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Abstract The prostate gland diseases are associated with
benign prostatic hyperplasia (BPH) and prostate cancer
(PC) and exposure to toxic trace elements may promote the
prostatic disorders in men. The present study is intended to
analyze the concentrations of twenty elements (Al, Sb, Ca,
Se, Cd, Fe, Hg, As, Zn, Mn, Na, Li, Cu, Co, Mg, Sr, Ni, K,
Cr and Pb) in the serum of BPH (n=188) and PC (n=217)
patients and in comparison with controls (n=233). Nitric
acid-perchloric acid mixture was used for serum diges-
tion followed by determination of the metals/metalloid by
atomic absorption spectrophotometry. This study elucidates
the imbalances of the elements with BPH/PC patients and
healthy subjects. For multiple comparisons, Bonferroni test
was applied and principal component analysis was per-
formed for measuring the multiple metals/metalloid expo-
sure. Mean concentrations of Al, Cr, Pb, Cd, Na, Ni and K
were found higher significantly (p <0.05) in the serum of
BPH patients compared with healthy controls, while aver-
age levels of Sb, Al, Cd, As, Mn, Sr, K and Pb were signifi-
cantly (p <0.05) elevated in PC patients than controls. The
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correlation patterns revealed significantly different mutual
associations among the metals/metalloid in patients as com-
pared to controls. Multivariate statistical methods showed
substantially divergent grouping of the metals/metalloid for
both groups of patients and healthy controls. Significant var-
iations in the elements levels were also detected in various
PC types (small cell prostate, transitional cell, squamous cell
carcinomas and adenocarcinoma) and PC stages. Significant
differences in the metals/metalloid levels were also noted
with abode, dietary and smoking habits of donor groups.

Keywords Benign prostatic hyperplasia - Prostate
cancer - Serum - PSA - Metals - Multivariate analysis

Introduction

Progressive urbanization, industrialization, vehicular emis-
sions and poor food quality contribute to the rising burden
of several diseases including cancer in humans. Cancer of
prostate is a heterogeneous disease develops in the pros-
tate gland organ among men. It is one of the most common
non-cutaneous malignancies in elderly males with an esti-
mated more than 1.4 million new cases and 375,000 deaths
in 2020 [1]. Globally, prostate cancer (PC) is the 2nd most
commonly diagnosed tumor and is the 5th leading cause
of cancer mortality in males and represents a substantial
public health burden [2]. After about two decades of declin-
ing incidence, PC cases increased by 3% per year in USA
[3]. Benign prostatic hyperplasia (BPH) is a non-cancerous
cellular proliferative process resulting prostatic enlargement
leading to obstruction of the urethra thereby can significantly
impair quality of life [4]. Among men, BPH is the most com-
mon urologic disorder after the age of 50 years representing
serious health issue especially in industrial countries [5].
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However, PC and BPH coexist in the same prostatic zone
is only 20% of cases [5]. Generally, prostate malignancy
progresses very slowly and can often be treated success-
fully, especially if diagnosed in the early stage. Accordingly,
cancer stages represent the progression of cancer pertaining
the spread of tumors from unspread to growing tumors pen-
etrating in the adjacent tissues/other organs [6]. The stage
of cancer helps to predict the course of treatments and to
identify clinical trials [7]. Despite intense efforts on cancer
research, the exact etiology of BPH and PC are unknown,
various factors such as family history, hormones, ethnic-
ity, diet, age-related changes, infection-related inflamma-
tion, alcohol and smoking as well as exposure to metals/
metalloid are linked to prostate gland disease development
[8—11]. Moreover, as mentioned, various epidemiological
studies have explored the associations among non essen-
tial heavy metals exposures and risk of prostatic disorders
in patients [11, 12]. Hence, various toxic elements such as
Cd, As, Pb, Cr, Ni and Hg are persistent in the environment
and are considered to contribute to the augmented risk of
this disease [4, 10]. Further, long-term exposure to various
toxic metals may disturb the dynamic balance in the body
causing enhanced generation of free radicals via oxidative
stress, modification of tumor suppressor gene expression,
damage of nucleic acid and the activation of redox-sensitive
transcription factors resulting in many ailments including
prostate disorders [12]. It has been recognized that both
PC and BPH develop due to DNA damage and mutations,
which could arise for various reasons, including environ-
mental contaminants such as Cd, Pb and Ni exposure [8—10].
Recent scientific data revealed the associations of toxic met-
als like Pb and Cd to BPH development and progression
through the altered pro-oxidant—antioxidant balance in the
patients [4, 5]. Consequently, these studies also concluded
that Cd and Pb play an important role in the pathogenesis
of prostatic disease [5]. For instance, Cd is a potential risk
factor for PC based on substantial supportive evidence from
experimental/clinical research for such an association [13].
Various biological fluids/tissues (plasma, blood, hair, nails
and tissues) exposed alterations of elements in patients with
throat, colorectal, breast, ovarian and prostate cancers etc.,
[7, 14, 15]. Prostate specific antigen (PSA) is a tumor marker
and is utilized for screening of prostate gland diseases [16].
The epithelium of prostate tissue excreted PSA which is a
single-chain glycoprotein [12]. PSA level increases slightly
with age as the prostate gland grow bigger. Nevertheless,
along with prostate disease, PSA level can also be influenced
by a variety of other factors, such as lifestyle choices and
exposure to metals [7]. Hence, high concentration of PSA
in serum is a sign of prostate disease in the prostate gland
including BPH and PC in patients [17].

Quantification of metals/metalloid levels in the human
blood serum can be used as a clinical diagnostic tool, which
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explains the effects of environment and/ or nutrition on the
elemental levels in the body [14]. Further, many epidemio-
logic and biochemical research data on the relationship
among many of metals/metalloid and incidence of prostate
disease is incomplete. Little is known about the relation-
ships (beneficial or harmful) between serum metals levels
and BPH patients and PC in patients. The relationship of
these metals exposures with serum PSA, a marker used for
PC screening, is unknown as well. To our knowledge, rela-
tionships between metals/metalloid and serum PSA have not
been examined in Pakistani Population. Keeping in view,
it is necessary to explore strategies that might reduce the
incidence of prostate diseases. To our knowledge, this is
the first study to investigate the relationship between the
levels of metals/metalloid and elevated serum PSA in BPH
and PC in Pakistani patients. Based on the above facts, the
present study was designed to measure the concentrations
of toxic and essential metals/metalloid (Al, Sb, Ca, Se, Cd,
Fe, Hg, As, Zn, Mn, Na, Li, Cu, Co, Mg, Sr, Ni, K, Cr and
Pb) levels in the serum of BPH patients and PC patients in
comparison with counterpart healthy donors. Mutual asso-
ciations among the metals/metalloid and PSA levels were
assessed by spearman correlation study. Further multivariate
methods such as cluster analysis and principal component
analysis were implicated for the apportionment of metals
in the serum of BPH patients and PC patients as well as
healthy donors. Variations in the metals/metalloid concen-
trations with respect to abode, food habits, smoking and non-
smoking habits, types of PC (small cell prostate, transitional
cell, squamous cell and adenocarcinoma) and stages (I, II,
IIT and IV) of the donors were also assessed. Different ana-
Iytical techniques, such as inductively coupled plasma mass
spectrometry (ICP-MS), inductively coupled plasma atomic
emission spectroscopy (ICP-AES), X-ray fluorescence spec-
troscopy and atomic absorption spectroscopy (AAS) can be
applied to identify and measure metals and metalloid. AAS
is an accurate, reliable, reproducible and frequently used
analytical tool to quantify most metals and metalloids in
fluids and tissues, whether for toxicological investigation
or for therapeutic indications. This method offers sufficient
sensitivity for many applications and is relatively interfer-
ence free. The outcomes of studies may be impacted by the
sensitivity and specificity differences between various trace
element assays [14].

Materials and Methods
Study Setting
The study subjects were recruited from the Punjab Institute

of Nuclear Medicine (PINUM) Faisalabad Pakistan, one of
the large public cancer’s Institute in Faisalabad-Pakistan,
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where a total of 638 study participants were recruited in
2020-2021. The inclusion criteria for patients were: age
between 40 and 85 years old, diagnosed with benign pro-
static hyperplasia and prostate carcinoma based on patho-
logical/biopsy examination, no surgery, no blood transfu-
sion, treatment with chemotherapy or radiotherapy has not
yet started; not used multivitamins from last six months,
no endocrine disorder or any other chronic diseases, lived
in Punjab province for more than 5 years. The exclusion
criteria were: treated with radiotherapy or chemotherapy,
post-operative patients, distant metastasis, history of other
tumors and serious diseases of the liver or kidney, not will-
ing to participate in the present study etc., took nutritional/
vitamin supplements or antioxidant within the past three
months, drinking alcohol abuse one month before enroll-
ment. The BPH patients did not start any treatment for cure.
The healthy donors enrolled from the same Institute PINUM
belong to the same area of respective patients, no prior his-
tory of tumor disease at the time of recruitment, matched to
the cases by age, sex and concurrent infection, or chronic
infection, similar socioeconomic status and nutrition hab-
its and no history of drug abuse. Prior to sample collec-
tion, the study was approved by the Ethics Committee of
Punjab Institute of Nuclear Medicine, Faisalabad (Ref. No.
UEFC/2022/R437), and all participants signed the informed
consent performa and with the 1964 Helsinki declaration
and its later amendments or comparable ethical standards.
At the time of sample collection, information regarding
age, residence, occupation, nutritional habits, health sta-
tus, smoking habits, type of ailment, medication, and tumor
stage and type of tumor etc., were filled by trained research
staff using a standardized questionnaire via respective par-
ticipant. Routine medical examinations were performed in
the Institute-PINUM of each participant.

Sample Collection

After 10 h fasting, trained staff nurse was collected the blood
of each subject from an antecubital vein at morning hours.
Appropriate precautions were managed to inhibit exogenous
contamination. Around ten milliliter blood (venous) of PC
patients, BPH patients and healthy controls were drawn at
fasting conditions. Immediately, the blood samples were
transferred in two metal free sterile polyethylene tubes
almost equally. One tube was sent to special chemistry lab-
oratory for prostate specific antigen (PSA) test and other
blood sample tube was kept in water bath until all the blood
in the tube was completely clotted. Then the samples (blood)
were centrifuged by centrifuge machine for 15 min around
4000 rpm. The buffy coat was removed with the help of
pipette and recentrifuged the blood. Then the serum was
separated by Appendorf pipette and transferred to a new

screw capped tube followed by stored at — 10 °C until ele-
mental analysis [15].

Sample Processing

Accurately known amount of serum sample of each par-
ticipant was relocated from storage tube to the digestion
flask. 5 mL of HNO; was added in each tube and remained
at the room temperature for 30 min and stirred occasion-
ally. Then, placed on hot plate and heated for 30 min at
50 °C followed by cooling at room temperature. Two mL
of HC1O, was added in each of the digestion flask and the
mixture was transferred to the hot plate followed by heating
at 70-80 °C. This heating process to a soft boil followed by
evolving of white dense fumes was signal of completion
process of mineralization. The serum samples were taken off
the hot plates and then cooled at ambient temperature [14].
The digested solutions after mineralization were transferred
to 25 mL volumetric flasks and then diluted with doubly
distilled water. A sample blank was processed with each
batch of the 6 samples.

Measurement of Essential and Toxic Metals
and Metalloid Levels

Serum samples concentrations of Al, Sb, Ca, Se, Cd, Fe,
Hg, As, Zn, Mn, Na, Li, Cu, Co, Mg, Sr, Ni, K, Cr and Pb in
BPH patients, PC patients and healthy controls were meas-
ured by using flame atomic absorption spectrophotometer
(AAS) (Shamidzu AA670, Japan). Serum samples levels of
Se, Hg, and As were determined in all participants were
made using an GBC 932b plus atomic absorption spectro-
photometer (GBC Scientific Equipments Pvt. Ltd. Aus-
tralia). All measurements were performed in duplicate and
runs separately onto the AAS in order to get pool average
levels of specific element. The accuracy of the analytical
process and measurements were controlled using certified
reference materials (CRM), NIST-SRM 8414 (bovine Mus-
cle Powder). Overall percentage recoveries were 95-105% of
the assigned analytical values. The selected metals/metalloid
were also determined by an independent laboratory in the
serum samples for comparison of the results and maximum
of +3% difference was noted in the results of two laborato-
ries. In addition, working standards were prepared by serial
dilution of the stock standard solutions (1000 mg/L) prior
to the analysis [15].

Measurement of Prostate Specific Antigen (PSA) Levels
Prostate specific antigen is a single chain glycoprotein
produced by prostatic epithelial cells, lining the acini and

ducts of the prostate gland [17]. It is widely acknowledged
PSA levels elevate in the serum of males with normal, BPH
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patients and PC patients tissue as well as prostatic inflamma-
tion/infection [12]. Accordingly, raised level of PSA in blood
serum is a sign of prostate disease in the prostate gland
including PC [16]. The Atellica IM PSA assay is a 2 2-site
sandwich immunoassay utilizing direct chemiluminometric
technology. This uses constant amounts of 2 antibodies. A
direct connection finds among the amount of PSA present
in the patient serum sample and the amount of relative light
units detected by the system. The PSA was quantified on the
Atellica IM Analyzer (Siemens Healthineers, Germany) as
the assay protocol provided in the kit. The PSA level of less
than 5 ng/mL is used as the cut off value.

Statistical Analysis

Metals and metalloid data were analyzed by STATISTICA
(6.0) software for statistical analysis [18]. All results were
expressed as mean range, median, standard deviation, stand-
ard error and skewness as the basic statistical parameters.
Chi-square test was used to examine the frequency distribu-
tions of variables including smoking habits, nutrition habits
and habitat between cases and controls. The donors groups
comparisons were also performed by using #-test. Further p
values less than 0.05 were noted as statistically significant.
For the comparison of the median levels, Wilcoxon rank-
sum test was applied. Pearson’s correlation coefficient was
applied to establish the relationships between the essential
and toxic metals/metalloid levels for mutual variations. The
one-way analysis of variance (ANOVA) and Bonferroni’s
test was employed to measure the statistical significance
(» <0.05) of concentrations of the selected metals/metalloid
among the BPH patients, PC patients and healthy controls.

Chemometric Analysis

Chemometric analysis is a discipline that manipulates infor-
mation from multivariate chemical data utilizing tools of
mathematics and statistics. Multivariate analysis concerned
more than one statistical outcome variable at a time and
interrelationships among several variables. Principal compo-
nent analysis (PCA) is a multivariate technique that is used
to reduce the data size by calculating the most important
variables in the formation of phenomenon/system [19]. The
primary use of PCA is to extract the important information
from the statistical data preserving as much ‘variability’ (i.e.
statistical information) as possible, enhancing interpretabil-
ity and minimizing information loss at the same time. PCA
creates a set of new orthogonal variables known as principal
components (PC), and to exhibit the pattern of similarity
between the observations and of the variables which reduces
to solving an eigenvalue/eigenvector problem, and hence
making PCA an adaptive data analysis technique [20]. Clus-
ter analysis (CA) is a multivariate tool/exploratory analysis
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via unsupervised classification that tries to partition/identify
a set of data objects (or observations) into subsets called
clusters [21]. The observations which are similar to one
another remained within the same cluster and the dissimi-
lar observations to the objects persists other clusters. It is a
quantitative form of classification that combines meaningful
aggregations of objects with little or no a prior information
and identify useful patterns within a large data set [22].

Results and Discussion
Demographic Characteristics

The demographic characteristics for the BPH patients, PC
patients and healthy donors/controls are noted in Table 1,
which demonstrated that the subjects were closely matched
for their ages. The average age of BPH patients was 53
(range 43-73) years and PC patients was 54 (41-70) years.
The mean age of healthy controls was 51 (range 46-77)
years. About 40% of the BPH patients and 59% of the PC
patients as well as 44% of healthy controls were used ciga-
rette smoking on continuous basis. Among use of smoking/
no use of smoking habits, there was not existed significant
difference between patients and healthy controls as shown
in Table 1. 52-54% patients fitted to vegetarian class, while
48% of the healthy controls were also belonged to vegetarian
class. Less than 50 percent of patients were non-vegetarian
in their dietary habits as shown in Table 1. Based on the
habitat, > 50% of the BPH patients & PC patients resided
in urban and rural areas, respectively. However, 44% of the
BPH patients and 47% of the PC patients were belonged to
rural and urban localities respectively. There were not found
significant difference between patients and healthy subjects
regarding vegetarian and non vegetarian habits.

Based on types of PC, adenocarcinoma patients repre-
sented the major type of PC (29%) patients in the present
study. 27% of patients were suffered from the squamous cell
carcinoma. Transitional cell carcinoma patients were 24%
followed by 20% from small cell prostate cancer patients.
In the present study, patients were diagnosed 24% at stage
I, while stage II revealed 26% of the PC patients. Stage II1
demonstrated 28% followed by 22% of the PC patients were
diagnosed at stage IV of the PC as publicized in Table 1.

Distribution of Metals/Metalloid Levels and Prostate
Specific Antigen (PSA) Levels

Average metals levels along with the basic statistical param-
eters concerning to the distribution in the serum of BPH
patients, PC patients and healthy controls are publicized
in Table 2. A wide range of levels as noted by the mini-
mum and maximum concentrations were shown by most of
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Table 1 Characteristics of the

. Parameters Serum p value
patients and healthy controls
Benign prostatic Prostate cancer Healthy controls
hyperplasia patients patients
n=188 n=217 n=233
Age (years)
Range (mean) 43-73 (53) 41-70 (54) 46-77 (51)
Smoking habits
Use 75 (40%) 96 (59%) 103 (44%) 0.602
No use 113 (60%) 121 (41%) 130 (56%)
Nutrition habits
Vegetarian 97 (52%) 113 (54%) 112 (48%) 0.652
Non-vegetarian 91 (48%) 104 (46%) 121 (52%)
Habitat
Urban 106 (56%) 109 (47%) 117 (50%) 0.365
Rural 82 (44%) 108 (53%) 116 (50%)
Types of prostate cancer
Small cell prostate cancer - 44 (20%) -
Transitional cell carcinoma - 51 24%) -
Squamous cell carcinoma - 59 27%) -
Adenocarcinoma - 63 (29%) -
Pathological stages of prostate cancer
Stage 1 - 51 24%) -
Stage 1T - 57 (26%) -
Stage 111 - 61 (28%) -
Stage IV - 48 (22%) -

the metals and metalloid. In BPH patients, comparatively
elevated mean concentrations were noted for Ca (3983 pg/
dL), Zn (3930 pg/dL), Na (3881 pg/dL), Mg (2671 pg/dL),
Sr (2160 pg/dL), Fe (2171 pg/dL), K (2129 pg/dL) and Se
(1286 pg/dL) in the serum. Relatively lower mean levels
of Cu (341.7 pg/dL), Ni (294.1 pg/dL), Sb (88.97 pg/dL),
Al (48.69 pg/dL), Mn (41.30 pg/dL), Cr (34.76 pg/dL),
Li (31.41 pg/dL) and Co (27.94 pg/dL) were calculated
in the serum of BPH patients. Further, lowest average Cd
(4.293 pg/dL), Pb (3.535 pg/dL), Hg (2.965 pg/dL) and As
(1.400 pg/dL) concentrations were found in the serum of
BPH patients. On the average level, overall the decreasing
trend of the metals and metalloids contents in the serum of
BPH patients involved the following order: Ca>Zn>Na>
Mg>Sr>Fe>K>Se>Cu>Ni>Sb>Al>Mn>Cr>Li>
Co>Cd>Pb>Hg> As. Some of the metal(loid)s (Pb, As,
Hg and Cd) revealed moderately normal distribution pattern
supported by lowest SE values. Large skewness values for
As, Ni, K, Pb and Cr revealed their significant asymmetric
distribution while for rest of the metal(loid)s showed moder-
ately symmetrical distribution representing modest skewness
values of these metals in the serum of BPH patients. The
metals/metalloid levels of Zn, Na, Mg, Sr and K exhibited
non-Gaussian distribution pattern as supported by higher
SD values. Nevertheless, the rest of the metals demonstrated

relatively Gaussian distribution in their levels as evidenced
by smaller SD values in BPH patients. The PSA levels
(mean) in the serum of BPH patients was 41.91 ng/mL with
ranged from 9.790 to 81.56 ng/mL against the cut off value
of <5 ng/mL.

In the serum of PC patients (Table 2), highest average
levels were observed in Na (4359 pg/dL), Zn (3962 pg/dL),
Ca (3784 pg/dL), Sr (2764 pg/dL), Mg (2318 pg/dL), Fe
(2054 pg/dL), K (2243 pg/dL) and Se (1249 pg/dL). Aver-
age Cu (378.6 pg/dL), Ni (277.1 pg/dL), Sb (92.23 pg/dL),
Mn (54.95 pg/dL), Al (48.75 pg/dL), Cr (31.99 pg/dL), Li
(27.63 pg/dL) and Co (22.20 pg/dL) contents revealed rela-
tively lower values in the serum of PC patients. Average lev-
els of Cd (4.299 pg/dL), Pb (3.689 pg/dL), As (2.757 pg/dL)
and Hg (1.731 pg/dL) were exhibited lowest in the serum of
PC patients as shown in Table 3. The selected metal(loid)s
in the serum of PC patients presented following descending
order in their mean concentrations: Na>Zn > Ca> Sr> Mg
>Fe>K>Se>Cu>Ni>Sb>Mn>Al>Cr>Li>Co>C
d>Pb> As>Hg. Among the metals, Ca, Zn, Na, Mg, Sr,
and K pointed out elevated dispersion as disclosed by their
large SD values in the serum of PC patients. Large skewness
values for Cr, As and Mn exhibited their asymmetric distri-
bution in the serum of PC patients while modest skewness
values for Al, Sb, Ca, Se, Cd and Fe indicated moderately
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symmetrical distribution of these metals and metalloid in the
serum of PC patients. Among the enzyme, PSA levels varied
from 3.390 to 460 ng/mL with a mean value of 161.5 ng/
mL in the serum of prostate cancer patients. Thus, the PSA
levels were increased in the serum of patients as presented
in Table 2.

In case of healthy controls, maximum concentrations
were determined in the serum were Zn (4325 pg/dL), Ca
(4311 pg/dL), Na (3328 pg/dL), Mg (2917 pg/dL), Fe
(1881 pg/dL), K (1767 pg/dL), Sr (1724 pg/dL) and Se
(1443 pg/dL) followed by Cu (353.3 pg/dL), Ni (248.5 pg/
dL), Sb (52.23 pg/dL), Mn (46.25 pg/dL), Li (41.64 pg/dL),
Cr (30.53 pg/dL), Co (25.06 pg/dL) and Al (22.58 pg/dL) on
the other side noted relatively lower average concentrations.
Among the rest of the metals, relatively lowest contributions
were displayed for Hg (3.945 pg/dL), Cd (3.918 pg/dL), Pb
(2.605 pg/dL) and As (1.252 pg/dL) in the serum of healthy
controls (Table 2). Mean elemental contents in the serum of
healthy controls showed the following trend: Zn>Ca> Na
>Mg>Fe>K>Sr>Se>Cu>Ni>Sb>Mn>Li>Cr>C
0> Al>Hg> Cd>Pb> As. Relatively lower SD values and
skewness values exhibited by Cd, Hg, As, Al, Cr and Pb
compared with the other metals showing rather Gaussian and
symmetrical distribution in the serum of healthy controls.
However, Na, Sr, Mg and Zn indicated more randomness
and asymmetry in the healthy controls as expressed by their
relatively higher SD and higher skewness values as pointed
out in Table 2. Overall, prostate gland diseases patients
exhibited reasonably higher asymmetry and randomness in
the metals and metalloid distribution than the healthy con-
trols, which revealed considerably lower randomness in the
serum of their concentrations than the patients. The mean
PSA level was 3.466 ng/mL against the cut off value <5 ng/
mL in the serum of healthy controls as shown in Table 2.

Comparison of Average Metals/Metalloid Levels

Mean metals levels in serum samples of the BPH patients,
PC patients and healthy controls are compared to find out
the significant differences by applying one way ANOVA
test (Table S1-supplementary material) and Bonferroni test
(Table 2). Average concentrations of Al, Cd, Na, Ni, K, Cr
and Pb were found to be significantly elevated in serum sam-
ples of BPH patients when compared to healthy controls.
However, in case of PC patients, the mean serum levels of
Sb, Al, Cd, As, Mn, Sr, K and Pb revealed to be significantly
increased than the healthy controls demonstrating consider-
able associations of these metals with the prostate disease.
Similarly there were significantly differences among Hg,
Co, As, Mn, Na, Se and Sr concentrations in the serum of
BPH patients and PC subjects. On contrary, average Se, Ca,
Cu, Li, Zn and Hg contents were found raised significantly
(» <0.05) in the serum of healthy controls than patient’s

@ Springer

subjects. Wilcoxon rank-sum test was applied to compare
the median levels of metalloids in the serum of patients and
health subjects. Concentrations of Sb, Ni, Cd, Co, Pb and
Al were significantly (p <0.05) elevated in patients groups
(BPH & PC) than healthy controls.

A comparison between prostate gland diseases (BPH &
PC) patients and healthy controls using one-way analysis of
variance (ANOVA) was shown in Table S1 (supplementary
material). The results revealed that there were significant dif-
ferences in Al, Cd, Sb, K, Hg, Co, As, Pb, and Sr concentra-
tions in samples collected from patients subjects and healthy
controls, whereas no significant differences were found for
the rest of metals and metalloids. These were also found
the significant differences in PSA values in the patients
and healthy subjects. From the above discussion, it appears
important in the present study that levels of toxic metals (Cd,
Ni, Co and Pb) are related to prostate gland diseases such as
BPH and PC in patients. Accordingly many epidemiological
and experimental studies advocated that toxic and essential
metals in biological substrates may be linked with the risk
of prostate gland diseases especially PC [4, 7, 23, 24]. For
instance Cd has been suggested to a carcinogen by acting
as a catalyst in the production of reactive oxygen species
(ROS), escalating lipid peroxidation, disrupts cell signal-
ling and depleting glutathione and protein-bound sulfhydryl
groups which in turn promote oxidative stress causes DNA
damage [25]. Recent data advocated that exposure of Cd
even at low level could lead to DNA fragmentation, micro-
satellite instability in cells. In addition, exposure to Cd may
trigger the release of tumor necrosis factor-alpha, a cytokine
linked to a number of cancer risks [26]. Various epidemio-
logical studies concluded a link between exposure to Cd
and PC risk/mortality [27]. However the results are often
inconsistent. Experimental studies recognized that Cd can
induce PC in laboratory animals as well [28]. Concentra-
tion of Cd was found significantly elevated in the plasma
of PC patients when compared to controls as demonstrated
in the recent study [29]. In a meta-analysis study displayed
that enhanced exposure to Cd is a risk factor for PC devel-
opment in occupational settings [30]. In a study conducted
2022 belonged to Serbia, significantly elevated Cd contents
were noted in the blood of PC patients when compared to
controls [7]. An association between Cd exposure markers
in serum and prostate gland disease (BPH & PC) was also
observed in patients.

Arsenic is naturally occurring metalloid and epidemiolog-
ical evidences supports its carcinogenic potential as demon-
strated by IARC [31]. Arsenic induced malignancies through
oxidative stress by production of ROS leading to genomic
aberrations. Epigenetic changes of gene expression via the
disruption of DNA methylation patterns, histone modifica-
tion, and expression of microRNAs [32]. Chronic exposure
to As has been related to cancers such as skin, lung, bladder,
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kidney, liver, and prostate [31]. Serum concentration of As
revealed significantly high in PC patients than the controls
[11] and similar findings have were examined in the current
study which corroborates the above arguments (Table 2). On
contrary, Pizent et al. [7] reported lower concentrations of
As in PC patients when compared to controls.

Zinc has a crucial role in signaling pathways such as pro-
liferation, differentiation, apoptosis, cell cycle regulation,
and immune functions. As a cofactor of metalloenzymes,
Zn involved in cellular activities against oxidative stress,
DNA repair, integrity and immunity [33]. Recent scientific
literature exhibited that Zn suppresses tumor growth in
prostate progression. Nonetheless, it was submitted that Zn
deficiency could be a risk factor for PC [34]. Considerable
decrease Zn levels were observed in the tissues of PC than
the BPH patients and healthy controls [35]. In serum Zn
levels were also decreased in PC patients than normal pros-
tate men and BPH as examined in a meta-analysis [36—38].
Alteration occurs in Zn pools from normal to malignant
prostate have also been reviewed [39]. Multiple studies have
recorded lower Zn levels in the serum of PC cases than the
healthy controls [36]. Taken together, these results revealed
that the progression of PC was strongly linked to reduction
of Zn in malignant cells and the circulating level in plasma
[40]. It is evident from the present study that BPH patients or
PC may be associated with a reduction in the levels of Zn in
the serum of patients. It is documented that long exposure to
Cr can cause DNA damage, sister chromatid exchange, chro-
mosomal aberrations, single-stranded and double-stranded
DNA breaks [41, 42]. Some epidemiological data confirmed
that Cr is capable of epigenetic changes such as suppression
of DNA repair and tumor suppressing genes [43]. It was
reported that chronic exposure to Cr can induce cell apop-
tosis in non tumorigenic human prostate cells resulting PC
development [44]. However, the exact relationship among
Cr level in biological substrates and PC remains relatively
unknown. Zhang et al. [45] found that exposure to Cr pro-
moted PC cell growth both in vivo and in vitro, proving the
pathogenic effect of Cr as a carcinogenic risk factor which is
in agreement with the findings of the present work (Table 2).

Aluminum is a metallic toxicant, causes oxidative stress
via ROS produces genotoxic profile, immunologic altera-
tions, pro-inflammatory effect, peptide transformation,
apoptosis and lipid peroxidation [46, 47]. Recent reports
suggested that chronic exposures to Al involves in cancer,
cyst, pancreatitis, anemia and diabetes mellitus [47, 48].
Other scientific date revealed that exposure to Al promoted
elevated incidence of BPH and, to a lesser extent, the occur-
rence of squamous metaplasia and glandular inflammation
[49]. In the present study, serum Al was elevated in the
patients when compared to healthy subjects. Lead is clas-
sified as probable (Group 2A) carcinogen by IARC and
scientific literature recognized that exposure to Pb causes

DNA damages, chromosomal damages, and tumorigenesis
through impairment of DNA repairs system [50]. Many sci-
entific efforts have shown a link between Pb and lung, gas-
trointestinal and bladder cancers [7, 51, 52]. Epidemiologic
studies suggested weak or no associations among exposure
to Pb and lung, kidney and brain cancers. Nevertheless, a
positive relationship between Pb exposure and PC risk may
occur [53]. However the role of Pb in prostate carcinogenesis
remains unclear. Elevated concentrations were noted in the
blood of PC cancer patients and BPH patients as observed
by Guzel et al. [54]. In another study, concentration of Pb in
blood revealed lower in PC patients when compared to the
controls [7] but Lim et al. [50] did not find a significant link
among serum Pb and PC risk. In the serum, significantly
elevated Pb levels were found in PC as compared to the con-
trols [55], require further studies for its role in the prostate
disease development.

Correlation Study of Metals/Metalloid Levels and PSA

Table 3 showed the correlation coefficient matrix among the
metals and metalloid levels in the serum of the BPH patients,
PC patients and healthy controls as well as PSA. wherein
significant r-values are exposed in bold at p < 0.05.

The following pairs between the metals revealed positive
correlations in the serum of the BPH patients pairs accord-
ing to the coefficient () magnitude:

(1) Strong correlations (0.800 < r> 0.600): Cd—Se, K—Cu,
Co-Al, Li-Sb, Co-Zn, Co-Mn, Cr—Al, Hg—Ca and Se-
Sb.

(2) Significant correlations (0.600 < r>0.500): Cr—Ni, Li—
Cd, Co—Na, Li-Se, Ni-Co, K-Al, Zn—Cd, Cu-Se, Zn—
Sb, Ni-As, Mn—Zn, Na—Hg and Sr—Mg in the serum of
BHP patients.

(3) Strong significant positive correlations were pointed
out among Pb-PSA and Cd-PSA in the serum of BPH
patients. However negative relationship was existed
between Sr-PSA as well. The correlation study exposed
that toxic metals demonstrated significant positive
correlations with elevated serum PSA levels in the
patients. A significant inverse correlation was pointed
out between Zn and PSA in the serum as shown in
Table 4. Significant correlation among Se, Zn, K, Ca
with Cd, Co and Hg in the present study pointed out
their critical roles in the onset and progression of pros-
tate gland disease, which were advocated by several
epidemiological studies [4, 5]. Besides these strong
and significant positive correlations among the met-
als, some metals/metalloid also revealed significant
negative correlations with each other; such as Al-Mg,
Pb—Sr, Cr—Sb, Pb—Zn, K—Na, Co-K, Sr—Fe and As—Zn.
These inverse correlations demonstrated the depletion
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of essential elements (K, Zn, Mg) on the expense of
toxic metals (Pb, Co, As) which may increase risk of
the prostate disease. The remaining elements revealed
positive and negative correlation but they were non sig-
nificant.

For serum samples of PC patients (Table 4), strong
significant correlations were observed for Co-Li, Sr—Fe,
Mn-Se and Li—Se. Further Sb—Al, Cu-Se, Co—Mn, Ni-Mn,
Ni—Co, Pb—-Ni, Pb Li, Sr—Na, Cd-Se, Cr-Al, Cu—Ca, Cr—Ca,
Cu-Se, Fe-Sb, Mg-Ca, Ni-Co, Pb—Ca, Sr—Ca, Cr-Li,
Li—-Mn, Mg-Sr, Pb—Mn, Pb-Sr, Mn—Ca, and Mg—-Na are
noted as significant correlations in the serum of PC patients
as noted in Table 4. Strong and significant positive correla-
tions were recorded among Cd and PSA in the serum of
PC patients. Significant negative correlations were existed
between Se-PSA, Pb-PSA and AI-PSA in the serum of PC
patients. Inverse significant relationships were also noted
between Hg—Sb, Cd-Ca, K-Cd, Hg-Fe, Cr-Pb, Co-K,
Mg-K, Sr-Mg and As—Sr in the serum of PC patients as
noted in Table 5. Scientific studies reported the crucial roles
of Cd, As, Pb, Ni and Hg in the development of prostate
malignancy.

In case of healthy controls (Table 5), significantly strong
correlations were noted among Fe—-Mg, Li—Fe, Pb—As,
Na—K, K-Se, Co-Se, Zn-Se, Na—Se, Li—Se, Cu—Se, Co—Cd,
Sr—Se, Cd-Co. Cr-Hg, K-Na, Mn-K, Zn-Ca, Co—Mn,
Zn-Sr, Li—-Na, Mn—Na, Mn-K and Co—Mn. Strong signifi-
cant positive correlations were noted among Se-PSA. Some
metals pairs (Hg and Al, Ni and Mg, As and Sb, Cu and
Mg, and As and Cd, Mg and Ca, Cu and Fe, Mg and Zn)
presented significant inverse correlations as manifested by
their correlation coefficient values. The correlation study
revealed that Cd, Co, Ni and Hg (which are the toxic met-
als/metalloid) established strong positive correlations with
Se, Ca and Na (which are essential metals/metalloid) in the
patients but there were no such correlations in the controls.
Some non significant positive and negative correlations were
also observed among the metals/metalloids which probably
revealed the uptake/deplete of metalloids in the serum of
subjects. Consequently, unlike the patients, no significant
interferences of toxic metals/metalloid were found in the
healthy controls. Overall, the correlation score/outcome of
the metalloids for the healthy controls remained significantly
dissimilar when compared to that for the patients groups,
which may be recognized to the imbalances of the trace and
essential elements in the prostate diseases patients.

Comparison of the Metals/Metalloid Levels Based
on Demographic Characteristics

Comparison of the metals levels based on smoking habits,
food habits and habitat in the serum of BPH patients, PC

patients and healthy controls are shown in Fig. 1a. In smok-
ing habits based comparison, mean levels of Cd, Se, Hg,
Mn, Na and As exposed peculiar behavior by demonstrating
elevated concentrations in the serum of smoker BPH patients
than smoker healthy controls. However, mean levels of Al,
Sb, Fe, Cu, Zn, Cr and Co demonstrated higher contribution
in the serum of smoker healthy controls when compared to
smoker BPH patients. Ca, K, Sr, Pb and Li displayed com-
parable concentrations in the serum of BPH patients and
healthy controls. Average Cd, Pb, Mg, Co, As and Hg con-
tents were exhibited maximum in the serum of nonsmokers
BPH patients as compared to nonsmoker healthy controls
while mean levels of Al, Sb, Se, Fe, Zn, Mn, Na, Li, Cu, Sr,
Ni, K, Cr and Ca revealed higher in nonsmoker healthy con-
trols. In smoker PC patients, average Mn, Se, Ca, Sb, Al, Co
and Mg concentrations revealed higher in the serum of PC
patients than smoker healthy controls. Nonetheless, mean
levels of Zn, Na, Li, Sr, Ni, Cr and Pb found maximum in
the serum of smoker healthy controls. In case of nonsmoker
PC patients, average concentrations of As, Hg, Li and Co
were higher than nonsmoker healthy controls in the serum.
Similarly, Al, K, Sr, Na, Cu, Mn and Sb were increased in
concentrations than nonsmoker PC patients. Comparable
levels were observed in Pb, Ca, Cr, Ni, Se, Cd, Fe, Mg and
Ni of nonsmoker PC patients and healthy controls. The val-
ues of PSA were found higher in the serum of patients than
healthy controls subjects. However, PSA concentration was
raised in smoker PC patients than non smoker PC patients.

Figure 1b depicts the comparison of the average con-
centrations of the metals in relation to the food habits
(vegetarian and non-vegetarian) of the BPH patients and
PC patients and controls. The average contents of Al, Ca,
Sb, Fe, Cr, K, Mg and Zn in the serum of non-vegetarian
PC patients were elevated than non vegetarian healthy
control while mean Ni, Sr, Co, Cu, Na, Mn and Hg were
found to be highest in non vegetarian healthy controls. Se,
Cd, Hg, Li and As were revealed almost comparable in the
serum of non-vegetarian PC patients and healthy controls.
Mean Al, Sb, Se, Pb, Ni, Li and Co levels were higher
in the serum of vegetarian PC patients when compared
to vegetarian healthy donors. However, Cd, Fe, Na, Sr,
K, Hg, Zn, As, Mn and Cr were increased in vegetarian
healthy donors than vegetarian PC patients as shown in
Fig. 1b. Mean Cd, Pb, Ni, Hg, Mg, As, Li and Co contents
were observed to be higher in the serum of vegetarian BPH
patients than vegetarian healthy controls, whereas, average
concentrations of Al, Sb, Fe, Mn and Na were noted to be
higher in vegetarian healthy controls. In non vegetarian
BPH patients, Li, As, Ca, Cd, Mg, Cd and Hg were shown
maximum concentrations in the serum than non vegetarian
healthy controls. Mean contents of Sb, Ni, Sr, Al, Fe, Cu,
Na and Co were noted higher in non vegetarian healthy
donors than non vegetarian BPH patients. The contents of
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Fig. 1 Comparative mean metals/metalloid levels (pg/dL,+ SE) and PSA (ng/mL) levels in serum of benign prostatic hyperplasia patients, pros-
tate cancer patients and healthy controls based on a smoking habits, b food habits and ¢ habitat
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Fig. 1 (continued)

PSA revealed maximum in patients with vegetarian habits
when compared with non vegetarian patients. In serum,
cancerous patients possessed higher levels of PSA than
BPH patients followed by healthy controls (vegetarian &
non vegetarian).

Habitat-based comparison of metals levels as showed in
Fig. 1c exhibited comparatively higher average concentra-
tions of Pb, Ni, Mg, Co, Cu, Li, Mn, Hg, As, Cd and Sb
in the urban BPH patients than counterparts’ urban healthy
controls which revealed elevated levels of K, Al, Mg, Se,
Fe, Zn, Sr, Co and Pb in their serum. Nevertheless, mean
contents of Sb, Fe, K, Ni, Sr, Ma, Li, Cu and Mg were
found to be high in urban cancer patients when compared to
urban healthy controls. In the case of rural healthy controls,
mean K, Al, Sb, Se, Zn, Mn, Na, Li, Cu, Sr and Ni levels
were found to be higher in the serum than rural PC patients
whereas Mg, As and Hg contents were revealed higher.
Average As, Mn, Na, Li, Cu, Mg, Sr, K and Ni contents
were found to be higher in the serum of urban PC patients
compared to urban healthy controls. Similarly mean con-
centrations of Al, Sb, Se, Fe, Hg, Zn and Pb were displayed
higher concentrations in the serum of urban healthy controls
as shown in Fig. Ic. Urban (BPH and PC) patients exhibited
higher PSA levels in the serum than the rural (BPH and PC)
patients. Overall, the concentrations of PSA showed higher
in the serum of patients than healthy controls.
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Comparison of the Metals/metalloid Levels Based
on Types/Stages of Prostate Cancer Patients

Comparative evaluation of the mean metals levels and PSA
values in the serum of various types (small cell prostate,
transitional cell, squamous cell and adenocarcinoma) of the
PC showed in Fig. 2a. Small cell prostate cancer patients
displayed relatively higher concentrations of Sb, Se, Sr and
K while the value of PSA found highest. In transitional cell
carcinoma, toxic metals like Pb, Cr, Ni, Al and Mn exhibited
significant contributions in the serum and essential metals
showed somewhat less contributions. Mean elevated levels
of As, Mg, Cu, Ca rather lower levels were exhibited in the
serum of squamous cell carcinoma patients. The PSA value
found lowest in squamous cell carcinoma patients as com-
pared to rest of the types of PC in patients. In case of adeno-
carcinoma, mean Cd, Zn Hg, Li and Co revealed highest
contribution in the serum of PC patients as shown in Fig. 2a.

Based on stages of prostate cancer (Fig. 2b), relatively
higher levels of Al, Sb, Se, Cd, Fe and Na were exhibited
in the serum of patients at stage-1. Elevated levels of Cr, Co
and Pb revealed maximum at stage-II in the serum of PC
patients. At stage-III of PC, mean As, Ni, Sr and K contents
were found relatively higher in the patients serum. Hg, Li,
Mn, Zn concentrations exhibited higher in the serum of PC
patients as compared to other stages of PC. Average Hg, Li,
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Fig. 2 Comparative mean metas/metalloid (pg/dL, + SE) levels and PSA (ng/mL) levels in serum of prostate cancer patients at various a types,
b stages

Ca and Cu contents revealed higher in the serum at stage-  patients. The decreasing trend of the PSA in the serum of PC
IV of PC patients (Fig. 4). Similarly average concentration  patients at stage levels: stage-I > stage-II1> stage-1V > stage-
of PSA was found maximum at stage-I in the serum of PC ~ II as shown in Fig. 2b.
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Multivariate Analysis

Interrelationships between the metals and PSA in the
serum of the BPH patients, PC patients and healthy con-
trols were determined by multivariate statistical methods.
Principal component analysis (PCA) of the metals/metal-
loid and PSA levels in the serum of BPH patients extracted
by using varimax normalised rotation on the data-set
(which are given in Table S2-supplementary material).
Seven PCs comprised of more than 75% of the cumulative
variance of the data were achieved, whereas eigenvalues
greater than 1. Figure 3 portrayed the corresponding CA
in the form of a dendrogram. PC 1 is loaded by Cu, Sr and
Li with a cluster of these metal(loid)s is existed in CA.
PC2 has Ca and Cd loadings. These metals/metalloid were
strongly supported by a combined cluster in CA suggesting
the nutritional intake/dietary sources and environmental
pollution of the subjects. PC3 contained greater amount
of Se, Mn, Ni and PSA loadings, while Na and Pb unveiled
maximum loadings in PC4. These results were verified by
CA. This PC pointed out the interference of toxic element
(Ni) with the PSA in the BPH patients. The fifth and sixth
PCs comprised of Hg, Mg and As, & Cr, K and Zn load-
ings respectively, indicating anthropogenic activities and
contamination of biological segments in the environment.
Last PC revealed highest loading for Fe, Co, Sb and Al
with similar cluster also presented in the CA as displayed
in Fig. 3.

In the case of PC patients, PCA of the metals data yielded
seven PCs with eigenvalue greater than 1, commutatively
elucidation approximately 72% of the total variance of
data as shown in S2 (supplementary materials). The CA of
metal(loid)s data pertaining to the PC patients is exposed
in Fig. 4. PC 1 disclosed increased loading for Li, Se, Cu
and Cd. A similar cluster of these metals presented in CA.
PC 2 consisted of maximum loadings for Al, Sb and Ca
with a parallel cluster of the elements in CA. PC 3 indicated
raised loading for Ni, Co and Mn along with a similar clus-
ter in CA. These three PCs of metals were contributed by
the nutritional sources and environmental contamination by
anthropogenic sources. Mg, Cr and As exhibited elevated
loadings with PC 4 while PC 5 indicated higher loadings
of Hg and PSA which also unveiled common cluster in CA.
This PC revealed the interference of toxic metalloid (Hg)
with the PSA in the PC patients and they were believed to
be mainly contributed by anthropogenic sources. Na and Pb
displayed elevated loadings in PC 6 while last PC consisted
of K, Zn, Sr and Fe with significant clusters showed also in
CA. The former PC also directed the interference of toxic
metal (Pb) with essential metal (Na) which were mostly
associated with anthropogenic sources and food sources as
shown in Fig. 4.

In the case of healthy controls, seven PCs were yielded
with eigenvalue greater than one which explained more
than 71% of the total variance of data as publicized in
S2 (supplementary materials). The CA based on ward’s
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Fig. 3 Cluster analysis of metals/metalloid levels in the serum of benign prostatic hyperplasia patients
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Fig. 4 Cluster analysis of metals/metalloid levels in the serum of prostate cancer patients

method of metals data concerning to the healthy con-  of Mg-Sr—Cr—Ca-Co, K-Pb, Al-Fe-Zn, Se-Li, Hg-Ni,
trols is exposed in Fig. 5. The CA of the metals data in ~ Sb—Cd-Mn and As—Cu—-Na-PSA. PC1 directed elevated
the serum of healthy controls demonstrated strong clusters  loadings for Sr, Mg, Cr, Ca and Co supported by a cluster of
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Fig. 5 Cluster analysis of metals/metalloid levels in the serum of healthy controls
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metals in CA. These elements were mainly concerned with
the dietary habits and also regulated by internal body metab-
olism. PC 2 presented higher loadings for As, Cu, Na and
PSA with a similar cluster is displayed in CA. PC 3 for the
serum samples of healthy controls designated higher loading
for Mn, Cd and Sb along with a similar cluster in CA. PC
4 and PC 5 showed significant loadings of Ni & Hg and Li
& Se, respectively as displayed in S2. The common sources
of these metals were anthropogenic contaminations and
environmental pollutants. Al, Fe and Zn presented higher
loadings in PC 6. These elements showed a common cluster
in CA. Last PC presented maximum loadings of Pb and K.
These metalloids were traced with mixed sources i.e., traffic
emissions and internal body metabolism. Overall, the mul-
tivariate apportionment (PCA & CA) of the selected metals
in the serum of BPH patients and PC patients revealed con-
siderable interventions of the toxic metals with the essential
elements; it was significantly divergent compared with the
healthy controls.

The relatively small sample size of the subjects dimin-
ished statistical power of analyses. We did not observe the
occupational exposure of metals and the metalloid to the
subjects. Another limitation was that there was lacked fol-
low-up information (i.e., family history) for some men of
prostate disease. Exposures to metal(loid)s may have altered
over time which may provide a different study findings than
the ones found in the present study. Individuals (small num-
ber) with metals levels that were below the limits of detec-
tion (LOD) were not included in the present data was also a
limitation. A major strength of the present study is that expo-
sure of metal(loid)s were quantified at various stages and
types of the PC, which have received little attention before.
Comparatively large number of metals and metalloid were
quantified in the serum of BPH patients, PC patients and
healthy controls and also measured PSA to check whether
there were any associations among these variables estab-
lished or not. Nevertheless, more studies are still needed
to explore more essential/toxic metals with large masses
(various Nations) and find the risk factors and preventive
methods of prostate gland disease development.

Conclusions

In conclusion, the comparison of metals/metalloid levels
revealed significant disruption in selected metals bal-
ances in BPH patients, PC patients and the healthy con-
trols. Mean Al, Cd, Cr, Na, Pb, Ni and K were found sig-
nificantly higher in the serum of BPH patients compared
with healthy controls, while average levels of Sb, Al, Cd,
As, Mn, Sr, K, Pb and PSA were significantly elevated in
the serum of PC patients than healthy controls represents
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the variation in body metals homeostasis. These metals
imbalances may be a triggering factor for the develop-
ment of prostate gland diseases. The correlation study
reveals appreciably diverse associations of the metals
and metalloid in serum samples of the all donor groups.
Moreover, significant correlations were detected between
toxic elements (Pb, Cd and Al) and PSA in the serum of
patients. The mean concentrations of the majority of the
metals demonstrated significant variations based on demo-
graphic characteristics of the subjects in all donor groups.
Multivariate CA in the serum of metals of BPH patients,
PC patients and healthy subjects based on the metals and
metalloid levels revealed clearly separate groupings for
the patients and healthy controls, while multivariate PCA
revealed significantly dissimilar grouping of the metals/
metalloid in the patients and controls. Strong signifi-
cant correlations were pointed out among Cd and PSA
levels in the serum of BPH patients and in PC patients.
The results of this study provided guidelines to the other
researchers investigating the role of metals/metalloid in
the prostate gland disease. Among types, small cell pros-
tate cancer patients displayed higher concentrations of
Sb, Se, Sr and K while the value of PSA found highest.
In the case of transitional cell carcinoma, Pb, Cr, Ni, Al
and Mn were found maximum. Mean elevated levels of
As, Mg, Cu, Ca was exhibited in the serum of squamous
cell carcinoma patients. The PSA value found lowest in
squamous cell carcinoma patients. Average Cd, Zn Hg,
Li and Co revealed highest contribution in the serum of
adenocarcinoma patients. Based on various stages of PC
patients, higher levels of Al, Sb, Se, Cd, Fe, Na and PSA
were exhibited at stage I while levels of Cr, Co and Pb
revealed maximum at stage II. At stage III, As, Ni, Sr and
K was found higher & Hg, Li, Ca and Cu concentrations
exhibited higher at stage I'V. These findings support the
hypothesis that toxic elements contribute to the patho-
genesis of prostate gland diseases. To come to this point,
further studies will help to clarify weather along clinical
diagnosis; serum metals/metalloids levels are useful in the
differential diagnosis of BPH disease patients and prostate
malignancy patients.
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