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ABSTRACT

Prostate cancer is one of the most common life-threatening malignancies afflicting men and imbalance of the metals has been considered
as one of its major risk factor. Selected essential metals (Ca, Mg, Na, K, Sr, Li and Co) were analysed in the blood of prostate cancer
patients and counterpart healthy subjects by atomic absorption spectrometry. In addition, prostate specific antigen (PSA) was also
measured in the blood serum of the patients using immunoradiometric method. Mean concentrations of Na, Li and Co were found to be
significantly higher (p < 0.05) and that of K was lower in the blood of the patients compared with the healthy subjects. Most of the
metals exhibited higher dispersion and asymmetry in the blood of patients than controls. The correlation study revealed considerably
diverse relationships among the metals in blood of both donor groups. Variations in the metal levels were also noted for various stages (I,
I, III & IV) as well as types (adenocarcinoma, squamous cell carcinoma, transitional cell carcinoma and small cell carcinoma) of the
patients. The study evidenced considerably divergent variations in the metal levels in prostate cancer patients in comparison with healthy

subjects.
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1. INTRODUCTION

Globally prostate cancer ranks 2™ in cancer incidence and
6™ in cancer mortality; it is 4™ most common cancer of men in
Pakistan [1, 2]. There has been an abrupt increase in the last few
decades that may be associated with the increased industrialization
and urbanization. Generally, it is the consequence of chromosomal
aberration and pathological proliferation of cells of the prostate
tissue which invades the surrounding tissues and eventually
spreads to the lymph nodes, skeletal bones and other parts of the
body [1]. The main histological types of prostate cancer are
adenocarcinoma, squamous cell carcinoma, transitional cell
carcinoma, signet-ring carcinoma and small cell carcinoma [3].
Staging of the cancer is one of the most important factors in order
to plan the treatment and it is based on the prostate biopsy results
and the prostate specific antigen (PSA) levels [3, 4].

Prostate cancer has a complex aetiology and multiple
factors have been identified for its development; commonly the
risk of this malignancy increases with age [4]. Both genetic and
environmental risk factors including diet, age, race, familial
tendency, obesity, smoking, metals imbalances, alcohol
consumption, sexual/physical activity, hormones and life style are
associated with the risk of this malignancy [5, 6]. Some
nutritional/clinical studies suggested that numerous dietary
minerals/trace elements have been implicated in the aetiology of
prostate cancer [7, 8]. Essential metals play a key role in
physiological processes; they exist in delicate equilibrium in the
fluid/tissues under normal conditions but deficiency or excess of
certain metals disturb their dynamic balance which in turn
interrupt the cell functions and ultimately result in cell death [7].
Therefore, increased dietary intake and/or levels of the metals in
human body have been linked to the risk of prostate cancer [8].

Monitoring of the metals in prostate cancer patients is very
important for maintaining their health and has become a

prosperous field in medicine and nutrition [9, 10]. In humans,
various biological samples can be used to measure and monitor the
metal levels as indices for assessing nutritional status and clinical
maladies [9, 11]. Blood is the most widely used and accepted
matrix for biomonitoring the trace metal burden. It is classified as
a connective tissue with a complex liquid intercellular matrix
which measures the component absorbed and temporarily in
circulation before excretion and/or storage, thus it clearly reflects
recent exposure. In addition, the metal levels are generally higher
in the blood compared with the plasma/serum and therefore easy
to detect with conventional techniques [12]. However, it is an
invasive matrix and can have unpleasant effects on the participant
response [13]. It should be stored below freezing point before
metal analyses [14].

Prostate specific antigen (PSA) has been demonstrated as
the premier tumour marker for prostate cancer in untreated
patients. US food and drug administration (FDA) has approved
serum PSA for use as a prostate cancer screening laboratory test
[15]. Tt is a glycoprotein produced by the prostate gland having a
structural relationship to the glandular kallikreins. PSA is highly
specific for prostatic tissue and is important in determining
prognosis, detection of recurrent disease and for screening/early
diagnosis [16].

Nowadays many researchers are investigating the
relationships between the metals and prostate cancer in order to
understand the pathogenesis of the disease [7, 8, 17]. In view of
the important roles of essential metals in various physiological
processes, the present study was designed to evaluate the
disproportions in the distribution and covariations of selected
essential metals (Ca, Mg, Na, K, Li, Sr and Co) in the blood of
prostate cancer patients in comparison with healthy donors with
matching age group, socioeconomic status, abode and food habits.
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Viable variations in the metal levels with respect to
histopathological cancer types/stages were also assessed. It is
anticipated that the present study will provide basic data related to
the imbalances of the metals which can be linked with the

2. EXPERIMENTAL

2.1. Study population. The blood samples were collected from
the newly diagnosed prostate cancer patients admitted in Nuclear
Oncology & Radiotherapy Institute (NORI), Islamabad, Pakistan.
All the participants (patients and controls) were selected on
volunteer basis and their age ranged from 24 and 73 years. Prior to
sample collection, the protocol of study was approved by the
institutional ethic review committees. Informed written consent
was obtained from each participant and the information on age,
gender, place of residence, ailment duration, food habits, health
status, smoking habits, type of ailment, family history of cancer,
medication, hobbies, occupation and tumour stage/type etc., were
recorded in a questionnaire at the time of sample collection.
Physical and clinical examinations were performed in the hospital.
Height and weight of all the participants were measured in order to
calculate their body mass index (BMI) that was then used as an
indicator of obesity. The inclusion criteria for the prostate cancer
patients were; (a) no history of signs and symptoms of recent past
chronic illness except malignant prostate tumour; (b) no patients
had undergone with blood transfusion/surgery; (c) no treatment
with  chemotherapy or radiotherapy; (d) no wuse of
multivitamins/mineral supplements and herbal medications or
drug during past six months; (e) no history of alcohol
consumption. The inclusion criteria for healthy men were; (a) no
history of any type of cancer disease; (b) stay in same geographic
area; (c) similar socioeconomic status and food habits; (d)
matched age group.

2.2. Sample collection and preparation. Prior to the sample
collection, the skin of each participant was thoroughly cleaned
with 70% saturated isopropyl alcohol. For all the subjects, 3—5 mL
of venous blood was collected from antecubital vein using a sterile
needle with syringe (10 mL, BD Ref. 305720) and immediately
stored into the vacutainer polyethylene tubes. One part of the
blood sample was kept at —15°C in a refrigerator for metal
analysis [18], while other part was used for separating the sera.

progression of carcinoma. The study will also help for planning
preventive and educational interventions regarding prostate cancer
in Pakistan.

The blood was allowed to clot at room temperature for 15-30 min;
after complete clotting it was centrifuged for 5-10 min at 3000
rpm. The supernatant fluid was separated by an Eppendorf pipette,
labelled and stored at —15°C until further analysis [19].

For digestion, an exactly known amount of the blood

sample was transferred from the storage tube to the digestion flask
and 10 mL of HNO; (65%) was added to each flask and kept for
10 min at room temperature. Then 10 mL of HCIO4 (70%) was
added and after 10—15 min the flask contents were heated at 80°C
(for 3—4 hours) until dense white fumes appeared marking the
completion of digestion procedure. After cooling, the digest was
quantitatively transferred to 25 mL volumetric flask and the final
volume was adjusted by 0.1 M HMO; [18]. Blank digest was also
carried out in the same way but without blood sample.
2.3. Quantification of the metals. Concentrations of selected
essential metals (Ca, Mg, Na, K, Sr, Li and Co) in the digested
samples were measured using a flame atomic absorption
spectrophotometer (Shimadzu AA-670, Japan) under optimum
analytical conditions (Table 1). All the chemicals and reagents
used during the analysis were of high purity (>99.9%) purchased
from E-Merck (Darmstadt, Germany). Doubly distilled water was
used throughout the study for the preparation of the samples and
standards. Stock solution (1000 mg/L) of each metal was used to
prepare the fresh working standards just before the analysis. To
establish the precision of the results, three sub-samples of each
sample were treated and run separately onto the spectrophotometer
to pool the mean concentration. The samples were also analysed at
an independent laboratory for comparison of the results and a
maximum of 5% difference was observed in the results of two
laboratories. Standard reference material (Bovine Muscle Powder,
NIST-SRM 8414) was analysed to check the reliability of the
quantified results and the percentage recovery ranges from 98-
103%. Generally, the contribution of the blank was <5% of the
measured metal levels in the samples.

Table 1. Optimum analytical conditions for the metal analyses along with their detection/quantification limits and certified versus measured
concentrations (p1g/g, £SD) of the metals in standard reference material.

Metal Wavelength | Slit width  Limit of Detection = Limit of Quantification Bovine Muscle Powder, NIST-SRM 8414
(nm) (nm) (mg/L) (mg/L) Certified Level Measured Level Recovery (%)

Ca 422.7 0.5 0.004 0.013 145 143.8 +3.01 99.2
Mg 285.2 0.5 0.001 0.004 960 9552+10.4 99.5
Na 589.0 0.5 0.002 0.007 2100 2085+21.6 99.3
K 766.5 0.5 0.003 0.009 15170 15210+ 33.7 100.3
Sr 460.7 0.5 0.005 0.016 0.052 0.051 +0.006 98.1
Li 670.7 0.5 0.003 0.009 - - -

Co 240.7 0.2 0.005 0.016 0.007 0.007 = 0.002 99.2

2.4. Measurement of PSA. Prostate specific antigen (PSA) was
measured by total immunoradiometric assay kit procured from
Immunotech (Beckman Coulter Company, Czech Republic), in
which two monoclonal antibodies against two different epitopes of

PSA molecules were used [19]. The samples or calibrators were
incubated in the tubes coated with the first monoclonal antibody in
the presence of the second monoclonal antibody labelled with '*I.
The bound radioactivity was then determined in a gamma counter
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[20]. In this method we used labelled duplicate tubes for total
counts (TC), nonspecific binding (NSB), zero standard, standards,
control and samples. 100 pL of zero standard was added in each of
NSB tubes. Pipetted 100 pL each standards, control and serum
samples into the labelled polypropylene tubes. 100 puL of '*I-
labelled antibody tracer was dispensed in all the tubes which were
incubated for 2 hours with gentle shaking (>280 rpm) on a shaker
at room temperature except TC tubes. After shaking the
supernatant was decanted from all the tubes (except TC tubes) and
washed twice with 2 mL of wash solution (provided in the kit) and
aspirated again. Afterwards inverted tubes were struck on thick
absorbent paper to shake off all residual droplets. Radioactivity of
all the tubes was then determined: counted for one minutes in a
gamma counter with window adjusted for '*’I. The concentration

3. RESULTS AND DISCUSSION
3.1. Demographic characteristics of the subjects. The
demographic data related to the prostate cancer patients and
healthy donors are presented in Table 2, which revealed that age
of the patients was about 57 years on the average while those of
healthy men was about 48 years on the average. Majority of
donors in both groups (>50%) were vegetarians in their food
habits. About 51% of the patients resided in rural localities while
55% of healthy donors lived in urban area. More than half of the
cases (58%) in the patient group and 56% in the control group
were not addicted of smoking.
Table 2. Characteristics of the subjects.

Cancer Patients

Healthy Subjects

Characteristics (n=74) (n = 66)
Age (vears)
Range 32-75 27-68
Mean 56.8 47.8
BMI (kg/m’)
Mean 28.11 20.08
PSA (ng/mL)
Range 317-1640 -
Mean 642.8 -
Diet
Vegetarian 43 (58%) 38 (58%)
Non-vegetarian 31 (42%) 28 (42%)
Habitat
Urban 36 (49%) 36 (55%)
Rural 38 (51%) 30 (45%)
Tobacco Use (Smoking)
No use 43 (58%) 37 (56%)
Use 31 (42%) 29 (44%)
Types of Prostate Cancer
Adenocarcinoma 42 (57%) -
Squamous cell carcinoma 14 (19%) -
Transitional cell carcinoma 10 (14%) -
Small cell carcinoma 08 (10%) -
Stages of Prostate Cancer
Stage-1 19 (26%) -
Stage-11 20 (27%) -
Stage-I11 12 (16%) -
Stage-1V 23 (31%) -

Patients included in the present study were commonly
suffering from adenocarcinoma (57%), followed by squamous cell
carcinoma (19%), transitional cell carcinoma (14%) and small cell

of unknown was determined by log-logit curve. The counts were
directly proportional to the concentration of the analyte [19, 21].
2.5. Statistical analysis. The analytical results were subjected to
the detailed statistical analyses using STATISTICA software [22].
The statistical analysis of the data comprised of the basic
statistical parameters including range, mean, median, standard
deviation (SD), standard error (SE), skewness and kurtosis. The
Student-¢ test was used to determine the difference between the
cancer patients and healthy subjects (p < 0.05 was considered
statistically significant). Besides, the Wilcoxon rank-sum test was
used for the comparison of the median levels. Pearson’s
correlation coefficient was used to examine the relationships
between the metal concentrations for mutual variations.

carcinoma (10%). Twenty-six percent (26%) of the patients were
diagnosed at stage-1, 27% at stage-1I, 16% at stage-III and 31% at
stage-IV of prostate cancer (Table 2). The PSA total levels in
prostate cancer patients ranged from 317 to 1640 ng/mL with the
mean value of 642.8 ng/mL against the normal range of < 6
ng/mL. Thus, the patients exhibited about 100 times higher PSA
levels than the normal range in the present study.

3.2. Body mass index and prostate cancer. Higher body mass
index (BMI) has been linked to the cancer incidence and mortality
worldwide [23]. Several studies have examined the association
between BMI and the risk of prostate cancer, but the relationships
described in the literature are conflicting and inconclusive [24,
25]. Some cohort studies suggested a positive association between
BMI and increasing risk of prostate cancer [26], whereas other
studies have found no association [24]. Rodriguez et al., [27]
examined BMI and prostate cancer mortality in two large cohorts
of men and found prostate cancer mortality rates to be
significantly higher among men with higher BMI. In contrast,
Nomura [28] completed a follow-up study and found no
relationship between BMI and prostate cancer. Giovannucci et al.,
[29] found an inverse relationship between BMI and prostate
cancer risk in younger males. In the present study, BMI of prostate
cancer patients was found to be significantly higher than healthy
men (p < 0.05) as shown in Table 2. A growing body of evidence
indicated that a higher BMI provides a favourable biological
microenvironment for tumour onset and growth [25]. Men with
higher BMI values have also been reported to produce less
testosterone, resulting in prostate cancer that is less androgen
dependent and consequently more aggressive [30]. In addition,
obesity increases the prostate cancer recurrence as well [31].

3.3. Distribution of the metals. Basic statistical distribution
parameters for the concentrations of selected essential metals (Ca,
Mg, Na, K, Sr, Li and Co) of in the blood of prostate cancer
patients and healthy subjects are summarised in Table 3. Statistical
evaluation of the data indicated that most of the metals exhibited
large variations as shown by the minimum and maximum levels.
The tabulated data showed that Na revealed highest concentration
at 1,529 ng/g, followed by K (165.2 pg/g), Ca (54.33 pg/g) and
Mg (29.43 pg/g). Relatively lower mean levels were noted for Co
(5.475 ng/g), Sr (1.301 ng/g) and Li (0.720 pg/g). On the whole,
mean metal levels in the blood of the patients showed following
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descending order: Na > K > Ca > Mg > Co > Sr > Li. Among the
metals, Na, K, Ca and Mg exhibited random distribution pattern
and large dispersion as revealed by higher SD and SE on one hand
and mismatched mean and median levels on the other hand. Lower
magnitude of skewness and kurtosis were observed in favour of
Ca and Co thus showing almost symmetrical distribution pattern.
Relatively large asymmetry in the distribution of K and Sr was
evidenced by higher kurtosis and skewness values.

In the case of healthy subjects (Table 3) predominantly
higher mean concentration was found for Na (959.8 pg/g),

followed by K (351.6 pg/g), Ca (56.65 pg/g), Mg (35.27 pg/g), Co
(2.941 pg/g) and Sr (1.479 pg/g). Lowest average concentration
was recorded for Li (0.441 pg/g). On the average basis, the metals
revealed following decreasing order in the blood of healthy
donors: Na > K > Ca > Mg > Co > Sr > Li. Almost same trend
was observed for the median levels. Highest dispersion in terms of
elevated SD and SE values were noted for Ca, Mg, K and Na.
Relatively large asymmetry was noted in the distribution of Mg, K
and Sr as evidenced by highest kurtosis and skewness values.

Table 3. Statistical distribution parameters for the concentrations (ug/g, wet weight) of selected metals in the blood of prostate cancer patients and

healthy subjects.
Ca Mg Na K Sr Li Co
Min 5.245 12.94 928.6 85.72 0.102 0.01 0.144
. | Max 108.3 57.84 1936 325.1 4.754 2.247 10.85
£ | Mean 54.33 29.43 1529 165.2 1.301 0.720 5.475
E Median 53.80 28.25 1521 162.7 1.201 0.596 6.220
3 SD 2548 8.6602 191.7 40.44 0.844 0.501 3.008
g | SE 3.161 1.007 22.28 4.702 0.103 0.059 0.398
© Skew 0.138 0.888 -0.535 2.037 1.240 1.017 -0.144
Kurtosis -0.620 1.281 1.164 6.262 3.204 0.836 -1.059
Min 4.852 13.55 786.0 81.93 0.032 0.01 0.160
» | Max 140.4 92.48 1218 466.4 4.566 1.43 8.170
é Mean 56.65 35.27 959.8 351.6 1.479 0.441 2.941
& | Median 46.96 32.06 936.2 351.3 1.133 0.393 2.622
JE‘ SD 31.70 13.59 105.3 53.03 1.159 0.320 2.224
S | SE 4.355 1.673 12.96 6.528 0.152 0.041 0.308
= Skew 0.650 1.442 0.616 -1.840 1.069 0.886 0.894
Kurtosis -0.123 3.964 -0.191 9.487 0.463 0.465 -0.042
p-value *NS *NS <0.05 <0.05 *NS <0.05 <0.05

*NS-non significant

3.4. Comparison of the metal levels in prostate cancer patients
and healthy subjects. A systematic and detailed comparison (two
tailed #-test) of the concentrations of the metals in the blood of the
patients and healthy subjects explained that mean concentrations
of Na, Li and Co were significantly higher (p < 0.05) in the
patients, whereas average level of K was significantly lower
compared with the healthy men (p < 0.05) as shown in Figure 1.
Nevertheless, average contents of Ca and Mg were also different;
however the difference did not reach statistical significance.
Likewise, median concentrations of the metals were also
compared by Wilcoxon rank sum test which manifested
statistically significant differences (p < 0.05) for Na, Li and Co in
the blood of the patients and healthy donors. The literature
reported data also showed some statistically significant differences
for Ca, Mg and Co in the case of prostate cancer patients [7, 8,
32].

3.5. Correlation study. Spearman correlation coefficients (r)
between selected metals in the blood of the patients and healthy
subjects are shown in Table 4 (p < 0.01). In the case of patients,
significant positive correlations were observed between Li-Mg (r
=0.598), Sr-Mg (r = 0.431), Li-Na (» = 0.371), Li-Sr (» = 0.369),
K-Mg (r = 0.337), Li-Ca (» = 0.336) and Sr-K (» = 0.335) thus
pointing out some common origin of these metals. The counterpart
data for the healthy subjects (Table 4) showed significant
correlation coefficients between Sr-Na (» = 0.418), Li-Mg (r =
0.408), Na-Mg (r = 0.338) and Li-Sr (» = 0.319) indicating close

associations among these metals and they may share common
origin. A significant negative correlation was noted for K-Na (» =
—0.465), indicating their opposing variations. Some other metals
pairs also revealed inverse relationships but these were not
significant. Age of the donors exhibited insignificant
positive/negative correlations with the metal contents. Among the
metals Co was not significantly correlated with any other metal
and therefore exhibited independent variations. The correlation
study therefore brings out marked divergences in the variations of
the metal contents in prostate cancer patients in comparison with
the healthy donors.

10000

O Cancer Patients B Healthy Men

1000

100

Metal Level (ug/g) in Blood

0.1

Ca Mg Na K Sr Li Co

Figure 1. Comparison of average metal levels (+SE) in the blood of
prostate cancer patients and healthy subjects.
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Table 4. Correlation coefficient (r)* matrix for selected metal levels in the blood of prostate cancer patients (below the diagonal) and healthy donors

(above the diagonal).
Age Ca Mg Na K Sr Li Co

Age 1 0.085 0.205 -0.170 -0.001 0.126 0.051 -0.057
Ca 0.005 1 0.165 0.100 -0.135 -0.042 -0.201 0.010
Mg -0.009 0.159 1 0.338 -0.010 0.149 0.408 0.090
Na 0.095 0.207 0.331 -0.452 0.418 0.127 0.097
K -0.304 0.081 0.337 -0.189 1 0.048 0.167 0.019
Sr 0.032 0.031 0.431 0.110 0.335 1 0.319 0.098
Li 0.021 0.336 0.598 0.371 0.255 0.369 1 0.278
Co -0.028 0.033 -0.078 -0.009 0.028 0.008 0.140 1

**pr-values > 0.307 or <— 0.307 are significant at p < 0.001

3.6. Comparison of the metal levels based on habitat. Average
metal levels (+ SE) in the blood of prostate cancer patients and
healthy subjects inhabiting in urban and rural localities are
displayed in Figure 2, for comparative evaluation. Mean levels of
Li, Co and Na were significantly higher in the urban patients
compared with urban healthy donors, while mean levels of Sr, K
and Mg exhibited higher levels in the blood of urban controls.
Almost comparable average levels of Na, Mg and Ca were
observed in the blood of urban/rural patients, while mean contents
of K and Na revealed comparable contribution in the blood of
urban/rural healthy subjects. Likewise, in the case of healthy
donors, mean contents of Ca and Co were determined at
appreciably higher levels in the blood of rural subjects, whereas
mean levels of Mg, Sr and Li were noticeably higher in the blood
of urban subjects. Average concentrations of Na and Co depicted
marginally elevated levels in the urban patients compared to rural
controls while mean levels of Mg, K and Sr were comparatively
higher in the blood of rural controls compared to the rural patients.
Accordingly, noticeable variations in the metal levels among
urban and rural subjects evidenced the imbalance of these metals
in the blood of prostate cancer patients.

10000
O Urban Patients
1000 = —
B Rural Patients
B -
Q% O Urban Controls
.8 100 — —
) . ORural Controls
B0 b=
3
£ 10+ — — —
|
=
L
=
1 41 S L S
01 41 m
Ca Mg Na K Sr Li Co

Figure 2. Comparative average concentrations of selected metals (+SE) in
the blood of prostate cancer patients and healthy subjects based on habitat
3.7. Comparison of the metal levels based on dietary habit.
Comparison of average concentrations of selected metals (+ SE) in
the blood of prostate cancer patients and healthy donors with
vegetarian and non-vegetarian food habits are portrayed in Figure
3. Average levels of Na, Li and Co were appreciably higher in the
blood of non-vegetarian patients compared to non-vegetarian
controls while, mean contents of Ca, Mg, K and Sr were

comparatively higher in non-vegetarian controls. Average
concentrations of Co, Na and Li were significantly elevated in the
blood of vegetarian patients compared to the vegetarian controls.
Besides, mean contents of Ca, Mg and K were appreciably
elevated in the blood of vegetarian controls compared to the
vegetarian patients. Average levels of Na, Li and Co were
appreciably higher in the blood of the patients (vegetarian & non-
vegetarian) compared to the controls (vegetarian & non-
vegetarian), while mean contents of Ca, Mg and K were relatively
higher in healthy donors irrespective of vegetarian & non-
vegetarian food habits. In the case of healthy donors, average
concentrations of Li and Sr were considerably higher in non-
vegetarian healthy subjects, while mean Co level was noticeably
high in the blood of vegetarian healthy subjects. From the above
discussion, it can be concluded that the dietary attitude had some
noticeable effects on the metal levels which was supported by
already reported studies [33, 34].

10000
O Non-Vegetarian Patients
1000 L
B Vegetarian Patients
= e
(=]
% ONon-Vegetarian Controls
= 100 — — —
g T O Vegetarian Controls
E: b
EQETEE. JUNC gpEy ppE
Q
-
=
O
=
1 4 1 1 1
01 . m
Ca Mg Na K Sr Li Co

Figure 3. Comparative average concentrations of selected metals (+SE) in
the blood of prostate cancer patients and healthy subjects based on dietary
habits.

3.8. Comparison of the metal levels based on smoking habit.
Mean levels of selected metals (= SE) in the blood of the donors
with smoking and non-smoking habits are shown in Figure 4, for
comparative appraisal. Average concentrations of Na, Li and Co
were found to be significantly higher in the blood of patients
compared with healthy subjects (irrespective of smoking & non-
smoking), whereas K level was recorded higher in healthy donors.
Nonetheless, average levels of Ca, Mg and Sr revealed comparable
contributions in the blood of patients and controls. Mean levels of
Na, Li and Co were considerably higher in the blood of non-
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smoking patients compared with non-smoking controls,
nonetheless, Ca, Mg, K and Sr levels were somewhat higher in
non-smoking controls. Average levels of Li and Sr were found to
be significantly higher in the blood of smoking patients compared
with non-smoking patients, however mean level of Co was
noticeably higher in the patients with non-smoking habit.
Similarly, mean levels of Li, Mg and Co were considerably higher
in the blood of non-smoking controls than smoking controls,
whereas only Sr was considerably higher in the blood of smoking
controls. The comparative proportions of the metals in the blood
of prostate cancer patients with smoking/non-smoking habits were
significantly different which suggested that the metals distribution
was affected by tobacco-use.

10000
@ Smoking Patients
1000 —
= B Non-Smoking Patients
3 —
o
m O Smoking Controls
£ 100 1 7 1
C) s . O Non-Smoking Controls
E
ERRTES - - -
Q
=
=
153
=
1 <+ 1 | E— | E—
0.1 +
Ca Mg Na K Sr Li Co

Figure 4. Comparative average concentrations of selected metals (+SE) in
the blood of prostate cancer patients and healthy subjects based on
smoking habits.
3.9. Comparison of the metal levels based on types and stages
of cancer. Comparative evaluation of mean metal concentrations
(= SE) in the blood of different types of prostate cancer patients
(i.e., adenocarcinoma, squamous cell carcinoma, transitional cell
carcinoma and small cell carcinoma) is shown in Figure 5. In the
case of small cell carcinoma patients, Sr exhibited highest average
concentrations while, Co, Mg and Li showed maximum levels in
the blood of squamous cell carcinoma patients. In contrast, lowest
level was noticed for Ca in the blood of adenocarcinoma patients
while it exhibited almost equivalent contributions in the remaining
types of the patients. Nonetheless, mean levels of Na, K and Sr
were almost comparable in the blood of adenocarcinoma and
squamous cell carcinoma patients. In addition, average contents of
Na and K were not appreciably dissimilar in the blood of
transitional cell carcinoma and small cell carcinoma patients.
Average concentrations of selected metals (£ SE) in the
blood of prostate cancer patients at different stages are shown in
Figure 6, for comparative assessment. Mean blood concentrations
of Sr and Mg were considerably higher at stage-IV, while average
levels of Ca and Co in the blood were found elevated at stage-I of
the patients. It was noted that mean content of Na in the blood was
almost equivalent at all four stages of the patients. Among the
metals, Ca, Mg, Li and Co levels were almost similar at stage-II
and stage-III of the cancer patients. Mean concentration of K was
found lowest at stage-IV while K and Sr were noted minimum at
stage-III compared to other stages. Average concentrations of Sr
increased in the following order: stage-III > stage-II > stage-1 >

stage-IV. Mean concentrations of Li and K were comparable at
stage-I and stage-II in the blood of the patients.
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Figure 5. Comparative average concentrations of selected metals (+SE) in
the blood of the patients based on prostate cancer types.
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Figure 6. Comparative average concentrations of selected metals (+SE) in
the blood of the patients based on prostate cancer stages.

3.10. Metals and oxidative stress in prostate cancer. Numerous
studies have reported that some metals undergo redox-cycling
reactions generating deleterious free radicals or reactive oxygen
species (ROS) which ultimately produce oxidative stress. A cell’s
state in which ROS level exceeds the ability to detoxify the ROS
or to repair the ROS mediated damage is referred as oxidative
stress and has been shown to significantly increase the risk of
developing prostate cancer [35]. In human body, ROS are
produced naturally through variety of mechanism such as oxygen
reacting with metal ions and/or mitochondrial electron transport
chain reaction that reduces O, to H,O. Mitochondrial mutation
could lead to impairment of electron transport chain, which in
consequence generates more ROS in prostate cancer cells [36].
Recent studies have indicated that a high oxidative stress can be
detected in the epithelium of prostate cancer patients [37]. Indeed,
cancer initiation and progression have been linked to oxidative
stress by increasing DNA mutations or DNA damage, genome
instability, and cell proliferation in prostate [38]. The
physiological role of selected metals in relation to human health
and prostate cancer is described below.

3.10.1. Calcium. Calcium has long held an interest in cancer with
essential messenger roles regulating cell cycle proliferation and
apoptosis [39]. Its consumption might also reduce the production
of dihydroxyvitamin D; the deficiency of which is associated with
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an increased risk of several types of cancer including prostate
cancer [40]. Calcium may play a role in prostate carcinogenesis
through its effects on the insulin like growth factors system, which
possessed mitogenic and anti-apoptotic effects on normal and
transformed prostate epithelial cells [41]. A number of prospective
studies have investigated the relationship between Ca and prostate
cancer risk with mixed results [42]. Some of the studies have
advocated that elevated level of Ca is associated with prostate
cancer [43, 44]; however a weak negative association was found
between Ca and prostate cancer risk [45]. Halthur et al., [46] also
found no evidence of an association between prediagnostic serum
level of Ca and risk of prostate cancer. Bone is the most common
site for metastasis in prostate cancer; it occurs in approximately
80% of the prostate cancer patients and it can lead to disturbances
of Ca metabolism [47]. It has been reported that Ni can block Ca
channels and hence Ni releases the stored intracellular Ca via a
mechanism underlying the interaction between Ni** and cell
surface Ca receptors [48]. The results of the present study
manifesting lower Ca level in the blood of prostate cancer patients
than healthy men (Table 3) corroborate with the above findings.
3.10.2. Magnesium. Magnesium plays an essential role in ATP
production, protein synthesis, muscle contraction, DNA repair,
cell differentiation, proliferation, apoptosis, and angiogenesis [49].
It is generally classified as an anticarcinogenic element however
the results are controversial [50, 51]. Prior studies in humans
found lower Mg level lead to inflammation and insulin resistance
which have been linked to progression of prostate cancer [49]. Its
deficiency is also linked to the inflammatory response, oxidative
stress and in the formation of precancerous cells [52]. In addition,
its deficiency may affect multiple pathways toward tumorigenesis
across the body [53]. Dai et al., [49] reported that serum Mg level
was significantly lower in high grade prostate cancer patients as
compared to the controls. Likewise, Mg concentration was
somewhat lower in the prostate cancer patients than those in
healthy men in the present study (Table 3) thus indicating an
essential role in the development of disease. In a previous study,
Mg concentration in drinking water was found inversely correlated
with prostate cancer mortality [50]. In another study, serum Mg
level was found to be significantly higher in the patients with than
the controls [7].

3.10.3. Sodium. Sodium is considered essential for the cellular
homeostasis and various physiological functions. It is the principal
cation of extracellular fluid and a major determinant of
intravascular fluid volume [54]. Consumption of too much Na
over a long period of time can contribute hypertension, high blood
pressure, hypocalcemia, hypokalemia, chronic renal failure,
osteoporosis and increasing the risk of stroke [55]. It has been
reported that higher intake of Na or salt can be linked to an
increase in stomach cancer risk in most of the cases [56]. In the
present study, blood Na level was found to be significantly higher
in the patient group compared to the healthy subjects (Table 3).
3.10.4. Potassium. Potassium is an essential part of intracellular
fluid and its imbalances are potentially life-threatening [57]. Too
much K, called hyperkalemia, characterized by irritability, nausea
and cardiac arrest. Fatigue is the most common symptom of
chronic K deficiency [55]. Nevertheless, high K intake may have
beneficial effects including reducing the risk of stroke, protective
effects against the risk of kidney stones and reducing the

demineralisation of bone or osteoporosis [58]. In a study it was
concluded that patients with hyperkaliaemic diseases have reduced
cancer rates whereas patients with hypokalaemic disease have
increased cancer rates [59]. Generally, the cancer patients are at
high risk for electrolyte imbalances which may result in tumour
lyses syndrome, chemotherapy side effects and tumours producing
ectopic hormone. Failure to recognize this in-vitro phenomenon
can lead to unnecessary and potentially harmful interventions [57].
In the present study, the results indicated that there was a
significant difference in blood K level between the patients and
controls (Table 3).

3.10.5. Strontium. Clinically Sr performs the functions
resembling Ca because of in-vivo relevancy and causes Ca to be
retained in the body. Strontium is considered helpful in reducing
the loss of bone minerals in osteoporosis [60] and it might be
useful in the cartilage formation [61]. Animal studies showed that
consumption of very large amounts of Sr can be lethal [62]. Under
extremely high exposure, the genetic materials in the cells are
damaged thus leading to the cancer development [63]. The
International Agency for Research on Cancer and the
Environmental Protection Agency declared that radioactive Sr is a
human carcinogen because it is deposited inside the body and
emits beta radiation [62]. Cancers of the bone, nose, lung and
blood have been reported in animals due to the high dose of Sr
[64]. The present study demonstrated increased Sr concentration in
the prostate cancer patients compared to the healthy donors (Table
3); the elevated Sr levels are considered a danger to human health.
3.10.6. Lithium. Lithium is involved in a variety of processes
including metabolism, communication, and cell
proliferation but these effects are dose-dependent and cell type
[65]. Further, Li stimulates cell proliferation in mammary tumour
cells and inhibits proliferation in melanoma and hepatocellular
carcinoma [66]. A study reported that increased ROS generation
and oxidative stress have the central role in Li cytotoxic
mechanism [67]. Previous research work demonstrated that
administration with Li for 15 minutes significantly increased
intracellular ROS levels in rat hepatocytes [68]. Interestingly, it
has been advocated that cancer mortality and incidence are
inversely proportional to Li dose in patients taking Li, particularly
in cancers of nonepithelial origin [66]. Lithium is an inhibitor of
the serine/ threonine kinase GSK-3 (glycogen synthase kinase-3),
which is believed to play an important role in the development of
some cancers [68]. The present study showed that blood Li
concentration was elevated in the patients with prostate cancer
compared to the controls (Table 3).

3.10.7. Cobalt. Cobalt is an essential element and an integral part
of cobalamin (vitamin B12), but its high concentration is
potentially toxic to humans. However, the exact mechanisms of
how Co exerts its toxic effects are not fully understood [69].
Literature data indicated that Co is cytotoxic and genotoxic to
many cell types, including neural cells and can induce cell death
by apoptosis and necrosis [69, 70]. It can cause DNA
fragmentation, activation of caspases, increased production of
ROS, augmented phosphorylation of mitogen-activated protein
kinases, and elevated levels of p53. Cobalt mediates the
occurrence of oxidative stress which contributes to toxicity and
death [71]. Furthermore, it can inhibit nucleotide excision and
DNA repair by the inhibition of incision and polymerization which

neuronal
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is an important mechanism for preventing mutagenesis and
carcinogenesis [69]. Thus, Co has been classified as “possibly
carcinogenic to humans” (group 2B) by the International Agency
for Research on Cancer [72]. Several studies provided clear
evidence for the carcinogenic effects of Co in animal models and
also enhance the frequency of UV induced mutations and sister-
chromatid exchanges in V79 Chinese hamster cells [69]. Recent
studies reported higher serum Co concentration in the patients
with prostate cancer than the controls [7, 8]. Significantly higher
level of Co in the blood of prostate cancer patients compared to
the healthy subjects was noticed in the present study, clearly
indicating the adverse effect of Co overload in the patients (Table
3).

Prostate cancer is the most destructive type of prostate
disease and its projections are useful to plan and prioritize health

4. CONCLUSIONS

In conclusion, the distribution of selected metals in the
blood of prostate cancer patients in comparison with healthy
subjects was considerably divergent. The average concentrations
of Na, Li and Co were significantly higher in the blood of patients
compared to the healthy donors but mean levels of K, Ca and Mg
were considerably lower in the patient than the healthy subjects.
Among types, small cell carcinoma patients showed elevated Sr
level, while Mg, Li and Co showed highest concentrations in the
blood of squamous cell carcinoma patients. On contrary, lowest
Ca level was noticed in the blood of adenocarcinoma patients.
Similarly, Sr and Mg levels were considerably higher at stage-IV,
while average concentrations of Ca and Co were found elevated at
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