
Cancer and Clinical Oncology; Vol. 5, No. 1; 2016 
ISSN 1927-4858   E-ISSN 1927-4866 

Published by Canadian Center of Science and Education 

79 
 

Prostatic Tissue Levels of 43 Trace Elements in Patients with Prostate 
Adenocarcinoma 

Vladimir Zaichick1 & Sofia Zaichick2 
1 Medical Radiological Research Center, Obninsk, Russia 
2 Department of Medicine, University of Illinois College of Medicine, Chicago, USA 

Correspondence: Vladimir Zaichick, Medical Radiological Research Center, Obninsk 249036, Russia. Tel: 
7-48439-60289. E-mail: vezai@obninsk.com 
 

Received: March 8, 2016   Accepted: March 21, 2016   Online Published: April 19, 2016 

doi:10.5539/cco.v5n1p79          URL: http://dx.doi.org/10.5539/cco.v5n1p79 

 

Abstract 
Adenocarcinoma of prostate gland is an internationally important health problem in men, particularly in 
developed countries. The aim of this exploratory study was to evaluate whether significant changes in the 
prostatic tissue levels of trace elements exist in the malignantly transformed prostate. Prostatic tissue levels of 43 
trace elements were prospectively evaluated in 36 patients with prostate adenocarcinoma and 37 healthy males. 
Measurements were performed using a combination of non-destructive and destructive methods: instrumental 
neutron activation analysis and inductively coupled plasma mass spectrometry, respectively. Tissue samples were 
divided into two portions. One was used for morphological study while the other was intended for trace element 
analysis. The reliability of difference in the results between normal and cancerous prostate tissues was evaluated 
by Student’s t-test. It was found that the contents of Ag, Al, Au, B, Be, Br, Ce, Cr, Dy, Er, Fe, Gd, Hg, Li, Mn, 
Nd, Ni, Pr, Sb, Sn, Th, Tl, Y, and Zr were significantly higher while those of Cd, Co, Rb, Sc, Se, and Zn were 
significantly lower in cancerous tissues than in normal tissues. Moreover, it was shown that malignant 
transformation significantly changed the relationships of trace elements in prostate. Thus, in adenocarcinoma 
transformed prostate tissue the trace element metabolism is significantly disturbed.  

Keywords: Chemical elements, human prostate gland, adenocarcinoma, neutron activation analysis, inductively 
coupled plasma mass spectrometry 

1. Introduction 
Prostate cancer (PCa) is the most prevalent nonskin male cancer in many populations, including the United 
States, West European states, Australia, New Zealand, and others (Rebbeck & Haas, 2014). PCa ranks second in 
incidence and the fifth in mortality in men worldwide (Ferlay et al., 2015). Although the etiology of PCa is 
unknown, several risk factors including diet (calcium, zinc and some other nutrients) have been well identified 
(Rebbeck, 2006; Aslam & Neubauer, 2013). It is also reported that the risk of having PCa drastically increases 
with age, being three orders of magnitude higher for the age group 40–79 years than for those younger than 40 
years (Jemal et al., 2003; Rebbeck, 2006). 

Trace elements have essential physiological functions such as maintenance and regulation of cell function, gene 
regulation, activation or inhibition of enzymatic reactions, and regulation of membrane function. Essential or 
toxic (mutagenic, carcinogenic) properties of trace elements depend on tissue-specific need or tolerance, 
respectively (Zaichick, 2006). Excessive accumulation or an imbalance of the chemical elements may disturb the 
cell functions and may result in cellular degeneration or death (Ektessabi et al., 2001; Yoshida et al., 2001; 
Zaichick, 2006).  

High zinc (Zn) concentrations in prostate tissue are probably one of the main factors acting in both initiation and 
promotion stages of prostate carcinogenesis (Isaacs, 1983; V. Zaichick & S. Zaichick, 1999, 2014; V. Zaichick, 
2004). A significant tendency of age-related increase in Zn, and many other trace element mass fractions in the 
normal prostate was recently demonstrated by us (S. Zaichick & V. Zaichick, 2010, 2011, 2011a, 2011b; S. 
Zaichick et al., 2012a; V. Zaichick et al., 2012b; V. Zaichick & S. Zaichick, 2013, 2013a, 2013b, 2013c, 2014a, 
2014b, 2014c, 2014d; Zaichick, 2015). Moreover, it was found an androgen dependence of the prostatic tissue 
levels of some trace elements, including Zn (V. Zaichick & S. Zaichick, 2013, 2013a, 2013b, 2013c, 2014d). 
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Thus, it seems fair to suppose that besides Zn, many other trace elements, which the prostatic tissue contents 
increase with age, also play a role in the pathophysiology of the prostate.  

The trace element contents in tissue of the normal and cancerous prostate have been studied, producing 
contradictory results (Tipton et al., 1954; Koch & Smith, 1956; Stitch, 1957; Tipton & Cook, 1963; Sangen, 
1967; Weinig & Zink, 1967; Liebscher & Smith, 1968; Höffken & Rausch-Stroomann, 1969; Soman et al., 1970; 
Forssen, 1972; Dhar et al., 1973; Kubo et al., 1976; Jafa et al., 1980; Ogunlewe & Osegbe, 1989; Oldereid et al., 
1993; Banaś et al., 2001; Kwiatek et al., 2001; Paluszkiewicz, & Kwiatek, 2001; Kwiatek et al., 2004; Eckhert, 
2005; Galván-Bobadilla et al., 2005; Kwiatek et al., 2005; Yaman et al., 2005; Guntupalli et al., 2007; Muecke et 
al., 2009; Kiziler et al., 2010; Schöpfer et al., 2010; Guzel et al., 2012; Leitão et al., 2014; Neslund-Dudas et al., 
2014). The majority of these data are based on measurements of processed tissue and in many studies tissue 
samples are digested before analysis. The most frequently used digestion procedures have been the traditional 
dry ashing and wet digestion that allow destruction of organic matter of the sample. Moreover, in some cases 
before digestion, prostate samples are treated with solvents (distilled water, ethanol etc) and then are dried at a 
high temperature for many hours. Sample pretreatment and digestion is a critical step in elemental analysis, due 
to risk of contamination and analytes loss, contributing for the uncontrolled analysis errors (Fuente & Juаrez, 
1995; Zachariadis et al., 1995; Zaichick, 1997; V. Zaichick & S. Zaichick, 1997; Zaichick, 2004a; Khan et al., 
2013). Additionally, only a few of these studies employed quality control using certified reference materials for 
determination of accuracy and precision of the trace element mass fraction measurement. Thus, the questions 
about the differences between trace element contents in normal and cancerous prostate tissue remained open. 

It is obvious that the most accurate will be non-destructive analytical methods because they involve a minimal 
treatment of sample since the chances of significant loss or contamination would be decreased. During the last 
decades there is agreement on the absolute necessity of quality insurance in analytical research works. Therefore, 
this work had two aims. The first was to obtain reliable results about the trace element mass fractions and their 
relationships in prostate adenocarcinomas and prostates of healthy men aged over 40 years combining, in 
consecutive order, non-destructive instrumental neutron activation analysis with high resolution spectrometry of 
long-lived radionuclides (INAA-LLR) with destructive inductively coupled plasma mass spectrometry (ICP-MS). 
The second aim was to compare the levels of trace elements studied in the malignant prostate with those in 
normal gland. 

2. Materials and Methods 
2.1 Patients and Sampling Procedure 

All patients suffered from adenocarcinoma of prostate (n=36, mean age M±SD was 64±11 years, range 40-79) 
were hospitalized in the Urological Department of the Medical Radiological Research Centre. Transrectal 
puncture biopsy of suspicious indurated regions of the prostate was performed for every patient, to permit 
morphological study of prostatic tissue at these sites and to estimate their chemical element contents. In all cases 
the diagnosis adenocarcinoma has been confirmed by clinical and morphological results obtained during studies 
of biopsy and resected materials.  

Normal prostates for the control group samples were removed at necropsy from 37 men (mean age 55±11 years, 
range 41-87), who had died suddenly. The majority of deaths were due to trauma. A histological examination in 
the control group was used to control the age norm conformity, as well as to confirm the absence of 
microadenomatosis and latent cancer. 

2.2 Sample Preparation 

All tissue samples were divided into two portions. One was used for morphological study while the other was 
intended for trace element analysis. After the samples intended for trace element analysis were weighed, they 
were freeze-dried and homogenized. The sample weighing about 10 mg (for biopsy materials) and 50 mg (for 
resected materials) was used for chemical element measurement by instrumental neutron activation analysis with 
high resolution spectrometry of long-lived radionuclides (INAA-LLR). The samples for INAA-LLR were 
wrapped separately in a high-purity aluminum foil washed with double rectified alcohol beforehand and placed 
in a nitric acid-washed quartz ampoule. 

After NAA-LLR investigation the prostate samples were taken out and used for ICP-MS. The samples were 
decomposed in autoclaves; 1.5 mL of concentrated HNO3 (nitric acid at 65 %, maximum (max) of 0.0000005 % 
Hg; GR, ISO, Merck) and 0.3 mL of H2O2 (pure for analysis) were added to prostate tissue samples, placed in 
one-chamber autoclaves (Ancon-AT2, Ltd., Russia) and then heated for 3 h at 160–200 °C. After autoclaving, 
they were cooled to room temperature and solutions from the decomposed samples were diluted with deionized 
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water (up to 20 mL) and transferred to plastic measuring bottles. Simultaneously, the same procedure was 
performed in autoclaves without tissue samples (only HNO3+H2O2+ deionized water), and the resultant solutions 
were used as control samples. 

2.3 Certified Rreference Materials 

For quality control, ten subsamples of the certified reference materials IAEA H-4 Animal muscle from the 
International Atomic Energy Agency (IAEA), and also five sub-samples INCT-SBF-4 Soya Bean Flour, 
INCT-TL-1 Tea Leaves and INCT-MPH-2 Mixed Polish Herbs from the Institute of Nuclear Chemistry and 
Technology (INCT, Warsaw, Poland) were analyzed simultaneously with the investigated prostate tissue samples. 
All samples of CRM were treated in the same way as the prostate tissue samples. Detailed results of this quality 
assurance program were presented in earlier publications (Zaichick & Zaichick, 2011b; Zaichick & Zaichick, 
2012a). 

2.4 Analytical Procedures 

A vertical channel of a nuclear reactor was applied to determine the trace element mass fractions by NAA-LLR. 
The quartz ampoule with prostate samples and certified reference materials was soldered, positioned in a 
transport aluminum container and exposed to a 24-hour neutron irradiation in a vertical channel with a neutron 
flux of 1.3⋅1013 n⋅cm-2⋅s-1. Ten days after irradiation samples were reweighed and repacked. The samples were 
measured for period from 10 to 30 days after irradiation. The duration of measurements was from 20 min to 10 
hours subject to pulse counting rate. The gamma spectrometer included the 100 cm3 Ge(Li) detector and on-line 
computer-based multichannel analyzer. The spectrometer provided a resolution of 1.9 keV on the 60Co 1332 keV 
line. 

An ICP-MS Thermo-Fisher “X-7” Spectrometer (Thermo Electron, USA) was used to determine the content of 
trace elements by ICP-MS. The element concentrations in aqueous solutions were determined by the quantitative 
method using multi elemental calibration solutions ICP-MS-68A and ICP-AM-6-A produced by High-Purity 
Standards (Charleston, SC 29423, USA). Indium was used as an internal standard in all measurements. 

Details of the analytical methods and procedures used here such as nuclear reactions, radionuclides, 
gamma-energies, isotopes, spectrometers, spectrometer parameters and operating conditions were presented in 
our earlier publications (S. Zaichick & V. Zaichick, 2011b; S. Zaichick et al., 2012a). 

2.5 Computer Programs and Statistics 

A dedicated computer program for INAA mode optimization was used (Korelo & Zaichick, 1993). Mean values 
of trace element mass fractions were taken into account in final calculation for elements measured by both 
INAA-LLR and ICP-MS methods. Using Microsoft Office Excel software (Microsoft, the United States) the 
arithmetic mean, standard deviation, and standard error of mean was calculated for trace element mass fractions. 
The reliability of difference in the results between normal and cancerous prostate glands was evaluated by the 
parametric Student’s t-test and values of p<0.05 were considered to be statistically significant. For the estimation 
of the Pearson correlation coefficient between different pairs of the trace element mass fractions in the normal 
and cancerous prostate tissue the Microsoft Office Excel software was also used. 

3. Results 
Arithmetic mean (M) and standard error of mean (SEM) for silver (Ag), aluminum (Al), gold (Au), boron (B), 
berillium (Be), bismuth (Bi), bromine (Br), cadmium (Cd), cerium (Ce), cobalt (Co), cromium (Cr), cesium (Cs), 
dysprosium (Dy), erbium (Er), iron (Fe), gadolinium (Gd), mercury (Hg), holmium (Ho), lanthanum (La), 
lithium (Li), manganese (Mn), molybdenum (Mo), niobium (Nb), neodymium (Nd), nickel (Ni), lead (Pb), 
praseodymium (Pr), rubidium (Rb), antimony (Sb), scandium (Sc), selenium (Se), samarium (Sm), tin (Sn), 
terbium (Tb), thorium (Th), titanium (TI), thallium (Tl), thulium (Tm), uranium (U), yttrium (Y), ytterbium (Yb), 
Zn and zirconium (Zr) mass fraction in cancerous (group of patients with prostate adenocarcinoma) and normal 
(age-matched control group) prostate tissue are presented in Table 1. This table also depicts the ratios of means 
and the reliability of difference between mean values of trace element mass fractions in cancerous and normal 
prostate tissue. 

The comparison of this work results with other published information for Ag, Al, Au, B, Be, Bi, Br, Cd, Ce, Co, 
Cr, Cs, Dy, Er, Fe, Gd, Hg, Ho, La, Li, Mn, Mo, Nb, Nd, Ni, Pb, Pr, Rb, Sb, Sc, Se, Sm, Sn, Tb, Th, Ti, Tl, Tm, 
U, Y, Yb, Zn and Zr mass fraction in normal and cancerous prostate glands of adult males is shown in Tables 2 
and 3, respectively. When our results were compared with data of literature a number of values for trace element 
mass fractions were not expressed on a dry mass basis by the authors of the cited references. However, we 
calculated these values using the medians of published data for water – 83% and ash – 1% (on wet mass basis) 
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contents in nonhyperplastic prostate of adult men (Woodard & White, 1986; Saltzman et al., 1990), and also for 
water – 80% in prostate cancer tissue (Györkey et al., 1967). 

The data of inter-correlation calculations (values of r – coefficient of correlation) including pairs of selected Al, 
Bi, Cd, Co, Fe, Mn, Sb, Se, Sn, and Zn mass fraction with all other trace element mass fractions identified by us 
in normal and cancerous prostate glands are presented in Tables 4 and 5 respectively. 

 

Table 1. Comparison of mean values (M±SEM) of the trace element mass fraction (mg/kg, dry mass basis) in 
normal and cancerous prostate tissue 

Element Prostatic tissue Ratio 
Adenocarcinoma 

to 
Normal 

Adenocarcinoma 
40-79 year 

n=36 

Normal 
41-87 year 

n=37 

Student’s t-test 
p ≤ 

Ag 0.294±0.043 0.038±0.006 0.000015 7.71 
Al 353±96 34.2±3.5 0.016 10.3 
Au 0.0353±0.0071 0.0041±0.0008 0.0046 8.61 
B 16.4±5.6 1.04±0.18 0.040 15.8 
Be 0.01643±0.00237 0.00094±0.00007 0.00061 17.5 
Bi 1.89±0.32 0.029±0.011 0.0012 65.2 
Br 95.5±10.8 27.9±2.9 0.000049 3.42 
Cd 0.385±0.096 1.12±0.13 0.000088 0.34 
Ce 0.1056±0.0167 0.0309±0.0050 0.0035 3.42 
Co 0.0298±0.0035 0.0467±0.0064 0.025 0.64 
Cr 2.15±0.45 0.56±0.08 0.0027 3.84 
Cs 0.0420±0.0058 0.0339±0.0033 0.25 (NS) 1.24 
Dy 0.00814±0.00120 0.00293±0.00049 0.0038 2.78 
Er 0.00333±0.00046 0.00148±0.00023 0.0052 2.25 
Fe 163±21 111±9 0.030 1.47 
Gd 0.00910±0.00218 0.00290±0.00041 0.029 3.14 
Hg 0.095±0.018 0.052±0.008 0.038 1.83 
Ho 0.002046±0.000272 0.000567±0.000079 0.0012 3.61 
La 0.941±0.753 0.080±0.020 0.30 (NS) 11.8 
Li 0.2933±0.0770 0.0419±0.0055 0.017 7.00 
Mn 7.24±2.04 1.34±0.08 0.028 5.40 
Mo 0.355±0.045 0.282±0.038 0.31 (NS) 1.26 
Nb ≤0.0053 0.0054±0.0012 - ≤0.98 
Nd 0.0409±0.0068 0.0137±0.0021 0.0064 2.99 
Ni 7.26±0.79 3.10±0.51 0.00095 2.34 
Pb 2.30±0.45 2.39±0.56 0.91 (NS) 0.96 
Pr 0.00867±0.00173 0.00353±0.00053 0.025 2.46 
Rb 8.2±0.8 13.3±0.9 0.000046 0.62 
Sb 0.513±0.079 0.043±0.006 0.0000042 11.9 
Sc 0.0112±0.0014 0.0294±0.0053 0.0031 0.38 
Se 0.58±0.11 0.75±0.05 0.16 (NS) 0.77 
Sm 0.0107±0.0043 0.0027±0.0004 0.12 (NS) 3.96 
Sn 1.48±0.30 0.32±0.06 0.0076 4.63 
Tb ≤0.0008 0.00039±0.00006 - ≤2.05 
Th 0.0540±0.0176 0.0033±0.0007 0.028 16.4 
Ti* ≤8.0 2.82±0.64 - ≤2.83 
Tl 0.0267±0.0082 0.0014±0.0001 0.022 19.1 
Tm ≤0.00052 0.00024±0.00003 - ≤2.17 
U 0.0050±0.0005 0.0070±0.0021 0.37 (NS) 0.71 
Y 0.0346±0.0035 0.0187±0.0043 0.0080 1.85 
Yb 0.00255±0.00055 0.00141±0.00025 0.25 (NS) 1.81 
Zn 122±12 1031±129 0.000000027 0.118 
Zr 0.901±0.213 0.036±0.006 0.0067 25.0 
M – arithmetic mean, SEM – standard error of mean, NS – not significant difference, * Titanium tools were used 
for sampling and sample preparation. 
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Table 2. Median, minimum and maximum value of means of trace element mass fractions (mg/kg, on dry mass 
basis) in normal prostate tissue of adult males according to data from the literature in comparison with this 
works’ results for males aged 41-87 years  

Element Published data [Reference] This work 

Median 
of means, (na)

Minimum of means 
M or M±SD, (nb) 

Maximum of means 
M or M±SD, (nb) 

M±SD 
n=37 

Ag 0.05 (5) 0.041±0.033 (64) [1] 0.24 (7) [2] 0.038±0.030 
Al 34.2 (6) 13±66 (50) [3] 47 (9) [4] 34±18 
Au <0.7 (3) 0.0039±0.0041 (64) [1] 1.5 (3 [2] 0.0041±0.0035 
B 0.97 (5) <0.47 (50) [3] 1.2 (1) [2] 1.04±0.86 
Be 0.0010 (1) 0.0010±0.0004 (64) [1] 0.0010±0.0004 (64) [1] 0.00094±0.00035 
Bi <0.055 (2) 0.021±0.048 (64) [1] <0.09 (50) [3] 0.029±0.056 
Br 27.0 (8) 14±9 (4) [5] 35.5±30.2 (64) [6] 28±15 
Cd 0.79 (21) 0.07 (129) [7] 427 ±497 (55) [8] 1.12±0.64 
Ce 0.028 (1) 0.028±0.024 (64) [1] 0.028±0.024 (64) [1] 0.031±0.024 
Co <0.063 (6) 0.022±0.010 (16) [9] 12 (9) [4] 0.047±0.035 
Cr ≤0.64 (9) 0.042 (50) [3] 29.4 (5) [10] 0.56±0.43 
Cs 0.071 (3) 0.034±0.015 (64) [1] 2.8 (12) [11] 0.034±0.017 
Dy 0.0031 (1) 0.0031±0.0032 (64) [1] 0.0031±0.0032 (64) [1] 0.0029±0.0024 
Er 0.0018 (1) 0.0018±0.0022 (64) [1] 0.0018±0.0022 (64) [1] 0.0015±0.0011 
Fe 147 (21) 5.7±0.1 (5) [12] 1040±65 (10) [13] 111±51 
Gd 0.0030 (1) 0.0030±0.0030 (64) [1] 0.0030±0.0030 (64) [1] 0.0029±0.0020 
Hg 0.035 (3) 0.024±0.014 (16) [9] 0.65±0.58 (5) [14] 0.052±0.043 
Ho 0.0056 (1) 0.0056±0.0049 (64) [1] 0.0056±0.0049 (64) [1] 0.00057±0.00040 
La 0.074 (1) 0.074±0.094 (64[1] 0.074±0.094 (64) [1] 0.080±0.099 
Li 0.040 (3) 0.040±0.024 (64) [1] 0.040±0.027 (16) [21] 0.042±0.026 
Mn 1.52 (15) <0.47 (12) [11] 7.25±5.00 (4) [10] 1.34±0.40 
Mo 2.8 (6) 0.14 (4) [3] 1.8 (2) [2] 0.28±0.19 
Nb 0.0051 (1) 0.0051±0.0052 (64) [1] 0.0051±0.0052 (64) [1] 0.0054±0.0058 
Nd 0.013 (1) 0.013±0.011 (64) [1] 0.013±0.011 (64) [1] 0.014±0.010 
Ni <0.47 (4) 0.14 (4) [15] 14.1 (27) [16] 3.10±2.49 
Pb 1.2 (12) 0.15 (41) [17] 9.4 (4) [18] 2.39±2.85 
Pr 0.0033 (1) 0.0033±0.0027 (64) [1] 0.0033±0.0027 (64) [1] 0.0035±0.0026 
Rb 15.9 (7) 4.7 (9) [4] 58±33 (4) [18] 13.3±5.1 
Sb 0.051 (4) 0.040±0.037 (64) [1] 0.42±0.56 (7) [14] 0.043±0.036 
Sc 0.015 (2) 0.0093±0.0046 (16) [9] 0.020±0.020 (64) [16] 0.029±0.023 
Se 0.91 (17) 0.32 (129) [7] 18.8±2.4 (27) [16] 0.75±0.27 
Sm 0.0027 (1) 0.0027±0.0024 (64) [1] 0.0027±0.0024 (64) [1] 0.0027±0.0018 
Sn 3.3 (5) 0.25±0.28 (64) [1] 4.4 (7) [2] 0.32±0.32 
Tb 0.0004 (1) 0.0004±0.0005 (64) [1] 0.0004±0.0005 (64) [1] 0.00039±0.00030 
Th 0.0024 (1) 0.0024±0.0030 (64) [1] 0.0024±0.0030 (64) [1] 0.0033±0.0036 
Ti 8.9 (6) <0.24 (50) [3] 156±9 (27) [16] 2.8±3.1* 
Tl 0.0014 (3) 0.0014 (1) [19] 0.59 (1) [2] 0.0014±0.0007 
Tm 0.0003 (1) 0.0003±0.0004 (64) [1] 0.0003±0.0004 (64) [1] 0.00024±0.00017 
U 0.2 (2) 0.0049±0.0083 (64) [1] 0.4 (1) [20] 0.0070±0.0105 
Y 46 (3) 0.019±0.021 (64) [1] 89 (12) [11] 0.019±0.021 
Yb 0.0015 (1) 0.0015±0.0015 (64) [1] 0.0015±0.0015 (64) [1] 0.0014±0.0012 
Zn 503 (62) 101 (1) [21] 3218 (10) [13] 1031±782 
Zr 0.044 (1) 0.044±0.052 (64) [1] 0.044±0.052 (64) [1] 0.036±0.027 

Reference: [1] Zaichick et al., 2012a; [2] Tipton et al., 1954; [3] Tipton & Cook, 1963; [4] Stitch, 1957; [5] Kubo et al., 1976; 
[6] Zaichick & Zaichick, 2011; [7] Schöpfer et al., 2010; [8] Ogunlewe & Osegbe, 1989; [9] Zaichick & Zaichick, 2013a; [10] 
Banaś et al., 2001; [11] Forssen, 1972; [12] Sangen, 1967; [13] Jafa et al., 1980; [14] Liebscher & Smith, 1968; [15] Koch & 
Smith, 1956; [16] Guntupalli et al., 2007; [17] Olderei et al., 1993; [18] Soman et al., 1970; [19] Weinig & Zink, 1967; [20] 
Höffken & Rausch-Stroomann, 1969; [21] Galván-Bobadilla et al., 2005. M – arithmetic mean, SD – standard deviation, na – 
No. of references contribution to this value, nb – No. of samples, * Titanium tools were used for sampling and sample 
preparation. 
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Table 3. Median, minimum and maximum value of means of trace element mass fractions (mg/kg, on dry mass 
basis) in cancerous prostate tissue according to data from the literature in comparison with this works’ result  

Element Published data [Reference] This work 

Median 
of means, (na)

Minimum of means 
M or M±SD, (nb) 

Maximum of means 
M or M±SD, (nb) 

M±SD 
n=36 

Ag - - - 0.294±0.043 
Al - - - 353±255 
Au - - - 0.0353±0.0071 
B 1.78 (1) 1.78±0.65 (23) [1] 1.78±0.65 (23) [1] 16.4±13.6 
Be - - - 0.0164±0.0063 
Bi - - - 1.89±0.86 
Br 1.5 (1) 1.5±6.0 (27) [2] 1.5±6.0 (27) [2] 95.5±37.5 
Cd 1.0 (17) 0.22 (21) [3] 3248±145 (12) [4] 0.385±0.253 
Ce - - - 0.106±0.044 
Co 25 (1) 23.5± 2.0 (4) [5] 27± 3 ((4) [5] 0.0298±0.0144 
Cr 7 (4) 1.65± 0.30 (4) [5] 217±8 ((27) [2] 2.15±1.84 
Cs - - - 0.042±0.015 
Dy - - - 0.0081±0.0032 
Er - - - 0.00333±0.00046 
Fe 195 (15) 12.5±5.0 (20) [6] 6850 (1) [7] 163±106 
Gd - - - 0.0091±0.0058 
Hg - - - 0.095±0.074 
Ho - - - 0.00205±0.00072 
La - - - 0.94±1.84 
Li - - - 0.293±0.204 
Mn 17.3 (6) 8.0±2.0 (3) [8] 160±22  (5) [9] 7.24±5.40 
Mo - - - 0.355±0.064 
Nb - - - ≤0.0053 
Nd - - - 0.041±0.018 
Ni 28.5 (3) 2.35±1.55 (11) [10] 122±15 (27) [2] 7.26±2.10 
Pb 0.176 (2) 0.156 (21) [3] 170±50 (23) [11] 2.30±1.20 
Pr - - - 0.0087±0.0046 
Rb 8 (1) 8±1 (12) [12] 8±1 (12) [12] 8.18±4.31 
Sb - - - 0.51±0.38 
Sc - - - 0.0112±0.0059 
Se 1.47 (15) 0.835±0.410 (17) [13] 11.5±3.5 (3) [8] 0.58±0.45 
Sm - - - 0.0107±0.0115 
Sn - - - 1.48±0.79 
Tb - - - ≤0.0008 
Th - - - 0.054±0.047 
Ti 26.2 (3) ~1 (1) [14] 257±21 (27) [2] ≤8.0* 
Tl - - - 0.027±0.022 
Tm - - - ≤0.00052 
U - - - 0.0050±0.0014 
Y - - - 0.0346±0.0093 
Yb - - - 0.00255±0.00078 
Zn 200 (44) 16.7±3.5 (3) [8] 840±85 (13) [15] 122±70 
Zr - - - 0.90±0.56 

Reference: [1] Eckhert, 2005; {2] Guntupalli et al., 2007; [3] Neslund-Dudas et al., 2014; [4] Ogunlewe & Osegbe, 1989; [5] 
Kwiatek et al., 2005; [6] Kiziler et al., 2010; [7] Paluszkiewicz & Kwiatek, 2001; [8] Kiziler et al., 2004; [9] Banaś et al., 
2001; [10] Yaman et al., 2005; [11] Guzel et al., 2012; [12] Leitão et al., 2014; [13] Muecke et al., 2009; [14] Kwiatek et al., 
2001; [15] Dhar et al., 1973. M – arithmetic mean, SD – standard deviation, na – No. of references contribution to this value, 
nb – No. of samples, * Titanium tools were used for sampling and sample preparation, “–“ no data available. 
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Table 4. Intercorrelations of Al, Bi, Cd, Co, Fe, Mn, Sb, Se, Sn, and Zn mass fraction with other trace element 
mass fractions determined in normal prostate tissue (r – coefficient of correlation)  

Element Al Bi Cd Co Fe Mn Sb Se Sn Zn 

Ag 0.19 -0.19 -0.26 -0.08 -0.19 0.12 0.22 -0.19 0.45 0.12 
Al 1.00 -0.09 -0.21 0.39 0.02 0.21 0.06 -0.03 -0.11 -0.14 
Au 0.06 -0.18 -0.08 0.01 0.10 -0.10 0.33 0.34 0.18 -0.18 
B -0.31 0.10 0.48 0.07 0.03 0.09 -0.09 -0.12 0.13 -0.15 
Be 0.65b 0.14 -0.21 0.80b 0.01 -0.01 -0.28 -0.27 -0.05 0.20 
Bi -0.09 1.00 0.09 0.14 0.21 -0.03 -0.28 -0.01 0.05 -0.08 
Br 0.19 -0.41 0.16 -0.21 -0.12 -0.09 0.26 -0.23 0.29 -0.28 
Cd -0.21 0.09 1.00 -0.14 0.35 -0.09 -0.16 -0.11 -0.05 -0.27 
Ce 0.39 0.65b -0.01 0.44 0.29 0.11 -0.22 -0.05 -0.09 -0.20 
Co 0.39 0.14 -0.14 1.00 0.25 -0.04 0.18 -0.07 0.01 -0.09 
Cr -0.04 -0.26 0.29 0.12 0.42 -0.01 0.26 0.42 -0.21 0.03 
Cs -0.29 0.16 -0.24 -0.21 -0.30 0.01 0.07 0.32 0.08 0.14 
Dy 0.88b -0.03 -0.27 0.62a -0.14 0.21 -0.11 -0.13 -0.21 -0.17 
Er 0.91b -0.05 -0.23 0.33 -0.09 0.24 0.01 -0.08 -0.14 -0.17 
Fe 0.02 0.21 0.35 0.25 1.00 0.01 0.33 0.45 -0.22 0.17 
Gd 0.86b 0.24 -0.20 0.41 -0.03 0.14 -0.09 -0.11 -0.19 -0.23 
Hg -0.09 -0.15 0.03 0.01 0.36 0.01 0.08 0.41 0.19 0.38 
Ho 0.86b -0.05 -0.19 0.25 0.01 0.32 0.03 -0.06 -0.18 -0.24 
La 0.18 0.03 -0.17 -0.06 0.05 0.51 0.04 -0.17 0.19 -0.07 
Li 0.43 -0.02 -0.05 0.41 -0.02 0.08 0.25 0.19 0.33 -0.14 
Mn 0.21 -0.03 -0.09 -0.04 0.01 1.00 0.26 0.10 0.01 -0.04 
Mo -0.04 -0.23 -0.01 -0.11 0.04 0.17 0.32 -0.14 0.61a -0.04 
Nb 0.15 -0.18 -0.04 -0.05 -0.28 0.36 0.39 -0.22 0.45 -0.31 
Nd 0.57a 0.60a -0.14 0.48 0.10 0.08 -0.16 -0.06 -0.12 -0.22 
Ni -0.06 -0.21 0.09 -0.03 0.03 0.10 -0.12 -0.16 0.05 0.07 
Pb -0.13 0.23 0.26 -0.02 0.23 0.09 0.09 -0.05 0.36 -0.01 
Pr 0.49 0.65b -0.05 0.52 0.20 0.07 -0.21 -0.05 -0.10 -0.20 
Rb -0.07 0.13 -0.10 0.14 0.63b -0.08 0.38 0.26 -0.29 0.25 
Sb 0.06 -0.28 -0.16 0.18 0.33 0.26 1.00 -0.08 0.17 -0.09 
Sc -0.14 0.59a -0.06 0.41 0.70b -0.42 0.03 0.63b -0.34 0.62a 
Se -0.03 -0.01 -0.11 -0.07 0.45 0.10 -0.08 1.00 -0.13 0.27 
Sm 0.73b 0.43 -0.21 0.53a -0.01 0.15 -0.08 -0.05 -0.16 -0.21 
Sn -0.11 0.05 -0.05 0.01 -0.22 0.01 -0.17 -0.13 1.00 -0.10 
Tb 0.87b 0.15 -0.26 0.42 -0.08 0.16 -0.06 -0.06 -0.14 -0.22 
Th 0.37 0.53a -0.15 0.61a -0.08 0.08 -0.19 0.04 -0.17 -0.16 
Ti* 0.07 -0.01 -0.04 -0.08 0.13 0.34 -0.24 -0.12 -0.05 0.19 
Tl 0.35 -0.20 -0.19 -0.16 0.24 0.31 -0.16 0.64b -0.28 0.50 
Tm 0.91b -0.14 -0.13 0.26 -0.10 0.27 0.04 -0.10 -0.19 -0.20 
U -0.34 -0.10 -0.25 -0.08 -0.21 0.07 0.15 -0.29 0.40 0.01 
Y 0.74b -0.03 -0.19 0.21 -0.03 0.13 0.09 -0.21 0.37 -0.03 
Yb 0.92b -0.08 -0.20 0.32 -0.07 0.24 -0.03 -0.10 -0.17 -0.19 
Zn -0.14 -0.08 -0.27 -0.09 0.17 -0.04 -0.09 0.27 -0.10 1.00 
Zr 0.60a -0.19 -0.12 0.34 -0.18 0.23 -0.17 0.09 -0.31 -0.08 

* Titanium tools were used for sampling and sample preparation, Significant difference: a - p≤0.01, b - p≤0.001. 
 
4. Discussion 
The INAA-LLR and ICP-MS allowed determine the mean mass fractions of 10 (Ag, Co, Cr, Fe, Hg, Rb, Sb, Sc, 
Se, and Zn) and 41 (Ag, Al, Au, B, Be, Bi, Br, Cd, Ce, Co, Cr, Cs, Dy, Er, Gd, Hg, Ho, La, Li, Mn, Mo, Nb, Nd, 
Ni, Pb, Pr, Rb, Sb, Se, Sm, Sn, Tb, Th, Ti, Tl, Tm, U, Y, Yb, Zn and Zr) trace elements, respectively, in the tissue 
samples of BPH and normal prostate glands. Thus, the use in consecutive order two analytical methods allowed 
us to estimate the mass fractions of 43 chemical elements. In some cancerous tissue samples with low masses 
(biopsy materials) the mass fractions of Nb, Tb, Ti, and Tm were under detection limits (DL). The possible upper 
limit of the mean (≤M) for these trace elements was calculated as the average mass fraction, using the value of 
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the detection limit instead of the individual value when the latter was found to be below the DL:  

 nnDLCM
in

i
ji /







⋅+=≤   (1) 

where Ci is the individual value of the trace-element mass fraction in sample -i, ni is number of samples with 
mass fraction higher than the DL, nj is number of samples with mass fraction lower than the DL, and n = ni + nj 
is number of samples that were investigated.) 

 
Table 5. Intercorrelations of Al, Bi, Cd, Co, Fe, Mn, Sb, Se, Sn, and Zn mass fraction with other trace element 
mass fractions determined in cancerous prostate tissue (r – coefficient of correlation)  

Element Al Bi Cd Co Fe Mn Sb Se Sn Zn 

Ag 0.56 0.72 -0.16 0.09 -0.14 0.52 0.06 -0.16 0.61 -0.18 
Al 1.00 0.64 -0.01 0.14 -0.40 0.61 0.04 -0.57 0.87b -0.41 
Au 0.15 0.59 -0.28 0.46 -0.46 0.84a 0.11 0.08 0.92b -0.54 
B 0.70 0.41 0.25 0.99b -0.53 0.08 0.09 -0.51 0.45 -0.13 
Be 0.80a 0.63 -0.33 -0.13 -0.33 0.64 0.07 -0.17 0.97b -0.58 
Bi 0.64 1.00 -0.58 -0.97b -0.12 0.51 0.23 -0.95b 0.71 -0.76a 
Br 0.36 0.65 -0.57 0.24 0.19 0.21 -0.19 -0.60 0.48 0.01 
Cd -0.01 -0.58 1.00 0.85b -0.14 -0.29 -0.14 0.87b -0.30 0.81a 
Ce 0.69 0.38 -0.32 0.49 -0.54 0.85b -0.03 0.19 0.80a -0.53 
Co 0.14 -0.97b 0.85b 1.00 0.08 0.94b -0.27 0.59 0.28 0.45 
Cr 0.75a 0.66 -0.46 0.09 0.29 0.25 0.15 -0.04 0.60 0.09 
Cs 0.63 0.80b -0.32 -0.64 0.06 0.60 0.23 -0.76a 0.69 -0.39 
Dy 0.76a 0.64 -0.28 -0.98b -0.27 0.54 -0.13 -0.28 0.88b -0.49 
Er 0.78a 0.67 -0.19 -0.53 -0.08 0.66 0.22 -0.33 0.88b -0.34 
Fe -0.40 -0.12 -0.14 0.08 1.00 -0.42 -0.01 -0.14 -0.43 -0.03 
Gd 0.82a 0.57 -0.22 0.07 -0.35 0.83a -0.29 -0.50 0.77a -0.44 
Hg 0.77a 0.32 -0.19 0.41 -0.14 0.90b 0.17 0.42 0.86b 0.19 
Ho 0.22 -0.10 -0.15 0.21 -0.31 0.16 -0.09 0.39 0.38 -0.31 
La -0.39 -0.43 -0.10 0.25 -0.26 -0.42 -0.34 0.19 -0.35 -0.13 
Li 0.91b 0.62 -0.02 0.47 -0.41 0.69 0.07 -0.41 0.87b -0.37 
Mn 0.61 0.51 -0.29 0.94b -0.42 1.00 -0.10 -0.10 0.75a -0.43 
Mo -0.10 0.10 -0.66 -0.37 0.05 -0.29 -0.18 -0.24 0.35 -0.57 
Nb - - - - - - - - - - 
Nd 0.90b 0.52 -0.12 0.99b -0.40 0.64 -0.10 -0.27 0.85b -0.44 
Ni 0.73 0.48 -0.38 -0.99b -0.03 0.66 -0.01 -0.80a 0.75a -0.42 
Pb 0.13 -0.19 -0.01 0.21 -0.28 0.07 -0.23 0.41 0.25 -0.17 
Pr 0.82a 0.55 -0.14 0.27 -0.35 0.60 0.07 -0.45 0.73 -0.42 
Rb -0.54 -0.88b 0.73 0.39 0.25 -0.39 -0.31 0.66 -0.60 0.38 
Sb 0.04 0.23 -0.14 -0.27 -0.01 -0.10 1.00 -0.27 0.06 -0.27 
Sc 0.38 0.96b -0.47 0.39 0.08 -0.63 -0.29 0.29 -0.73 0.24 
Se -0.57 -0.95b 0.87b 0.59 -0.14 -0.10 -0.27 1.00 -0.40 0.70 
Sm 0.26 0.33 -0.34 0.56 -0.17 0.16 0.63 -0.05 0.48 -0.36 
Sn 0.87b 0.71 -0.30 0.28 -0.43 0.75a 0.06 -0.40 1.00 -0.60 
Tb - - - - - - - - - - 
Th 0.92b 0.54 0.06 0.89b -0.46 0.66 0.06 -0.31 0.76a -0.35 
Ti* - - - - - - - - - - 
Tl 0.79a 0.55 0.15 0.99b -0.45 0.35 0.24 -0.17 0.72 -0.30 
Tm - - - - - - - - - - 
U 0.18 0.17 -0.19 0.54 -0.33 0.08 -0.28 -0.24 0.13 -0.30 
Y 0.83a 0.57 -0.29 -0.96b -0.27 0.60 0.04 -0.60 0.87b -0.49 
Yb -0.78a -0.25 0.02 -0.99b 0.93b -0.85b -0.49 -0.06 -0.78a 0.47 
Zn -0.41 -0.76a 0.81a 0.45 -0.03 -0.43 -0.27 0.70 -0.60 1.00 
Zr -0.18 -0.10 0.26 0.71 -0.21 0.05 0.49 0.04 -0.31 0.16 

* Titanium tools were used for sampling and sample preparation, Significant difference: a - p≤0.01, b - p≤0.001. 
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A good agreement was found between the mean values of the Ag, Co, Cr, Hg, Rb, Sb, Se, and Zn mass fractions 
determined by both INAA-LLR and ICP-MS indicating complete digestion of the prostate tissue samples (for 
ICP-MS techniques) and correctness of all results obtained by the two methods. The fact that the elemental mass 
fractions (M±SD) of the certified reference materials obtained in the present work were in good agreement with 
the certified values and within the corresponding 95 % confidence intervals (Zaichick & Zaichick, 2011b; 
Zaichick & Zaichick, 2012a) suggests an acceptable accuracy of the measurements performed on the prostate 
tissue samples. 

In the cancerous prostates, we have observed a significant increase in mass fraction of Ag, Al, Au, B, Be, Bi, Br, 
Ce, Cr, Dy, Er, Fe, Gd, Hg, Ho, Li, Mn, Mo, Nd, Ni, Pr, Sb, Sm, Sn, Th, Tl, Y, and Zr in comparison with the 
histologically normal prostates (Table 1). In particular, a significant higher level of Ag (p<0.000015), Al 
(p<0.16), Au (p<0.0046), B (p<0.04), Be (p<0.0006), Bi (p<0.0012), Cr (p<0.0027), Li (p<0.017), Mn (p<0.028), 
Sb (p<0.000004), Sn (p<0.0076), Th (p<0.028), Tl (p<0.022), and Zr (p<0.0067) mass fraction was found in 
cancerous tissue (Table 1). For example, in prostate glands of patients with prostate adenocarcinoma the means 
of Ag, Al, Au, B, Be, Bi, Cr, Li, Mn, Sb, Sn, Th, Tl, and Zr mass fractions were nearly 4-65 times greater than in 
prostate glands of control group. Such trace elements as Ag, Al, Au, B, Be, Bi, Cr, Li, Mn, Sb, Sn, Th, Tl, and Zr 
binds more tightly within the prostatic cells than within prostatic fluid (V. Zaichick & S. Zaichick, 2014e, 2014f, 
2014g, 2014h). Thus, because the major characteristic of malignancy is an uncontrolled cell proliferation, 
becomes clear why an increase in the prostatic Ag, Al, Au, B, Be, Bi, Cr, Li, Mn, Sb, Sn, Th, Tl, and Zr mass 
fractions has respect to the prostate adenocarcinom. 

In contrary, the Zn mass fractions were almost 8 times lower, and the Cd, Co, Rb, Sc, and Se mass fractions were 
approximately 25-65%, lower in adenocarcinoma than in normal prostate tissue (Table 1). In our previous studies 
we demonstrated that the glandular lumen and, therefore, the prostatic fluid is the main pool of Zn, Se, and Rb 
accumulation in the normal human prostate (V. Zaichick & S. Zaichick, 2014, 2014e, 2014f, 2014g, 2014h). It 
was concluded that Zn, Se, and Rb are involved in functional features of prostate tissue. Because malignant 
transformation is accompanied by a loss of tissue-specific functional features, including the prostatic fluid 
production, this process leads to a significant reduction in the contents of trace elements such as Zn, Rb, and Se 
associated with functional characteristics of the human prostate tissue. The biochemical reason behind the low 
levels of Cd, Co, and Sc mass fractions in cancerous tissue requires further study for a more complete 
understanding. 

No statistically significant differences between the mean values of all other trace element mass fractions 
determined in this study (Cs, La, Mo, Pb, Sm, U, and Yb) for cancerous and normal prostates were shown (Table 
1). 

The results for all trace element mass fractions in the prostates of the control group are in accordance with our 
earlier findings in prostates of apparently healthy men aged over 41 years (S. Zaichick & V. Zaichick, 2010, 
2011, 2011a, 2011b; S. Zaichick et al., 2012a; V. Zaichick et al., 2012b; V. Zaichick & S. Zaichick, 2014a, 2014b, 
2014c; V. Zaichick, 2015) (Table 2). The data reported by other researches and presented in Table 2 also includes 
samples obtained from patients who died from different non-urological diseases. Values obtained for all trace 
elements in this study agreed well with median of mean values or were inside ranges of means cited for the 
normal human prostate (Table 2). 

The obtained mean values for Cd, Cr, Fe, Mn, Ni, Rb, Se, Ti, and Zn mass fractions in cancerous tissue, as 
shown in Table 3, agreed well with median of means cited by other researches. The means of this work for B and 
Br mass fractions are almost one and two orders of magnitude higher than previously reported maximal mean 
values, respectively, while Co mass fractions are three orders of magnitude lower than previously reported 
minimal mean value. No published data referring to Ag, Al, Au, Be, Bi, Ce, Cs, Dy, Er, Gd, Hg, Ho, La, Li, Mo, 
Nb, Nd, Pr, Sb, Sc, Sm, Sn, Tb, Th, Tl, Tm, U, Y, Yb, and Zr mass fractions in prostate cancer tissue were found. 

In normal prostate glands a statistically significant (p≤0.01) direct correlation was found, for example, between 
the prostatic Al and Be, Al and Dy, Al and Er, Al and Gd, Al and Ho, Al and Nd, Al and Sm, Al and Tb, Al and 
Tm, Al and Y, Al and Yb, and also Al and Zr, between the prostatic Bi and Ce, Bi and Nd, Bi and Pr, Bi and Sc, 
and also Bi and Th, between the prostatic Co and Be, Co and Dy, Co and Sm, and also Co and Th, between the 
prostatic Fe and Rb and also Fe and Sc, between the prostatic Se and Sc, and also Se and Tl, between the 
prostatic Sn and Mo, and between the prostatic Zn and Sc (Table 4). The interpretation of all observed 
relationships of trace element mass fraction in normal prostate tissue requires further study for a more complete 
understanding. 

In cancerous prostates some correlations between trace elements found in the control group are no longer evident, 
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for example, correlations for some pairs with Fe, Se, and Zn, but other correlations (direct Al-Cr, Al-Hg, Al-Li, 
Al-Sn, Al-Th, Al-Tl, Bi-Co, Bi-Cs, Cd-Co, Cd-Se, Cd-Zn, Co-B, Co-Mn, Co-Nd, Co-Tl, Fe-Yb, Mn-Au, Mn-Ce, 
Mn-Gd, Mn-Hg, Mn-Sn, Sn-Au, Sn-Be, Sn-Ce, Sn-Dy, Sn-Er, Sn-Gd, Sn-Hg, Sn-Li, Sn-Nd, Sn-Ni, Sn-Th, Sn-Y, 
and reverse Al-Yb, Bi-Co, Bi-Rb, Bi-Se, Bi-Zn, Co-Dy, Co-Ni, Co-Y, Co-Yb, Mn-Yb, Se-Cs, Se-Ni, Sn-Yb) are 
arisen (Table 5). Thus, if we accept the levels and relationships of trace element mass fraction in prostate glands 
of males in the control group as a norm, we have to conclude that with a malignant transformation the levels and 
relationships of trace elements in prostate significantly changed. No published data referring to correlations 
between trace elements mass fractions in cancerous prostate tissue were found. 

Characteristically, elevated or deficient levels of trace elements observed in cancerous tissues are discussed in 
terms of their potential role in the initiation, promotion, or inhibition of prostate cancer. In our opinion, abnormal 
levels of Zn, Se, Rb and some other trace elements in adenocarcinoma could be the consequence of malignant 
transformation. On the other hand, findings of this study documented fact that the adenocarcinoma of human 
prostate accumulates high levels of many trace elements including Al, B, Be, Bi, Cr, Fe, Hg, Ni, Sn, Th, and Zr. 
Genotoxicity and carcinogenicity of these elements are well known (Anghileri et al., 2000; Gordon & Bowser, 
2003; Crespo-López et al., 2009; Bian et al., 2011; Gonzalez-Vasconcellos et al., 2011; Müezzinoğlu et al., 2011; 
Sappino et al., 2012; Helmig et al., 2013; Adámik et al., 2015; Farasani & Darbre, 2015). On the other hand, 
compared to human body soft tissues, the normal prostate of young adults has higher levels of many trace 
elements, including Zn (V. Zaichick & S. Zaichick, 2013, 2013a, 2013b, 2013c, 2014d). Moreover, the level of 
Ba, Bi, Cd, Co, Fe, Hg, Pb, Sc, Sn, Th, U, Zn and some other trace elements continue to increase with age (S. 
Zaichick & V. Zaichick, 2011, 2011a, 2011b; S. Zaichick et al., 2012a; V. Zaichick et al., 2012b; V. Zaichick & S. 
Zaichick, 2014a, 2014b, 2014c; Zaichick, 2015). In our earlier publications (V. Zaichick & S. Zaichick, 1999, 
2014; Zaichick, 2004) it was discussed in detail that the age-related excessive Zn level in prostatic tissue is 
probably one of the main factors influencing the initiation and progression of PCa. In addition to the elevated Zn 
level, an age-related increase and excess in Bi, Cd, Co, Cr, Fe, Hg, Pb, Sn, Th, and U mass fractions in prostatic 
tissue may contribute to harmful effects on the gland. There are good reasons for such speculations since many 
reviews and numerous papers raise the concern about toxicity and carcinogenicity of these and other metals 
(Sunderman, 1979; Snow, 1992; Salnikow & Zhitkovich, 2008; Toyokuni, 2009; Martinez-Zamudio & Ha, 2011; 
Tokar et al., 2011; Chervona et al., 2012; Tchounwou et al., 2012; Koedrith et al., 2013; Tabrez et al., 2014). 
Each of metals is distinct in its primary mode of action. Moreover, there are several forms of synergistic action 
of metals as a part of intracellular metabolism, during which several reactive intermediates and byproducts are 
created (Sunderman, 1979; Snow, 1992; Koedrith et al., 2013). These reactive species are capable of potent and 
surprisingly selective activation of stress-signaling pathways, inhibition of DNA metabolism, repair, and 
formation of DNA crosslinks, which are known to contribute to the development of human cancers (Snow, 1992; 
Salnikow & Zhitkovich, 2008; Tchounwou et al., 2012). In addition to genetic damage via both oxidative and 
nonoxidative (DNA adducts) mechanisms, metals can also cause significant changes in DNA methylation and 
histone modifications, leading to alterations in gene expression (Salnikow & Zhitkovich, 2008; Toyokuni, 2009; 
Tokar et al., 2011)]. In vitro and animal carcinogenic studies provided strong support for the idea that metals can 
also act as co-carcinogens in combination with nonmetal carcinogens (Salnikow & Zhitkovich, 2008). 

Our findings show that mass fraction of Ag, Al, Au, B, Be, Bi, Br, Cd, Ce, Co, Cr, Fe, Hg, Li, Mn, Ni, Rb, Sb, Sc, 
Sn, Zn and some other trace elements are significantly different in most adenocarcinomas as compared to normal 
prostate tissues (Tables 1). Thus, it is plausible to assume that levels of these trace elements and their different 
combinations in prostate tissue can be used as tumor markers. However, this subjects needs in additional studies. 

5. Conclusion 
The combination of nondestructive INAA-LLR and destructive ICP-MS methods is a satisfactory analytical tool 
for the precise determination of 43 trace element mass fractions in the tissue samples of prostate adenocarcinoma 
and normal prostate glands. The using two methods one by one allowed precise quantitative determinations of 
mean mass fraction of Ag, Al, Au, B, Be, Bi, Br, Cd, Ce, Co, Cr, Cs, Dy, Er, Fe, Gd, Hg, Ho, La, Li, Mn, Mo, Nb, 
Nd, Ni, Pb, Pr, Rb, Sb, Sc, Se, Sm, Sn, Tb, Th, Tl, Ti, Tm, U, Y, Yb, Zn, and Zr. It was observed that the mass 
fractions of all trace elements investigated in the study with the exception of Cs, La, Mo, Pb, Se, Sm, U, and Yb 
show significant variations in cancerous tissues when compared with normal tissues of the prostate. Moreover, it 
was shown that malignant transformation significantly changed the relationships of chemical elements in 
prostate. Thus, our finding of content and correlation between pairs of prostatic chemical element mass fractions, 
detailed above, indicates that there is a great disturbance of elemental metabolism in prostate malignancy. It was 
supposed that elevated levels of Ag, Al, Au, B, Be, Br, Ce, Cr, Dy, Er, Fe, Gd, Hg, Li, Mn, Nd, Ni, Pr, Sb, Sn, Th, 
Tl, Y, and Zr as well as reduced levels of Cd, Co, Rb, Sc, Se, and Zn in prostatic tissue can be used as tumor 
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markers. More work is indicated in larger cohorts of patients. 

Acknowledgments 
The authors are grateful to Dr. Tatyana Sviridova, Medical Radiological Research Center, Obninsk, for supplying 
BPH tissue specimens, and Dr. Karandaschev V., Dr. Nosenko S., and Moskvina I., Institute of Microelectronics 
Technology and High Purity Materials, Chernogolovka, Russia, for their help in ICP-MS analysis.  

References 
Adámik, M., Bažantová, P., Navrátilová, L., Polášková, A., Pečinka, P., Holaňová, L., … Brázdová, M. (2015). 

Impact of cadmium, cobalt and nickel on sequence-specific DNA binding of p63 and p73 in vitro and in 
cells. Biochemical and Biophysical Research Communications, 456(1), 29-34. 
http://dx.doi.org/10.1016/j.bbrc.2014.11.027 

Anghileri, L. J., Plenat, F., Labouyrie, E., & Thouvenot P. (2000). Iron- and aluminum-induced carcinogenesis. 
Anticancer Research, 20(5A), 3007-12. 

Aslam, R., & Neubauer, S. (2013). Dairy foods, milk, calcium, and risk of prostate cancer. Oncology Nutrition 
Connection, 21(1), 3-10. 

Banaś, A., Kwiatek, W. M., & Zając, W. (2001). Trace element analysis of tissue section by means of 
synchrotron radiation: the use of GNUPLOT for SPIXE spectra analysis. Journal of Alloys and Compounds, 
328(1-2), 135-8. http://dx.doi.org/10.1016/S0925-8388(01)01334-2 

Bian, L., He, Y. W., Tang, R. Z., Ma, L. J., Wang. C. Y., Ruan, Y. H., … Jin, K. W. (2011). Induction of lung 
epithelial cell transformation and fibroblast activation by Yunnan tin mine dust and their interaction. 
Medical Oncology, 28(Suppl 1), S560-9. http://dx.doi.org/10.1007/s12032-010-9655-4 

Chervona, Y., Arita, A., & Costa, M. (2012). Carcinogenic metals and the epigenome: understanding the effect of 
nickel, arsenic, and chromium. Metallomics, 4, 619-27. http://dx.doi.org/10.1039/c2mt20033c 

Crespo-López, M. E., Macêdo, G. L., Pereira, S. I., Arrifano, G. P., Picanço-Diniz, D. L., do Nascimento, J. L., & 
Herculano, A. M. (2009). Mercury and human genotoxicity: critical considerations and possible molecular 
mechanisms. Pharmacological Research, 60(4), 212-20. http://dx.doi.org/10.1016/j.phrs.2009.02.011 

Beck, C. A. J., & Sales, B. D. (2001). Family mediation: Facts, myths, and future prospects (pp. 100-102). 
Washington, DC: American Psychological Association. http://dx.doi.org/10.1037/10401-000 

Dhar, N. K., Goel, T. C., Dube, P. C., Chowdhury, A. R., & Kar, A. B. (1973). Distribution and concentration of 
zinc in the subcellular fractions of benign hyperplastic and malignant neoplastic human prostate. 
Experimental and Molecular Pathology, 19, 139-42. http://dx.doi.org/10.1016/0014-4800(73)90073-7 

Eckhert, C. D. (2005). Microlocalization and Quantitation of Risk Associated Elements in Gleason Graded 
Prostate Tissue (Annual Report, 1 Mar 2004 - 28 Feb 2005, NSN 7540-01-280-5500). University of 
California, Los Angeles, United States. 

Ektessabi, A., Shikine, S., Kitamura, N., Rokkum, M., & Johansson, C. (2001). Distribution and chemical states 
of iron and chromium released from orthopedic implants into human tissues. X-Ray Spectrometry, 30, 44-8. 
http://dx.doi.org/10.1002/xrs.466 

Farasani, A., & Darbre, P. D. (2015). Effects of aluminium chloride and aluminum chlorohydrate on DNA repair 
in MCF10A immortalised non-transformed human breast epithelial cells. Journal of Inorganic Biochemistry, 
152, 186-9. http://dx.doi.org/10.1016/j.jinorgbio.2015.08.003 

Ferlay, J., Soerjomataram, I., Dikshit, R., Eser, S., Mathers, C., Rebelo, M., … Bray, F. (2015). Cancer incidence 
and mortality worldwide: sources, methods and major patterns in GLOBOCAN 2012. International Journal 
of Cancer, 136(5), E359-86. http://dx.doi.org/10.1002/ijc.29210 

Forssen, A. (1972). Inorganic Elements in the Human Body. I. Occurrence of Ba, Br, Ca, Cd, Cs, Cu, K, Mn, Ni, 
Sn, Sr, Y and Zn in the Human Body. Annales medicinae Experimentalis et Biologie (Finland), 50(3), 
99-162. 

Fuente, M. A., & Juаrez, M. (1995). Determination of phosphorus in dairy products by sample wet digestion in a 
microwave oven. Analytica Chimica Acta, 309, 355-9. http://dx.doi.org/10.1016/0003-2670(95)00059-9 

Galván-Bobadilla, A. I., García-Escamilla, R. M., Gutiérrez-García, N., Mendoza-Magaña, M. L., & 
Rosiles-Martínez, R. (2005). Cadmium and zinc concentrations in prostate cancer and benign prostate 
hyperplasia. Revista Latinoamericana de Patología Clínica, 52(2), 109-17. 



www.ccsenet.org/cco Cancer and Clinical Oncology Vol. 5, No. 1; 2016 

90 
 

Gonzalez-Vasconcellos, I., Domke, T., Kuosaite, V., Esposito, I., Sanli-Bonazzi, B., Nathrath, M., … Rosemann, 
M. (2011). Differential effects of genes of the Rb1 signalling pathway on osteosarcoma incidence and 
latency in alpha-particle irradiated mice. Radiation and Environmental Biophysics, 50(1), 135-41. 
http://dx.doi.org/10.1007/s00411-010-0339-4 

Gordon, T., & Bowser, D. (2003). Beryllium: genotoxicity and carcinogenicity. Mutation Research, 533(1-2), 
99-105. http://dx.doi.org/10.1016/j.mrfmmm.2003.08.022 

Guntupalli, J. N. R., Padala, S., Gummuluri, A. R. M., Muktineni, R. K., Byreddy, S. R., Sreerama, L., ... Pullela, 
V. R. L. (2007). Trace elemental analysis of normal, benign hypertrophic and cancerous tissues of the 
prostate gland using the particle-induced X-ray emission technique. European Journal of Cancer 
Prevention, 16, 108-15. http://dx.doi.org/10.1097/01.cej.0000228409.75976.b6 

Guzel, S., Kiziler, L., Aydemir, B., Alici, B., Ataus, S., Aksu, A., & Durak, H. (2012). Association of Pb, Cd, and 
Se concentrations and oxidative damage-related markers in different grades of prostate carcinoma. 
Biological Trace Element Research, 145, 23-32. http://dx.doi.org/10.1007/s12011-011-9162-2 

Györkey, F., Min, K. W., Huff, J. A., & Györkey, P. (1967). Zinc and magnesium in human prostate gland: 
Normal, hyperplastic, and neoplastic. Cancer Research, 27(8 Part 1), 1349-53. 

Helmig, S., Dopp, E., Wenzel, S., Walter, D., & Schneider, J. (2014). Induction of altered mRNA expression 
profiles caused by fibrous and granular dust. Molecular Medicine Reports, 9(1), 217-28. 

Höffken, B., & Rausch-Stroomann, J. G. (1969). A study of the Metabolism of Zinc its Metalloenzymes in 
Diabetes Mellitus. Zeitschrift für Klinische Chemie und Klinische Biochemie, 7(1), 4-7. 

Isaacs, J. T. (1983). Prostatic structure and function in relation to the etiology of prostatic cancer. Prostate, 4(4), 
351-66. http://dx.doi.org/10.1002/pros.2990040405 

Jafa, A., Mahendra, N. M., Chowdhury, A. R., & Kamboj, V. P. (1980). Trace elements in prostatic tissue and 
plasma in prostatic diseases of man. Indian Journal of Cancer, 17, 34-7. 

Jemal, A., Murray, T., Samuels, A., Ghafoor, A., Ward, E., & Thun, M. J. (2003). Cancer statistics, 2003. CA: A 
Cancer Journal for Clinicians, 53(1), 5-26. http://dx.doi.org/10.3322/canjclin.53.1.5 

Khan, N., Jeong, I. S., Hwang, I. M., Kim, J. S., Choi, S. H., Nho, E. Y., & Kim, K.S. (2013). Method validation 
for simultaneous determination of chromium, molybdenum and selenium in infant formulas by ICP-OES 
and ICP-MS. Food Chemistry, 141(4), 3566-70. http://dx.doi.org/10.1016/j.foodchem.2013.06.034 

Kiziler, A. R., Aydemir, B., Guzel, S., Alici, B., Ataus, S., Tuna, M. B., … Kilic, M. (2010). May the level and 
ratio changes of trace elements be utilized in identification of disease progression and grade in prostatic 
cancer? Trace Elements and Electrolytes, 27(2), 65-72. http://dx.doi.org/10.5414/TEP27065 

Koch, H. J., & Smith, E. R. (1956). The Determination of copper and zinc in normal and pathologic human 
thyroid tissue. Journal of Clinical Endocrinology, 16(1), 123-9. http://dx.doi.org/10.1210/jcem-16-1-123 

Koedrith, P., Kim, H., Weon, J. I., & Seo, Y. R. (2013). Toxicogenomic approaches for understanding molecular 
mechanisms of heavy metal mutagenicity and carcinogenicity. International Journal of Hygiene and 
Environmental Health, 216, 587-98. http://dx.doi.org/10.1016/j.ijheh.2013.02.010 

Korelo, A. M., & Zaichick, V. (1993). Software to optimize the multielement INAA of medical and 
environmental samples. In Activation Analysis in Environment Protection (pp. 326-332). Dubna, Russia: 
Joint Institute for Nuclear Research. 

Kubo, H., Hashimoto, S., Ishibashi, A., Chiba, R., & Yokota, H. (1976). Simultaneous determinations of Fe, Cu, 
Zn, and Br concentrations in human tissue sections. Medical Physics, 3(4), 204-9. 
http://dx.doi.org/10.1118/1.594233 

Kwiatek, W. M., Kubica, B., Paluszkiewicz, C., & Gałka, M. (2001). Trace element analysis by means of 
synchrotron radiation, XRF, and PIXE: selection of sample preparation procedure. Journal of Alloys and 
Compounds, 328(1-2), 283-8. http://dx.doi.org/10.1016/S0925-8388(01)01318-4 

Kwiatek, W. M., Banas, A., Gajda, M., Gałka, M., Pawlicki, B., Falkenberg, G., & Cichocki, T. (2005). 
Cancerous tissues analyzed by SRIXE. Journal of Alloys and Compounds, 401, 173-7. 
http://dx.doi.org/10.1016/j.jallcom.2005.02.070 

Kwiatek, W. M., Hanson, A. L., Paluszkiewicz, C., Gałka, M., Gajda, M., & Cichocki, T. (2004). Application of 
SRIXE and XANES to the determination of the oxidation state of iron in prostate tissue sections. Journal of 



www.ccsenet.org/cco Cancer and Clinical Oncology Vol. 5, No. 1; 2016 

91 
 

Alloys and Compounds, 362, 83-7. http://dx.doi.org/10.1016/S0925-8388(03)00566-8 

Leitão, R. G., Palumbo, A., Souza, P. A. V. R., Pereira, G. R., Canellas, C. G. L., Anjos, M. J., & Nasciutti, L. E. 
(2014) Elemental concentrationanalysisinprostatetissuesusingtotal reflection X-rayfluorescence. Radiation 
Physics and Chemistry, 95, 62–4. http://dx.doi.org/10.1016/j.radphyschem.2012.12.044 

Liebscher, K., & Smith, H. (1968). Essential and nonessential trace elements. A method of determining whether 
an element is essential or nonessential in human tissue. Archives of Environmental Health, 17, 882-91. 
http://dx.doi.org/10.1080/00039896.1968.10665346 

Martinez-Zamudio, R., & Ha, H. C. (2011). Environmental epigenetics in metal exposure. Epigenetics, 6, 820-7. 
http://dx.doi.org/10.4161/epi.6.7.16250 

Muecke, R., Klotz, T., Giedl, J., Buentzel, J., Kundt, G., Kisters, K., … Micke, O. (2009). Whole blood selenium 
levels (WBSL) in patients with prostate cancer (PC), benign prostatic hyperplasia (BPH) and healthy male 
inhabitants (HMI) and prostatic tissue selenium levels (PTSL) in patients with PC and BPH. Acta 
Oncologica, 48(3), 452-6. http://dx.doi.org/10.1080/02841860802403721 

Müezzinoğlu, T., Korkmaz, M., Neşe, N., Bakırdere, S., Arslan, Y., Ataman, O. Y., & Lekili, M. (2011). 
Prevalence of prostate cancer in high boron-exposed population: a community-based study. Biological 
Trace Element Research, 144(1-3), 49-57. http://dx.doi.org/10.1007/s12011-011-9023-z 

Neslund-Dudas, C., Kandegedara, A., Kryvenko, O.N., Gupta, N., Rogers, C., Rybicki, B.A., Ping Dou, Q., & 
Mitra, B. (2014). Prostate tissue metal levels and prostate cancer recurrence in smokers. Biological Trace 
Element Research, 157(2), 107-12. http://dx.doi.org/10.1007/s12011-013-9874-6 

Ogunlewe, J. O., & Osegbe, D. N. (1989). Zinc and cadmium concentrations in indigenous blacks with normal, 
hypertrophic, and malignant prostate. Cancer, 63, 1388-92. 
http://dx.doi.org/10.1002/1097-0142(19890401)63:7<1388::AID-CNCR2820630725>3.0.CO;2-M 

Oldereid, N. B., Thomassen, Y., Attramadal, A., Olaisen B., & Purvis, K. (1993). Concentrations of lead, 
cadmium and zinc in the tissues of reproductive organs of men. Journal of Reproduction and Fertility, 99, 
421-5. http://dx.doi.org/10.1530/jrf.0.0990421 

Paluszkiewicz, C., & Kwiatek, W. (2001). Analysis of human cancer prostate tissue using FTIR 
microspectroscopy and SRIXE techniques. Journal of Molecular Structure, 565-566, 329-34. 
http://dx.doi.org/10.1016/S0022-2860(01)00527-0 

Rebbeck, T. R. (2006). Conquering cancer disparities: new opportunities for cancer epidemiology, biomarker, 
and prevention research. Cancer Epidemiology, Biomarkers & Prevention, 15, 1569-71. 
http://dx.doi.org/10.1158/1055-9965.EPI-06-0613 

Rebbeck, T. R., & Haas, G. P. (2014). Temporal trends and racial disparities in global prostate cancer prevalence. 
Canadian Journal of Urology, 21, 7496-506. 

Salnikow, K., & Zhitkovich, A. (2008). Genetic and epigenetic mechanisms in metal carcinogenesis and 
cocarcinogenesis: nickel, arsenic, and chromium. Chemical Research in Toxicology, 21, 28-44. 
http://dx.doi.org/10.1021/tx700198a 

Saltzman, B. E., Gross, S. B., Yeager, D. W., Meiners, B. G., & Gartside, P. S. (1990). Total body burdens and 
tissue concentrations of lead, cadmium, copper, zinc, and ash in 55 human cadavers. Environmental 
Research, 52, 126-45. http://dx.doi.org/10.1016/S0013-9351(05)80248-8 

Sangen, H. (1967). The influence of the trace metals upon the aconitase activity in human prostate glands. 
Japanese Journal of Urology, 58, 1146-59. 

Sappino, A. P., Buser, R., Lesne, L., Gimelli, S., Béna, F., Belin, D., & Mandriota, S. J. (2012). Aluminium 
chloride promotes anchorage-independent growth in human mammary epithelial cells. Journal of Applied 
Toxicology, 32(3), 233-43. http://dx.doi.org/10.1002/jat.1793 

Schöpfer, J., Drasch, G., & Schrauzer, G. N. (2010). Selenium and cadmium levels and ratios in prostates, livers, 
and kidneys of nonsmokers and smokers. Biological Trace Element Research, 134(2), 180-7. 
http://dx.doi.org/10.1007/s12011-010-8636-y 

Snow, E. T. (1992). Metal carcinogenesis: mechanistic implications. Pharmacology & Therapeutics, 53, 31-65. 
http://dx.doi.org/10.1016/0163-7258(92)90043-Y 

Soman, S. D., Joseph, K. T., Raut, S. J., Mulay, G. D., Parameswaran, M., & Pandey, V. K. (1970). Studies of 



www.ccsenet.org/cco Cancer and Clinical Oncology Vol. 5, No. 1; 2016 

92 
 

major and trace element content in human tissues. Health Physics, 19(5), 641-56. 
http://dx.doi.org/10.1097/00004032-197011000-00006 

Stitch, S. R. (1957). Trace elements in human tissue. I. A semi-quantitative spectrographic survey. Biochemistry 
Journal, 67, 97-103. http://dx.doi.org/10.1042/bj0670097 

Sunderman, F. W. (1979). Mechanism of metal carcinogenesis. Biological Trace Element Research, 1, 63-86. 
http://dx.doi.org/10.1007/BF02783844 

Tabrez, S., Priyadarshini, M., Priyamvada, S., Khan, M. S., Na, A., & Zaidi, S. K. (2014). Gene–environment 
interactions in heavy metal and pesticide carcinogenesis. Mutation Research, 760, 1-9. 
http://dx.doi.org/10.1016/j.mrgentox.2013.11.002 

Tchounwou, P. B., Yedjou, C. G., Patlolla, A. K., & Sutton, D. J. (2012). Heavy metal toxicity and the 
environment. Molecular, Clinical and Environmental Toxicology, 101, 133-64. 
http://dx.doi.org/10.1007/978-3-7643-8340-4_6 

Tipton, J., Steiner, R. L., Foland, W. D., Mueller, J., & Stanley, M. (1954). USAEC-ORNL-Report-CF-54-12-66. 

Tipton, J. H., & Cook, M. J. (1963). Trace elements in human tissue. Part II. Adult subjects from the United 
States. Health Physics, 9, 103-45. http://dx.doi.org/10.1097/00004032-196302000-00002 

Tokar, E. J., Benbrahim-Tallaa, L., & Waalkes, M. P. (2011). Metal ions in human cancer development. Metal 
Ions in Life Sciences, 8, 375-401. 

Toyokuni, S. (2009). Role of iron in carcinogenesis: cancer as a ferrotoxic disease. Cancer Science, 100, 9-16. 
http://dx.doi.org/10.1111/j.1349-7006.2008.01001.x 

Weinig, E., & Zink, P. (1967). Über die quantitative massenspektrometrische Bestimmung des normalen 
Thallium-Geehalts inmenschlichen Organismus. Archive für Toxikologie, 22(4), 255-74. 

Woodard, H. Q., & White, D. R. (1986). The composition of body tissues. British Journal of Radiology, 59, 
1209-18. http://dx.doi.org/10.1259/0007-1285-59-708-1209 

Yamada, K., Araki, S., Tamura, M., Saka, Y., Takahashi, M., Kashihara, H., & Kono, S. (2000). Epidemiologic 
determinants of clinically relevant prostate cancer. International Journal of Cancer, 89, 259-64. 
http://dx.doi.org/10.1002/1097-0215(20000520)89:3<259::AID-IJC8>3.0.CO;2-F 

Yaman, M., Atici, D., Bakirdere, S., & Akdeniz, I. (2005). Comparison of trace metal concentrations in 
malignant and benign human prostate. Journal of Medicinal Chemistry, 48, 630-4. 
http://dx.doi.org/10.1021/jm0494568 

Yoshida, S., Ektessabi, A., & Fujisawa, S. (2001). XAFS spectroscopy of a single neuron from a patient with 
Parkinson’s disease. Journal of Synchrotron Radiation, 8, 998-1000. 
http://dx.doi.org/10.1107/S0909049500017726 

Zachariadis, G. A., Stratis, J. A., Kaniou, I., & Kalligas, G. (1995). Critical comparison of wet and dry digestion 
procedures for trace elements analysis of meat and fish tissues. Microchimica Acta, 119, 191-8. 
http://dx.doi.org/10.1007/BF01243998 

Zaichick, S., & Zaichick, V. (2010). Method and portable facility for energy-dispersive X-ray fluorescent 
analysis of zinc content in needle-biopsy specimens of prostate. X-Ray Spectrometry, 39, 83-9. 
http://dx.doi.org/10.1002/xrs.1233 

Zaichick, S., & Zaichick, V. (2011). The Br, Fe, Rb, Sr, and Zn content and interrelation in intact and 
morphologic normal prostate tissue of adult men investigated by energy dispersive X-ray fluorescent 
analysis. X-Ray Spectrometry, 40(6), 464-9. http://dx.doi.org/10.1002/xrs.1370 

Zaichick, S., & Zaichick, V. (2011a). INAA application in the age dynamics assessment of Br, Ca, Cl, K, Mg, 
Mn, and Na content in the normal human prostate. Journal of Radioanalytical and Nuclear Chemistry, 
288(1), 197-202. http://dx.doi.org/10.1007/s10967-010-0927-4 

Zaichick, S., & Zaichick, V. (2011b). The effect of age on Ag, Co, Cr, Fe, Hg, Sb, Sc, Se, and Zn contents in 
intact human prostate investigated by neutron activation analysis. Applied Radiation and Isotopes, 69(6), 
827-33. http://dx.doi.org/10.1016/j.apradiso.2011.02.010 

Zaichick, S., Zaichick, V., Nosenko, S., & Moskvina, I. (2012a). Mass fractions of 52 trace elements and zinc 
trace element content ratios in intact human prostates investigated by inductively coupled plasma mass 
spectrometry. Biological Trace Element Research, 149(2), 171-83. 



www.ccsenet.org/cco Cancer and Clinical Oncology Vol. 5, No. 1; 2016 

93 
 

http://dx.doi.org/10.1007/s12011-012-9427-4 

Zaichick, V. (1997). Sampling, sample storage and preparation of biomaterials for INAA in clinical medicine, 
occupational and environmental health. In Harmonization of Health-Related Environmental Measurements 
Using Nuclear and Isotopic Techniques. (pp. 123-133). Vienna, Austria: International Atomic Energy 
Agency. 

Zaichick, V. (2004). INAA and EDXRF applications in the age dynamics assessment of Zn content and 
distribution in the normal human prostate. Journal of Radioanalytical and Nuclear Chemistry, 262, 229-34. 
http://dx.doi.org/10.1023/B:JRNC.0000040879.45030.4f 

Zaichick, V. (2004a). Losses of chemical elements in biological samples under the dry aching process. Trace 
Elements in Medicine, 5(3), 17-22. 

Zaichick, V. (2006). Medical elementology as a new scientific discipline. Journal of Radioanalytical and 
Nuclear Chemistry, 269, 303-9. http://dx.doi.org/10.1007/s10967-006-0383-3 

Zaichick, V. (2015). The variation with age of 67 macro- and microelement contents in nonhyperplastic prostate 
glands of adult and elderly males investigated by nuclear analytical and related methods. Biological Trace 
Element Research, 168(1), 44-6. http://dx.doi.org/10.1007/s12011-015-0342-3 

Zaichick, V., Nosenko, S., & Moskvina, I. (2012b). The effect of age on 12 chemical element contents in intact 
prostate of adult men investigated by inductively coupled plasma atomic emission spectrometry. Biological 
Trace Element Research, 147(1-3), 49-58. http://dx.doi.org/10.1007/s12011-011-9294-4 

Zaichick, V., & Zaichick, S. (1997). A search for losses of chemical elements during freeze-drying of biological 
materials. Journal of Radioanalytical and Nuclear Chemistry, 218(2), 249-53. 
http://dx.doi.org/10.1007/BF02039345 

Zaichick, V., & Zaichick, S. (1999.) Role of zinc in prostate cancerogenesis. In M. Anke et al. (Eds.). Mengen 
und Spurenelemente, 19 Arbeitstagung (pp. 104-115). Jena, Germany: Friedrich-Schiller-Universitat. 

Zaichick, V., & Zaichick, S. (2013). The effect of age on Br, Ca, Cl, K, Mg, Mn, and Na mass fraction in 
pediatric and young adult prostate glands investigated by neutron activation analysis. Applied Radiation and 
Isotopes, 82, 145-51. http://dx.doi.org/10.1016/j.apradiso.2013.07.035 

Zaichick, V., & Zaichick, S. (2013a). INAA application in the assessment of Ag, Co, Cr, Fe, Hg, Rb, Sb, Sc, Se, 
and Zn mass fraction in pediatric and young adult prostate glands. Journal of Radioanalytical and Nuclear 
Chemistry, 298(3), 1559-66. http://dx.doi.org/10.1007/s10967-013-2554-3 

Zaichick, V., & Zaichick, S. (2013b). NAA-SLR and ICP-AES Application in the assessment of mass fraction of 
19 chemical elements in pediatric and young adult prostate glands. Biological Trace Element Research, 
156(1), 357-66. http://dx.doi.org/10.1007/s12011-013-9826-1 

Zaichick, V., & Zaichick, S. (2013c). Use of neutron activation analysis and inductively coupled plasma mass 
spectrometry for the determination of trace elements in pediatric and young adult prostate. American 
Journal of Analytical Chemistry, 4, 696-706. http://dx.doi.org/10.4236/ajac.2013.412084 

Zaichick, V., & Zaichick, S. (2014). Age-related histological and zinc content changes in adult nonhyperplastic 
prostate glands. Age, 36(1), 167-81. http://dx.doi.org/10.1007/s11357-013-9561-8 

Zaichick, V., & Zaichick, S. (2014a). INAA application in the assessment of chemical element mass fractions in 
adult and geriatric prostate glands. Applied Radiation and Isotopes, 90, 62-73. 
http://dx.doi.org/10.1016/j.apradiso.2014.03.010 

Zaichick, V., & Zaichick, S. (2014b). Determination of trace elements in adults and geriatric prostate combining 
neutron activation with inductively coupled plasma atomic emission spectrometry. Open Journal of 
Biochemistry, 1(2): 16-33. 

Zaichick, V., & Zaichick, S. (2014c). Use of INAA and ICP-MS for the assessment of trace element mass 
fractions in adult and geriatric prostate. Journal of Radioanalytical and Nuclear Chemistry, 301(2), 383-97. 
http://dx.doi.org/10.1007/s10967-014-3173-3 

Zaichick, V., & Zaichick, S. (2014d). Androgen-dependent chemical elements of prostate gland. Andrology & 
Gynecology: Current Research, 2(2). http://dx.doi.org/10.4172/2327-4360.1000121 

Zaichick, V., & Zaichick, S. (2014e). Relations of Bromine, Iron, Rubidium, Strontium, and Zinc Content to 
Morphometric Parameters in Pediatric and Nonhyperplastic Young Adult Prostate Glands. Biological Trace 



www.ccsenet.org/cco Cancer and Clinical Oncology Vol. 5, No. 1; 2016 

94 
 

Element Research, 157, 195-204. http://dx.doi.org/10.1007/s12011-014-9890-1 

Zaichick, V., & Zaichick, S. (2014f). Relations of the neutron activation analysis data to morphometric 
parameters in pediatric and nonhyperplastic young adult prostate glands. Advances in Biomedical Science 
and Engineering, 1(1), 26-42. 

Zaichick, V., & Zaichick, S. (2014g). Relations of the Al, B, Ba, Br, Ca, Cl, Cu, Fe, K, Li, Mg, Mn, Na, P, S, Si, 
Sr, and Zn mass fractions to morphometric parameters in pediatric and nonhyperplastic young adult prostate 
glands. BioMetals, 27, 333-48. http://dx.doi.org/10.1007/s10534-014-9716-9 

Zaichick, V., & Zaichick, S. (2014h). The distribution of 54 trace elements including zinc in pediatric and 
nonhyperplastic young adult prostate gland tissues. Journal of Clinical and Laboratory Investigation 
Updates, 2(1), 1-15. http://dx.doi.org/10.14205/2310-9556.2014.02.01.1 

 

Copyrights 
Copyright for this article is retained by the author(s), with first publication rights granted to the journal. 

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution 
license (http://creativecommons.org/licenses/by/3.0/). 

 


