54.44 %)

1

Cd

0.75

Ni

0.25
0
Zn

-0.25

Pb

Cu

F2 (24.18 %)

0.5

-0.5
-0.75
-1

1

0.75

0.5

0.25

0

-0.25

-0.5

-0.75

-1

F1 (30.26 %)

Figure 4.10 Plot of PCA scores for combined data of cancerous nails
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4.11 Healthy Nails
Theinformation from the healthy nails samples (n=26), Table 4.11 presents that the
mean concentration of Cd is 0.273 µg/g which is below the range of reference value
(Cd=10 µg/g) of WHO guideline (Rasheed and Hossam, 2007) and majority of the
individuals samples values of Cd metal were below the detection limit. The
concentration of Cu and Pb were 0.004 and 1.089 µg/g respectively; these metals were
also below the range of reference value (Cu=20 & Pb=0.2 µg/g) of WHO guideline
(Rasheed and Hossam, 2007). Ni is below the detection limit in all individuals of
healthy nail samples. The results also revealed that the mean concentration of Zn is
0.009 µg/g which is also minimum acceptable reference value (Ni=1.19 µg/g) as
reported by Gammelgaard et al., 1991. Eleonore Blaurock-Busch et al., 2015 compared
the total sum of Cd (5.07 and 3.76 µg/g), Ni (308.92 and 123.42
µg/g) and Pb (478.19 and 43.02 µg/g) in healthy nails of Punjabis and Europeans
individuals respectively.

Table 4.11 Mean Concentration (µg/g) of Trace Metals in Healthy Person Nails
Samples
Sample ID

Cd

Cu

Pb

Ni

Zn

Mean±S.E.M.

Mean±S.E.M.

Mean±S.E.M.

Mean±S.E.M.

Mean±S.E.M.

NN1

BDL

BDL

BDL

BDL

0.0533±0.0005

NN2

BDL

0.0040±0.0011

BDL

BDL

0.0202±0.0003

NN3

BDL

0.0012±0.0013

BDL

BDL

0.0133±0.0007

NN4

6.0223±0.000

BDL

BDL

BDL

0.0077±0.0013

NN5

BDL

BDL

BDL

BDL

BDL

NN6

BDL

BDL

BDL

BDL

0.0057±0.0010

NN7

1.0978±0.001

0.0012±0.0004

BDL

BDL

BDL

NN8

BDL

BDL

BDL

BDL

BDL

NN9

BDL

BDL

BDL

BDL

BDL

NN10

BDL

BDL

BDL

BDL

0.0423±0.00086

NN11

BDL

BDL

BDL

BDL

0.0028±0.00109

NN12

BDL

BDL

0.9615±0.0374

BDL

BDL

NN13

BDL

0.0011±0.00150

0.9090±0.091

BDL

0.0403±0.0015

NN14

BDL

0.0032±0.00062

0.9933±0.181

BDL

BDL

NN15

BDL

0.0276±0.00358

1.3290±0.159

BDL

0.0272±0.0026

NN16

BDL

BDL

1.3776±0.061

BDL

BDL

NN17

BDL

BDL

1.2741±0.048

BDL

BDL

NN18

BDL

BDL

1.4500±0.063

BDL

0.0095±0.0007

NN19

BDL

BDL

1.8150±0.008

BDL

BDL
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NN20

BDL

BDL

2.1030±0.098

BDL

NN21
NN22

BDL

BDL

2.2027±0.330

BDL

BDL

BDL

0.0686±0.00475

2.7425±0.043

BDL

0.0129±0.0004

NN23

BDL

0.0152±0.00822

2.4784±0.070

BDL

BDL

NN24

BDL

BDL

2.8580±0.210

BDL

BDL

NN25

BDL

BDL

2.9746±0.223

BDL

BDL

NN26

BDL

BDL

2.8701±0.043

BDL

BDL

Mean

0.273851

0.004697

1.08996

0

0.009046

WHO /Reference

10.0

20.0

0.2

1.19 (***)

BDL

97.0 (****)

Values (**)

BDL = Below detection limit.
S.E.M. = Standard error of the mean of three replicates.

4.11.1 ANOVA of Healthy Nails Samples
Table 4.11.1 Average Metal and Analysis of Variance (ANOVA) of Healthy Nail
Sample (µg/g)
Sampl

Cd

Cu

Pb

Ni

Zn

e ID

Mean±S.E.M.

Mean±S.E.M.

Mean±S.E.M.

Mean±S.E.M.

Mean±S.E.M.

NN1

BDL

BDL

BDL

BDL

0.0533±0.000569A

NN2

BDL

0.0040±0.001CD

BDL

BDL

0.0202±0.000337D

NN3

BDL

0.0012±0.0013D

BDL

BDL

0.0133±0.000791E

NN4

6.0223±0.000A

BDL

BDL

BDL

0.0077±0.001306G

NN5

BDL

BDL

BDL

BDL

BDL

NN6

BDL

BDL

BDL

BDL

0.0057±0.0000GH

NN7

1.0978±0.0012B

0.0012±0.0004D

BDL

BDL

BDL

NN8

BDL

BDL

BDL

BDL

BDL

NN9

BDL

BDL

BDL

BDL

BDL

NN10

BDL

BDL

BDL

BDL

0.0423±0.000866B

NN11

BDL

BDL

BDL

BDL

0.0028±0.001095H

NN12

BDL

BDL

0.9615±0.0374HI

NN13
NN14

BDL
BDL

0.0011±0.0015
0.0032±0.000

D

CD
B

BDL

BDL

I

BDL

0.0403±0.001599B

HI

BDL

BDL

GH

BDL

0.0272±0.002692C

0.9090±0.0911
0.9933±0.1817

NN15

BDL

0.0276±0.0035

NN16

BDL

BDL

1.3776±0.0613FG

BDL

BDL

BDL

FG

BDL

BDL

EF

BDL

0.0095±0.000713F

NN17

BDL

1.3290±0.1590

1.2741±0.0485

NN18

BDL

BDL

1.4500±0.0635

NN19

BDL

BDL

1.8150±0.0086DE

NN20

BDL

BDL

BDL

BDL

D

BDL

BDL

CD

2.1030±0.0987

NN21

BDL

BDL

BDL

BDL

NN22

BDL

0.0686±0.0047A

2.2027±0.3305

2.7425±0.0434A

BDL

0.0129±0.000467E

NN23

BDL

0.0152±0.0082C

2.4784±0.0705BC

BDL

BDL
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NN24

BDL

2.8580±0.2101AB

BDL

BDL

BDL

A

NN25

BDL

BDL

2.9746±0.2239

BDL

BDL

NN26

BDL

BDL

2.8701±0.0432A

BDL

BDL

Mean

0.273851

0.004697

1.08996

0

0.009046

BDL = Below detection limit.
S.E.M. = Standard error of the mean of three replicates.
(A-I) Mean in the same column that do not share a common letter differ significantly, (P< 0.05).

4.11.2 Correlation of Healthy Nails
The Pearson correlation matrix of healthy individuals (n=26)showed (Table 4.11.2)
that there is a weak non significant and negative correlation was observed in between Pb,
Zn (r=-0.3144)and Pb, Cd (r=0.2331).Pb showed a weak non-significant positive
correlation with Cu (r=0.3293).In healthy nails individuals nickel is below the detection
limit in all samples so nickel did not show any correlation with other metals.

Table 4.11.2 Correlation Matrix between Elements in Healthy Nails Samples
Variables

Cd

Cu

Pb

Zn

Cd

1

Cu

-0.0691

1

Pb

-0.2331

0.3293

1

Zn

-0.0588

0.1304

-0.3144

1

Values in bold are different from 0 with a significance level at α=0.05

4.11.3 Principal Component Analysis (PCA) of Healthy Nails
By applying the multivariate analysis on the data set of healthy nails individuals (n=26),
we obtained four variables and their influence on each other as shown in Table 4.11.3. In
the study the Eigen value 0.90 is extracted on the behalf of this, four individual’s
components were generated. The first component contributed as 36.83%, second 28.95%,
third 23.37% and fourth 10.84% variability of the data. Total contribution of these four
variables is 100%. In principal component 1 (PC1) Pb is the major component where as
Zn is the major component of PC2 and in principal component 3 (PC3) Cd is the major
component. From all variables, there is no major component of principal component 4. In
nails, a sample of healthy individuals nickel is found to be below detection limit so
nickel is not major component in all four components
component analysis. The factor-loading
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diagram shows the total variance of the data is 65.78% as shown in Figure 4.11.3. The
factor-loading diagram also showed the strong negative correlation between Cd and
Cu. Ni does not correlate with other variables. Zn and Pb were negatively correlated
with each other.

Table 4.11.3 Principal Component Loading of Healthy Nails Samples
Variables

PC1

PC2

PC3

PC4

Cd

0.2242

0.1023

0.6418

0.0317

Cu

0.3382

0.2770

0.2880

0.0968

Pb

0.7767

0.0250

0.0048

0.1935

Ni

0.0000

0.0000

0.0000

0.0000

Zn

0.1342

0.7537

0.0003

0.1118

Eigen value

1.4732

1.1580

0.9349

0.4338

Variability (%)

36.8310

28.9502

23.3735

10.8452

Cumulative %

36.8310

65.7813

89.1548

100.0000

Variables (axes F1 and F2: 65.78 %)

1

Zn

0.75
Cu

0.25
Ni

0

Pb

-0.25
Cd

F2 (28.95 %)

0.5

-0.5
-0.75
-1

1

0.75

0.5

0.25

0

-0.25

-0.5

-0.75

-1

F1 (36.83 %)

Figure 4.11.3 Plot of PCA scores for combined data of healthy nails

4.12 Cancerous Serum
It is observed from researches that the metals have toxic effects because these metals
bind with ligands of biological structural molecules which perform basic functions in the
human body (Sanaulllah, 2000).
The results obtained in Table 4.12of blood serum components of Cancer patientsevaluate
that the mean observed value of Cadmium metal (0.277 µg/l or ppb)

118

References

were under the range of reference value of Cd metal in blood serum (0.04-0.36 µg/l)
proposed by Caroli et al., 1994; Minoia et al., 1990; Roduskin, 2001; Prohaska et al.,
2000; Rodushkin et al., 1999 and Forrer et al., 2001. While some individual values
showed a higher level of Cd metal in blood serum samples included are (G1Ca=0.439,
G2Ca=0.405,
G73Ca=2.267,
G78Ca=2.099,

G6Ca=0.370,

G70Ca=1.608,

G74Ca=2.614,
G79Ca=3.075,

G71Ca=

G75Ca=2.958,
G80Ca=3.940,

1.367,

G72Ca=

G76Ca=1.641,
G81Ca=4.572,

1.666,

G77Ca=2.374,
G82Ca=4.119,

G83Ca=3.297, Y1Ca=0.347 and Y19Ca=1,256 µg/L) while some showed low levels of
Cd metal in serum such as (G13Ca=0.024, G45Ca=0.039, G47Ca=0.017, G52Ca=0.003,
G58Ca=0.007,

G63Ca=0.002,

G67Ca=0.016,

Y2Ca=0.032,

Y9Ca=0.036,

Y42Ca=0.025, Y47Ca=0.024, Y53Ca=0.007 and Y71Ca=0.022 µg/l)
while some values under the reference ranges and some are below the detection limit of
GFAAS. It is reported in previous studies that the occupational exposure to cadmium
metal leading to the condition of bone damage and glomerular with higher chance of
having Cancer (Jarup and Akesson, 2009) and excessive Cd exposure has been happens
in population by ingestion of contaminated food and water (Kjellstrain et al., 1997).
The data examined in Table 4.12 of blood serum component of Cancer patients showed
that the mean observed value of Copper metal (317.883 µg/l) were below the range of
recommended value (Cu=601-1803 µg/l) as reported by Caroli et al., 1994; Minoia et
al., 1990; Roduskin, 2001; Prohaska et al., 2000; Rodushkin et al., 1999 and Forrer et al.,
2001. While some of individual values exceeded the reference values (G19Ca=3691.3,
G23Ca=7029, G70Ca=2579, G72Ca=1953, G78Ca=1867 µg/l) and
some values were observed under the normal range (G7Ca=1008, G26Ca=1175,
G30Ca=694.9,

G31Ca=1086,

G67Ca=

1747,

G69Ca=1365,

G71Ca=1246,

G74Ca=1430.7, G77Ca=1562.9, Y63Ca=732.9, Y68Ca=975.9 µg/l). Remaining
values were below the reference range and below the detection limit of GFAAS. Copper
is an essential micronutrient which not only maintains the physiological role of several
organs but also related in the generation of pathological variations in these organs. The
general form of this metal in serum component is ceruloplasmin (more than 90%)
containing 6 atoms of Cu molecules, this hypercupermia condition happens because of
higher amount of ceruloplasmin in blood induced by the progress in disease. In
malignancies condition; higher rate of tissue damage is observed and increase
abenzidine oxidase activity and release process of copper into blood
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circulation (Jain et al., 1994 and Milde et al., 2001). It is observed that Zn is the
physiological antagonist of copper metal and may be because of hypozincaemia with
hypercuperemia in the process of malignant (Milde et al., 2001).
The values estimated in Table 4.12 of blood serum component of Cancer patients
presents that the mean observed value of Pb (0.634 µg/l) were exceeded the range of
reference value in serum (0.1-0.5 µg/l) as proposed by researchers Caroli et al., 1994;
Minoia et al., 1990; Roduskin, 2001; Prohaska et al., 2000; Rodushkin et al., 1999 and
Forrer et al., 2000). While most of the values of this metal were below the detection
limit and only one value is reported to be within the range of reference interval
(Y68Ca=0.404 µg/l) and remaining observed values were above the reference range
such as in samples G23Ca=2.735, Y1Ca=25.15, Y56Ca=1.601, Y57Ca=2.369,
Y66Ca=25.38, Y82Ca=43.48 and Y87Ca=14.18 µg/l. Lead is commonly present in
fuels has become a major factor of exposure of human beings to this toxic metal and it is
a big issue in Pakistan because of its toxic effects on human health (Pearce, 2007). This
metal may also interfere with the ability of DNA to repair by itself after the process
of genotoxic insult. By binding with histones, this metal may reduces the protection of
these protein generates DNA, directly enhances the exposure of DNA structure to
damaging agents (Silbergeld et al., 2000 and Quintanilla-Vega et al., 2000). It is
also reported by Lustberg et al. that the individual persons who had increase level
of lead; have higher cancer-caused mortality because of lung cancer and non-lung cancer
disease (Lustberg and Silbergeld et al., 2002).
The data observed in Table 4.12 of serum component of blood of Cancer patients
determined the mean value of Zinc metal 109.924 µg/l was below the range of reference
values in serum (587-1215 µg/l), all individual values were also below the reference
range of Zinc metal in serum (587-1215 µg/l) as reported by Caroli et al., 1994;
Minoia et al.,1990; Roduskin., 2001; Prohaska et al., 2000; Rodushkin et al., 1999 and
Forrer et al., 2001. Zinc is an essential metal for human health and it may prevent from
cancer disease by the metabolic process of high-density lipoprotein (HDL), vitamin A
and DNA synthesis. Zinc may induce the prophylactic anticancer influence by
preventing increase in the level of HDL. Zinc is necessary part of enzyme involved in
the process of DNA synthesis and repair mechanism and its necessary nutrient for
axonal transport. These both roles contribute to the prevention process of cancer
disease (Prasad, 1991). Melissa et al., 2013 studied patients of primary sarcoma
stage of head and neck, this study is carried between 1991 and 2011
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in the department of Otorhinolaryngology, University of Chieti, Italy. During study,
they reported 9 patients with head and neck sarcomas in which 6 were males and 3
were females thus the man/woman ratio was 2:1 and age between 60 and 80 years.
Pathologic factor is reported as 7 histopathological changes of sarcomas and the most
common type found was leiomyosarcoma. Treatment which is commonly used is surgical
treatment. The data in this study represents that head and neck sarcomas are rare tumors
with greater histological changes, involving various anatomical sites. Syed Fahad Akbar
Ali et al., 2012 reported that concentration of zinc in human blood among 75 volunteers
belong to different professions like welders, dyers, carpenters, casters and flood victims
(15 each). It has been estimated from different categories of blood donors that casters,
dyers and welders has concentration of zinc within normal range but carpenters and
flood victims have a possibility to affect by zinc toxicity. Casters, dyers and welders
also have a chance to have hazardous effect of zinc if proper precautions shall not be
taken as they are being into their profession for long duration of time.

Table 4.12 Mean Concentration (µg/l) of Trace Metals in Blood Samples of
Cancer Patients (**n=3)
Sample

Cd

Cu

Pb

Zn

Ni

ID

Mean ±S.E.M

Mean ±S.E.M

Mean ±S.E.M

Mean ±S.E.M

Mean ±S.E.M

G1Ca

0.439±0.007

313.3±0.100

BDL

269.8±20.000

G2Ca

0.405±0.235

454.7±0.200

BDL

265.3±0.250

G3Ca

0.191±0.001

423.26±0.010

BDL

284.9±0.230

1.98±0.001

G4Ca

0.306±0.005

309.2±0.200

BDL

16.18±0.180

40.93±0.400

G5Ca

0.298±0.003

353.8±0.100

BDL

220.0±0.250

1.04±0.100

G6Ca

0.370±0.008

80.45±0.070

BDL

167.6±0.240

1.23±0.0001

G7Ca

0.256±0.002

1008±8.000

BDL

183.3±0.360

48.32±0.140

G8Ca

0.296±0.060

218.7±0.200

BDL

187.4±0.960

5.55±0.024

G9Ca

0.179±0.004

234.6±0.300

BDL

174.3±0.270

55.63±0.150

G10Ca

0.240±0.003

3.166±0.012

BDL

164.5±0.100

63.14±0.160

G11Ca

0.088±0.001

848.3±0.300

BDL

265.0±0.280

50.05±0.150

G12Ca

0.226±0.003

318.9±0.400

BDL

258.5±10.000

2.02±0.015

G13Ca

0.024±0.003

2.427±0.017

BDL

149.5±0.210

5.09±0.005

G14Ca

0.166±0.004

326.6±0.180

BDL

219.3±0.450

1.92±1.000

G15Ca

0.269±0.005

BDL

BDL

184.7±0.520

0.124±0.004

G16Ca

0.213±0.110

379.4±0.080

BDL

172.9±0.405

48.69±0.140
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G17Ca

0.116±0.090

445.8±0.160

BDL

208.7±0.420

42.32±0.140

G18Cc

BDL

503.6±0.500

BDL

164.7±1.000

41.05±0.160

G19Ca

0.160±0.002

3691.3±0.004

BDL

254.2±0.000

35.32±0.55

G20Ca

0.255±0.007

136.8±0.080

BDL

220.0±0.850

39.33±0.77

G21Ca

0.228±0.005

118.7±0.040

BDL

247.9±0.980

49.37±0.160

G22Ca

0.188±0.004

269.5±0.056

BDL

185.9±0.200

50.05±0.150

G23Ca

0.118±0.006

7029±13.000

2.735±0.049

16.26±0.030

60.49±0.769

G24Ca

0.077±0.006

354.5±0.468

BDL

210.1±0.050

2.724±0.048

G25Ca

0.134±0.054

341.3±0.053

BDL

193.9±0.350

7.95±0.330

G26Ca

0.122±0.003

1175±0.450

BDL

144.7±0.200

65.57±0.800

G27Ca

0.131±0.063

1464±5.000

BDL

303.5±0.410

66.23±0.180

G28Ca

0.207±0.004

115.3±0.620

BDL

194.9±0.265

8.21±0.001

G29Ca

0.145±0.008

240.6±0.600

BDL

171.3±0.450

5.43±0.001

G30Ca

0.121±0.111

694.9±0.320

BDL

265.9±0.280

64.32±0.160

G31Ca

0.365±0.324

1086±0.324

BDL

212.7±0.215

7.41±0.007

G32Ca

0.158±0.036

98.26±0.070

BDL

228.5±0.290

2.32±0.001

G33Ca

0.093±0.075

59.30±0.150

BDL

267.4±0.260

3.33±0.012

G34Ca

0.044±0.004

282.9±0.056

BDL

255.8±0.050

7.23±0.001

G35Ca

0.145±0.089

250.4±0.011

BDL

268.5±0.360

7.45±0.001

G36Ca

0.167±0.022

245.7±0.450

BDL

216.2±0.880

2.5±0.001

G37Ca

0.051±0.006

256.7±0.250

BDL

292.8±0.910

61.45±0.150

G38Ca

0.096±0.006

394.0±5.000

BDL

158.9±0.220

7.91±0.330

G39Ca

0.104±0.008

101.5±1.000

BDL

172.9±0.100

69.32±0.789

G40Ca

0.260±0.045

312.8±0.800

BDL

269.6±0.300

2.01±0.001

G41Ca

0.040±0.002

383.0±0.140

BDL

273.9±0.850

63.33±0.650

G42Ca

BDL

153.0±0.500

BDL

189.1±0.740

5.03±0.041

G43Ca

0.205±0.013

44.29±0.180

BDL

259.2±0.400

2.01±0.001

G44Ca

0.051±0.006

486.5±0.250

BDL

184.1±0.280

8.55±0.001

G45Ca

0.039±0.019

187.7±0.430

BDL

194.5±0.000

40.11±0.041

G46Ca

0.078±0.022

113.3±0.690

BDL

226.9±1.000

50.23±0.051

G47Ca

0.017±0.002

347.1±0.210

BDL

181.4±0.770

0.121±0.111

G48Ca

0.258±0.011

284.6±0.280

BDL

232.7±0.410

1.92±0.001

G49Ca

0.166±0.010

250.2±0.330

BDL

194.5±0.290

1.85±0.001

G50Ca

0.238±0.012

64.23±0.610

BDL

250.7±0.430

69.37±0.140

G51Ca

0.124±0.004

176.5±0.540

BDL

317.5±0.270

80.23±0.150

G52Ca

0.003±0.000

97.44±0.090

BDL

204.2±0.100

0.069±0.003

G53Ca

0.135±0.005

439.2±0.050

BDL

271.2±0.810

75.36±0.120

G54Ca

0.064±0.014

307.3±0.970

BDL

230.2±5.000

1.256±1.010

G55Ca

0.065±0.007

86.93±0.150

BDL

237.4±0.550

6.99±0.016

G56Ca

0.171±0.008

182.7±0.470

BDL

278.6±0.400

0.104±0.021

G57Ca

0.267±0.012

105.1±0.360

BDL

207.5±11.000

60.44±0.140

G58Ca

0.007±0.004

214.5±0.660

BDL

285.7±0.420

0.090±0.001

G59Ca

0.055±0.005

124.5±0.870

BDL

285.7±3.000

0.080±0.001

G60Ca

BDL

135.1±1.500

BDL

221.4±0.550

64.34±0.150
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G61Ca

0.203±0.008

117.4±1.800

BDL

245.9±0.400

G62Ca

BDL

16.43±0.950

BDL

169.2±0.870

7.48±0.001

G63Ca

0.002±0.002

63.84±0.130

BDL

328±0.000

67.23±0.120

G64Ca

0.048±0.015

22.28±0.160

BDL

297.5±0.120

61.03±0.100

G65Ca

0.040±0.010

131.1±0.812

BDL

255.9±0.070

0.003±0.003

G66Ca

0.170±0.011

103.4±0.120

BDL

322.3±0.290

0.170±0.011

G67Ca

0.016±0.001

1747±3.000

BDL

248±0.350

62.33±0.150

G69Ca

BDL

1365±9.000

BDL

299.8±0.360

55.93±0.150

G70Ca

1.608±0.003

2579±19.000

BDL

255.1±0.200

2.53±0.001

G71Ca

1.367±0.023

1246±0.510

BDL

285.7±2.000

2.65±0.001

G72Ca

1.666±0.016

1953±0.052

BDL

196.2±0.150

0.058±0.028

G73Ca

2.267±0.007

354.1±0.020

BDL

203.5±0.250

2.85±0.001

G74Ca

2.614±0.004

1430.7±0.045

BDL

210.5±35.000

2.74±0.100

G75Ca

2.958±0.007

3.438±0.125

BDL

174.6±0.350

8.33±0.201

G76Ca

1.641±0.006

134.01±0.420

BDL

223.4±0.140

59.33±0.140

G77Ca

2.374±0.029

1562.9±0.110

BDL

220.7±0.280

2.21±0.001

G78Ca

2.099±0.014

1867±56.000

BDL

292.6±0.090

0

G79Ca

3.075±0.025

116.6±0.305

BDL

65.14±0.458

0

G80Ca

3.940±0.015

208.9±0.502

BDL

62.92±0.020

0

G81Ca

4.572±0.012

219.2±0.306

BDL

58.90±1.000

0

G82Ca

4.119±0.019

118.2±0.254

BDL

BDL

0

G83Ca

3.297±0.022

71.88±0.945

BDL

61.21±0.060

0

Y1Ca

0.347±0.215

11.74±0.200

25.15±0.10

317.3±0.46

0

Y2Ca

0.032±0.015

6.299±0.014

BDL

116.5±0.91

68.44±0.160

Y3Ca

0.058±0.028

12.60±0.050

BDL

BDL

0.042±0.001

Y4Ca

BDL

10.37±0.070

BDL

124.3±0.97

0.085±0.014

Y5Ca

0.056±0.025

7.451±0.009

BDL

17.51±0.23

0.063±0.013

Y6Ca

0.085±0.014

5.686±0.006

BDL

BDL

8.02±0.100

Y7Ca

0.048±0.018

1.856±1.000

BDL

BDL

2.374±0.029

Y8Ca

0.059±0.019

90.45±0.140

BDL

80.95±0.41

62.44±0.160

Y9Ca

0.036±0.004

12.39±0.170

BDL

BDL

61.45±0.150

Y10Ca

0.054±0.021

61.91±0.020

BDL

37.22±0.77

2.31±0.001

Y11Ca

0.078±0.007

5.828±0.007

BDL

49.65±1.05

0.056±0.025

Y12Ca

0.063±0.013

7.353±0.012

BDL

19.89±0.82

0.035±0.004

Y13Ca

0.058±0.005

36.44±1.720

BDL

BDL

0.150±0.015

Y14Ca

0.046±0.008

36.61±0.005

BDL

9.707±0.004

2.35±0.001

Y15Ca

BDL

65.06±1.000

BDL

53.79±0.009

1.367±0.001

Y16Ca

BDL

88.76±0.000

BDL

BDL

7.65±0.110

Y17Ca

BDL

107.2±0.050

BDL

BDL

0.054±0.025

Y18Ca

BDL

56.27±0.120

BDL

BDL

0.145±0.0001

Y19Ca

1.256±1.050

64.54±0.250

BDL

BDL

0

Y20Ca

BDL

80.07±0.005

BDL

BDL

7.44±0.001

Y21Ca

BDL

100.2±0.050

BDL

BDL

48.23±0.130

Y22Ca

BDL

87.68±0.080

BDL

BDL

0
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Y23Ca

BDL

74.66±0.160

BDL

BDL

49.11±0.140

Y24Ca

BDL

110.3±0.000

BDL

86.45±0.74

0.116±0.0029

Y25Ca

BDL

99.89±0.190

BDL

BDL

52.35±0.150

Y26Ca

BDL

96.60±0.200

BDL

90.27±0.25

0.116±0.001

Y27Ca

BDL

99.96±0.050

BDL

30.05±0.22

8.14±0.002

Y28Ca

BDL

52.74±0.240

BDL

35.40±0.31

0.093±0.075

Y29Ca

BDL

93.18±0.020

BDL

BDL

0.260±0.045

Y30Ca

BDL

103.9±0.950

BDL

BDL

66.17±0.160

Y31Ca

BDL

116.3±0.060

BDL

BDL

0.121±0.111

Y32Ca

BDL

66.69±0.150

BDL

BDL

29.23±0.111

Y33Ca

BDL

77.80±0.090

BDL

BDL

82.33±0.110

Y34Ca

BDL

105.1±0.360

BDL

BDL

2.45±0.011

Y35Ca

BDL

84.32±0.020

BDL

BDL

0.114±0.090

Y36Ca

BDL

4.301±0.012

BDL

BDL

0.044±0.004

Y37Ca

BDL

103.0±0.350

BDL

BDL

66.41±0.160

Y38Ca

BDL

102.5±0.220

BDL

BDL

8.33±0.100

Y39Ca

BDL

94.54±0.240

BDL

BDL

0.439±0.005

Y40Ca

BDL

104.9±0.080

BDL

38.72±0.39

92.45±0.090

Y41Ca

0.175±0.051

386.7±0.200

BDL

3.360±0.078

64.55±0.150

Y42Ca

0.025±0.009

162.9±0.035

BDL

5.200±0.041

55.36±0.150

Y43Ca

0.104±0.021

148.7±0.069

BDL

26.69±1.263

0.191±0.001

Y44Ca

BDL

151.1±0.100

BDL

BDL

7.38±0.011

Y45Ca

BDL

157.1±0.000

BDL

38.17±1.320

80.44±0.080

Y46Ca

BDL

305.6±0.148

BDL

BDL

71.45±0.160

Y47Ca

0.024±0.000

245.4±0.032

BDL

BDL

0.228±0.005

Y48Ca

BDL

194.9±0.674

BDL

BDL

60.18±0.162

Y49Ca

0.070±0.015

264.7±0.350

BDL

BDL

7.78±0.090

Y50Ca

0.080±0.001

484.4±0.043

BDL

BDL

61.45±0.100

Y51Ca

BDL

253.4±0.003

BDL

BDL

56.32±0.100

Y52Ca

0.079±0.003

5.545±0.045

BDL

18.62±0.118

0.191±0.001

Y53Ca

0.007±0.000

265.6±0.390

BDL

11.97±0.198

55.18±0.001

Y54Ca

0.090±0.001

71.94±0.147

BDL

BDL

0.077±0.066

Y55Ca

BDL

215.7±0.088

BDL

BDL

23.18±0.001

Y56Ca

BDL

174.5±0.075

1.601±0.205

BDL

60.97±0.160

Y57Ca

BDL

62.89±0.012

2.369±0.001

BDL

60.17±0.160

Y58Ca

BDL

109.6±0.147

BDL

BDL

67.38±0.150

Y59Ca

BDL

258.0±0.037

BDL

35.43±0.500

52.17±0.130

Y60Ca

BDL

142.1±0.018

BDL

BDL

0.088±0.001

Y61Ca

BDL

210.7±0.070

BDL

BDL

53.33±0.100

Y62Ca

BDL

246.4±0.005

BDL

BDL

1.95±0.0001

Y63Ca

BDL

732.9±0.015

BDL

BDL

0.255±0.277

Y64Ca

BDL

381.7±0.074

BDL

60.24±0.789

60.11±0.160

Y65Ca

BDL

476.5±0.032

BDL

39.60±0.621

45.45±0.100

Y66Ca

BDL

119.3±0.018

25.38±0.305

BDL

0.206±0.005
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Y67Ca

BDL

110.0±0.010

BDL

BDL

2.36±0.001

Y68Ca

BDL

975.9±0.032

Y69Ca

BDL

152.9±0.140

0.404±0.051

BDL

60.40±0.160

BDL

15.61±0.302

52.92±0.130

Y70Ca

BDL

40.53±0.133

BDL

BDL

0.298±0.003

Y71Ca

0.022±0.007

5.892±0.034

BDL

40.59±0.640

8.11±0.011

Y72Ca(a)

BDL

BDL

BDL

BDL

30.18±0.001

Y72Ca(b)

BDL

88.67±0.030

BDL

138.0±0.128

2.21±0.001

Y73 Ca

BDL

108.0±0.006

BDL

180.7±1.236

41.32±0.140

Y74Ca

BDL

BDL

BDL

56.39±1.241

2.31±0.110

Y75Ca

BDL

8.871±0.081

BDL

25.86±0.159

86.22±0.097

Y76Ca

BDL

BDL

BDL

BDL

12.32±0.019

Y77Ca

BDL

555.0±0.050

BDL

89.81±1.241

8.65±0.150

Y78Ca

BDL

15.41±0.043

BDL

BDL

3.075±0.025

Y79Ca

BDL

22.54±0.012

BDL

BDL

0.203±0.008

Y80Ca

BDL

7.816±0.330

BDL

141.3±1.321

58.43±0.140

Y81Ca

BDL

168.2±0.710

BDL

34.20±0.379

1.342±0.023

Y82Ca

BDL

20.88±0.82

43.48±0.31

BDL

43.50±0.001

Y83Ca

BDL

BDL

BDL

BDL

53.92±0.001

Y84Ca

BDL

148.4±1.215

BDL

12.66±0.499

22.70±0.111

Y85Ca

BDL

BDL

BDL

BDL

54.14±0.001

Y86Ca

BDL

BDL

BDL

BDL

58.43±0.001

Y87Ca

BDL

112.8±0.55

14.18±0.56

58.00±1.73

0.260±0.045

Y88Ca

BDL

17.69±0.099

BDL

BDL

0.122±0.111

Y89Ca

BDL

152.0±0.57

BDL

BDL

55.87±0.150

Y90Ca

BDL

310.6±0.001

BDL

220.2±3.66

2.45±0.0001

Y91Ca

BDL

464.3±0.081

BDL

BDL

0.095±0.005

Y92Ca

BDL

118.7±0.330

BDL

6.439±0.040

63.48±0.001

Y93Ca

BDL

351.5±0.019

BDL

127.6±1.78

0.203±0.009

Y94Ca

BDL

14.54±0.041

BDL

BDL

86.93±0.150

Y95Ca

BDL

123.9±1.009

BDL

BDL

2.31±0.001

Y96Ca

BDL

7.961±0.004

BDL

BDL

10.37±0.070

Y97Ca

BDL

75.70±0.037

BDL

BDL

2.05±0.001

Y98Ca

BDL

179.8±0.045

BDL

BDL

75.94±0.170

Y99Ca

BDL

163.3±0.028

BDL

BDL

0.040±0.010

Mean

0.277

317.883

0.634

109.924

25.287

0.04-0.36

601-1803

0.1-0.5

587-1215

0.001-0.30

(µg/L)
Reference
Values
(µg/L)
(***)
*n= number of Blood samples S.E.M. = Standard error of the mean of three replicates *BDL= Below Detection
Limit
(***): Caroli et al., 1994; Minoia et al., 1990; Roduskin, 2001; Prohaska et al., 2000; Rodushkin et al., 1999 and
Forrer et al., 2001.
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4.13 Correlation of Cancerous Serum in between Individuals of Different
Types of Cancer
4.13.1 Buccal Mucossa Cancer
In this type of cancer the Pearson correlation matrix (Table4.13.1) shows that copper has
a moderate positive correlation with Zn (r=0.5782). Whereas Zn shows a weak
positive correlation with Ni (r=0.4760). Lead is below detection limit so there is no
relation of lead observed in Buccal cancer.

Table 4.13.1 Correlation Matrix between Elements in Cancerous Serum of Buccal
Mucosa Cancer
Variables

Cd

Cu

Zn

Ni

Cd

1

Cu

0.2297

1

Zn

0.0078

0.5782

1

Ni

-0.2180

-0.1365

0.4760

1

Values in bold are different from 0 with a significance level at α=0.05

4.13.2 Lung Cancer
The correlation coefficient of heavy metals of lung cancer in blood samples (Table
4.13.2) shows a significant positive correlation between Cu-Zn (r=0.7140). While a weak
negative correlation is also observed in between Cu-Ni (r=-0.4886).

Table 4.13.2 Correlation Matrix between Elements in Cancerous Serum of Lung
Cancer
Variables

Cd

Cu

Pb

Cd

1

Cu

-0.1609

1

Pb

-0.1957

0.0791

1

Zn

-0.1256

0.7140

-0.2196

1

Ni

-0.2058

-0.4886

-0.1795

-0.1606

Values in bold are different from 0 with a significance level at α=0.05
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4.13.3 Ovary Cancer
The correlation matrix of blood samples of ovary cancer (Table 4.13.3) shows that
there is a significant positive correlation between Cd-Cu (r=0.6941). Cadmium also
shows a positive correlation between with Zn (r=0.3550) and Ni (r=0.4334). Lead is
below detection limit so there is no relation of lead observed in ovary cancer.

Table 4.13.3 Correlation Matrix between Elements in Cancerous Serum of
Ovary Cancer
Variables

Cd

Cu

Zn

Ni

Cd

1

Cu

0.6941

1

Zn

0.3550

0.4122

1

Ni

0.4334

0.2635

-0.1141

1

Values in bold are different from 0 with a significance level at α =0.05

4.13.4 Uterus Cancer
Correlation coefficient of uterus cancer (Table 4.13.4) cadmium shows a significant
positive correlation with Cu (r=0.9714). There is also a positive correlation between
Cd-Zn (r=0.4810), Cd-Ni (r=0.4378), and Cu-Zn (r=0.6131). Lead is below detection
limit so there is no relation of lead observed in Uterus cancer.

Table 4.13.4 Correlation Matrix between Elements in Cancerous Serum of
Uterus Cancer
Variables

Cd

Cu

Zn

Cd

1

Cu

0.9714

1

Zn

0.4810

0.6131

1

Ni

0.4378

0.3130

-0.2503

Ni

1

Values in bold are different from 0 with a significance level at α=0.05

4.13.5 Prostate Cancer
The Pearson correlation matrix of prostate cancer (Table 4.13.5) shows a positive
correlation of Cu with Zn (r=0.6213) while the other positive correlation were also
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found in between Cu-Ni (r= 0.6967) and Ni-Zn (r=0.4798). Lead is the below detection
limit so there is no relation of lead observed in intestinal cancer.

Table 4.13.5 Correlation Matrix between Elements in Cancerous Serum of
Prostate Cancer
Variables

Cd

Cu

Zn

Cd

1

Cu

-0.0454

1

Zn

0.0024

0.6213

1

Ni

-0.0802

0.6967

0.4798

Ni

1

Values in bold are different from 0 with a significance level at α=0.05

4.13.6 Oral Cancer
In oral cancer the correlation coefficient of heavy metals describes that there is no
significant (P<0.05) correlation found in between heavy metals except Ni-Cu (r=0.3700)
shows a weak positive correlation as shown in Table 4.13.6. Lead is below detection
limit so there is no relation of lead observed in Oral cancer.

Table 4.13.6 Correlation Matrix between Elements in Cancerous Serum of Oral
Cancer
Variables

Cd

Cu

Ni

Cd

1

Cu

-0.2432

1

Ni

0.0993

0.3700

1

Zn

0.1943

0.2104

0.0000

Zn

1

Values in bold are different from 0 with a significance level at α=0.05

4.13.7 Bone Cancer
The Pearson correlation matrix of bone cancer (Table 4.13.7) shows the significant
positive correlation of cadmium with Pb (r=0.7577) and Zn (r=0.6976). Cu-Pb shows a
negative correlation (r=-0.4918).
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Table 4.13.7 Correlation Matrix between Elements in Cancerous Serum of Bone
Cancer
Variables

Cd

Cu

Pb

Zn

Cd

1

Cu

-0.2235

1

Pb

0.7577

-0.4468

1

Zn

0.6976

0.1049

0.4918

1

Ni

0.1403

0.3660

-0.2270

-0.0652

Ni

1

Values in bold are different from 0 with a significance level at α=0.05

4.13.8 Stomach Cancer
The correlation of stomach cancer (Table 4.13.8) shows the positive correlation between
Cu-Zn (r=0.4548), Cu-Ni (r=0.5748) and Ni-Zn (r=0.5294). Lead is below detection
limit so there is no relation of lead observed in intestinal cancer.

Table 4.13.8 Correlation Matrix between Elements in Cancerous Serum of
Stomach Cancer
Variables

Cd

Cu

Zn

Cd

1

Cu

0.2817

1

Zn

-0.1075

0.4548

1

Ni

-0.1043

0.5748

0.5294

Ni

1

Values in bold are different from 0 with a significance level at α=0.05

4.13.9 Intestinal Cancer
The Pearson correlation of intestinal cancer (Table 4.13.9) cadmium shows a significant
positive correlation with Zn (r=0.8843) and there is no significant (P>0.05) correlation is
observed in other metals. Lead is below detection limit so there is no relation of lead
observed in intestinal cancer.
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Table 4.13.9 Correlation Matrix between Elements in Cancerous Serum of
Intestinal Cancer
Variables

Cd

Cu

Zn

Cd

1

Cu

-0.1965

1

Zn

0.8843

-0.0430

1

Ni

0.0580

-0.5026

-0.2701

Ni

1

Values in bold are different from 0 with a significance level at α=0.05

4.13.10 Tumor in Body
The coefficient correlation of blood samples of tumor in different parts of body (Table4.13.10)
shows a positive correlation between Cd-Cu (r=0.4467) and Cu-Zn (r=0.4341). Lead is below
detection limit so there is no relation of lead observed in Tumor in Body cancer.

Table 4.13.10 Correlation Matrix between Elements in Cancerous Serum of
Tumor in Body
Variables

Cd

Cu

Zn

Cd

1

Cu

0.4467

1

Zn

0.2279

0.4341

1

Ni

-0.1378

-0.0899

-0.2108

Ni

1

Values in bold are different from 0 with a significance level α=0.05

4.13.11 Breast Cancer
The correlation of breast cancer shows a significant and positive correlation between Cu
and Pb as shown in Table 4.13.11. However, there is also a weak positive correlation
between cadmium and Zinc. Whereas there is a non-significant and negative correlation
were also observed in between Cd and Pb, Cd and Ni, Pb and Zn, Ni and Cu.
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Table 4.13.11 Correlation Matrix between Elements in Cancerous Serum of
Tumor in Body
Variables

Cd

Pb

Zn

Ni

Cu

Cd

1

Pb

-0.0419

1

Zn

0.3344

-0.1772

1

Ni

-0.0618

0.0639

0.1100

1

Cu

0.0333

0.5410

0.0304

-0.0090

1

Values in bold are different from 0 with a significance level at α=0.05

4.12.2 ANOVA of Cancerous Serum in between Individuals of Different
Types of Cancer
4.12.2.1 Buccal Mucossa Cancer
Sample ID

Cd

Cu

Pb

Zn

Ni

Mean±S.E.M.

Mean±S.E.M.

Mean±S.E.M.

Mean±S.E.M.

Mean±S.E.M.

G13ca

0.026±0.004E

2.425±0.015 I

BDL

149.499±0.257C

5.087±0.001A

G54ca

0.064±0.014D

306.847±1.909B

BDL

230.544±1.533A

1.416±1.448B

G72ca

1.668±0.009C

1953.040±0.060A

BDL

196.139±0.171B

0.015±0.015C

G82ca

4.107±0.0270 A

118.195±0.118E

BDL

0.000±0.000G

0.000±0.000C

Y11ca

0.078±0.002D

5.824±0.002

BDL

49.451±0.192E

0.055±0.016C

Y12ca

0.058±0.012D

7.347±0.029 I

BDL

20.613±0.948F

0.035±0.004C

Y17ca

0.000±0.000E

107.187±0.023F

BDL

0.000±0.000G

0.054±0.016C

Y18ca

0.000±0.000E

56.216±0.104G

BDL

0.000±0.000G

0.145±0.000C

Y36ca

0.000±0.000E

4.300±0.006I

BDL

0.000±0.000G

0.044±0.001C

Y60ca

0.000±0.000E

142.085±0.020D

BDL

0.000±0.000G

0.087±0.000C

Y79ca

0.000±0.000E

22.537±0.007H

BDL

0.000±0.000G

0.202±0.005B

G80ca

3.926±0.014B

209.305±0.565C

BDL

62.923±0.008D

0.000±0.000 C

BDL = Below detection limit.
S.E.M. = Standard error of the mean of three replicates.
(A-I) Mean in the same column that do not share a common letter differ significantly, (P< 0.05).
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4.12.2.2 Lung Cancer
Sample ID

Cd

Cu

Mean±S.E.M.
B

Pb

Mean±S.E.M.

G29

0.141±0.010

241.200±0.321

Y15

0.000±0.000B

Y19

Zn

Mean±S.E.M.

A

B

Ni

Mean±S.E.M.
A

Mean±S.E.M.
5.431±0.001B

BDL

171.450±0.257

64.794±1.061E

BDLB

53.790±0.007B

1.367±0.001C

1.238±0.368A

64.588±0.236E

BDLB

0.00C

0.000±0.000E

Y66

0.000±0.000B

119.303±0.017B

25.328±0.368A

0.00 C

0.209±0.009D

Y94ca

0.000±0.000B

14.564±0.024F

BDLB

0.00 C

86.971±0.067A

Y99ca

0.000±0.000B

163.287±0.031B

BDLB

0.00 C

0.035±0.012E

Y54ca

0.090±0.001B

71.942±0.034D

BDLB

0.00 C

0.040±0.025E

BDL = Below detection limit.
S.E.M. = Standard error of the mean of three replicates.
(A-E) Mean in the same column that do not share a common letter differ significantly, (P< 0.05).

4.12.2.3 Ovary Cancer
Sample

Cd

Cu

ID

Mean±S.E.M.
E

Mean±S.E.M.
326.631±0.204

D

Pb

Zn

Ni

Mean±S.E.M.

Mean±S.E.M.

Mean±S.E.M.

BDL

219.383±0.273

F

1.432±0.572B

G14ca

0.164±0.004

G36ca

0.155±0.021E

245.807±0.396E

BDL

216.097±1.429G

2.499±0.000A

G40ca

0.270±0.031E

312.689±0.456D

BDL

269.359±0.130B

2.010±0.001A

G43ca

0.205±0.001E

44.429±0.130 F

BDL

259.508±0.096C

2.010±0.001A

G48ca

0.254±0.011 E

284.770±0.103E

BDL

232.920±0.437E

1.920±0.001B

G49ca

0.174±0.001E

250.029±0.368E

BDL

194.375±0.557

1.850±0.002B

G70ca

1.610±0.004C

2572.222±10.139A

BDL

255.370±0.154D

2.530±0.001A

G71ca

1.393±0.017D

1246.199±0.237C

BDL

283.525±1.047A

2.650±0.000A

G73ca

2.273±0.006B

354.109±0.017D

BDL

203.561±0.158

2.850±0.001A

G77ca

2.385±0.011A

1562.992±0.068B

BDL

220.557±0.394F

2.210±0.001A

Y67ca

0.000±0.000F

109.997±0.011F

BDL

0.000±0.000J

2.389±0.000A

Y72(b)

0.000±0.000F

88.634±0.047F

BDL

137.978±0.105H

2.210±0.002A

Y74ca

0.000±0.000F

0.000±0.000G

BDL

57.010±0.549I

2.419±0.144A

Y90ca

0.000±0.000F

310.601±0.001D

BDL

217.118±4.330G

2.450±0.000A

BDL = Below detection limit.
S.E.M. = Standard error of the mean of three replicates.
(A-I) Mean in the same column that do not share a common letter differ significantly, (P< 0.05).
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4.12.2.4 Uterus Cancer
Sample

Cd

Cu

ID

Mean±S.E.M.
D

Mean±S.E.M.
B

423.256±0.001

G3ca

0.192±0.001

G5ca

0.297±0.002B

353.877±0.083C

C

D

318.779±0.250

Pb

Zn

Ni

Mean±S.E.M.

Mean±S.E.M.

Mean±S.E.M.

BDL

284.899±0.057

A

1.980±0.002D

BDL

219.798±0.147C

1.114±0.074F

BDL

263.579±15.089

B

2.022±0.005D

G12ca

0.228±0.003

G74ca

2.615±0.001A

1430.699±0.035A

BDL

239.257±34.544C

2.804±0.064A

Y10ca

0.048±0.010 E

61.928±0.012I

BDL

38.102±0.560D

2.310±0.001C

Y14ca

0.047±0.008E

36.613±0.002J

BDL

9.706±0.002 D

2.351±0.001C

Y34ca

0.000±0.000F

105.032±0.385G

BDL

0.000±0.000E

2.447±0.005B

Y62ca

0.000±0.000F

246.403±0.008E

BDL

0.000±0.000E

1.950±0.000D

Y95ca

0.000±0.000F

123.715±1.913F

BDL

0.000±0.00E

2.310±0.002C

Y97ca

0.000±0.000F

75.652±0.056H

BDL

0.000±0.000 E

2.051±0.001D

BDL = Below detection limit.
S.E.M. = Standard error of the mean of three replicates.
(A-J) Mean in the same column that do not share a common letter differ significantly, (P< 0.05).

4.12.2.5 Prostate Cancer
Sample

Cd

Cu

ID

Mean±S.E.M.

Mean±S.E.M.

G31ca

B

0.254±0.193

1086.517±0.190

G52ca

0.000±0.000C

Y24ca

Pb

Zn

Mean±S.E.M.

Mean±S.E.M.

A

Ni
Mean±S.E.M.

BDL

212.737±0.302

A

7.408±0.003A

97.428±0.134H

BDL

204.174±0.073B

0.067±0.004G

0.000±0.000C

110.300±0.000G

BDL

86.758±0.644F

0.113±0.002G

Y26ca

0.000±0.000C

96.530±0.128I

BDL

90.387±0.008E

0.115±0.002G

Y31ca

0.000±0.000C

116.209±0.056E

BDL

0.000±0.000K

0.138±0.115G

Y39ca

0.000±0.000C

94.515±0.355J

BDL

0.000±0.000K

0.436±0.004E

Y43ca

0.086±0.018

C

Y93ca

D

BDL

26.274±0.484

0.000±0.000 C

351.503±0.017 B

BDL

126.676±1.321 D

0.202±0.013 G

Y87ca

0.000±0.000 C

113.236±0.499 F

BDL

57.734±0.540 H

0.315±0.030 F

Y28ca

0.000±0.000 C

52.798±0.248 L

BDL

35.047±0.334 I

0.124±0.062 G

Y7ca

0.041±0.009 G

1.953±0.500 N

BDL

0.000±0.000 K

2.353±0.023 D

G83ca

3.280±0.004 A

71.609±0.566 K

BDL

61.162±0.019 G

0.000±0.000 H

G8ca

0.272±0.045 B

218.865±0.023 C

BDL

186.414±0.939 C

5.562±0.030 B

Y78ca

0.000±0.000 C

15.404±0.041 M

BDL

0.000±0.000 K

3.063±0.005 C

148.694±0.095

J

BDL = Below detection limit.
S.E.M. = Standard error of the mean of three replicates.
(A-M) Mean in the same column that do not share a common letter differ significantly.
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4.12.2.6 Oral Cancer
Sample

Cd

Cu

ID

Mean±S.E.M.
0.147±0.014

D

G28ca

0.210±0.002

B

G33ca

0.156±0.068 C

G34ca

0.042±0.005

F

G35ca

Mean±S.E.M.

Pb

Ni

Zn

Mean±S.E.M.

Mean±S.E.M.

Mean±S.E.M.

341.332±0.087

D

115.324±0.602

I

BDL

8.210±0.001

59.406±0.026 N

BDL

3.325±0.018 F

E

BDL

7.230±0.001

E

255.804±0.072 C

0.222±0.037 B

250.399±0.010 G

BDL

7.450±0.001 E

268.553±0.169 A

G44ca

0.051±0.006F

486.536±0.204B

BDL

8.550±0.001A

184.282±0.483F

G55ca

0.067±0.005F

86.888±0.055L

BDL

7.001±0.011E

237.339±0.275D

G75ca

2.959±0.009A

3.510±0.136Q

BDL

8.271±0.127B

174.354±0.266G

Y05ca

0.091±0.024E

7.449±0.008P

BDL

0.061±0.018G

17.469±0.306M

Y16ca

0.000±0.000H

88.760±0.000L

BDL

7.732±0.105E

0.000±0.000N

Y20ca

0.000±0.000

H

M

80.069±0.011

BDL

7.441±0.001

E

0.000±0.000N

Y27ca

0.000±0.000H

99.917±0.064K

BDL

8.139±0.002C

30.060±0.260L

Y38ca

0.000±0.000H

102.646±0.251J

BDL

8.241±0.080B

0.000±0.000N

Y44ca

0.000±0.000H

151.046±0.015H

BDL

7.379±0.005E

0.000±0.0N

Y49ca

0.067±0.022F

264.639±0.191F

BDL

7.711±0.030E

0.000±0.0N

Y71ca

0.025±0.009G

5.894±0.035P

BDL

8.097±0.010D

40.507±0.197K

Y77ca

0.000±0.000H

555.037±0.028A

BDL

8.576±0.070A

90.027±0.502J

G38ca

0.094±0.009E

390.772±2.998C

BDL

8.002±0.161D

158.896±0.485I

G62ca

0.000±0.000H

16.635±0.178O

BDL

7.481±0.000E

169.327±0.544H

G25ca

282.898±0.008

BDL

7.914±0.698

E

194.321±0.283 E

B

195.013±0.256 E
267.393±0.198

BDL = Below detection limit.
S.E.M. = Standard error of the mean of three replicates.
(A-D) Mean in the same column that do not share a common letter differ significantly, (P< 0.05).

4.12.2.7 Bone Cancer
Sample ID

Cd

Cu

Mean±S.E.M.
B

Pb

Mean±S.E.M.

Zn

Mean±S.E.M.

B

B

Ni

Mean±S.E.M.
D

Mean±S.E.M.
50.033±0.067A

G22ca

0.187±0.006

269.510±0.031

0.000

185.925±0.185

G42ca

0.000±0.000C

152.500±0.432C

0.000B

188.906±1.066C

5.060±0.072C

G47ca

0.019±0.001B

347.107±0.135A

0.000B

181.053±0.899E

0.110±0.072D

G66ca

0.174±0.003B

103.347±0.075D

0.000B

322.450±0.383A

0.179±0.00D

Y1ca

0.367±0.159A

11.797±0.209F

25.168A

317.238±0.098B

0.000±0.000E

Y29ca

0.000±0.000C

93.186±0.033E

0.000B

0.000±0.000F

0.227±0.086D

Y96ca

0.000±0.000C

7.962±0.000G

0.000B

0.000±0.000F

10.415±0.061G

BDL = Below detection limit.
S.E.M. = Standard error of the mean of three replicates.
(A-D) Mean in the same column that do not share a common letter differ significantly, (P< 0.05).
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4.12.2.8 Stomach Cancer
Sample ID

Cd

Cu

Mean±S.E.M.

Mean±S.E.M.

B

Pb

Zn

Ni

Mean±S.E.M.

Mean±S.E.M.

A

BDL

255.945±14.623

Mean±S.E.M.
A

4.286±0.021A

G1ca

0.439±0.009

313.254±0.076

G58ca

0.009±0.004C

214.104±1.197D

BDL

285.355±0.185A

0.089±0.001D

G81ca

4.561±0.014A

219.272±0.278E

BDL

58.563±1.213D

0.000±0.000E

Y4ca

0.000±0.000

10.308±0.033

BDL

123.274±0.696

0.084±0.002

Y22ca

0.000±0.000E

87.733±0.030E

BDL

0.000±0.000E

0.000±0.000E

Y47ca

0.000±0.000C

245.385±0.039B

BDL

0.000±0.000E

0.228±0.004C

Y70ca

0.000±0.000C

40.505±0.146F

BDL

0.000±0.000C

0.297±0.001B

BDL = Below detection limit.
S.E.M. = Standard error of the mean of three replicates.
(A-D) Mean in the same column that do not share a common letter differ significantly, (P< 0.05).

4.12.2.9 Intestinal Cancer
Sample ID

Cd

Cu

Mean±S.E.M.

Mean±S.E.M.

A

C

Pb

Zn

Cd

Mean±S.E.M.

Mean±S.E.M.

Mean±S.E.M.

BDL

228.538±0.265

2.321±0.001B

183.127±0.410B

BDL

278.800±0.283A

0.104±0.026

0.065±0.031B

5.682±0.003E

BDL

0.000±0.000C

8.036±0.042A

Y88ca

0.000±0.000C

17.670±0.099D

BDL

0.000±0.000C

0.085±0.078C

Y91ca

0.000±0.000C

464.334±0.152A

BDL

0.000±0.000C

0.097±0.004C

G32ca

0.136±0.060

G56ca

0.171±0.005A

Y6ca

98.255±0.069

B

BDL = Below detection limit.
S.E.M. = Standard error of the mean of three replicates.
(A-D) Mean in the same column that do not share a common letter differ significantly, were (P< 0.05).

4.12.2.10 Tumor in Body
Sample ID

Cd

Cu

Pb

Zn

Ni

Mean±S.E.M.

Mean±S.E.M.

Mean±S.E.M.

Mean±S.E.M.

Mean±S.E.M.

G15ca

0.269±0.001C

0.000±0.000J

BDL

184.165±0.220D

0.121±0.002E

G24ca

0.077±0.001

D

BDL

210.088±0.029

D

2.777±0.011B

G78ca

2.108±0.006B

1913.859±57.226A

BDL

292.659±0.043A

0.000±0.000G

G79ca

3.116±0.028A

116.488±0.241F

BDL

65.032±0.310F

0.000±0.000G

Y35ca

0.000±0.000D

84.330±0.042G

BDL

0.000±0.000J

0.079±0.017F

Y52ca

0.079±0.002D

5.553±0.073I

BDL

18.667±0.173H

0.192±0.001D

Y63ca

0.000±0.002E

732.900±0.015B

BDL

0.000±0.000J

0.203±0.234D

Y81ca

0.000±0.000

E

D

BDL

34.489±0.480

Y92ca

0.000±0.000E

118.584±0.124F

BDL

6.453±0.011I

63.480±0.001A

Y54ca

0.090±0.001D

71.942±0.034H

BDL

0.000±0.000J

0.040±0.025J

354.534±0.684

168.016±0.839

C
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Y13ca

0.058±0.001D

36.205±1.912I

BDL

0.000±0.000J

Y3ca

0.045±0.011D

12.579±0.025I

BDL

0.000±0.000J

D

G59ca

0.056±0.004

G65ca

0.033±0.009D

E

130.829±1.263E

125.078±0.857

0.155±0.013E
0.043±0.001F

BDL

B

287.451±2.505

0.080±0.000F

BDL

255.931±0.109C

0.004±0.002F

BDL = Below detection limit.
S.E.M. = Standard error of the mean of three replicates.
(A-D) Mean in the same column that do not share a common letter differ significantly, (P< 0.05).

4.12.3 Metal Content in Cancerous Serum of Different Types of
Cancer and Healthy Individuals (µg/l)
The results obtained for the mean, minimum, maximum values, and grouping
information of different types of cancerous serum (ovary, lung, uterus, prostate, stomach,
mouth, buccal, breast, prostate, oral, bone, intestinal, tumor in body) and healthy
serum samples (Table 4.12.3). Miloslawa Zowczak et al., 2001 studied the copper and
zinc concentration in serum of breast cancer and found Cu 23.9µmol/l or 1.51765µg/l,
Zn13.0 µmol/l or 0.8499 µg/l), in lung cancer Cu 22.9 µmol/l or 1.454
µg/l, Zn12.0 µmol/l or 0.7836 µg/l, in stomach cancer Cu 20.1 µmol/l or 1.27 µg/l),
Zn13.2.0 µmol/L or 0.8619 µg/L), in gynecological cancer Cu 26.2 µmol/L or 1.6637
µg/l, Zn12.4 µmol/l or 0.8097 µg/l) and in the control group Cu and Zn were15.0
µmol/l or 0.9525 µg/l and 13.8 µmol/l or 0.9011 µg/l respectively. The values of copper
and zinc in all types of cancer and control group were below than our present research
work as presented in Table 4.12.3. In this study maximum concentration of Cd was
found in stomach cancer (4.576 µg/l), Cu in breast cancer (7043.312 µg/l), Pb in lung
cancer (25.753 µg/l), Zn in bone cancer (322.882 µg/l) and Ni in healthy blood serum
(2627.628 µg/l).
Milde D. et al., 2005 reported the concentration of Cu and Zn in blood serum and
colon tissue samples of 20 victims of colorectal cancer by using atomic absorption
spectrophotometer (AAS) and serum levels of these elements were correlated with
observed values of control group. They analyzed that the concentration of Zn (69.20
µg/g) was higher in patients while no significant difference was observed in
concentration of Cu (6.08 6.08 µg/g) in patients and healthy population. Ozgur et al.,
2013 investigated the serum/plasma levels of trace heavy metals Cu, Mg, Pb, Cr, Zn, Se,
Mn and Cd in 29 blood samples of control and healthy subjects and 40 patients with
metastatic colon cancer. They reported higher levels of Cu (0.241 mg/l or 241
µg/l), Pb (0.1788 mg/l or 178 µg/l), Zn (5.134mg/l or 5134 µg/l) and Cd (0.1788 mg/l
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or 178.8µg/l) in victims with metastatic colon cancer as compare to normal and healthy
subjects. It is also observed that the patients having metastatic colon cancer have
decreased level of Se than healthy subjects. They concluded from their study that the
higher Se level and decreased Cu, Pb, Zn and Cd levels have a defensive effect in
happening of colon cancer. Sura Dhafir and Zainab, 2010 determined the levels of Zn,
Fe, Se and Cu in serum samples of 40 males and females having bladder cancer and 20
healthy controls by atomic absorption spectrophotometer (AAS). They reported that the
concentration of Cu 31.76 μmol/l or 2.01676 µg/l is higher in serum while the
concentration of Zn 3.59 μmol/l or 0.234 µg/l was lower in patients of bladder
cancer when they compared with the control group. It is concluded that the bladder
cancer plays a significant role in metabolic mechanism of trace elements.

Table 4.12.3 Metal Concentration in Cancerous Serum of Different Types of
Cancer (µg/l)
Type of Cancer

Buccal cancer

Cd

Cu

Pb

Zn

Ni

Mean

0.827

244.609

0

59.097

0.595

Range

0.000-4.138

2.409-1953.103

0.00-0.00

0.00-232.283

0.00-5.089

Grouping

A

AB

B

D

C

Mean

0.087

414.714

0.098

99.08

55.964

Range

0.00-1.657

0.00-7043.312

0.00-2.804

0.00-317.781

1.230-92.525

Grouping

C

A

B

CD

A

Mean

0.21

105.668

3.618

32.177

13.436

Range

0.00-1.496

14.539-241.541

0.00-25.753

0.00-171.635

0.00-87.019

Grouping

ABC

AB

A

D

BC

Mean

0.343

317.595

0

123.4484

0.428591

Range

0.00-2.616

36.611-

0.00-0.00

0.00-284.964

1.061-2.877

Grouping

ABC

AB

B

BCD

C

Mean

0.635

550.651

0

197.626

2.245

Range

0.00-2.397

0.00-2582.655

0.000-0.00

0.00-284.729

0.849-2.851

Grouping

AB

A

B

A

C

Mean

0.281

13.969

0

77.669

1.435

Range

0.00-3.283

1.576-108.706

0.00-0.00

0.00-213.083

0.00-7.411

Grouping

BC

AB

B

CD

C

0.217

178.377

0

120.176

7.201

Information

Breast cancer

Information

Lung cancer

Information

Uterus cancer

1430.738

Information

Ovary cancer

Information

Prostate cancer

Information
Mean
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Oral cancer

Range

0.00-2.967

3.358-555.057

0.00-0.00

0.00-268.684

0.040-8.716

Grouping

BC

AB

B

BCD

C

Mean

0.107

140.772

3.595

170.796

9.432

Range

0.000-0.493

7.961-347.253

0.000-

0.000-

0.00-50.109

25.201

322.882

Grouping

BC

AB

A

ABC

BC

Mean

0.716

161.509

0

116.8341

1.498921

Range

0.000-4.576

10.279-313.341

0.00-0.00

0.00-285.487

0.00-4.304

Grouping

AB

AB

B

BCD

C

Mean

0.074

153.814

0

101.4688

2.129

Range

0.00-0.189

5.6788-464.491

0.00-0.00

0.00-279.126

0.030-8.081

Grouping

BC

AB

B

ABCD

C

Information
Bone cancer

Information

Stomach cancer

Information
Intestinal cancer

Information
Tumor in body

Mean

0.424

276.493

0

96.781

4.892

Range

0.00-3.148

0.00-1979.22

0.00-0.00

0.000-

0.00-63.481

Grouping

ABC

AB

B

CD

C

0

20.710

0.234

176.391

45.877

0.000-

0.059-452.287

0.00-2.913

0.00-1.630

Information
Mean

Healthy

Range

Blood

158.161
Grouping

0.002627.628

C

B

B

AB

B

Information

Results are expressed as mean, minimum and maximum values of each metal, (A-D) Mean in the same
column that do not share a common letter differ significantly, (P< 0.05).

4.12.4 Principal Component Analysis of Cancerous Serum
By applying Principal component analysis of cancerous serum on the data set of five
variables of one hundred and eighty two samples. This study reveals the five independent
components. The first component contributed as 26.48%, second 22.77%, third 20.13%,
fourth 16.93%, and fifth 13.66%. The total input of these five variables is 100% as
shown in Table 4.12.4. The first Principal component analysis PCA1 only Cd shows a
moderate correlation with five of the original variables. Therefore, we can say that the
first Principal component analysis increases with the increase of cadmium. Cu and Ni
were the contributors of second principal component PCA2. Pb shows a strong
correlation with Principal component 3 whereas Zn is the major contributor of Principal
component 4. The above grouping also shows in score plot of PC1 and PC2 as shown in
figure 4.12.4. The score plot shows the variance of
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42.96% of the data. The score plot shows that Zn and Cu were positively correlated
with each other whereas Ni and Pb were negatively correlated with each other. In the
meanwhile Pb and Cd were positively correlated but to lesser extent.

Table 4.12.4 Principal Component Loading of Cancerous Serum
Variables

PC1

PC2

PC3

PC4

PC5

Cd

0.5348

0.0299

0.0983

0.0738

0.2632

Cu

0.2248

0.4138

0.0060

0.2095

0.1459

Pb

0.0224

0.0482

0.8754

0.0274

0.0266

Zn

0.3486

0.0945

0.0212

0.5357

0.0000

Ni

0.1936

0.5525

0.0058

0.0003

0.2478

Eigen value

1.3242

1.1389

1.0068

0.8467

0.6835

Variability (%)

26.4847

22.7772

20.1357

16.9333

13.6690

Cumulative %

26.4847

49.2619

69.3976

86.3310

100.0000

Variables (axes F1 and F2: 49.26 %)
Ni

Cu

1
0.75

0.25
0

Cd

-0.25

Pb

F2 (22.78 %)

0.5

Zn

-0.5
-0.75
-1
1

0.75

0.5

0.25

0

-0.25 -0.5 -0.75

-1

F1 (26.48 %)

Figure 4.12.4 Plot of PCA scores for combined data of cancerous serum

4.13 Healthy Serum
The results obtained in Table 4.13 from the blood serum of healthy individuals showed
that observed mean values of Cd metal in all healthy individuals samples were below
detection limit. Whereas copper metal (20.710µg/l) were below the range of reference
value (Cu=601-103µg/l) as reported by Caroli et al., 1994; Minoia et al., 1990;
Roduskin, 2001; Prohaska et al., 2000; Rodushkin et al., 1999 and Forrer et al., 2001. e
Forlanini, A.O.S.C., 2005 studied the reference values for Cd, Cu, Ni, Pb, Zn and

projected in serum and blood of healthy adults of the urban area of Rome. These findings
considered as reference ranges.The values estimated in Table 4.13 of blood
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serum of healthy individuals revealed that the mean observed value of Pb metal (0.234
µg/l or ppb) were within a range of reference value in serum (Pb=0.1-0.5 µg/l) as
anticipated by researchers Caroli et al., 1994; Minoia et al., 1990; Roduskin, 2001;
Prohaska et al., 2000; Rodushkin et al., 1999 and Forrer et al., 2000. The data observed in
Table 4.13 of blood serum of healthy individuals showed that the observed mean value of
Zn (176.391 µg/l)was under the range of reference value (Zn=587-1215 µg/l) but the
concentration of Ni in the healthy individuals (45.877
µgl/l) were above the reference value (0.001-0.30 µg/l) while in some of the healthy
individuals the concentration of Nickel is below detection limit.

Table 4.13 Mean Concentration (µg/l) of Trace Metals in Blood Samples of
Healthy Individuals
Sample ID

Cd

Cu

Pb

Zn

Ni

Mean±S.E.M

Mean±S.E.M

Mean±S.E.M

Mean±S.E.M

Mean±S.E.M

.

.

.

.

.

HB1

BDL

47.57±0.01

BDL

269.8±0.13

BDL

HB2

BDL

36.31±0.02

BDL

265.3±0.125

BDL

HB3

BDL

18.31±0.01

BDL

284.9±0.145

BDL

HB4

BDL

42.66±0.11

BDL

265±0.027

BDL

HB5

BDL

48.07±0.01

BDL

258.5±0.19

BDL

HB6

BDL

39.18±0.01

BDL

219.3±0.156

BDL

HB7

BDL

30.2±0.01

BDL

208.7±0.65

BDL

HB8

BDL

19.51±0.01

BDL

254.2±0.345

BDL

HB9

BDL

29.67±0.01

0.28±0.01

247.9±0.23

BDL

HB10

BDL

32.53±0.01

0.193±0.02

303.5±0.28

BDL

HB11

BDL

30.09±0.026

0.063±0.001

265.9±0.75

BDL

HB12

BDL

23.91±0.01

0.411±0.02

267.4±0.45

BDL

HB13

BDL

18.99±0.01

0.395±0.025

268.5±0.032

BDL

HB14

BDL

44.53±0.029

0.294±0.023

292.8±0.87

BDL

HB15

BDL

42.32±0.11

BDL

269.6±0.65

BDL

HB16

BDL

19.23±0.01

BDL

273.9±0.33

BDL

HB17

BDL

38.13±0.01

BDL

259.2±0.238

404.8±0.65

HB18

BDL

23.56±0.01

BDL

285.7±0.985

160.6±0.256

HB19

BDL

47.55±0.01

BDL

250.7±0.543

84.26±0.135

HB20

BDL

18.11±0.01

BDL

317.5±0.145

81.87±0.11

HB21

BDL

19.44±0.01

BDL

271.2±0.74

40.5±0.023

HB22

BDL

39.45±0.01

BDL

278.6±0.27

30.5±0.011
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HB23

BDL

33.33±0.011

BDL

285.7±0.256

19.5±0.06

HB24

BDL

35.66±0.01

BDL

328±0.56

25.6±0.03

HB25

BDL

20.23±0.02

0.211±0.05

322.3±0.234

33.8±0.07

HB26

BDL

15.98±0.01

0.112±0.01

317.3±0.654

0

HB27

BDL

16.67±0.001

0.131±0.02

299.8±0.122

0

HB28

BDL

23.45±0.02

0.301±0.01

255.9±0.167

0

HB29

BDL

45.33±0.01

BDL

203.5 ±0.96

0

HB30

BDL

47.49±0.01

0.239±0.01

223.4±0.523

0

HB31

BDL

0.352±0.001

0.178±0.02

0

0

HB32

BDL

0.39±0.001

BDL

0

0

HB33

BDL

0.347±0.001

BDL

0

0

HB34

BDL

0.357±0.001

BDL

0

0

SHB35

BDL

0.304±0.001

BDL

0

26.8±0.033

HB36

BDL

0.213±0.001

BDL

0

23±0.02

HB37

BDL

0.455±0.001

BDL

0

34.5±0.056

HB38

BDL

0.297±0.001

BDL

0

12.8±0.022

HB39

BDL

0.279±0.001

BDL

0

BDL

HB40

BDL

0.317±0.001

BDL

0

BDL

HB41

BDL

0.196±0.001

BDL

0

BDL

HB42

BDL

0.504±0.001

BDL

0

BDL

HB43

BDL

0.222±0.111

BDL

0

BDL

HB44

BDL

0.192±0.001

BDL

0

68.5±0.023

HB45

BDL

0.392±0.001

BDL

0

55.5±0.065

HB46

BDL

0.394±0.001

BDL

0

44.4±0.07

Mean (µg/L)

0

20.710

0.234

176.391

45.877

Reference

0.04-0.36

601-1803

0.1-0.5

587-1215

0.001-0.30

Values
(µg/L)
BDL = Below detection limit.
S.E.M. = Standard error of the mean of three replicates.
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4.13.1 ANOVA of Mean Concentration (µg/L) of Trace Metals in Blood Samples
of Healthy Individuals
Sample

Cd

Cu

Pb

Zn

Ni

ID

Mean±S.E.M.

Mean±S.E.M.

Mean±S.E.M.

Mean±S.E.M.

Mean±S.E.M.

HB1

BDL

47.57±0.01B

BDL

269.8±0.13JK

BDL

BDL

J

BDL

M

BDL

G

BDL

HB2
HB3
HB4
HB5
HB6

BDL
BDL
BDL
BDL

36.31±0.02
18.31±0.01

W

42.66±0.11
48.07±0.01
39.18±0.01

E

A

H

N

HB7

BDL

30.2±0.01

HB8

BDL

19.51±0.01T

BDL

O

HB9

29.67±0.01

M

HB10

BDL

32.53±0.01

HB11

BDL

30.09±0.026N

HB12

BDL

23.91±0.01

P

V

HB13

BDL

18.99±0.01

HB14

BDL

44.53±0.029D

HB15
HB16

BDL
BDL

42.32±0.11
19.23±0.01

F

U

265.3±0.125

BDL

284.9±0.145

BDL

M

BDL

N

BDL

265±0.027

BDL

258.5±0.19

BDL

219.3±0.156

T

U

BDL

208.7±0.65

BDL

254.2±0.345P

0.28±0.01

B

0.193±0.02

D

0.063±0.001G
0.411±0.02

A

0.395±0.025

A

0.294±0.023B

BDL
BDL
BDL

247.9±0.23

R

BDL

303.5±0.28

D

BDL

265.9±0.75M

BDL

L

BDL

KL

BDL

267.4±0.45
268.5±0.032

292.8±0.87F

BDL

BDL

269.6±0.65J

K

BDL

BDL

I

BDL

273.9±0.33

I

BDL

259.2±0.238

N

404.8±0.65A

HB17

BDL

38.13±0.01

HB18

BDL

23.56±0.01Q

BDL

285.7±0.985G

160.6±0.256B

HB19

BDL

47.55±0.01B

BDL

250.7±0.543Q

84.26±0.135C

HB20

BDL

18.11±0.01X

BDL

317.5±0.145C

81.87±0.11D

HB21

BDL

19.44±0.01T

BDL

271.2±0.74J

40.5±0.023H

HB22

BDL

39.45±0.01G

BDL

278.6±0.27H

30.5±0.011K

HB23

BDL

33.33±0.011L

BDL

285.7±0.256G

19.5±0.06O

HB24

BDL

35.66±0.01K

BDL

328±0.56A

25.6±0.03M

HB25

BDL

20.23±0.02S

0.211±0.05E

322.3±0.234B

33.8±0.07J

HB26

BDL

15.98±0.01Z

0.112±0.01F

317.3±0.654C

0

HB27

BDL

16.67±0.001Y

0.131±0.02F

299.8±0.122E

0

B

O

0

V

0

223.4±0.523S

0

0

0

HB28

BDL

23.45±0.02

R
C

HB29

BDL

45.33±0.01

HB30

BDL

47.49±0.01B

HB31
HB32
HB33
HB34
SHB35

BDL
BDL
BDL
BDL
BDL

0.352±0.001
0.39±0.001

AC

AC

0.301±0.01
BDL

203.5 ±0.96

0.239±0.01C
0.178±0.02

255.9±0.167

E

BDL

0

0

0.347±0.001

AC

BDL

0

0

0.357±0.001

AC

BDL

0

0

AE

BDL

0

26.8±0.033L

0.304±0.001
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HB36

BDL

0.213±0.001AE

BDL

0

23±0.02N

HB37

BDL

0.455±0.001AB

BDL

0

34.5±0.056I

HB38

BDL

0.297±0.001AE

BDL

0

12.8±0.022P

HB39

BDL

0.279±0.001AE

BDL

0

BDL

BDL

AD

BDL

0

BDL

AE

BDL

0

BDL

HB40

0.317±0.001

HB41

BDL

0.196±0.001

HB42

BDL

0.504±0.001AA

BDL

0

BDL

BDL

0.222±0.111

AE

BDL

0

BDL

AE

BDL

0

68.5±0.023E

HB43
HB44

BDL

0.192±0.001

HB45

BDL

0.392±0.001AC

BDL

0

55.5±0.065F

HB46

BDL

0.394±0.001AC

BDL

0

44.4±0.07G

Mean

0

20.710

0.234

176.391

45.877

(µg/L)

4.13.2 Correlation of Healthy Serum
In Pearson correlation of healthy individuals (n=46) Zinc showed a strong positive
correlation with Cu (r=0.8026)and weak non significant correlation with Pb (r=0.3225).
While cadmium is below detection limit, so cadmium does not show any correlation with
other metals.

Table 4.13.2 Correlation Matrix between Elements in Healthy Nails Samples
Variables

Cu

Pb

Zn

Cu

1

Pb

0.1682

1

Zn

0.8026

0.3225

1

Ni

0.1026

-0.1833

0.1025

Ni

1

Values in bold are different from 0 with a significance level at α=0.05

4.13.3 Principal Component Analysis (PCA) of Healthy Serum
By applying the Principal component analysis tool on the data set of healthy serum
individuals (n=46), the study reveals the five independent components were generated so
these five components contributed as 39.47%, 22.53%, 19.72%, 13.24%, 5.02%
respectively. The total contribution of these five variables is 100%. The major
components of PC1 are Cu and Ni, which showed a strong positive correlation with
other five variables. In PC2 Cd and Zn are the major components. Pb is only the main
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contributor of third Principal component analysis PC3. In the score plot figure 4.13.3
showed a strong positive correlation between cadmium, zinc and nickel and copper
while cadmium showed a negative correlation with lead but in a lesser extent.

Table 4.13.3 Principal Component Loading of Healthy Serum
Variables

PC1

PC2

PC3

PC4

PC5

Cd

0.0529

0.4422

0.3664

0.1385

0.0000

Cu

0.5923

0.1670

0.1269

0.0121

0.1018

Pb

0.3107

0.0236

0.4442

0.2066

0.0148

Ni

0.7931

0.0686

0.0042

0.0001

0.1340

Zn

0.2246

0.4254

0.0444

0.3048

0.0008

Eigen value

1.9736

1.1268

0.9862

0.6620

0.2514

Variability (%)

39.4725

22.5358

19.7232

13.2406

5.0279

Cumulative %

39.4725

62.0083

81.7315

94.9721

100.0000

Variables (axes F1 and F2: 62.01 %)
Cd

1
0.75

Zn

0.25
0
Pb

-0.25

F2 (22.54 %)

0.5

Cu
Ni

-0.5
-0.75
-1
1

0.75

0.5

0.25

0

-0.25

-0.5

-0.75

-1

F1 (39.47 %)

Figure 4.13.3 Plot of PCA scores for combined data of healthy serum
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4.14 Conclusion
In hair, nails and blood samples of healthy and cancerous individuals we have
determined the concentration of Copper (Cu), Zinc (Zn), Cadmium (Cd), Nickel (Ni) and
Lead (Pb) by atomic absorption spectroscopy. Some drastic change was observed in
cancerous and healthy samples of hairs, nails and blood. The results of healthy hairs
and nails shows high concentration of cadmium (Cd) as compare to cancerous
individuals in hairs and nails respectively. While the concentration of Copper (Cu),
Zinc (Zn), Nickel (Ni) and Lead (Pb) were found high in cancerous hairs and nails. A
comparative study in blood of cancerous and healthy individuals showed that the mean
concentration was higher in cancer patients related to the healthy except zinc, which
showed higher concentration in healthy. By applying the statistical parameters to
determine the significance of mean values between different and each sample it was
concluded that the mean concentration of Zn, Cu, and Ni were within the range of WHO
guideline except the concentration of Pb and Cd which were analyzed higher than
WHO recommended values. In cancerous hair and nails samples all the metals were
within the acceptable range with reference to WHO guideline. There are some
observations leading to the conclusion that the lead metal increases susceptibility to
cancer. This metal may exerts toxic and harmful effects on cells and disrupting the
ability of cells to enhance appropriate and normal responses to genotoxic environmental
agents. In conclusion, it is also important to note that environmental factors may also
have a prominent role in pathogenesis of cancer. Therefore, heavy metals may have
prognostic importance in complex diseases such as cancer. The results presented in this
work represent specific changes in concentration of Pb, Zn and Cu in blood serum
may lead to conclusion that levels of these metals in human body become related to
cancerous disease.
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Part B
Determination of Copper and Lead in Healthy and Cancerous
Serum by using Anodic Stripping Voltammetry
In this research work investigation of Cu+2and Pb+2 were carried outin cancerous and
healthy serum through electrochemical process by using Anodic stripping voltammetry.
The anodic stripping voltammetry is a very perceptive technique, the response
obtained (ip) is remarkably subjective by variables such asaccumulationtime(tacc)
accumulationpotential (eacc), stirring rate and concentration of the supporting electrolyte.
In order to improve the quality of analytical result it is necessary to optimize those
parameters, which directly influenced the measurement of current.

4.15 Optimization of Experimental Parameters

4.15.1 Selection of Electrode
The electrode is a specific component in electrochemical process because the
heterogeneous chemical reaction takes place at the surface of electrode. In this
experiment, we have used three different working electrodes; glassy carbon (GC), gold
(Au) and platinum (Pt) to check the current response, but the better current response was
obtained at glassy carbon electrode which is shown in Table 4.14.1 and Fig 4.14.1.
Therefore we selected glassy carbon electrode for the further experiments.

Table 4.15.1 Values of Anodic Peak Current in Presence of Cu+2 and Pb+2
Standard
Electrodes

Anodic Peak Current for
Pb+2 (µA)

Anodic Peak Current for
Cu+2 (µA)

1

Glassy Carbon(GC)

3.2

6.8

2

Gold

0.96

2.18

3

Platinum

1.42

2.79

S. No.
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Figure: 4.15.1 Values of anodic peak current at GCE, Gold and Pt
electrode in

presence of acetate buffer as supporting

electrolyte at 30 ± 1 oC

4.15.2 Optimization of Current at Different pH of Acetate Buffer
pH is an important factor which helps to indicate the characteristic of sample solution. In
the current research work we have set the best suitable pH of acetate buffer to find the
concentration of Cu+2and Pb+2in the unknown sample of cancerous and healthy serum
which is shown in Table 4.14.2 & Fig 4.14.2. However, in the pH range between
4.0 to 4.5 the current responses were found to decrease while at pH 4.7 and
5.1 the maximum current response obtained. Attar T. et al., 2014 reported that pottasium
acetate buffer gives best results to current response.
Table 4.15.2 Values of AnodicPeak Current at Different pH of Acetate Buffer
S. No.

pH of Acetate

Anodic Peak

Anodic Peak

Buffer

Current for Pb+2

Current for Cu+2

(µA)

(µA)

1

4.0

2.08

3.31

2

4.2

1.96

3.82

3

4.5

1.81

3.59

4

4.7

2.20

4.34

5

5.1

2.70

4.80

6

5.4

2.48

4.65
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Figure: 4.15.2 Current response at different pH of acetate buffer at 30± 1oC

4.15.3 Concentration of Supporting Electrolyte
The current response was measured at different concentration range 0.01 - 0.3 M of
acetate buffer. Non-linear trend was obtained against conc. vs current response (Table
4.14.3). Thus, 0.1 M optimum concentration of supporting electrolyte was fixed for
further a study which is mentioned in Fig 4.14.3.

Table 4.15.3 Values of Anodic Peak Current at Different Concentrations of
Acetate Buffer
S. No.

1
2
3
4
5

Concentration

Anodic Peak

Anodic Peak

of Acetate

Current for Pb+2

Current for Cu+2

Buffer (M)

(µA)

(µA)

0.01
0.05
0.1
0.15
0.23

2.2
2.66
3.02
2.53
2.74

3.82
5.01
5.29
4.61
5.25
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Figure: 4.15.3 Current responses against the concentration (M) of acetate
buffer on GCE at 30± 1oC

4.15.4 Estimation of Deposition Time on Glassy Carbon Electrode
(GCE)
The accumulation time is always an important factor in stripping voltammetric analysis
because of its prevailing influence on sensitivity and detection limit of the method. The
effect of accumulation time on the efficiency of the collection of copper and lead on the
working electrode surface was evaluated by rising the accumulation time over the range
of 15–800 second as shown in Table 4.14.4. When the accumulation time shifts from 15
second to 800 second, the stripping peak currents increase steadily over the range of
15-400 second. After that, the peak intensity nearly decreased and showed (Fig 4.14.4)
the abrupt result. However, further increase of accumulation time does not cause the
obvious enhancing of the stripping peak currents, which is probably due to the
saturated loading on the electrode surface,
prolonged accumulation time does not cause more metal ions (Cu+2& Pb+2) to be
reduced on the electrode surface. Thus, the accumulation time 400 second was chosen
for all subsequent analysis (Attar T. et al.,2013 and 2014).
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Table 4.15.4 Values of Anodic Peak Current at Different Deposition Time
on G.C.E
S. No.

Deposition
Time (S)

Anodic Peak
Current for
Pb+2(µA)

Anodic Peak
Current for
Cu+2 (µA)

1

15

0.471

1.040

2

30

0.506

1.132

3

60

0.658

1.149

4

120

0.106

2.282

5

180

1.219

2.722

6

250

1.467

3.421

7

400

2.448

4.002

8

500

2.374

3.932

9

600

2.722

4.516

10

700

2.663

4.402

11

800

2.887

4.982

Figure: 4.15.4 Current responses against the deposition time on GCE at
30± 1oC
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4.15.5 Optimization of Accumulation Potential
Accumulation potential is an important parameter for stripping technique that influences
the sensitivity of the determination. The effect of the deposition potential (Table
4.14.5) on the stripping signals of Cu+2 and Pb+2 ions were studied in the potential
range from –0.6 to 1.0 V. It was observed that the current of the Cu peak increases as
the potential changes from – 0.6 to 1.0 V and then slowly decreases as shown in Fig
4.14.5. So – 0.2 V was used to achieve high sensitivity and better response because
at this potential Cu+2 and Pb+2 showed a maximum peak current. Attar T. et al., 2013
and 2014 also optimized accumulation potential for the determination of Cu+2 in blood
sample.

Table 4.15.5 Values of Anodic Peak Current at Different Accumulation
Potential on G.C.E
S. No.

Accumulation

Anodic Peak

Anodic Peak

Potential

Current for

Current for

(V)

Pb+2(µA)

Cu+2(µA)

1

-0.6

2.78

4.21

2

-0.4

2.20

5.52

3

-0.2

3.08

6.24

4

0

0.305

5.51

5

0.2

0.268

5.69

6

0.4

0.37

0.66

7

0.6

0.40

0.080

8

0.8

0.33

0.68

9

1 .0

0.35

0.65
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Figure: 4.15.5 Peak current responses vs peak potential on GCE at
30±1oC

4.15.6 Effect of Scan Rate on Current & Potential
The influence of scan rate on the peak current and peak potential was examined as
shown in Fig 4.14.6 (a, b). The scan rate was varied from 0 to 500 mV/s. When the
scan rate was increased from 0 to 500 mV s-1 the peak current increased. However, at
scan rates higher than 100 mV s-1 the peak current and peak potential decreases
slightly. In this work, a scan rate of 100 mV s-1was chosen and used in all the
experiments.This scheme was also followed by Attar T. et al., 2013 and 2014.
Table 4.15.6 Values of Anodic Peak Current and Peak Potential vs Different
Scan Rate at GCE at 30± 1oC

S. No.

Scan Rate

Anodic Peak

Anodic Peak

Peak Potential

Peak Potential

mV/S

Current for

Current for

for Pb+2

for Cu+2

Pb+2 (µA)

Cu+2 (µA)

(V)

(V)

1

20

0.887

2.69

-0.0013

0.6235

2

50

1.82

3.72

0.1073

0.7054

3

100

3.25

5.98

0.2135

0.9125

4

150

2.17

4.69

0.1175

0.8571

5

200

3.73

6.05

0.2347

0.9631

6

250

4.71

7.59

0.3008

1.0508

7

300

5.59

8.67

0.3407

1.0766
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8

350

5.41

1.057

0.4014

1.3842

9

400

5.28

8.81

0.4031

1.1863

10

450

5.99

8.2

0.4434

1.1862

11

500

5.99

8.1

0.4433

1.1860

Figure: 4.15.6 Plot of anodic peak potential (a) and peak current (b) vs scan rate
at GCE electrode in presence of acetate buffer as supporting
electrolyte

4.15.7 Effect of Stirring Rate
Stirring intensity is one of the important parameter which affects the accumulation
efficiency. In present work, the samples were agitated at various stirring rates. The
results showed that the current intensity efficiency first improved with increased
agitation rate. It means agitation of the sample solution facilitated the mass transfer
process. Hence, a stirring rate of 960 rpm chosen for further studies (Attar T. et al.,
2014).

Table 4.15.7 Values of Anodic Peak Current at Different Stirring Rate on G.C.E
S. No.

Stirring Rate

Anodic Peak

Anodic Peak

Current for Pb+2

Current for Cu+2

(µA)

(µA)

1

No stirring

1.29

2.33

2

1

1.47

3.14

3

2

1.33

2.98

4

3

1.18

2.98

5

4

1.24

3.31
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6

5

0.845

3.44

7

6

2.33

3.98

8

7

2.87

4.94

9

8

3.28

5.49

10

9

3.38

5.89

Figure: 4.15.7 Plot of anodic peak potential against scan rate at GCE electrode in
presence of acetate buffer as supporting electrolyte

4.16 Comparison of the Voltammogram of the Healthy and
Cancerous Serum in Presence of Supporting Electrolyte
(acetate buffer)
When acetate buffer was used as supporting electrolyte no peak was appeared, it
means it is electrochemically inactive with analyte and electrode. The comparison of the
voltammograms shown in Fig 4.15 of acetate buffer in presence and absence of
standard solution of Pb+2and Cu+2along with cancerous and healthy serum. A small peak
observed in cancerous serum. While the sample of healthy serum (H1-H11) did not
show peak as shown in Fig 4.16.
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Figure 4.15 Voltamogram of healthy and cancerous serum in presence of
supporting electrolyte (acetate buffer) and standard solution of
Pb+2 and Cu+2

Figure 4.16 Voltamogram of healthy serum (H1-H111) in presence of standard
solution of Cu+2 and Pb+2

155

References

4.17 Electrochemical Determination of Cancerous Serum
We recorded the voltammogram of five different samples of cancerous serum (Breast
cancer) by anodic stripping voltammetry. The potential window was selected for each
sample -1.5 to 1V. In sample (a) broader peak found in potential range 0.5 to 0.05 V
while the smaller peak was appeared in between 0.003 to 0.029 V. Broader peak
represent the Pb+2 and smaller peak shows Cu+2 ions in cancerous serum respectively. In
all samples no peak was obtained at 1µL but as we increases the volume of sample
(analyte) from 2 to 5 µL the significant increase in current was observed. It confirmed
that significant concentration of Pb+2and Cu+2are present. Some response was found in
sample (c) while in sample (d) and (e) the Cu+2current responses were found higher than
sample (a), (b) and (c).

Figure 4.17(a) Voltamogram of cancerous serum contain Cu+2 and Pb+2 at
30±1oC using G.C.E in presence of acetate buffer (pH 5.1)
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b

Figure 4.17(b) Voltamogram of cancerous serum contain Cu+2 and Pb+2 at 30±1 oC using
G.C.E in presence of acetate buffer (pH 5.1)

c

Figure 4.17(c) Voltamogram of cancerous serum contain Cu+2 and Pb+2 at 30±1 oC
using G.C.E in presence of acetate buffer (pH 5.1)
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d

Figure 4.17(d) Voltamogram of cancerous serum contain Cu+2 And

Pb+2 at 30±1

o

C using G.C.E in presence of acetate buffer (pH 5.1)

e

Figure 4.17(e) Voltamogram of cancerous serum contain Cu+2 and Pb+2 at
30±1 oC using G.C.E in presence of acetate buffer (pH 5.1)
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4.18 Estimation of the Concentration of the Pb and Cu ions
Anodic stripping voltammetry was used for the determination of Pb+2 and Cu+2 in
cancerous and healthy serum. The current response found to be increased by the addition
of standard solution of Pb and Cu through standard addition method. Further, plot the
graph against the anodic peak current and volume of standard solution. After
extrapolation obtained the concentration of Pb+2 and Cu+2 in cancerous and healthy serum
which is shown in Table 4.18 (a) and Fig 4.18 a, b, c, d. Same response was observed
in all cancerous and healthy serum. The sensitivity of the proposed method was also
showed in Table 4.18 (b).
1.2

Peak Anodic Current (µA)

1
0.8
0.6
0.4
0.2
0
-6

-4

-2

-0.2

0

2

4

6

-0.4
-0.6
Conc. of standard

Fig 4.18(a) Plot of Conc. of Cu (µg/l) vs Peak current (µA) in healthy serum

Peak Anodic Current (µA)

0.5
0.4
0.3
0.2
0.1
0
-6

-4

-2

0

2

4

6

-0.1
-0.2
Conc. of standard

Fig 4.18(b) Plot of Conc. of Cu (µg/l) vs Peak current (µA) in cancerous serum
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Peak Anodic Current (µA)
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5

-5
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-5
-10
-15
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Fig 4.18(c) Plot of Conc. of Pb (µg/l) vs Peak current (µA) in cancerous serum

30

Peak Anodic Current (µA)

25
20
15
10
5
0
-6

-4

-5 0

-2

2

4

6

-10
-15
-20
-25
Conc. of standard

Fig 4.18(d) Plot of Conc. of Pb (µg/l) vs Peak current (µA) in healthy serum Table
4.18 (a) Concentration of Cu+2and Pb+2in Healthy and Cancerous Serum
Measured Conc.

Measured Conc.

Measured Conc.

Measured Conc.

of Cu+2 in

of Cu+2 in

of Pb+2 in

of Pb+2 in

Cancerous

Healthy Serum

Cancerous

Healthy Serum

Serumµg/l

(µg/l)

Serum(µg/l)

(µg/l)

3.1775±0.000
2

1.9065±0.0001

160

2.4864±0.00

1.2432±0.00

02

02
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Table 4.18 (b) Regression Statistics and Sensitivity of the Proposed Method
Metal

Regression Equation

Slope (S)

Correlation
2

Co-efficient (R )

LOD

LOQ

(µM)

(µM)

Copper

Y=10.08x+2.542

10.08

0.903

133.9

44.1

Lead

Y=33.7x+3.549

33.7

0.957

39.0

13.0

4.19 Conclusion
In the present study the concentration of copper (Cu+2) and lead (Pb+2) were determined in human
serum (cancerous and healthy) by anodic stripping voltammetry through standard addition method. This is
a very sensitive and rapid technique. The level of concentration of copper and lead were determined
by calibration curve.

4.20 Future Plan of this Study


Inspite of using these instrumental techniques this research will also be conduct by ICP-MS,
ICP-AES, X –Ray Flourescence Spertrometry (XRF), or staircase voltammetry, polaography,
cathodic stripping, differential pulse anodic stripping voltammetry (DPASV).



In addition, these metals will also estimate in other biological samples like urine and in the
body tissues as well as other species which are the part of food chain and food web because
they are directly or indirectly affect on human health.



This research will not only applicable to the toxic metals Cd, Cu, Pb, Ni and Zn but also other
toxic metasl like As, Hg, Cr etc can also be determined.



Essential metals like Na, K, Mg, Ca etc will also be focus.



The determination of toxic metals in human biological samples has a vital clinical screening
procedure

and

removing

them can become

recognized

as immense secrets

for

heeling several health conditions.


A study will also be perform to remove heavy metals from human biological samples of
cancer patients by different nanoparticles.



Modified electrode can also be use for the determination of toxic and essential metals in
human biological samples of cancer and healthy individuals

4.21 Limitation of this Study


Hairs and nails are non-invasive biomarkers but blood is not therefore the main drawback of
this research is to pursue the protocol to preserve blood for the detection of heavy or toxic
metals. Because the composition of blood is vary with respect to time if we do not follow the
special etiquette for the preservation and collection of blood.



Polishing of electrode is very important tools in stripping voltammmetry so in this research
work electrode was polish prior to each run because the blood samples adhere on the surface
of GCE and due to this aggregation produce a hurdle in reproducible result.
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