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ARTICLE INFO ABSTRACT

Keywords: Background: Colorectal tumor is a major cause of cancer morbidity and mortality both in USA and around the
Tissue globe. Exposure to environmental toxicants such as toxic trace elements has been implicated in colorectal ma-
Colorectal tumor elements lignancy. However, data linking them to this cancer are generally lacking.

E:E::;?emc analyses Methods: Accordingly, the current study was to investigate the distribution, correlation and chemometric eval-

uation of 20 elements (Ca, Na, Mg, K, Zn, Fe, Ag, Co, Pb, Sn, Ni, Cr, Sr, Mn, Li, Se, Cd, Cu, Hg and As) in the
tumor tissues (n = 147) and adjacent non tumor tissues (n = 147) of same colorectal patients which were
analyzed by flame atomic absorption spectrophometry employing nitric acid-perchloric acid based wet digestion
method.
Results: On the average, Zn (p < 0.05), Ag (p < 0.001), Pb (p < 0.001), Ni (p < 0.01), Cr (p < 0.005) and Cd (p <
0.001) showed significantly higher levels in the tumor tissues compared with the non tumor tissues of patients,
whereas mean levels of Ca (p < 0.01), Na (p < 0.05), Mg (p < 0.001), Fe (p < 0.001), Sn (p < 0.05) and Se (p <
0.01), were significantly elevated in the non tumor tissues than the tissues of tumor patients. Most of the ele-
ments revealed markedly disparities in their elemental levels based on food (vegetarian/nonvegetarian) habits
and smoking (smoker/nonsmoker) habits of donor groups. The correlation study and multivariate statistical
analyses demonstrated some significantly divergent associations and apportionment of the elements in the tumor
tissues and non tumor tissues of donors. Noticeably, variations in the elemental levels were also noted for
colorectal tumor types (lymphoma, carcinoids tumor and adenocarcinoma) and stages (I, II, III, & IV) in patients.
Conclusion: Overall, the study revealed that disproportions in essential and toxic elemental concentrations in the
tissues are involved in pathogenesis of the malignancy. These findings provide the data base that helps to
oncologist for diagnosis and prognosis of colorectal malignant patients.

1. Introduction

Colorectal carcinoma is the most common tumor in gastro-intestinal
tract, with over one million new incidence cases induces 0.9 million
deaths worldwide in 2020 [1]. Colorectal carcinoma ranks the 2nd
leading cause of cancer deaths both in the USA and around the globe. In
2020, colorectal tumor estimated 10% of global cancer incidence and
9.4% of cancerous deaths. The global number of new colorectal tumor
patients is predicted to reach 3.2 million in 2040 [1,2]. Some
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researchers have reported that incidence of colorectal tumor in different
areas of Pakistan ranged from 4% to 6.8% [3]. Conclusive scientific
evidences advocated that improper diet and environmental pollutions
are the major contributors in cancer processes induction [4]. The exact
etiology of colorectal tumor is not yet clear, leaving behind many facets
which are still controversial. However, age, family history, obesity, ge-
netics, physical inactivity, high consumption of alcohol, diet, smoking
habits and inflammatory bowel disease etc., are involved [1,5]. Due to
extensive industrialization, the increase in human population,
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motorized vehicular traffic, and the augmented use of diesel generators
result the exposure to metals has also increased in the population [6].
Accordingly, chronic exposure to environmental contaminants such as
toxic trace elements and their accumulation has long been documented
as being capable of growing carcinoma incidence among exposed human
populations [5,7].

In biological system, a dynamic balance among various trace ele-
ments is always existed, which is responsible for many metabolic/
physiological processes [8]. Any disorder in trace elemental balance due
to inadequate/excessive intake of elements may lead to cell damaging,
DNA injuries and imbalance in oxidative burden ultimately cause
various types of diseases including cancers [9,10]. It is known that there
are some metals which are considered to act not only as carcinogens but
also as co-carcinogens and toxicity can be augmented to other
non-essential elements of similar atomic predictable that can imitate
there activity of a trace [11]. Exposure to reactive oxygen species (ROS),
weakening of the antioxidant defense, enzyme inactivation, mutation,
angiogenesis, oxidative stress and DNA damage, these elements (As, Cd,
Ni, Cr, Pb and Hg) have been classified as a group 1 carcinogenic to
humans as notified by the International Agency for Research on Cancer
(IRAC) [5,7,12]. Recent data have focused on the relationship among
toxic trace elements and colorectal carcinoma in humans, which showed
that the trace elements may influence the malignancy of colorectal [10,
13].

It is well known that Cd is an environmental toxicant with strong
carcinogenic properties and has been linked with colorectal cancer risk
[12]. The poisoning production of Cd through ROS is a key factor leads
to carcinogenic cell proliferation and inherent DNA lesions ultimately
inducing carcinogenicity [14,15]. Actually, Cd displaces other metallic
ions (Cu, Fe and Zn) from their respective protein complexes, which in
turn generates oxidative stress eventually progressing to tumor devel-
opment [14]. Nickel mediated toxicity in cancerous cells by generation
of oxidative stress, changing in target gene expression, alterations to
cells’ DNA lead to DNA damage and the targeting of DNA repair path-
ways [16]. Chronic exposure of Ni can disrupt oxidative phosphoryla-
tion, hematotoxicity, immunotoxicity and finally leads to variety of
diseases including cancer [17]. Cr and its compounds are identified to
have genotoxic, teratogenic, mutagenic and carcinogenic effects on
different organs of body [18]. Recent data advocated that Cr is involved
in the formation of Cr-DNA adducts with production of ROS, resulting
DNA damages inducing carcinogenicity [19]. However, the mechanism
behind cancer is still not completely understood. As a part of vitamin
B-12, cobalt is beneficial. High exposure level of Co might increase the
risk of upper gastrointestinal tract cancer and lungs cancer [20]. The
carcinogenicity of Co is due to direct DNA breaks, oxidative DNA
breakdown through free radicals synthesis and endocrine disrupters
[21].

Recent studies reported that Pb is able to cause genotoxic effects on
humans such as chromosome aberration, mutation and DNA synthesis
inhibition [22]. It is believed that exposure of Pb enhances susceptibility
to carcinoma and may interfere with toxic effects such as interference
with the repair mechanism of DNA results in genome instability, impede
the ability of cells to develop appropriate and precise responses to
environmental genotoxins [7]. In addition, exposure to Pb inhibits the
activities of antioxidant enzymes which eventually stimulates the gen-
eration of ROS [23]. Epidemiological studies advocated that Pb sub-
stitutes Ca and Zn in enzymes involved in DNA processing and repair, as
a consequence, an enhancement in genotoxicity [22]. Weak association
of Pb exposure and various types of cancers (lung, stomach, kidney and
brain) have been establishes as shown by epidemiological studies [5].
Selenium protects cells from damage due to antioxidant properties and
anti-carcinogenic properties [24]. By improving the immune cell ac-
tivity and affecting the expression of gene Bcl-2 and p53, Se has the
ability to prevent tumor growth as evidences came from clinical and
epidemiological studies [25]. A strong inverse association between Se
and colorectal tumor risk has been developed [26]. Elevated Se levels
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were inversely associated with the risk to develop colorectal carcinoma
as examined by Hughes et al. [25]. Zinc is important for optimum
function of the immune system and act as cofactor, superoxide dismut-
ase (SOD) [11]. Zinc is a vital constituent/cofactor of over 300
mammalian enzymes and influence on the immune system, cell differ-
entiation and proliferation, DNA and RNA synthesis and repair [27].
Zinc modulates oxidative stress and might help to prevent cancer and is
virtually nontoxic even at higher doses [28]. Multiple lines of evidence
suggested that changes in Mn and Zn levels are closely related with
pathological conditions including colorectal malignancy [7,9,13].

Clinically, deficiency of Fe can result in the clinical manifestation of
anaemia and immune compromise [29]. Deficiency of Fe is common in
colorectal cancer patients because reduced immune surveillance
response and altered tumor immune microenvironment may result
progression of tumor [30]. Moreover, overload of Fe can also promote
tissue damage lead to malignancy by converting hydrogen peroxide to
free radical formation (Fe act as a catalyst) that disturb functions of
cellular membranes, breaks DNA strands, lipid peroxidation, protein
damage, inactivate enzymes and finally accelerate tumor initiation [31].
Copper is potentially toxic and is associated with tumorigenesis such as
activation of the oncogenic, impairment of cancer cell and angiogenic
activity as well as aberrant DNA methylation [32]. Cu integrates in
many pro-angiogenesis pathways that may be important for carcino-
genesis. The association among Cu and colon cancer is stronger as the Cu
modulates BRAF signaling and BRAFV600E mutation in colon cancer
patients [33]. Mg influences the physiological process of tumor pro-
gression including colorectal cancer such as DNA synthesis, DNA repair,
insulin sensitivity, the regulation of cell proliferation and apoptosis
[34]. It was recently discovered that intake of Mg may be linked with a
reduction in the risk of colorectal tumor, but the findings have been
inconsistent [35,36].

Assessment of trace elemental levels in human specimens such as
tissues and fluids (blood, serum, plasma, hairs, nails and urine) were
used to attain information on the nutritional status for diagnosis of
diseases, viewing of systemic intoxication and to obtain information on
environmental exposure [10,11,13,37]. The cancerous tissue directly
shows variations of trace elements that are evoked by the disease. Few
studies have been found on elemental concentrations of colorectal tumor
tissues and compared it to the controls tissues with inconsistent results
[7]. Still, insufficient attention has been paid to existing research on the
amount and impact of toxic trace elements on Pakistan’s colorectal
carcinoma incidence [5]. To address this knowledge gap, the current
study was designed to highlight the following: to investigate the con-
centrations of 20 elements including Ca, Na, Mg, K, Zn, Fe, Ag, Co, Pb,
Sn, Ni, Cr, Sr, Mn, Li, Se, Cd, Cu, Hg and As in the tumor affected tissues
and adjacent non tumor (healthy) tissues of colorectal patients, to
evaluate the mutual variations between the elemental levels by corre-
lation analysis; to appraise the multivariate apportionment between the
elements in the tumor tissues and non tumor tissues of the colorectal
patients; and to assess the levels of elements with respect to the for-
m/type of tumor and stages/grades of colorectal tumor, thereby inves-
tigating whether these toxic trace elements had any presumptive
benefits in the diagnosis of malignancy in patients. To our knowledge,
this is the first study to examine the potential association among
essential/toxic elemental concentrations and colorectal tumor and non
tumor tissues in Pakistani patients.

2. Materials and methods

All the colorectal cancerous patients were recruited among
2020-2021. The colorectal carcinoma tissues (147, male= 88 and fe-
male 59) received/collected during the postoperative biopsies from the
patients visited in Department of Pathology, Faisalabad Medical Uni-
versity Faisalabad. All samples were kept in plastic containers at —20 °C
frozen in the refrigerator until examination. All of the tissues were
examined morphologically and histologically to confirm the diagnosis of
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Table 1
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Instrumental operating conditions for the elemental analyses along with their LOD/LOQ and certified vs measured concentrations* (ug/g) of selected elements in

standard reference materials.

Bovine liver, NIST-SRM 1577¢

Metal  Wavelength HC lamp Slit width Fuel-gas flow Limit of detection ~ Limit of quantification ~ Certified level Measured level Recovery
(nm) current (mA) (nm) rate (L/min.) (mg/L) (mg/L) (ug/g) (ug/g) (%)
Ca 422.7 6 0.5 2 0.002 0.015 131 129 98.4
Na 589.0 6 0.5 1.6 0.002 0.006 0.2033 0.2045 101.2
Mg 285.2 4 0.5 1.6 0.003 0.003 620 620 99.5
K 766.5 5 0.5 1.9 0.004 0.010 1.023 1.019 99.4
Zn 213.9 4 0.5 2 0.002 0.007 181.1 184.5 101.9
Fe 248.3 8 0.2 2 0.003 0.019 197.9 194.2 98.1
Ag 328.1 4 0.5 2.8 0.003 0.005 0.0059 0.0059 100.3
Co 240.7 6 0.2 2.2 0.002 0.015 0.300 0.291 97
Pb 217.0 7 0.3 1.8 0.010 0.038 0.062 0.061 98.4
Sn 286.3 7 0.5 2.5 0.005 0.021 — — —
Ni 232.0 4 0.15 1.7 0.008 0.017 0.0445 0.0445 102
Cr 357.9 5 0.5 2.6 0.007 0.015 0.053 0.054 101.9
Sr 460.7 4 0.5 1.6 0.005 0.016 0.0953 0.0945 99.2
Mn 279.5 5 0.4 1.9 0.002 0.011 10.46 10.10 97.1
Li 670.4 4 0.5 1.6 0.003 0.009 0.012 0.012 99.6
Se 196.0 10 1 1.2 0.004 0.007 2.031 1.982 97.5
Ccd 228.8 4 0.3 1.8 0.003 0.012 0.097 0.099 102
Cu 324.8 3 0.5 1.8 0.005 0.013 275.2 270.7 98.4
Hg 253.7 5 0.5 1.2 0.015 0.020 0.00536 0.00536 99.7
As 193.7 8 1 1.2 0.006 0.015 0.0196 0.0197 100.5

" Triplicate sub-samples

colorectal tumor. Before inclusion, each subject provided written
informed consent and all the subjects signed on the proforma to get
participation. The tissues (147, male 67 and female= 80) found no signs
and symptoms of cancer (malignancy) or any other disease histologi-
cally were used as controls tissues for elemental detection and referred
to as colorectal non tumor tissues. These normal/healthy tissues were
cut from the adjacent part (at a distance of approximately 10 cm) of
removed flap of colorectal tumor tissue, without any macroscopic signs
of the disease. These non tumor tissues were checked with histology
techniques to confirm the absence of tumor cells. Both the tumor tissues
and non tumor tissues samples of colorectal persons were treated in the
same way. All the tissues subjects were labeled with relevant codes,
related to age, eating habits, drinking habits, smoking habits and social
as well as general health status. The data was compiled on a proforma at
the time of sampling of each donor. None of the patients from whom the
tissues were collected had previously been subjected to radiotherapy/
chemotherapy or any supplementation. The present study was reviewed
and approved by the Ethics Committee of the Allied Hospital, Faisalabad
Medical University Faisalabad Pakistan (UE/CHEM/2021/038). Blood
parameters and body mass index (BMI) of the subjects were analyzed in
the clinical and special chemistry laboratories of Punjab Institute of
Nuclear Medicine Faisalabad Pakistan.

2.1. Sample preparation and digestion

All the tissues samples of colorectal tumor and non tumor of patients
were washed with double distilled H,O to get rid of remains of blood and
formalin, which was used to store the tissues samples during the time
between operation and analyses. The samples of tumor tissues and non
tumor tissues of colorectal patients were frozen immediately after being
received from the subjects. Before the digestion, each sample of tissue
was cut with a surgical quartz knife and partially thawed, the thick
sections of the surrounding fatty tissues, blood vessels, and membranes,
which could have been contaminated in any of the earlier stages, were
detached carefully. Approximately ~10 g of each homogenized tissue
sample of the subjects was separately digested with a specified amount
of high-purity nitric acid and perchloric acid mixture. The colorectal
cancer and healthy tissue samples were digested with HNO3/HClO4
(10:10 v/v) mixture with subsequent heating on hot plate to a soft boil.
After some time white dense fumes evolved indicating the completion of

reaction [38]. At room temperature, digested cancerous tissues and
healthy tissues samples were then cooled. These samples were diluted
with doubly distilled water to a proper volume. The blank was prepared
at the same way.

2.2. Measurement of elements

The mineralized tissues samples were evaluated for selected ele-
ments (Ca, Na, Mg, K, Zn, Fe, Ag, Co, Pb, Sn, Ni, Cr, Sr, Mn, Li, Se, Cd, Cu,
Hg and As) using flame atomic absorption spectrophotometery tech-
nique (Shamidzu AA-670, Japan) with atomization in a graphite
furnace, with the amounts of each element expressed in pug/g of sample.
Standard reference material (NIST 1577c-bovine liver, Gaithersburg,
MD, USA) was used to check the quality assurance/accuracy of the
analytical process as shown in Table 1. The analytical recoveries were
97-102% of the samples. Same digestion procedure was adopted to
prepare standard reference materials as samples. 3 sub-samples of each
sample were treated and run separately onto the spectrophotometer to
pool average elemental levels. In an independent laboratory, the sam-
ples were also measured for comparison of the results and a maximum of
+ 2.5% difference was exhibited. All reagents used were of ultrahigh
purity (certified >99.99%) purchased from E-Merck.

2.3. Univariate analysis and multivariate analysis

Statistical analyses were conducted on the elemental data using
STATISTICA software [39]. The data distribution and recognition tools
applied used in this research work included the pretreatment of data in
order to attain normalization by discarding outliers. Univariate analyses
of data gave basic statistical parameters, such as range, mean, median,
standard deviation (SD), standard error (SE), kurtosis and skewness,
along with spearman correlation. Multivariate methods applied in the
present work were principal component analysis (PCA) and cluster
analysis (CA). These statistical tools have been successfully used to
scrutinize the toxic and elemental elements apportionment in human
and to distinguish among controls and tumor patients [5].

PCA and CA forms a set of tools, basis of the multivariate statistical
methods that allow for the clustering of objects, identification of vari-
ability, and appearance of results in figures [40,41]. For data reduction
(dimensionality), these statistical techniques are primarily used to seek a
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Table 2
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of the patients were suffering from lymphoma, while 28% were diag-
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g) were estimated at the lowest levels in the tissues of controls. The el- glojeceeeceees~"ececeeseeececeees
1]
ements in the non tumor tissues of patients showed the following =
descending order in their average concentrations: Ca > Mg > Na > K > g Hh¥I8888 S SEBLZET R z 8
Fe > >Zn > Co > Sn > Mn > Pb > Sr > Ag> Se > Ni > Cr > Li > Cd > Hg E|R|9995S3-"3335553383959
> Cu > As (Table 3). Among the elements, Mg, Ca, Co, Na, Fe, K and Zn g
displayed appreciable randomness in their distribution as revealed by E % E § § 5 § § g E § 5 'g g E § § § g § lé
large values of SD and SE. Elements like As, Hg, Cd, Mn, Pb and Cu 88|~
displayed comparatively normal distribution pattern, as indicated by £
small values of SD and SE, whereas Na, Mg, Ca, Zn, K and Fe revealed g B NRSYNRES RS YNZ328 28
randomness of their concentrations in non tumor tissues. Lower % 2 33 g g 233 3 3 3 e 3 3 3 3 3 3333
magnitude of skewness in favour of Sr, Cu, Co and Pb manifested nearly E
symmetrical distribution of these elements in the non tumor tissues. 2 YRR R I T N R
Moderately large asymmetry in the distribution of Hg and Li were glglS2B222R2a38 213295222222
9
demonstrated by maximum kurtosis and skewness values. The distri- = “ ' S ' ' '
bution study of tumor tissues and non tumor of colorectal patients <
. S o : . ° SE38I3b5883552823%83(
depicted significant disparities of the elemental levels in the tissues 2] 1888622838 R=I8I 888 LK3|2
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Average elemental levels in tissues samples of colorectal tumor tis- ’% in
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sues and colorectal non tumor tissues of patients are compared to find E - § § § 2 § g § ? g % % @ § § 2 g § § E § =
out the significant differences by applying Two-tailed Student t-test §|S|°"°°9SSS3333SS095333 | §
(Table 3). Average levels of Cd (p < 0.001), Pb (p < 0.001), Ag (p < = g
0.001), Ni (p < 0.01), Cr (p < 0.05) and Zn (p < 0.05) revealed signif- § § § 5 § § g 3 § g § g % § 'g £828 § E b
-

icantly higher in the tissues of colorectal tumor patients when compared g PSS 353S333333333 S s
to non tumor tissues. However, mean Mg (p < 0.001), Fe (p < 0.001), Ca + £ g
Lo <

(p<.(.).01),Na(1.7<.(').05),Se.(p<.0.01)a}ndSn(p<0.0S)Ievelswere =& P EsesR¥EsS328 88T
exhibited to be significantly higher in the tissues of controls. Mean As, Sr = O x
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Table 5
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Principal component analysis of selected elements in the tumor tissues and non tumor tissues of colorectal patients.

Tumor Tissues

Non Tumor Tissues

PC1 PC 2 PC3 PC4 PC5
Eigen value 3.321 2.826 2.486 1.898 1.495
Total Variance (%) 19.61 17.63 12.43 11.99 8.214
Cumulative Eigen value 3.321 6.147 8.633 10.53 12.03
Cumulative Variance (%) 19.61 37.24 49.67 61.66 69.87
Mg - 0.500 - - -
cd - - - - -
Mn - 0.479 - - -
Ca - - 0.505 - -
Pb 0.548 - - - -
Co - - 0.596 - -
Hg - - - - 0.579
Cr - - - 0.626 -
Na 0.608 - - - -
Cu - - 0.550 - -
As - - 0.581 - -
Fe - 0.588 - - -
K - - - 0.542 -
Se - - - - -
Sr - - - - 0.550
Zn - - - 0.502 -
Ni - - - 0.630 -
Li - 0.591 - - -
Sn 0.568 - - -
Ag - 0.519 - - -

PC6 PC1 PC2 PC3 PC 4 PC5 PC6 PC7
1.243 4.412 3.777 2.562 2.228 1.834 1.346 1.221
6.002 23.06 16.88 13.81 10.14 8.668 6.23 4.394
13.27 4.412 8.189 10.75 12.98 14.81 16.16 17.38
75.88 23.06 39.94 53.75 63.89 72.56 78.79 83.19
- - - - - - 0.437 -
0.512 - - - - 0.531 - -
- - - - - 0.575 - -
- 0.558 - - - - - -
- - - - 0.559 - - -
- - - 0.589 - - - -
- - 0.597 - - - - -
- - - 0.612 - - - -
- - - - - - - 0.425
- - - - 0.518 - - -
- - - - - - 0.749 -
- 0.801 - - - - - -

- -0.564 - - - - -
0.594 - 0.511 - - - -
- - 0.673 - - - - -
- 0.604 - - - - - -
- - - - - - 0.508 -
- 0.584 - - - - - -
- - 0.518 - - - - -
- - - - - - - 0.524

and Li concentrations were nearly comparable in the tumor and non
tumor tissues of patients. Significantly elevated levels of Cd, Pb, Cr and
Ni in the tissues of colorectal tumor patients advocate considerable as-
sociation of these elements with the malignancy. Median levels of the
elements were also compared by Wilcoxon rank-sum test which showed
statistically significant differences (p < 0.05) for Pb, K, Zn, Ni and Ag in
the tumor tissues and non tumor tissues of colorectal patients (Table 3).
Indeed, this comparative study showed imbalances of the elemental
levels in colorectal tumor tissues compared to non tumor tissues of pa-
tients, which may effect on the emergence and development of colo-
rectal malignancy. Previous findings supported the notion that the
median Zn, Cr, Cu, Al, and Pb levels were significantly elevated in
cancerous tissues than healthy tissues [7]. Increased levels of Cd, Pb, Ni
and Cr were associated with generation of free radical, lipid peroxida-
tion, formation of DNA-strand breaks and tumor growth in cellular
systems [21]. Zn and Mn concentrations were found elevated in colo-
rectal cancerous tissues than non-cancerous tissues as shown in some
recent studies [10,41]. In colorectal tumor biopsies, the concentration of
Mg was significantly higher as compared to adjacent non-tumor tissues
[8,45]. Juloski and his coworkers in Serbia found significant elevated K,
Cu, Cr, Cd, Mg, Hg Se and Ca levels in tumorous tissues than healthy
tissue [10]. These findings were correlated to our studies [8,45]. One
study found significantly higher Cu concentration in colorectal tumor
tissues as compared to healthy tissues as it was the case in the similar
study [41]. Level of K was considerably higher in tumor tissues than non
tumor tissues and these findings were consistent with other studies [10,
41]. Levels of Mn, Se, Cu, Fe, Mg and Ca along with elements were
significantly higher in tumorous tissues than non tumorous tissues as
reported by Lavilla et al., [41].

3.3. Correlation study

The correlation study was applied to investigate the relationship
between various elemental pairs in the colorectal tumor tissues and non-
tumor tissues of patients as displayed in Table 4 where bold r-values are
significant at p < 0.05. In tumor tissues of colorectal patients (below the
diagonal), strong positive correlations were detected between Li-Na (r =
0.748), Sr-Hg (r = 0.691), Sn-Na (r = 0.669), Ca-Cd (r = 0.0.635), Zn-As
(r =0.631), Ca-Mn (r = 0.628), Sn-Mg (r = 0.623), Pb-Ca (0.618), Ni-K
(r = 0.605) and Na-Pb (r = 0.0.601). Significant relationship were

demonstrated by Sr-Cd (r = 0.599), As-Co (r = 0.597), Na-Mn (r =
0.587), Hg-Ca (r = 0.586), Cu-Ca (r = 0.585), Li-Cu (r = 0.581), Ag-Li
(0.581), K-Cr (r = 0.571), Na-Co (r = 0.567), Sn-Mn (r = 0.567), Zn-
Hg (0.566), Ag-Pb (0.563), Fe-Cr (r = 0.562), Ni-Pb (r = 0.549), K-As
(r = 0.532), As-Pb (r = 0.531), Zn-Sr (r = 0.520), Sn-As (r = 0.516), Co-
Pb (r = 0.516), Zn-Cu (r = 0.514) and Cr-Cd (r = 0.507) as presented in
Table 4. This directed that these elements in tissues were mutually
associated and probably shared common origin in colorectal tumor pa-
tients. Nevertheless, some of the elements exhibited significantly nega-
tive correlations: Cr-Hg (r = -0.575), Li-Mn (r = -0.548), Pb-Se (r =
—0.521), Ni-Fe (r = -0.516), Sn-K (r = —0.514) and As-Na (r = —0.505)
thus exhibiting their opposing relationship in the tumor tissues of
colorectal patients.

In case of non tumor tissues of patients (above the diagonal), the
correlation coefficient matrix of selected elements in Table 4 showed
that significantly strong positive correlations were found between Cu-Pb
(r = 0.735), and Cr-Co (r = 0.674), Sn-Sr (r = 0.653) and Mn-Cd (r =
0.617). Further, significant correlation were noted for K-Hg (r = 0.588),
Fe-As (r = 0.583), Na-Cr (r = 0.566), Ca-Mn (r = 0.553), Zn-Co (r =
0.551), Cr-Pb (r = 0.548), Li-Na (r = 0.547), Sn-Na (r = 0.543), Cu-Hg (r
= 0.533), As-Mn (r = 0.530), Se-Mg (r = 0.530), Ag-Cr (r = 0.529), As-
Cd (r = 0.521), Sn-Mg (r = 0.519), Se-Co (r = 0.513) and Se-Cr (r =
0.505) in the tissues of controls as shown in Table 5. Some negative
correlation was revealed between Na-Ca (r = —0.296), Fe-Cr (r =
—0.290) and Fe-Na (r = —0.229). Overall, this correlation study detec-
ted significant differences in the tumor tissues and non tumor tissues of
colorectal patients in terms of mutual variations between the toxic and
essential elements, which may be attributed to the disproportions of the
nutrients and trace elements in the patients. Since most of the selected
essential/toxic elemental levels were significantly correlated with one
another in the tumor tissues of colorectal patients, multivariate methods
were used to investigate further the grouping and apportionment of the
elements (see below).

3.4. Multivariate analysis of selected elements in the tissues

Elemental apportionment and source identification in the tumor
tissues of and non tumor tissues of colorectal patients were performed by
PCA and CA [5]. The PC loadings of selected elements in the tumor
tissues and non tumor tissues of colorectal patients are given Table 5. In
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Fig. 1. Cluster analysis of selected elements in the tumor tissues of colorectal patients.

case of tumor patients, six PCs with eigen values greater than 1 were
extracted, explaining more than 75% of the cumulative variance of the
elemental data. Other small eigenvalues of less than one were not used
to get a probable number of contributing source factors. Their corre-
sponding CA based on Ward’s method in the tissues of tumour patients
are shown in Fig. 1, which exhibited strong clusters of Na-Pb,
Mn-Fe-Sn-Mg-Ag-Li, Ca-Cu-As-Co, and K-Zn-Ni-Cr, Sr-Hg and
Se-Cd. Accordingly, CA disclosed that toxic elements share common
clusters with the essential elements, evincing the imbalances of elements
in the tissues of tumor patients. The quantitative information concerning
multiple relationships of these elements was evaluated by PCA in which
PC 1 revealed higher loadings for Na and Pb while PC 2 exhibited
dominant loadings of Ag, Mg, Sn, Li and Fe with joint clusters presented
in the CA. These elements can be contributed by dietary habits and
environmental pollution like traffic emissions. PC 3 was related to the
elevated loadings of As, Co, Ca and Cu, with a strong cluster for these
elements given in the CA. This PC showed that these elements can be
related to internal body metabolism and nutritional habits of the pa-
tients. K, Cr, Zn and Ni revealed major contributor in PC 4 with a cluster
in CA as shown in Fig. 5. Likewise, PC 5 represented by higher loadings

of Sr and Hg. These elements mostly belong to the anthropogenic pol-
lutants. Highest loadings observed for Cd and Se in PC 6 in the tissues of
colorectal tumour patients for which the CA also revealed a strong
cluster. These elements can be mostly contributed by food habits as well
as anthropogenic contamination.

In case of non tumor tissues of colorectal patients, Table 5 displayed
seven principal components (PC) whose eigenvalues are > 1 extracted,
manifesting more than 83% of the cumulative variance. The corre-
sponding CA in the tissues samples of controls based on Ward’s method
is give in Fig. 2, which exposed very strong clusters of Li-Zn-Fe—Ca,
K-Hg-Sn-Sr, Se-Cr-Co, Mn-Cd, Cu-Pb, Mg-Ni-As, and Na-Ag. First PC
demonstrated elevated loadings of Li, Zn, Fe and Ca, which shared
common clusters in CA. Second PC was loaded with K, Sn, Hg and Sr.
Similarly third PC consisted of Se, Cr and Co with joint clusters were
given in the CA. Likewise, considerable loadings of Mn & Cd and Cu & Pb
were associated in fourth and fifth PCs, respectively. Dominant loadings
of Ni, Mg and As was displayed by PC 6. The last PC was related with
ample loadings of Ag and Na, which were noted with common source of
contamination and anthropogenic activities (traffic emissions) as well as
with the contributions of food intake. Multivariate statistical methods,
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Fig. 2. Cluster analysis of selected elements in the non tumor tissues of colorectal patients.

consequently, advocated noteworthy disparities in elements apportion-
ment in the tumor tissues and non tumor tissues of colorectal patients.

3.5. Comparison of elemental levels in the tissues based on smoking/
nonsmoking habits

Cigarette smoking not only as being an increased risk of colorectal
tumor but also worsens the prognosis of tumor as well as is a serious
public health concern according to American College of Gastroenter-
ology guidelines for colorectal cancer screening 2009 [46]. A huge body
of evidence indicates that a significant association of cigarette smoking
with colorectal cancer incidence and mortality. Accordingly, cigarette
smoking is responsible for millions of deaths worldwide annually [47].
Smoking habits with long term has been reported to have a significantly
increase risk of developing colorectal tumor than nonsmokers. However,
data were insufficient and conflicting for the association among smoking
and colorectal tumor risk. In view of that, the smoking/non-smoking
based disparities in mean elemental concentrations (4 SE) in the
colorectal tumor tissues and colorectal non tumor tissues of patients are
shown in Fig. 3. Mean levels of Cd, Pb, Cr, Cu, K, Zn, Ni, Sn and Ag were
found to be relatively higher in the tumor tissues than non tumor tissues
of patients addicted of smoking, while elevated levels of Mg, Mn, Ca, Co,

Hg, Na, As and Se were found in the non tumor tissues of colorectal
patients. Non-smoker patients revealed higher levels of Cd, Pb, Cr, Cu, K,
Zn, Ni, Sn and Ag in tumor tissues than non tumor tissues of same pa-
tients. Nonetheless the measured elemental levels of Mg, Mn, Ca, Co, Hg,
As, Fe, Se and Sr were found to be higher in the non tumor tissues than
tumor tissues of non smoker patients controls. Average Ag, Li, Ni, Cr and
Pb levels were elevated in the tumor tissues than non tumor tissues of
non smoker patients, while mean concentrations of Cd, Hg, Se, Sr and Zn
were higher in tumor tissues (smoker than non smoker) of patients.
Mean concentrations of Se, Fe, Co, Ca, Mn and Mg were relatively higher
in non tumor tissues than tumor tissues of non smoker patients (Fig. 3).

3.6. Comparison of elemental levels in tissues based on vegetarian/
nonvegetarian habits

Diet is expected to be one of the most important roles in the etiology
of colorectal carcinoma. A dietary pattern that is rich in whole grains,
vegetables, fruit, fish, legumes, nuts and low in red and processed meat
and alcohol has been related to a substantial dwindling in the risk of
colorectal tumor [48]. Therefore, the WHO recommends improving di-
etary quality by increasing consumption of fruit and vegetables, as well
as legumes, whole grains and nuts [49]. Subsequently the
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Fig. 3. Comparative average concentrations of elements (& SE) in the tumor tissues and non tumor tissues of colorectal patients based on smoking and

nonsmoking habits.
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Fig. 4. Comparative average concentrations of elements ( & SE) in the tumor tissues and non tumor tissues of colorectal patients based on vegetarian and non

vegetarian food habits.

vegetarian/non vegetarian food based comparison in the mean
elemental concentrations in the colorectal tumor tissues and colorectal
non tumor tissues of patients are shown in Fig. 4. In vegetarian tumor
tissues, maximum levels of Cd, Cu, Pb, Zn, Ni, Sn and Ag were detected
when compared to non tumour tissues of vegetarian patients. None-
theless, Mg, Se. Mn, Ca, Co, Hg and Na exhibited maximum in the non
tumour tissues than tumor tissues of vegetarian patients. For comparison
among tumor and non tumor tissues in the same patients, toxic trace
metals were found more contribution than essential metals in the tumor
tissues which revealed that toxic trace metals may have a role in the
beginning/development of colorectal malignancy. Mean levels of Ag, Sn,

As, Hg, Co and Pb were higher in tumor tissues than non tumor tissues of
same patients with non vegetarian food habits. Similarly, Cr, Na, Cu and
Se were found elevated in the non tumor tissues than tumor tissues of
non vegetarian dietary habits. Mean concentrations of Mg, Cd, Mn, Ca,
Fe, K, Sr, Zn, Ni and Li were almost same concentrations in the tumor
and non tumor tissues of non vegetarian colorectal patients (Fig. 4).
Overall, the average elemental contents in the tumor and non tumor
tissues of colorectal patients were significantly different in the same
organs (colorectal) of patients regarding cigarette smoking habits as well
as food habits.
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Fig. 6. Comparative average concentrations of elements ( + SE) in the tissues based on stage of colorectal tumor patients.

3.7. Comparison of the elemental levels based on types/stages in tumor
tissues

Comparative assessment of average elemental levels in the tumor
tissues of various types (lymphoma, carcinoids tumor and adenocarci-
noma) of the colorectal patients is presented in Fig. 5. Colorectal tumor
patients with lymphoma type exhibited relatively elevated levels of Cd,
Co and Cu but rather lower levels of Pb, Mn, Na, As, Li, As and Sn. In
lymphoma tumor patients, toxic metals exhibited more significant
contributions and essential metals showed somewhat less contributions.
In the tissues with carcinoids tumor, higher levels of Mn, Pb, Hg, As and
Se were observed in the patients. Comparatively elevated mean levels of
Cr, Ni, Li and Ag were noticed in the tissues with adenocarcinoma of

10

colorectal patients as shown in Fig. 5. Nonetheless, mean Mg, Ca, Zn and
Fe concentrations were more or less similar in the tissues with all types
of colorectal tumor patients as shown in Fig. 5.

Comparison of the average elemental levels measured in the tumor
tissues of various pathological stages (I, II, III, and IV) of colorectal
patients is shown in Fig. 6. At stage I, relatively elevated levels of Co, Cr,
Cu, Na, Ni and Li were found in the tissues of colorectal tumour patients.
Higher average concentrations of Ag, Sn, Se, and Mn were shown in the
tumour tissues at stage II. Similarly mean Pb, Hg and As concentrations
showed elevated levels in the tissues at stage III, while considerably
higher levels of Cd, Sr and Zn were exhibited by stage IV in colorectal
tumor patients. Nonetheless, Mg, Ca and Fe presented almost compa-
rable levels in the tumor tissues of colorectal patients at all four stages as
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shown in Fig. 6. This is the first study to examine the associations among
toxic/essential elemental concentrations and colorectal carcinoma risk
in Pakistani Population. The current study has some limitations. We did
lack information on family history, physical activity of colorectal tumor
patients. Food intake was self-reported and assessed using a single
baseline measurement. We did not have information about occupational
exposure. These factors may compromise the accuracy of the analysis.
Key strengths of this study include essential/toxic elements were
quantified in the tumor tissues at various types and stages of colorectal
patients. In the future, prospective studies are needed to explore the
causal relationships between toxic trace elements and colorectal
malignancy.

4. Conclusions

In the context of the current study, 20 elements showed different
concentrations in tumor tissues than non tumor tissues of the same
colorectal patients. Average concentrations of Ca (p < 0.01), Na
(p < 0.05), Mg (p < 0.001), Fe (p < 0.001), Sn (p <0.05) and Se
(p < 0.01) showed significantly raised levels in the non tumor tissues
than tumor tissues, whereas mean Zn (p < 0.05), Ag (p < 0.001), Pb
(p < 0.001), Ni (p <0.01), Cr (p <0.005) and Cd (p < 0.001) levels
revealed significantly higher contributions in the tumor tissues
compared to non tumor tissue of the colorectal patients, which is
possibly linked to the tumor etiology/growth stage. The correlation
study draws attention to the considerable associations among toxic trace
and essential elements in the tumor tissues of the colorectal patients that
further elucidated in terms of PCA and CA, which exhibited diverse
apportionment of the elements in the tumor tissues of the colorectal
patients. Disparities of the elements are also observed based on food
habits and tobacco/smoking habits. The findings of the present study
advocated that tumor tissues may accumulate toxic elements more
effectively and that biogenic elements level is disturbed. Further bio-
logical mechanism behind it needs to elucidate in terms of pathophysi-
ology as well as identify potential preventive with early-detection
strategies.
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