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Abstract
The prostate gland is subject to various disorders. The etiology and pathogenesis of these diseases remain not well
understood. Moreover, despite technological advancements, the differential diagnosis of prostate disorders has
become progressively more complex and controversial. It was suggested that the lead (Pb) level in prostatic tissue
plays an important role in prostatic carcinogenesis and its measurement may be useful as a cancer biomarker.
These suggestions promoted more detailed studies of the Pb content in the prostatic tissue of healthy subjects. The
present study evaluated by systematic analysis the published data for Pb content analyzed in prostatic tissue of
“normal” glands. This evaluation reviewed 1997 studies, all of which were published in the years from 1921 to
2020 and were located by searching the databases Scopus, PubMed, MEDLINE, ELSEVIER-EMBASE, Cochrane
Library, and the Web of Science. The articles were analyzed and “Median of Means” and “Range of Means” were
used to examine heterogeneity of the measured Pb content in prostates of apparently healthy men. The objective
analysis was performed on data from the 26 studies, which included 998 subjects. It was found that the range of
means of prostatic Pb content reported in the literature for “normal” gland varies widely from 0.026 mg/kg to
1.6 mg/kg with median of means 0.275 mg/kg on a wet mass basis. The Pb content depends on many factors such
as analytical method, age, dietary Pb intake, and smoking. Finally, because of small sample size and high data
heterogeneity, we recommend other primary studies be performed.
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Introduction
The prostate gland is subject to various disorders and of them
chronic prostatitis, benign prostatic hyperplasia (BPH), and
prostate cancer (PCa) are extremely common diseases of ageing
men [1-3]. The etiology and pathogenesis of these diseases remain
not well understood. A better understanding of the etiology and
causative risk factors are essential for the primary prevention of
these diseases.
In our previous studies the significant involvement of trace
elements (TEs) in the function of the prostate was found. [4-15].
It was also shown that levels of TEs in prostatic tissue, including
lead (Pb), can play a significant role in etiology of PCa [16-20].
Moreover, it was demonstrated that the changes of some TE levels
and Zn/Pb ratios in prostate tissue can be used as biomarkers [2127].
The first finding of Pb in human prostatic tissue was reported in
1954 [28]. Tipton et al. [28] analyzed Pb and other TE contents in
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many organs and tissues of human body. They found that mean Pb
content in the eight prostates were approximately 0.29 mg/kg of
wet prostatic tissue. However, sixteen years later Soman et al. [29]
shown that the Pb mass fraction in human prostate (1.6 mg/kg
wet tissue) is more than 5 times higher than the result previously
published by Tipton et al. [28]. This result allowed conclude that
the prostate gland accumulates Pb, because the levels of metal in
prostates was almost 5 times higher than in liver (0.30 mg/kg wet
tissue) and more than 3 orders of magnitude higher than in blood
serum (<0.001 mg/L) of the Reference Man [30]. Furthermore,
experimental and epidemiological data identified that Pb
compounds should be considered as genotoxic carcinogens [20,
31-33]. Consequently, the International Agency for Research on
Cancer (IARC) classified inorganic Pb as a probable carcinogen
[31]. These findings promoted more detailed studies of the Pb
content of prostatic tissue of healthy and occupationally exposed
subjects, as well as in those with different prostatic diseases,
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including BPH and PCa.
The effects of TEs, including Pb, are related to their concentration.
Recorded observations range from a deficiency state, through
normal function as biologically essential components, to an
imbalance, when excess of one element interferes with the
function of another, to pharmacologically active concentrations,
and finally to toxic and even life-threatening concentrations [3436]. In this context, significant correlations between Pb exposure
and the risk of human brain, lung, stomach, kidney, breast, and
prostate cancer have been reported [20, 31-33, 37, 38]. However,
precise molecular mechanisms by which this metal causes healthy
cells to transform to malignant states have yet to be fully defined.
By now, many studies have reported the Pb content in tissue of
“normal” and affected glands. However, further investigation has
been considered necessary to provide a practical reference data of
Pb levels in prostate norm and disorders, because the findings of
various studies indicate some discrepancies.
The present study addresses the significance of Pb levels in
prostatic tissue as a biomarker of the gland’s condition. Therefore,
we systematically reviewed all the available relevant literature and
performed a statistical analysis of Pb content in tissue of “normal”
glands, which may provide valuable insight into the etiology and
diagnosis of prostate disorders.

Materials and Methods
Data sources and search strategy
Aiming at finding the most relevant articles for this review, a
thorough comprehensive web search was conducted by consulting
the Scopus, PubMed, MEDLINE, ELSEVIER-EMBASE,
Cochrane Library, and the Web of Science databases, as well as
from the personal archive of the author collected between 1966
to August 2020, using the key words: prostatic trace elements,
prostatic Pb content, prostatic tissue, and their combinations. For
example, the search terms for Pb content were: “Pb mass fraction”,
“Pb content”, “Pb level”, “prostatic tissue Pb” and “Pb of prostatic
tissue”. The language of the article was not restricted. The titles
from the search results were evaluated closely and determined
to be acceptable for potential inclusion criteria. Also, references
from the selected articles were examined as further search tools.
Relevant studies noted for the each selected article were also
evaluated for inclusion.
Eligibility criteria
Inclusion criteria
Only papers with quantitative data of Pb prostatic content were
accepted for further evaluation. Studies were included if the
control groups were healthy human males with no history or
evidence of urological or other andrological disease and Pb levels
were measured in samples of prostatic tissue.

Data extraction
A standard extraction of data was applied, and the following
available variables were extracted from each paper: method of
Pb determination, number and ages of healthy persons, sample
preparation, mean and median of Pb levels, standard deviations
of mean, and range of Pb levels. Abstracts and complete articles
were reviewed independently, and if the results were different, the
texts were checked once again until the differences were resolved.
Statistical analysis
Studies were combined based on means of Pb levels in prostatic
tissue. The articles were analyzed and “Median of Means” and
“Range of Means” were used to examine heterogeneity of Pb
contents. The objective analysis was performed on data from the
26 studies, with 998 subjects.

Results
Information about Pb levels in prostatic tissue in different prostatic
diseases is of obvious interest, not only to understand the etiology
and pathogenesis of prostatic diseases more profoundly, but also
for their diagnosis, particularly for PCa diagnosis and PCa risk
prognosis [20, 27]. Thus, it dictates a need for reliable values of
the Pb levels in the prostatic tissue of apparently healthy subjects,
ranging from young adult males to elderly persons.
Possible publications relevant to the keywords were retrieved and
screened. A total of 1997 publications were primarily obtained,
of which 1971 irrelevant papers were excluded. Thus, 26 studies
were ultimately selected according to eligibility criteria that
investigated Pb levels in tissue of normal prostates (Table 1)
and these 26 papers [9, 13, 14, 26, 28, 29, 39-58] comprised the
material on which the review was based. A number of values
for Pb mass fractions were not expressed on a wet mass basis
by the authors of the cited references. However, we calculated
these values using the medians of published data for water – 83%
[59-62] and ash – 1% (on a wet mass basis) contents in normal
prostates of adult men [42, 43, 47, 61].
Table 1 summarizes general data from the 26 studies. The retrieved
studies involved 998 subjects. The ages of subjects were available
for 14 studies and ranged from 0–89 years. Information about the
analytical method and sample preparation used was available for 24
studies. All twenty four studies determined Pb levels by destructive
(require high temperature drying, ashing, acid digestion, fixation
in ethanol/chloroform/formaldehyde, paraffin/resin embedding,
and defatting of tissue samples) analytical methods (Table 1): two
using chemical analysis, two - solution absorption spectrometry
(SAS), three - atomic absorption spectrophotometry (AAS), four
- atomic emission spectrometry (AES), and thirteen - inductively
coupled plasma mass spectrometry (ICPMS).

Exclusion criteria
Studies were excluded if they were case reports. Studies involving
persons from Pb contaminated area and subjects that were Pb
occupational exposed were also excluded.
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Reference

Method

Tipton et al. 1954 [28]
Koch et al. 1956 [39]
ICRP 1960 [40]
Zakutinsky et al. 1962 [41]
Tipton et al. 1963 [42]
Schroeder et al. 1968 [43]
Barry et al. 1970 [44]
Soman et al. 1970 [29]
Barry 1975 [45]

n

Age, years M(Range) Sample
preparation

AES
AES
AES
AES
SAS
AAS
SAS

8
Adult
4
Adult
50
Adult
50
Adult
29
4
Adult
53
0-89
3
0-9
6
10-19
9
20-29
4
30-39
8
40-49
9
50-59
15
60-69
3
70-79
4
80-89
Gross et al. 1975 [46]
Chemical 46
Adult
Saltzman et al. 1990 [47]
Chemical 57
20-84
Oldereid et al. 1993 [48]
AAS
41
40(18-80)
Benoff et al. 2003 [49]
AAS
6
Adult
Zaichick et al. 2012 [50]
ICPMS
64
13-60
Zaichick et al. 2013 [9]
ICPMS
16
20-30
Neslund-Dudas et al. 2014 [51] ICPMS
21
Adult NS
25
Adult ES
Zaichick et al. 2014 [52]
ICPMS
28
21-40
27
41-60
10
61-87
Zaichick et al. 2014 [13]
ICPMS
16
20-30
Zaichick et al. 2014 [14]
ICPMS
50
0-30
29
0-13
21
14-30
Zaichick 2015 [53]
ICPMS
65
21-87
Zaichick et al. 2016 [54]
ICPMS
32
44-87
Zaichick et al. 2016 [55]
ICPMS
37
41-87
Zaichick et al. 2017 [26]
ICPMS
37
41-87
Zaichick 2017 [57]
ICPMS
37
41-87
Zaichick et al. 2019 [58]
ICPMS
37
41-87
Median of means
0.275
Range of means (Mmin - Mmax),
0.026 – 1.60
Ratio Mmax/Mmin
61.5
All references
26

D, A
AD
D, A
D, A
A, AD
A, AD
A, AD
A, AD
A, AD
A, AD
A, AD
A, AD
A, AD
A, AD
A, AD
A, AD
A, AD
FF, AD
F, AD
AD
AD
F, P, AD, NB
F, P, AD, NB
AD
AD
AD
AD
AD
AD
AD
AD
AD
AD
AD
AD
AD

Pb
M±SD
0.29
0.15
0.91
0.91
0.10
0.10
0.32
1.6
0.27±0.51
0.35
0.13
0.09
0.08
0.12
0.15
0.46
0.17
1.04
0.20±0.22
0.20±0.21
0.026
0.177±0.035
0.30±0.41
0.22±0.22
0.030
0.046
0.19±0.24
0.43±0.53
0.34±0.37
0.124±0.168
0.28±0.28
0.41±0.30
0.15±0.20
0.32±0.43
0.42±0.56
0.41±0.57
0.48±0.57
0.41±0.49
0.41±0.49

Range
Max. 0.27
0.03-2.82
0.1-0.5
0.03-0.25
0.04-0.05
0.05-0.11
0.04-0.23
0.04-0.58
0.03-2.82
0.07-0.33
0.08-2.51
0.032-1.82
0.043-0.92
0.044-1.82
0.026-1.04
0.028-1.77
0.026-1.82
0.026-1.82

Table 1: Reference data of Pb mass fractions (mg/kg wet tissue) in “normal” human prostatic tissue.
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M – arithmetic mean, SD – standard deviation of mean, AES
– atomic emission spectrometry, SAS – solution absorption
spectrometry, AAS – atomic absorption spectrophotometry,
ICPMS – inductively coupled plasma mass spectrometry;
NS – never-smokers, ES– ever-smokers, D – drying at high
temperature, A – ashing, AD – acid digestion, FF – defatted (fat
free), F – fixed in ethanol/chloroform/formaldehyde, P –paraffin
embedded, NB – needle biopsy.
Figure 1 illustrates the data set of Pb measurements in 26 studies
during the period from 1954 to 2020.

Figure 1: Data on Pb content in normal prostate tissue reported
from 1954 to 2020 year

Discussion
The range of means of Pb mass fractions reported in the literature
for “normal” prostatic tissue varies widely from 0.026 mg/kg [48]
to 1.60 mg/kg [29] with median of means 0.275 mg/kg wet tissue
(Table 1). Thus, the maximal value of mean Pb mass fraction
reported [29] was 61.5 times higher the minimal value of mean
[48]. This variability of reported mean values can be explained
by a dependence of Pb content on many factors, including
analytical method imperfections, differences in “normal”
prostate definitions, possible non-homogeneous distribution of
Pb levels throughout the prostate gland volume, age, ethnicity,
diet, smoking, alcohol intake, consuming supplemental Zn
and Se, and others. Not all these factors were strictly controlled
in the cited studies. For example, in some studies the “normal”
prostate means a gland of an apparently healthy man who had
died suddenly, but without any morphological confirmation of
“normality” of his prostatic tissue. In other studies the “normal”
prostate means a non-cancerous prostate (but hyperplastic and
inflamed glands were included) and even a visually normal
prostatic tissue adjacent to a prostatic malignant tumor. Some
researchers used as the “normal” prostate the glands of patients
who died from acute and chronic non-prostatic diseases including
subjects who had suffered from prolonged wasting illnesses. In
some studies whole glands were used for the investigation while
in others the Pb content was measured in pieces of the prostate.
Therefore published data allowed us to estimate the effect of only
a few factors on Pb content in “normal” prostate tissue.
Analytical method
The trend line of Pb content data in “normal” prostate (Figure 1)
showed that an improvement of analytical technologies during last
J Cancer Oncol Res; 2021

66 years did not impact significantly on the means and variability
of reported values. Thus, in our opinion, the leading cause of interobserver variability was insufficient quality control of results in
published studies. In all reported papers destructive analytical
methods were used. These methods require drying, ashing or acid
digestion of the samples at a high temperature. There is evidence
that use of this treatment causes some quantities of TEs to be
lost [34, 63, 64]. On the other hand, the Pb content of chemicals
used for acid digestion can contaminate the prostate samples.
Thus, when using destructive analytical methods it is necessary
to allow for the losses of TEs, for example when there is complete
acid digestion of the sample. Then there are contaminations by
TEs during sample decomposition, which require addition of
some chemicals. In the case of a paraffin/epoxy embedded tissue
samples Pb, particularly from prostatic fluid, may be lost during
sample fixation in ethanol/chloroform/formaldehyde. It is possible
to avoid these problems by using non-destructive methods, but up
to now there are no analytical methods which allow quantify Pb
content in “normal” prostate without acid digestion of the samples
at a high temperature. It is, therefore, reasonable to conclude that
the quality control of results is very important factor for using the
Pb content in prostatic tissue as biomarkers.
Age
In a few studies a significant increase in Pb content with increasing
of age was shown by the comparison of different age groups or the
Pearson’s coefficient of correlation between age and Pb content
in prostate tissue [14, 45, 52]. The most detailed investigations
of age-dependence of prostatic Pb were done by Barry et al. [45].
For example, a strongly pronounced tendency for an age-related
increase of Pb mass fraction was observed in the prostate for the
third to nine decades [45]. In prostates of 60-89 year old men, the
mean Pb mass fraction was 6 times greater than that in the prostates
of 20-39 year old males. Thus, the accumulated information,
studied by us from reported data, allowed a conclusion that there
is a significant increase in Pb mass fraction in “normal” prostate
from age 21 years to the sixth-nine decades.
Androgen-independence of prostatic Pb levels
There was not found any difference between Pb levels in prostates
of teenagers before puberty and of postpubertal teenagers and
young adults [9, 13, 14, 45]. These findings allowed us to conclude
that the Pb content in “normal” prostates does not depend on the
level of androgens, and vice versa.
Dietary Pb intake
Pb exposure occurs through various ways like ingestion, inhalation,
and skin contact. For nonsmokers, food and drinking water are the
main sources of Pb exposure [65, 66]. Most people receive the
largest portion of their daily Pb intake via food. Weekly Pb dietary
intakes for Europe adults vary widely from 1.7 to 60 μg/kg body
weight between different countries [67, 68], however prolonged
intake of even this low level of Pb is hazardous to human beings
[66]. Pb is contained in all kinds of food. The highest contents
of Pb as usual are found in grape juice, fruits (apple and pear),
and root vegetables (potatoes and carrots) [65, 66]. It was shown
that a strong link exists between Pb intake and this metal level
in key organs, such as bones, teeth, liver, and kidney [71]. From
this it was hypothesized that dietary Pb intake affects the metal’s
levels in the prostate and data for prostatic Pb of smokers and

www.unisciencepub.com

Volume 2 | Issue 1

5
nonsmokers indirectly support this hypothesis.
Smoking
Smoking is an important source of Pb exposure [69, 70]. Unlike
Pb in food, which is poorly absorbed (about 10% in adults),
approximately 95% of this metal in inhaled smoke is absorbed
into the bloodstream [66]. In the study Neslund-Dudas et al. [51]
Cd contents of tumor and adjacent non-neoplastic prostate tissue
were measured by ICP-MS. The prostate cancer cases in this study
included 21 never-smokers and 25 ever-smokers. Smokers and
never-smokers were similar in age, PSA at diagnosis, and Gleason
grade. In addition, dietary Zn intake and estimated occupational
exposure to metals did not differ between ever- and neversmokers. It was found that current smokers had 1.54 times the Pb
level in tumor-adjacent non-neoplastic tissue of never smokers.
These findings warrant the conclusion that the Pb contents in
“normal” prostates significantly depend on smoking.
Prostatic Pb content in comparison with other body organs, tissues, and fluids
Absorbed Pb is deposited primarily in bone and teeth (from 94 to
99% for adults) [66, 72, 73]. Among soft tissues of human body
(blood, liver, kidney, brain etc) the highest Pb concentrations were
found for liver and kidney [65, 66]. Mass fraction of this metal in
blood serum and liver of the Reference Man is <0.001 mg/L and
0.30 mg/kg of wet tissue, respectively [30]. Because the median
of prostatic Pb content means obtained in the present review
(0.275 mg/kg of wet tissue) is two order of magnitude higher the
blood serum value and comparable to metal content in liver, it is
reasonable to confirm that the prostate is a target organ for Pb.
For biokinetic movements of Pb in the body more often used
a three-compartment model [74, 75]. Pb within these three
compartments, namely blood (the most labile pool), bone (the
most stable pool) and soft tissues (labile pool) has different
half-times, for example, about 36 days, 27 years, and 40 days,
respectively [74, 75]. Anyway, in spite of the possible changes
in Pb intake, humans are in a state of positive Pb balance from
birth [74, 75]. It means the increase of Pb content in bone and in
other key organs, including prostate, with the increase of age (see
paragraph “Age”).
All natural chemical elements of the Periodic System, including
Pb, present in all subjects of biosphere [34, 76, 77]. During the
long evolutional period intakes of Pb in organisms were more or
less stable and organisms were adopted for such environmental
conditions. Moreover, organisms, including human body, involved
low doses of this metal in their functions [78] Pb is one of the
earliest metals discovered by the human race and environmental
conditions began to change in the ancient world when people
started to use intensively this metal in their life. For example, lead
poisoning is believed to be primarily responsible for the collapse
of the Roman Empire and Beethoven’s death [66]. However, a
really drastically increase of Pb intake links with the industrial
revolution, particularly, over the last 100 years with appearing
various sources of this metal exposure like Pb contained gasoline,
industrial smelting of Pb and its combustion, pottery, boat building,
Pb based painting, Pb containing pipes, battery recycling, grids,
arm industry, pigments, printing of books, etc. [65, 66].
J Cancer Oncol Res; 2021

Environmental Pb pollution occurs mainly through a combination
of land (through atmospheric emissions originating from residues
from coal, oil, and gas combustion, urban refuse, mine tailings
and smelter slag, and also from waste, fertilisers and sludge
application), water (through irrigation and industrial liquid waste),
and air (through atmospheric industrial emissions and vehicle
exhaust) contamination and is subsequently introduced into the
food chain. Pb important properties like softness, malleability,
ductility, high relative density, and resistance to corrosion seem to
make difficult to give up its use. Though Pb widespread use has
discontinued in many countries of the world, it is still used in many
industries like arm industry, car repair, battery manufacturing and
recycling, refining, smelting, etc. [66].
In contrast to organic pollutants the non-biodegradable nature
of Pb, as all other chemical elements, is the prime reason for
its prolonged persistence in the environment. Due to its nonbiodegradable nature and continuous use, Pb concentration
accumulates in the environment with increasing hazards [66].
Age-dependent increase of Pb mass fractions in the ‘normal”
prostate tissue indirectly confirm this conclusion. Elevated Pb
level is a highly poisonous factor affecting every organ in the body
and the prostate gland is not the exclusion.
Thus, according our study for not polluted areas no one influencing
factor could explain the variability of published means for
prostatic Pb levels from 0.026 mg/kg to 1.60 mg/kg of wet tissue.
Moreover, prostate tissue Pb contents showed large variations
among individuals (values ±SD for means in Table 1), but sources
of the variation remain unknown. It is, therefore, reasonable to
assume from data of our study that inaccuracy of analytical
technologies employed caused so great variability of published
means for prostatic Pb levels. This conclusion was supported the
fact that the Certified Reference Materials for quality control of
results were used only in a very few reported studies.
There are some limitations in our study, which need to be taken
into consideration when interpreting the results of this review. The
sample size of each study was sometimes relatively small (from 1
to 65), and a total of 998 normal controls were investigated from
all 26 studies. As such, it is hard to draw definite conclusions
about the reference value of the Pb content in “normal” prostate
as well as about the clinical value of the Pb levels in “normal”
prostates as a biomarker.

Conclusion
The present study is a comprehensive study regarding the
determination of Pb content in “normal” human prostates.
With this knowledge Pb levels may then be considered as a
biomarker for the recognition of prostate disorders. The study
has demonstrated that level of Pb in “normal” prostates depends
on many factors such as age, dietary Pb intake, and smoking.
Because of the uncertainties we have outlined, we recommend
other primary studies be performed.

Conflict of interest
The author declares that there no conflict of interest.

www.unisciencepub.com

Volume 2 | Issue 1

6
References

Laboratory Investigation Updates, 2(1), 1–15.

1.

Nickel JC (2011). Prostatitis. Can Urol Assoc J, 5, 306–315.

2.

Lim KB (2017). Epidemiology of clinical benign prostatic
hyperplasia. Asian J Urol, 4, 148–151.

15. Zaichick V, Zaichick S (2015). Differences and relationships
between morphometric parameters and zinc content in
nonhyperplastic and hyperplastic prostate glands. Br J Med
Med Res, 8, 692–706.

3.

Rawla P (2019). Epidemiology of prostate cancer. World J
Oncol, 10(2), 63–89.

16. Schwartz MK (1975). Role of trace elements in cancer.
Cancer Res, 35, 3481–3487.

4.

Avisyn AP, Dunchik VN, Zhavoronkov AA, Zaichick VE,
Sviridova TV (1981). Histological structure of the prostate
and content of zinc in it during various age period. Archiv
Anatomy, Gistology, and Ebriology (Leningrad) 81(11),
76–83.

17. Zaichick V., Zaichick S (1999). Role of zinc in prostate
cancerogenesis. In: Mengen und Spurenelemente. 19.
Arbeitstagung. Friedrich-Schiller-Universitat, Jena, 104–115.

5.

Zaichick V (2004). INAA and EDXRF applications in the
age dynamics assessment of Zn content and distribution in
the normal human prostate. J Radioanal Nucl Chem, 262,
229–234.

6.

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. Appl Radiat Isot, 82, 145–151.

7.

Zaichick V, Zaichick (2013). 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. J
Radioanal Nucl Chem, 298, 1559–1566.

8.

Zaichick V, Zaichick S (2013). NAA-SLR and ICP-AES
application in the assessment of mass fraction of 19 chemical
elements in pediatric and young adult prostate glands. Biol
Trace Elem Res, 156, 357–366.

9.

Zaichick V, Zaichick S (2013). Use of neutron activation
analysis and inductively coupled plasma mass spectrometry
for the determination of trace elements in pediatric and young
adult prostate. Am J Analyt Chem, 4, 696–706.

18. Zaichick V., Zaichick S. Wynchank S (2016). Intracellular
zinc excess as one of the main factors in the etiology of
prostate cancer. J Anal Oncol, 5, 124–131.
19. Zaichick V, Zaichick S, Rossmann M (2016). Intracellular
calcium excess as one of the main factors in the etiology of
prostate cancer. AIMS Mol Sci, 3, 635–647.
20. Siddiqui MKJ, Srivastava S, Mehrotra PK (2002).
Environmental exposure to lead as a risk for prostate cancer.
Biomed Environ Sci, 15(4), 298-305.
21. Dunchik V, Zherbin E, Zaichick V, Leonov A, Sviridova
T (1980). Method for differential diagnostics of prostate
malignant and benign tumours. Russian patent (Author’s
Certificate No 764660, priority of invention 27.10.1977).
Discoveries, Inventions, Commercial Models, Trade Marks,
35, 13.
22. Zaichick V, Sviridova T, Zaichick S (1997). Zinc in the
human prostate gland: Normal, hyperplastic and cancerous.
Int Urol Nephrol, 29, 565–574.
23. Zaichick V, Sviridova T, Zaichick S (1997). Zinc in human
prostate gland: Normal, hyperplastic and cancerous. J
Radioanal Nucl Chem, 217, 157–161.

10. Zaichick V, Zaichick S (2014). Relations of bromine, iron,
rubidium, strontium, and zinc content to morphometric
parameters in pediatric and nonhyperplastic young adult
prostate glands. Biol Trace Elem Res, 157, 195–204.

24. Zaichick S, Zaichick V (2012). Trace elements of normal,
benign hypertrophic and cancerous tissues of the human
prostate gland investigated by neutron activation analysis. J
Appl Radiat Isot, 70, 81–87.

11. Zaichick V, Zaichick S (2014). 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, 26–42.

25. Zaichick V, Zaichick S (2016). Ratios of selected chemical
element contents in prostatic tissue as markers of malignancy.
Hematol Med Oncol, 1(2), 1–8.

12. Zaichick V, Zaichick S (2014). 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,
333–348.
13. Zaichick V, Zaichick S (2014). Androgen-dependent
chemical elements of prostate gland. Androl Gynecol: Curr
Res, 2, 2.
14. Zaichick V, Zaichick S (2014). The distribution of 54 trace
elements including zinc in pediatric and nonhyperplastic
young adult prostate gland tissues. Journal of Clinical and
J Cancer Oncol Res; 2021

26. Zaichick V, Zaichick S (2017). Trace element levels in
prostate gland as carcinoma’s markers. J Cancer Ther, 8,
131–145.
27. Zaichick V, Zaichick S (2017). Ratios of Zn/trace element
contents in prostate gland as carcinoma’s markers. Cancer
Rep Rev, 1(1), 1–7.
28. Tipton JH, Steiner RL, Foland WD, Mueller J, Stanley M
(1954). USAEC-ORNL-Report-CF-54-12-66.
29. Soman SD, Joseph KT, Raut SJ, Mulay GD, Parameswaran
M, Pandey VK (1970). Studies of major and trace element
content in human tissues. Health Phys, 19(5), 641–656.

www.unisciencepub.com

Volume 2 | Issue 1

7
30. Iyengar GV (1998). Reevaluation of the trace element content
in reference men. Radiat Phys Chem, 51, 545–560.
31. Rousseau M-C, Parent M-E, Nadon L, Latreille B, Siemiatycki
J (2007). Occupational exposure to lead compounds and
risk of cancer among men: A population-based case-control
study. Amer J Epidem, 166(9), 1005–1014.
32. Alatise OI, Schrauzer GN (2010). Lead exposure: A
contributing cause of the current breast cancer epidemic in
Nigerian women. Biol Trace Elem Res, 136(2), 127–139.
33. Meng Y, Tang C, Yu J, Meng S, Zhang W (2020). Exposure
to lead increases the risk of meningioma and brain cancer: A
meta-analysis. J Trace Elem Med Biol, 60:126474.
34. Zaichick V (2006). Medical elementology as a new scientific
discipline. J Radioanal Nucl Chem, 269, 303–309.
35. Hunter P (2008). A toxic brew we cannot live without.
Micronutrients give insights into the interplay between
geochemistry and evolutionary biology. EMBO Rep, 9(1),
15–18.
36. López-Alonso M (2012). Trace minerals and livestock: Not
too much not too little. International Scholarly Research
Notices, 2012, Article ID 704825.

47. Saltzman BE, Gross SB, Yeager DW, Meiners BG, Gartside
PS (1990). Total body burdens and tissue concentrations of
lead, cadmium, copper, zinc, and ash in 55 human cadavers.
Environ Res, 52, 126–145.
48. Oldereid NB, Thomassen Y, Attramadal A, Olaisen B, Purvis
K (1993). Concentrations of lead, cadmium and zinc in the
tissues of reproductive organs of men. J Reprod Fertil, 99,
421–425.
49. Benoff S, Centola GM, Millan C, Napolitano B, Marmar
JL, Hurley IR (2003). Increased seminal plasma lead levels
adversely affect the fertility potential of sperm in IVF. Hum
Reprod, 18(2), 374–383.
50. Zaichick S, Zaichick V, Nosenko S, Moskvina I (2012). Mass
fractions of 52 trace elements and zinc trace element content
ratios in intact human prostates investigated by inductively
coupled plasma mass spectrometry. Biol Trace Elem Res,
149, 171–183.
51. Neslund-Dudas C, Kandegedara A, Kryvenko ON, Gupta N,
Rogers C, Rybicki BA, Ping Dou Q, Mitra B (2014). Prostate
tissue metal levels and prostate cancer recurrence in smokers.
Biol Trace Elem Res, 157, 107–112.

37. Steenland K, Boffetta P (2000). Lead and cancer in humans:
Where are we now? Am J Ind Med, 38(3), 295–299.

52. Zaichick V, Zaichick S (2014). Use of INAA and ICP-MS for
the assessment of trace element mass fractions in adult and
geriatric prostate. J Radioanal Nucl Chem, 301, 383–397.

38. Li S, Wang J, Zhang B,Liu Y, Shi Y, Shan G, Dong L (2018).
Urinary lead concentration is an independent predictor of
cancer mortality in the U.S. general population. Front Oncol
2018 June, 29.

53. 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. Biol Trace Elem Res, 168, 44–60.

39. Koch HJ, Smith ER, Shimp NF, Connor J (1956). Analysis
of trace elements in tissue. I. Normal tissue. Cancer, 9(3),
499–511.

54. Zaichick S, Zaichick V (2016). Prostatic tissue levels of 43
trace elements in patients with BPH. Br J Med Med Res,
15(2), 1–12.

40. ICRP, International Commission for Radiation Protection
(1960). Report of Committee II on Permissible Dose for
Internal Radiation. ICRP Publication 2. Pergamon Press,
London.

55. Zaichick V, Zaichick S (2016). Prostatic tissue levels of 43
trace elements in patients with prostate adenocarcinoma.
Cancer and Clinical Oncology, 5(1), 79–94.

41. Zakutinsky DI, Parfyenov YuD, Selivanova LN (1962). Data
book on the radioactive isotopes toxicology. State Publishing
House of Medical Literature, Moscow.
42. Tipton IH, Cook MJ (1963). Trace elements in human tissue.
Part II. Adult subjects from the United States. Health Phys,
9, 103–145.

56. Zaichick V, Zaichick S (2017). Chemical element contents in
normal and benign hyperplastic prostate. Ann Mens Health
Wellness 1(2),1006.
57. Zaichick V (2017). Differences between 66 chemical element
contents in normal and cancerous prostate. J Anal Oncol, 6,
37–56.

43. Schroeder HA, Tipton IH (1968). The human body burden of
lead. Arch Environ Health, 17(6), 965-978.

58. Zaichick V, Zaichick S (2019). Comparison of 66 chemical
element contents in normal and benign hyperplastic prostate.
Asian J Urol, 6, 275–289.

44. Barry PSI, Mossman DB (1970). Lead concentrations in
human tissues. Br J Indust Med, 27(4), 339-351.

59. Isaacs JT (1983). Prostatic structure and function in relation
to the etiology of prostatic cancer. Prostate, 4(4). 351–366.

45. Barry PSI (1975). A comparison of concentrations of lead in
human tissues. Br J Ind Med, 32(2), 119-139.

60. Leissner KM, Fielkegard B, Tisell LE (1980). Concentration
and content of zinc in human prostate. Invest Urol, 18, 32–35.

46. Gross SB, Pfitzer EA, Yeager DW, Kehoe RA (1975). Lead
in human tissue. Toxicol Appl Pharmacol, 32(3), 638-651.

61. Woodard HQ, White DR (1986). The composition of body
tissues. Br J Radiol, 59, 1209–1218.

J Cancer Oncol Res; 2021

www.unisciencepub.com

Volume 2 | Issue 1

8
62. Arnold WN, Thrasher JB (2003). Selenium concentration in
the prostate. Biol Trace Elem Res, 91(3), 277–280.
63. Zaichick V (1997). Sampling, sample storage and preparation
of biomaterials for INAA in clinical medicine, occupational
and environmental health. In: Harmonization of HealthRelated Environmental Measurements Using Nuclear and
Isotopic Techniques. IAEA, Vienna, 123–133.

78. Reichlmayr-Lais AM, Kirchgessner M (1981). Essentiality
of lead for growth and metabolism, Z Tierphysiol Tierernahr
Futtermittelkd, 46(1-2),1–8.

64. Zaichick V (2004). Losses of chemical elements in biological
samples under the dry ashing process. Trace Elements in
Medicine (Moscow), 5(3), 17–22.
65. Flora G, Gupta D, Tiwari A (2012). Toxicity of lead: A review
with recent updates. Interdiscip Toxicol, 5(2), 47–58.
66. Wani AL, Ara A, Usmani JA (2015). Lead toxicity: A review.
Interdiscip Toxicol, 8(2), 55–64.
67. Galal-Gorchev H (1991). Global overview of dietary lead
exposure. Chemical Speciation and Biovailability, 3(3/4),
5–11.
68. Seifert M, Anke M (2000). Alimentary lead intake of adults
in Thuringia/Germany determined with the duplicate portion
technique. Chemosphere, 41(7), 1037-1043.
69. Mannino DM, Homa DM, Matte T, Hernandez-Avila M
(2005). Active and passive smoking and blood lead levels
in U.S. adults: Data from the Third National Health and
Nutrition Examination Survey. Nicotine Tob Res, 7(4), 557–
564.
70. Hsu P-C, Chang H-Y, Guo YL, Liu Y-C, Shih T-S (2009).
Effect of smoking on blood lead levels in workers and role
of reactive oxygen species in lead-induced sperm chromatin
DNA damage. Fertil Steril, 91(4), 1096–1103.
71. Arora M, Hare DJ (2015). Tooth lead levels as an estimate of
lead body burden in rats following pre and neonatal exposure.
RSC Advances, 5(82), 67308–67314.
72. Zaichick V (2013). Data for the reference man: Skeleton
content of chemical elements. Radiat Environ Biophys, 52,
65–85.
73. Zaichick V( 2013). Chemical elements of human bone tissue
investigated by nuclear analytical and related methods. Biol
Trace Elem Res, 153,84–99.
74. Rabinowitz MB, Wetherill GW, Kopple JD (1976). Kinetic
analysis of lead metabolism in healthy humans. J Clin Invest,
58(2), 260–270.
75. Rădulescu A, Lundgren S (2019). A pharmacokinetic model
of lead absorption and calcium competitive dynamics. Sci
Rep, 9, 14225.
76. Vernadsky VI (1978). Living Matter, Nauka, Moscow.
77. Zaichick V, Ermidou-Pollet S, Pollet S (2007). Medical
elementology: A new scientific discipline. Trace Elem
Electroly, 24(2), 69–74.

J Cancer Oncol Res; 2021

Copyright: ©2021 Vladimir Zaichick. This is an open-access article
distributed under the terms of the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in anymedium,
provided the original author and source are credited.

www.unisciencepub.com

Volume 2 | Issue 1

