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Abstract Prostate cancer is the most common fatal cancers in
men, and exposure to toxic elements is the most important
factor in the aetiology for prostate cancer. Selected elements
(Cd, Cr, Cu, Fe, Mn, Ni, Pb and Zn) were analyzed in the
blood, scalp hair and nails of prostate cancer patients and
counterpart healthy donors by atomic absorption spectrome-
try. Average concentrations of Cd, Mn, Ni and Pb were found
to be significantly higher (»<0.05) in the blood, scalp hair and
nails of the patients compared with those of the healthy
subjects who exhibited significantly higher concentrations of
Zn. The correlation study revealed significantly diverse rela-
tionships of the elements in the blood, scalp hair and nails of
the two donor groups. Variations in the elemental concentra-
tions were also noted for various types of prostate cancer
(adenocarcinoma, squamous cell carcinoma, transitional cell
carcinoma and small cell carcinoma), as well as for different
stages of the cancer. Multivariate apportionment of trace ele-
ments in the blood, scalp hair and nails of the patients was also
significantly different than that in the healthy donors. The
study evidenced considerably divergent variations in the ele-
mental concentrations in prostate cancer patients in compari-
son with healthy subjects.
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Introduction

Trace elements play a vital role in various biochemical pro-
cesses in the human body, and the deficiency or excess of
these elements can affect health and may be involved in the
development of various diseases such as cancer [1]. Prostate
cancer continues to be the most frequently diagnosed neo-
plasm and the second leading cause of cancer-related mortal-
ity in men. Globally, prostate cancer is the sixth most common
cancer and occurs when cells in the prostate gland grow and
multiply uncontrollably [2]. The main histological types of
prostate cancer are adenocarcinomas, squamous cell carcino-
ma, signet-ring carcinoma, transitional cell carcinoma, small
cell carcinoma, neuroendocrine carcinoma or sarcoma [3].
Although its cause is not well understood, several risk factors
including age, diet, race and genetic/family history have been
identified [4]. All the factors might be tracked to the difference
of chemical concentrations, especially the trace elements [5].
Even though the molecular mechanism of trace elements as
the cause of cancer is not very clear, the studies on the
relationship between the cancer causes and the concentrations
of elements are of great importance from the perspective of
cancer prevention and diagnosis [6].

Determination of elements in the various body fluids/
tissues indicates susceptibility to certain diseases, support
therapeutic interventions and explain disturbances associated
with many pathological conditions. However, the choice of
the appropriate specimen depends on several factors, such as
toxico-kinetics, the convenience or invasiveness of the sample
collection procedure and the potential for specimen contami-
nation [7]. The blood, hair and nails are most commonly used
materials which, in comparison to other body tissues, demon-
strate many advantages [8]. Blood analysis provides reliable
information about what the body has recently absorbed and
the concentrations are largely independent of tissue deposition
[9]. Hair and nails provide long-term information and are the
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materials easily accessible for noninvasive sampling. They are
a stable matrix, of low cost, and collection and transportation
are far simpler, painless and less hazardous to handle [10].
Additionally, they are partially independent of the influence of
metabolic processes and homeostatic mechanisms [11]. Many
epidemiological studies in humans have demonstrated the
carcinogenic effects of trace element exposure including pros-
tate cancer [1, 12—16]. Limited data are available in Pakistan,
concerning the trace elemental concentrations in the prostate
cancer patients. Thus, there is a dire need to study the interre-
lationship of trace elements, which could have clinical and
diagnostic significance.

The present study is based on the measurement of various
essential/toxic elements (Cd, Cr, Cu, Fe, Mn, Ni, Pb and Zn)
in the blood, scalp hair and nail samples of prostate cancer
patients in comparison with those of healthy subjects/controls
with matching age, habitat and food habits. Mutual variations
among the elemental concentrations were evaluated by corre-
lation study, whereas multivariate cluster analysis was
employed for the apportionment of elementals in the blood,
hair and nails of the patients and controls. Plausible differ-
ences in the elemental concentrations with respect to cancer
stages and types were also assessed, thereby investigating
whether these elements had any presumptive benefits in the
diagnosis/prognosis of prostate cancer.

Materials and Methods
Study Population

The blood, scalp hair and nail samples were collected from the
newly diagnosed prostate cancer patients admitted in Nuclear
Oncology & Radiotherapy Institute (NORI), Islamabad,
Pakistan. Subjects were selected on volunteer basis, and their
ages ranged from 32 and 85 years. Prior to sample collection,
the protocol of study was approved by the ethical review
committee of the institute. The samples were collected from
the patients prior to any treatment (i.e. surgery, chemotherapy
or radiotherapy), and they were not taking any mineral sup-
plement during last 3 months. Prostate cancer was confirmed
by the serum prostate-specific antigen (PSA) test.

The healthy subjects/controls were also selected on volun-
teer basis from the same localities with matched age groups,
similar socioeconomic status and food habits. The subjects
were initially briefed about the purpose and objectives of the
study, and then a written consent was obtained. A proforma
was filled to record the information such as age, gender,
habitat, ailment duration, food habits, smoking habits, type of
ailment, medicine, hobbies, occupation and tumour grade etc.,
at the time of sample collection from the subjects. Physical
examinations were performed in the hospital to measure par-
ticipant’s weight, height, blood pressure and biochemical data.

Collection and Processing of the Blood Samples

The blood samples were collected from an antecubital vein by
using appropriate precautions to prevent exogenous contami-
nation. Approximately 3 mL venous blood was withdrawn
and transferred to the evacuated blood collection tubes. The
samples were kept in a refrigerator until further processing.
For digestion, an exactly known amount of blood sample was
transferred from storage tube to the digestion flask and
digested with nitric acid—perchloric acid (10:1v/v) mixture
with subsequent heating to a soft boil until white dense fumes
evolved. Samples were then cooled to room temperature and
diluted to proper volume with doubly distilled water [6].
Blanks containing all the reagents in the same sequence (with-
out blood sample) were also processed with each batch of the
samples.

Collection and Processing of the Hair Samples

About 3 g of hair was cut from the nape of the neck close to
scalp, as strands 3—5 c¢cm long, with a pair of plastic scissors.
The samples were directly stored in zip-mouthed polythene
bags, duly labelled with relevant codes. Scalp hair samples
were thoroughly washed to remove any exogenous impurities
[11]. The samples were cut into small pieces of 2-3 cm in
length and mixed with 50 mL of detergent solution in a
conical flask and shaken on an autoshaker for 30 min at 320
vibrations per minute. The samples were left for 2 h undis-
turbed and then washed with plentiful water until all detergent
was leached out. It was followed by the addition of 30 mL
Triton X-100 (0.5 %, v/v) and again shaken on an autoshaker
for 20 min. Now samples were washed with excess of doubly
distilled water and finally dried in electric oven for overnight
at 70 °C and cooled to room temperature in a desiccator
containing silica gel as the desiccant [6].

For digestion, an accurately weighed portion (~1 g) of the
hair sample was treated with 10 mL of concentrated (65 %)
nitric acid and heated at 80 °C for 10 min. It was cooled to
room temperature, followed by addition of 5.0 mL of
perchloric acid (70 %) with subsequent heating to a soft boil
until white dense fumes evolved marking the completion of
the digestion process. Sample was cooled to room temperature
and diluted to 50 mL with distilled water [6]. The blank was
also prepared the same way but without the hair sample.

Collection and Processing of the Nail Samples

For collection of nail samples, the subjects were asked to wash
their hands and feet thoroughly with double-distilled water
and medicated soap, followed by drying with a clean towel or
tissue paper to remove external contamination, if any. All the
fingernails and toenails of the subject were clipped in order to
obtain the measurable quantity. Then samples were stored in
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sealed labelled plastic bags. For washing of the nails, the
samples were scratched with a quartz knife to remove the
surface contamination and were placed in labelled conical
flasks and soaked in 5 % (w/v) detergent solution overnight
to weaken the bound dirt and shaken on an autoshaker for
20 min at 320 vibrations per minute followed by washing with
plenty of tap water. Any loosely bound impurity was removed
manually at this stage. Then acetone was added in the conical
flasks containing nail sample and was shaken on the
autoshaker for 20 min. This step was followed by the addition
of 30 mL Triton X-100 (0.5 %, v/v) solution and again shaken
for 20 min. Now samples were washed with excess of doubly
distilled water and finally dried in electric oven overnight at
70 °C [17].

The dried nail samples were taken in a conical flask and
concentrated nitric acid (65 %) and perchloric acid (70 %)
(5:1, v/v) were added and left undisturbed for 30 min at room
temperature. After predigesting at room temperature, the sam-
ples were heated at 80 °C until white dense fumes evolved. At
this time, it was observed that the samples were completely
digested. Samples were again cooled to room temperature.
The digested samples were transferred to volumetric flasks,
and the final volume was adjusted with 0.1 N of HNO; [18]. A
blank was also prepared in the same way along with each
batch but without the nail sample. After dilution, the samples
were coded and stored in screw-tight plastic bottles for ele-
mental analysis.

Quantification of the Elements

The quantitative measurement of selected essential/toxic ele-
ments (Cd, Cr, Cu, Fe, Mn, Ni, Pb and Zn) in the digested
samples was performed using flame atomic absorption spec-
trophotometer (Shimadzu AA-670, Japan), with automatic
background compensation and under optimum analytical

conditions as shown in Table 1. All the reagents used were of
ultrahigh purity. Doubly distilled water was used throughout
the study for the preparation of the samples and standards.
Stock solution (1000 mg/L) of each element was used to
prepare the fresh working standards just before the analysis.
Three subsamples of each sample were treated and run sepa-
rately onto the spectrophotometer to pool the mean concentra-
tions. The samples were also analyzed at an independent
laboratory for comparison of the results, and a maximum of
5 % difference was observed in the results of two laboratories.
Parallel routine check on the accuracy of quantified results was
ensured through the use of standard reference materials and
interlaboratory comparison. Generally, the contribution of the
blank was <5 % of the measured concentrations in the samples.

Statistical Analysis

STATISTICA software was used for statistical analysis of the
elemental data [19]. The quantified results were subjected to
univariate and multivariate analysis in order to classify the
relationship among the measured variables. Statistical analysis
of the data comprised of the basic statistical parameters,
including, range, mean, standard error (SE) and skewness,
while mutual variations in the elemental concentrations were
computed by correlation study. Cluster analysis (CA) was
used for the multivariate apportionment of the elemental data.

Results and Discussion
Characteristics of the Subjects

The demographic characteristics related to the prostate cancer
patients (hereafter called ‘patients’) and matched healthy

Table 1 Optimum analytical conditions for the metal analyses along with their limits of detection/quantification and certified vs measured concentra-

tions (pg/g) of the metals in standard reference materials

Fe Zn Cu Mn Ni Cr Cd Pb
Wavelength (nm) 248.3 213.9 324.8 279.5 232.0 357.9 228.8 217.0
Slit width (nm) 0.2 0.5 0.5 0.4 0.15 0.5 0.3 0.3
Lamp current (mA) 8.0 4.0 3.0 5.0 4.0 5.0 4.0 7.0
Acetylene flow rate (L/min) 2.0 2.0 1.8 1.9 1.7 2.6 1.8 1.8
Limit of detection (mg/L) 0.006 0.002 0.004 0.003 0.006 0.006 0.004 0.011
Limit of quantification (mg/L) 0.018 0.006 0.013 0.010 0.019 0.018 0.013 0.029
Human hair, GBW 07601 Certified level 54 190 10.6 6.3 0.83 0.37 0.11 8.8
Measured level 54 188 10.8 6.2 0.85 0.36 0.11 8.6
Recovery (%) 100 99 102 98 102 97 98 98
Bovine muscle, NIST-SRM 8414 Certified level 71.2 142 2.4 0.37 0.05 0.071 0.013 0.38
Measured level 71.6 145 23 0.36 0.05 0.070 0.013 0.37
Recovery (%) 101 102 96 97 101 99 101 97
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persons (hereafter called ‘controls’) are presented in Table 2.
Majority of them in both groups were vegetarians. Almost half
of the patients were drawn from rural areas, and most of the
patients were not using tobacco on continuous basis. The
relative proportion of the healthy donors was more or less
the same as those of the patients (Table 2). Patients included in
the present study were commonly suffering from adenocarci-
noma (55-57 %), followed by squamous cell carcinoma (16—
19 %), transitional cell carcinoma (14—15 %) and small cell
carcinoma (10-12 %), whereas 25-32 % of the patients were
diagnosed at stage I, 24-27 % at stage 11, 13—16 % at stage 111
and 30-36 % at stage IV. The PSA levels in the patients
ranged from 317 to 1640 ng/mL with the mean value of
643 ng/mL.

Distribution of the Elements in the Blood

Basic statistical distribution parameters of the trace elements
in blood samples of the patients and controls are depicted in
Table 3. Most of the elements exhibited large spread/range in
their concentrations in both groups. In blood samples of the
patients, mean concentration of Fe (850.8 pg/g) was

Table 2 Characteristics of the subjects

predominantly high, followed by Ni (4.335 ug/g), Zn
(4.283 ng/g) and Pb (3.658 pg/g). However, relatively lower
concentrations were observed for Cu (1.903 ng/g), Mn
(1.524 ug/g), Cr (1.230 pg/g) and Cd (1.084 ng/g). On the
average basis, elemental concentrations in the blood of pa-
tients showed the following order: Fe>Ni>Zn>Pb>Cu>
Mn>Cr>Cd. Basic statistical parameters for the distribution
of trace elements in the blood of controls are also shown in
Table 3. Predominantly higher mean concentrations were
found for Fe (464.3 ug/g), followed by relatively lower con-
centrations of Zn (6.571 ug/g), Ni (2.687 ug/g), Pb (2.248 ug/
g) and Cu (1.951 pg/g). The lowest average concentrations
were recorded for Cr (0.976 pg/g), Mn (0.895 ng/g) and Cd
(0.774 ng/g). On the average basis, trace elements revealed
the following order in their concentrations in the blood of
controls: Fe>Zn>Ni>Pb>Cu>Cr>Mn>Cd. Relatively larg-
er dispersion in terms of SE was shown by Fe; however, a
noticeably higher asymmetry was observed for Zn and Fe in
the blood of controls. Overall, most of the elements manifest-
ed random distribution in the blood of both donor groups,
although comparatively higher dispersion was observed for
the patients.

Characteristics Blood Scalp hair Nails
Cancer patients Controls Cancer patients Controls Cancer patients Controls

n 74 66 67 67 60 60
Age (years)

Range 32-75 27-68 38-72 31-68 32-75 27-68

Mean 56.77 47.76 56.01 47.13 55.18 46.58
Diet (n, %)

Vegetarian 43 (58) 38 (58) 39 (58) 42 (63) 37 (62) 36 (60)

Nonvegetarian 31 (42) 28 (42) 28 (42) 25 (20) 23 (38) 24 (40)
Habitat (n, %)

Urban 36 (49) 36 (55) 33 (49) 33 (49) 32 (53) 35 (58)

Rural 38 (51) 30 (45) 34 (51) 34 (51) 28 (47) 25 (42)
Tobacco use (smoking) (n, %)

No use 43 (58) 37 (56) 39 (58) 39 (58) 34 (73) 32 (53)

Use 31(42) 29 (44) 28 (42) 28 (42) 26 27) 28 (47)
Types of prostate cancer (1, %)

Adenocarcinoma 42 (57) - 37 (55) - 34 (57) -

Squamous cell carcinoma 14 (19) - 12 (18) - 10 (16) -

Transitional cell carcinoma 10 (14) - 10 (15) - 09 (15) -

Small cell carcinoma 08 (10) - 08 (12) - 07 (12) -
Stages of prostate cancer (1, %)

Stage [ 19 (26) - 17 (25) - 19 (32) -

Stage 11 20 (27) - 16 (24) - 15 (25) -

Stage 1T 12 (16) - 10 (15) - 08 (13) -

Stage IV 23 (31) - 24 (36) - 18 (30) -
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Table 3 Statistical distribution parameters for trace element concentrations (p1g/g) in the blood, scalp hair and nails of the prostate cancer patients and

healthy donors/controls

Patients Controls p value
Min Max Mean SE Skew Min Max Mean SE Skew

Blood Fe 222.5 2188 850.8 46.52 1.272 106.1 1604 464.3 27.38 3.167 <0.05
Zn 0.059 8.536 4.283 0.210 -0.43 0.940 32.74 6.571 0.656 3.180 <0.05
Cu 0.061 5422 1.903 0.151 0.501 0.050 5.195 1.951 0.152 0.863 NS
Mn 0.093 5.761 1.524 0.140 1.202 0.032 2.066 0.895 0.068 0.113 <0.05
Ni 0.030 10.35 4.335 0.384 0.406 0.012 8.836 2.687 0.241 1.092 <0.05
Cr 0.112 4.805 1.230 0.121 1.242 0.022 3.542 0.976 0.104 1.393 NS
Cd 0.059 3.832 1.084 0.107 1.217 0.017 3.946 0.774 0.096 1.889 <0.05
Pb 0.023 12.67 3.658 0.358 1.270 0.019 7.474 2.248 0216 1.288 <0.05

Scalp hair Fe 0.500 175.6 76.85 4.689 0.355 0.750 122.7 38.37 3.385 1.054 <0.05
Zn 59.75 591.0 160.7 9.070 3.320 6.850 1207 582.7 25.73 0.297 <0.05
Cu 1.250 23.65 14.10 0.663 —0.120 3.700 30.45 14.37 0.757 0.564 NS
Mn 0.400 12.70 4.653 0.372 0.754 0.150 7.500 2.845 0.235 0.534 <0.05
Ni 1.050 85.95 37.21 2.820 0372 0.050 57.25 19.35 1.840 0.621 <0.05
Cr 0.100 15.00 4.276 0.436 1.182 0.050 10.65 2.926 0.309 1.315 <0.05
Cd 0.050 4.700 1.629 0.159 0.901 0.050 2.800 1.021 0.090 0.499 <0.05
Pb 0.750 82.00 35.87 2487 0.260 0.250 49.35 13.03 1.411 1.421 <0.05

Nails Fe 70.75 549.1 226.2 13.22 0.926 87.80 620.3 239.4 12.90 1.169 NS
Zn 22.50 182.1 1142 4.532 —0.384 45.00 383.2 122.7 8.540 1.462 NS
Cu 1.250 70.00 23.48 2472 0.889 1.250 92.14 24.40 2.238 1.629 NS
Mn 0.250 3542 11.98 1.047 0.998 1.250 24.58 8.629 0.745 0.801 <0.05
Ni 0.847 267.1 101.1 10.19 0.618 1.875 153.2 56.65 5.355 0.945 <0.05
Cr 0.952 60.71 23.88 2.014 0.333 0312 53.21 17.91 2.009 0.962 <0.05
Cd 0.333 14.75 5.655 0.497 0.682 0.325 8.929 3.063 0.292 0.948 <0.05
Pb 2.000 67.00 24.49 2.166 0.593 1.304 67.92 23.83 2.529 0.702 NS

NS nonsignificant

Two-tailed Student’s ¢ test (p<0.05) of the data showed that
mean concentrations of Fe, Mn, Ni, Cd and Pb in the blood of
the patients were significantly higher than those observed in
controls; however, there were no significant differences in the
concentrations of rest of the elements. Only Zn exhibited
considerably higher mean concentration in the blood of con-
trols, whereas Cu showed almost equivalent concentrations in
the patients and controls.

Distribution of the Elements in the Scalp Hair

Basic statistical parameters related to the distribution of trace
elements in the scalp hair of the patients and controls are
shown in Table 3. Most of the elements exhibited a large
spread in their concentrations. In the scalp hair of the patients,
Zn revealed the highest mean concentration at 160.7 ug/g,
followed by Fe (76.85 nug/g), Ni (37.21 ng/g), Pb (35.87 ug/g)
and Cu (14.10 pg/g). However, relatively lower mean con-
centrations were observed for Mn (4.653 pg/g), Cr (4.276 pg/
g) and Cd (1.629 ng/g). Overall, the elemental contents in the
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scalp hair of the patients revealed the following decreasing
order: Zn>Fe>Ni>Pb>Cu>Mn>Cr>Cd. Among the select-
ed elements, Zn, Fe, Ni and Pb showed relatively higher
dispersion as manifested by SE values. Large skewness values
for Zn and Cr indicated their asymmetric distribution in the
scalp hair of patients. The distribution of trace elements in the
scalp hair of the controls showed markedly higher mean
concentration of Zn (582.7 pg/g), followed by Fe (38.37 pg/
g), Ni (19.35 ng/g), Cu (14.37 ug/g) and Pb (13.03 pg/g). The
lowest concentrations were recorded for Cr, Mn and Cd. The
average concentrations of the elements in the scalp hair of
controls revealed the following order: Zn>Fe>Ni>Cu>Pb>
Cr>Mn>Cd. Higher SE values of Zn, Fe, Ni and Pb indicated
their random distribution pattern in the scalp hair of controls.

Comparison of average concentrations of the elements by
Student’s ¢ test in the scalp hair of the patients and controls
revealed that mean concentrations of Fe, Mn, Ni, Cr and Pb
were significantly higher (p<0.05) in the scalp hair of the
patients; nonetheless, the average contents of Cu were more or
less similar in the patients and controls. In the case of controls,
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average concentration of Zn was noticeably higher (p<0.05)
than that in the patients. The comparative study thus indicated
an imbalance of the elements in the scalp hair of the patients
compared with the controls.

Distribution of the Elements in the Nails

Average concentrations of trace elements in the nails of the
patients and controls along with relevant statistical distribution
parameters are presented in Table 3. Mostly the elements
exhibited a large spread of concentrations in the nails of both
groups. Among the elemental concentrations in the nails of
patients, Fe revealed the highest average contribution at
226.2 ug/g, followed by Zn (114.2 pg/g) and Ni (101.1 pg/
g). However, average concentrations of Pb (24.49 pg/g), Cr
(23.88 ug/g), Cu (23.48 ug/g), Mn (11.98 npg/g) and Cd
(5.655 pg/g) were relatively lower. Overall, most of the ele-
ments exhibited relatively symmetrical distribution in the nails
of patients supported by low skewness values. In case of
controls, the highest average concentration was noted for Fe
(239.4 ug/g), followed by those of Zn (122.7 pg/g), Ni
(56.65 ng/g), Cu (24.40 ug/g), Pb (23.83 ug/g), Cr

(17.91 pg/g), Mn (8.629 ng/g) and Cd (3.063 ng/g).
Predominantly random distribution pattern supported by the
large dispersion was shown by most of the elements; however,
some of the elements (Cd and Mn) exhibited relatively lower
dispersion and narrow range. On the average basis, the ele-
mental concentrations in the nails of controls revealed the
following order: Fe>Zn>Ni>Cu>Pb>Cr>Mn>Cd.

Average concentrations of Mn, Ni, Cr and Cd were found
to be significantly higher (p<0.05) in the nails of patients
compared with those in the controls, while mean concentra-
tions of Zn, Fe and Cu were somewhat lower in the nails of the
patients than those in the controls, but the differences were not
statistically significant. The proportional variations of the
elemental concentrations in the nails of the patients and con-
trols indicated imbalances of the elements which may be
linked with the onset and/or progress of the cancer.

Correlation Study
Spearman correlation coefficients between trace elements in

the blood, scalp hair and nails of the patients and controls are
shown in Table 4, wherein significant » values are shown in

Table4 Correlation coefficient () matrix of trace elements in the blood, scalp hair and nails of prostate cancer patients (below the diagonal) and controls

(above the diagonal)
Fe Zn Cu Mn Ni Cr Cd Pb
Blood Fe 1 0.086 0.295 0.166 —0.222 —0.011 —0.021 0.130
Zn 0.411 1 —0.225 0.001 —0.082 —0.080 0.021 0.170
Cu —0.084 0.233 1 —0.037 0.112 0.162 0.377 0.074
Mn —0.201 —0.307 —0.021 1 0.066 0.116 0.001 0.085
Ni —0.166 —0.060 0.047 0.289 1 0.116 0.328 0.236
Cr —0.035 -0.102 0.059 0.368 0.379 1 —0.078 —0.098
Cd 0.128 0.050 0.107 0.535 0.062 0.503 1 0.183
Pb 0.133 0.143 0.048 0.297 0.138 0.421 0.357 1
Scalp hair Fe 1 -0.026 0.171 0.177 0.109 0.148 0.239 0.174
Zn —0.023 1 0.278 0.261 —0.095 —-0.231 0.200 0.050
Cu 0.334 0.137 1 0.151 0.052 0.155 0.182 0.003
Mn 0.301 —0.087 0.420 1 0.013 0.041 —0.054 —0.128
Ni 0.222 0.045 —0.106 0.190 1 0.071 —0.052 0.061
Cr 0.092 0.070 —0.174 0.118 0.487 1 0.051 0.027
Cd 0.266 0.195 0.403 0.265 —0.084 —0.065 1 0.079
Pb 0.248 0.234 0.316 0.156 —0.033 —0.066 0.400 1
Nails Fe 1 —0.041 —0.193 0.126 —0.177 0.099 —0.033 —0.270
Zn 0.038 1 0.018 0.183 0.345 —0.041 0.168 0.127
Cu —0.065 0419 1 0.109 0.048 —0.038 0.039 0.202
Mn —0.040 0.287 0.004 1 0.272 0.033 0.219 —0.045
Ni —0.067 —-0.281 —0.183 —0.032 1 0.331 0.427 0.147
Cr —0.050 0.117 —0.097 0.206 0.110 1 0.318 0.074
Cd —-0.015 0.022 0.073 0.162 0.328 —0.083 1 0.027
Pb —0.234 0.179 0.244 0.182 0.059 0.002 0.072 1

7 values >0.371 or <0.371 are significant at p<0.001
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bold at p<0.001. In case of the blood of the patients, signif-
icant positive correlations were observed between Cd-Mn (r=
0.535), Cd-Cr (r=0.503), Pb-Cr (r=0.421), Zn-Fe (+=0.411)
and Cr-Ni (»=0.379). All other pairs exhibited insignificant
relationships, which manifested their independent variations
in the blood of patients. The counterpart data for the controls
(Table 3) showed a significant relationship between Cd-Cu
(¥=0.377). A few negative correlations were also observed,
but they were not significant. Thus, the correlation study
revealed significantly dissimilar pattern of mutual dependence
of the elements in the blood of patients and controls.

In case of the scalp hair of the patients, significant positive
correlations were observed between Cr-Ni (»=0.487), Cu-Mn
(r=0.420), Cd-Cu (r=0.403) and Cd-Pb (r=0.400) as shown
in Table 4. The correlation study revealed mutual associations
among Cd, Cr, Cu and Pb manifesting their common origin in
the scalp hair of patients. On contrary, no significant correla-
tion was observed among the elements in the scalp hair of
controls (Table 4).

In case of nail samples of the patients, only significant
positive correlation was found between Cu-Zn (r=0.419),

Fig. 1 Cluster analysis of trace (a)
elements in the blood, scalp hair

Blood - Patients (Ward's method)

while the rest of the pairs exhibited independent behaviour
(Table 4). Likewise, trace elements in the nails of controls
mostly revealed an independent pattern as manifested by
insignificant correlations except Cd-Ni (#=0.427). A few neg-
ative correlations were also observed, but they were not
significant.

Multivariate Analysis

Another important aspect of the present study was the appor-
tionment of trace elements using multivariate cluster analysis
[6, 10, 20]. The dendrogram of the elements based on Ward’s
method for blood samples of the patients and controls is
shown in Fig. la. Four major clusters of the elements were
found in the blood of the patients: the first two clusters were
composed of Fe-Mn and Zn-Pb, while Ni-Cr formed the third
cluster and Cu-Cd constituted the last cluster. The correspond-
ing dendrogram of the elements in the blood of controls
showed two major clusters which were considerably different
than those in the previous cases: the first cluster was com-
posed of Fe-Zn-Cu, and the second cluster consisted of Cd-Cr-
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Mn-Pb-Ni. The former group of the elements were mainly
regulated by internal body metabolism and linked with nutri-
tional sources, while the latter group was mostly contributed
by external environmental conditions, especially the anthro-
pogenic contributions.

The findings of CA for the scalp hair of the subjects are
displayed in Fig. 1b. In case of the scalp hair of the patients,
two major clusters were identified: Pb-Cd-Fe-Mn-Cu and Cr-
Ni-Zn. On the contrary, the CA revealed fairly dissimilar
clustering of the elements in the scalp hair of controls, which
exhibited four diverse clusters: Fe-Ni, Zn-Cu, Cd-Mn and Cr-
Pb. Thus, CA exhibited significantly different apportionment
of trace elements in the scalp hair of the patients and controls.

The CA of the elemental data pertaining to the nails of
patients and controls is shown in Fig. 1c. The elemental
concentrations in the nails of the patients revealed very strong
clusters of Cr-Pb-Mn, Cu-Ni-Fe and Cd-Zn. In case of the
controls, two major clusters of the elements were observed:
Cd-Ni-Mn-Cr-Fe and Zn-Cu-Pb. The CA thus showed signif-
icant disparities in the elemental concentrations in the nails of
the patients in comparison with the controls. Multivariate
cluster analysis evidenced notable disparities in elemental
apportionment in the blood, scalp hair and nails of the patients
and controls. In case of the patients, mostly the toxic elements
shared the clusters with essential elements, thereby indicating
the interferences which may result in physiological disorder.
These differences may be attributed to the elemental imbal-
ances in the patients compared with the healthy subjects.
Based on these deliberations, it can be assumed that CA
may be used as a diagnostic tool in clinical studies although
it required further support and justification by detailed studies
comprising larger population segments.

Comparison Among Various Types of Prostate Cancer

Comparative evaluation of mean elemental concentrations in
the blood of various types of prostate cancer patients (i.e.
adenocarcinoma, squamous cell carcinoma, transitional cell
carcinoma and small cell carcinoma) is shown in Fig. 2. In
case of small cell carcinoma patients, Zn, Cu, Mn and Cd
exhibited comparatively higher concentrations in the blood,
while mean concentrations of Fe and Ni were appreciably
higher in the blood of transitional cell carcinoma patients.
However, Pb and Cr showed relatively higher concentrations
in the blood of squamous cell carcinoma patients. Average
concentrations of Cr were not appreciably different in the
blood of transitional cell carcinoma and small cell carcinoma
patients.

Average concentrations of trace elements in the scalp hair
of various types of the patients are shown in Fig. 2. In case of
adenocarcinoma, Fe exhibited elevated concentration, while
mean concentration of Mn was appreciably higher in the scalp
hair of squamous cell carcinoma patients. However, Zn, Cu,
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Fig. 2 Comparative average concentrations of trace elements (£SE) in
the blood, scalp hair and nails of the patients based on cancer types

Pb and Cd showed higher concentrations in the scalp hair of
transitional cell carcinoma patients and Cr exhibited the
highest concentration in the scalp hair of small cell carcinoma
patients. Average concentrations of Mn, Cd and Pb were not
appreciably different in the scalp hair of adenocarcinoma and
squamous cell carcinoma patients.

Mean concentrations of trace elements in the nails of var-
ious types of the patients are also displayed in Fig. 2. The
highest Mn concentration was found in the nails of adenocar-
cinoma patients, while mean concentrations of Fe, Zn, Cr and
Ni were relatively higher in the nails of squamous cell carci-
noma patients. Furthermore, Cu and Pb concentrations were
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markedly higher in transitional cell carcinoma patients.
Conversely, some of the elements (Zn, Pb, Mn and Ni) exhib-
ited the lowest concentrations in the nails of small cell carci-
noma patients.

Comparison Based on Stages of Prostate Cancer

Mean concentrations of trace elements in the blood, scalp hair
and nails of the patients at different stages of the cancer are
shown in Fig. 3, for comparative evaluation. Mean blood
concentrations of Pb, Cr, Mn and Cu were considerably higher
at stage 1V, while average concentration of Ni was relatively
higher at stage III. However, mean concentration of Fe was
considerably higher at stage II, and Zn was found elevated at
stage I. Average concentrations of Pb, Cd and Zn followed the
increasing concentration order: stage III>stage II>stage >
stage IV. Mean concentrations of Cu, Mn and Ni were com-
parable at stage I and stage II, whereas Fe, Zn and Cr concen-
trations were almost equivalent at stage I and stage IV. Some
of the elements (Pb, Cd, Cu, Zn and Fe) exhibited the lowest
blood concentrations at stage III.

Average concentrations of Fe, Mn, Pb and Cd in the scalp
hair were relatively higher at stage IV, while mean concentra-
tions of Ni and Cr were relatively higher at stage III and those
of Zn and Cu were relatively higher at stage I. Among the
elements, Cu, Mn and Ni concentrations were not significant-
ly different at stage I and stage II. The average concentrations
of Pb, Cd, Cr and Zn exhibited almost a similar trend for
different stages of the cancer.

In case of nail samples, mean concentrations of Cu and Mn
were comparatively higher at stage I, while elevated concen-
trations of Ni, Cr and Cd were observed at stage II. Likewise,
elevated concentrations of Zn and Pb were found at stage IV;
however, the average concentrations of Fe and Cd were more
or less similar at stages [ and IV. Mean concentrations of Pb in

the nails were nearly comparable at stage I and stage I1I (Fig. 3).

Oxidative stress has been associated with prostate cancer
development and progression due to an increase of reactive
oxygen species (ROS). However, the precise mechanism
whereby ROS participate in the cancer progression is poorly
understood. ROS are derived from endogenous and exoge-
nous sources [21]. Increased ROS generation has been asso-
ciated with tissue injury or DNA damage which are general
manifestations of pathological conditions associated with in-
fection, mitochondrial DNA mutations and cellular prolifera-
tion [22]. However, the actual effects of oxidative stress may
depend on the cellular genetic background, the types of ROS
involved, and the extent and time of interference [23]. Various
elements (such as, Cr, Ni, Pb, Cd) are reported as catalysts in
the oxidative damage of biological systems, and therefore, the
toxicity associated with these elements may be due to their
ability to generate the free radicals [24, 25]. It is also well
established that free radicals are known to react with all
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Fig. 3 Comparative average concentrations of trace elements (+SE) in
the blood, scalp hair and nails of the patients based on cancer stages

components of DNA, thus damaging its bases and the deoxy-
ribose backbone causing mutations in crucial genes, which
ultimately may lead to cancer [26, 27]. Exposure to high
concentrations of Cd has been suggested to increase prostate
cancer risk factor due to its ability to simulate the growth of
human prostate epithelial cells even at low concentration and
to induce their malignant transformation [28]. It may induce
free radical toxicity as a result of reaction with thiols or
enzymes, which normally protect against the reactive species.
The results of present study were consistent with the other
reports in which Cd concentrations in the blood, scalp hair and
nails of prostate cancer patients were higher than those of



Comparative Study of Trace Elements of Prostate Cancer Patients

55

healthy donors [14, 16, 24, 29]. West et al. [30] reported a
statistically significant positive association with ingested Cd
and prostate cancer risk. Armstrong and Kazantzis [31] and
Platz et al. [32] analyzed data from two separate US cohort
studies and reported no association between high Cd exposure
and prostate cancer risk. Kazantzis et al. [33] found no asso-
ciation between occupational exposure to Cd and prostate
cancer mortality in a British cohort. In contrast, Sorahan and
Watherhouse [34] observed a statistically significant increased
risk of prostate cancer mortality among Ni-Cd alloy workers
in the UK. Similarly, Vinceti et al. [35] also reported an
elevated Cd concentration in the nails of prostate cancer
patients in comparison with the healthy subjects.

Epidemiological studies showed that exposure to Ni and its
compounds produced a high risk of various types of cancer
[24, 36-38]. Sorahan and Watherhouse [34] reported a statis-
tically significant increased risk of prostate cancer mortality
with relatively high occupational Ni exposure. Average con-
centrations of Ni and other elements (Cu and Fe) in the blood
of prostate cancer patients were reported to be higher than
those of controls [39]. Concentration of Cr was also reported
to be significantly higher in prostate cancer patients than that
in normal subjects [40]. In a previous study, the blood, hair
and nail Pb concentrations were reported to be significantly
higher in prostate cancer patients than those in controls [41].
Generally, Mn is not considered carcinogenic to humans [42];
however, Prasad et al. [43] reported that Mn toxicity damages
the brain and may have caused prostate cancer. Kwiatek et al.
[44] reported an increase of Mn, Ni and Co concentrations in
prostate cancer.

Zinc plays a key role in maintaining antioxidant defences
and DNA repair systems, failure to which may result in human
carcinogenesis [45]. It has been known that Zn concentration
in the prostate gland is much higher than that in any other
organ, which suggested that Zn may play a role in prostate
function and health. Zinc is well known to induce production
of metallothionein, which is very rich in cysteine, and this is
an excellent scavenger of hydroxyl radical. Epidemiological
studies provided contradictory findings on the effectiveness of
Zn in prevention against prostate cancer; there were studies
that showed that Zn reduces the risk of developing prostate
cancer [46], while others showed that there were neither
beneficiary nor potential adverse effects of Zn on prostate
cancer risk [47]. However, many studies showed that Zn
deficiency was considered as possible risk factor for prostate
cancer [48]. It is notable that the hair Zn concentration be-
tween patients with malignancy was also significantly lower
than that in normal patients [1, 4]. In the present study, Zn
concentrations in the blood, scalp hair and nails were consid-
erably lower in prostate cancer patients than those in healthy
donors. It is important to note that oxidative stress markers are
prognostically important in prostate cancer, but these bio-
markers are not analyzed in the present study. Although

accumulation of some elements has been clearly demonstrated
in the cancer patients, it is still unclear whether this is a
consequence of the disease or a need for its development. It
was also observed in the present study that socioeconomic
factors also play a role in higher mortality rates in patients,
such as poor nutrition, irregular screening, late diagnosis and
unequal access to health care. The cost factor of cancer treat-
ment is also very high. The local hygiene centre facilities are
poor in Pakistan, and there are no any routine monitoring and
screening carried out for those people living in small towns.
Trace element analysis of the cancer patients could become a
powerful diagnostic tool. Considering risk assessment of met-
al toxicology, future research should be focused on the rele-
vance of respective mechanisms in experimental animals and
exposed humans, especially with respect to effective metal
concentrations. Further study having a large number of sub-
jects is warranted to more clearly define the risks associated
with specific exposures with different histological types of
prostate cancer. A better understanding of the molecular basis
for the development and progression of prostate cancer is
needed. The fact that the risk factors of prostate cancer are
uncertain provides additional setbacks and halts the search for
preventative measures that could benefit for potential patients.
Although, further studies are required in this area, these re-
ports, nevertheless, raised concern for potential detrimental
outcomes of long-term exposure of trace elements in human.

Conclusions

The concentration of trace elements in the blood, scalp hair
and nails of the cancer patients in comparison with that in the
controls were considerably divergent. In the blood and scalp
hair of prostate cancer patients, Pb, Cd, Ni, Mn and Fe were
significantly higher compared to those of the controls, but the
concentration of Zn was considerably lower in the patients
than that in the controls. The average concentrations of Fe, Zn
and Cu were appreciably higher in the scalp hair and nails of
controls; nonetheless, some of the elements (Cd, Ni and Mn)
were significantly higher in the nails of patients than those of
controls, thus indicating the imbalance of these elements in the
patients. Likewise, the average concentration of Cr was not
significantly different in the blood, scalp hair and nails of
patients and controls. Trace elements also exhibited signifi-
cant disparities in the blood, scalp hair and nails of the patients
and controls based on abode, food habits, smoking habits,
cancer types and stages. The correlation study revealed appre-
ciably different mutual variations of the elements in the blood,
scalp hair and nails of the two groups. CA revealed different
apportionment mechanisms of trace elements in the blood,
scalp hair and nails of the cancer patients and controls which
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evidenced that the carcinogenic processes were significantly
affecting the trace element balance in humans.
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