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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 can
play a significant role in etiology of PCa [16-19]. Moreover, it was demonstrated that the
changes of some TE levels and TE content ratios in prostate tissue can be used as biomarkers
[20-26].

The effects of TEs, including Li (lithium), 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 [27,28].

By now, an exceedingly scant literature exists on quantitative Li content in tissue of
“normal” and affected glands. The analyses reported are few in number, incomplete and
difficult to interpret. Moreover, the findings of various studies indicate some discrepancies.

The present study addresses the significance of Li 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 Li 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 Web of Science, Scopus, PubMed, MEDLINE,
ELSEVIER-EMBASE, and Cochrane Library databases, as well as from the personal archive
of the author collected between May 1966 to September 2021, using the key words: prostatic
trace elements, prostatic Li content, prostatic tissue, and their combinations. For example, the
search terms for Li content were: “Li mass fraction”, “Li content”, “Li level”, “prostatic tissue
Li” and “Li 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.
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Eligibility criteria
Inclusion criteria

Only papers with quantitative data of Li 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 Li levels were measured in
samples of prostatic tissue.

Exclusion criteria

Studies were excluded if they were case reports. Studies involving persons from Li
contaminated area and subjects that were Li therapeutic or occupational exposed were also
excluded.

Data extraction

A standard extraction of data was applied, and the following available variables were
extracted from each paper: method of Li determination, number and ages of healthy persons,
sample preparation, mean and median of Li levels, standard deviations of mean, and range of
Li 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 Li levels in prostatic tissue. The articles were
analyzed and “Median of Means” and “Range of Means” were used to examine heterogeneity
of Li contents. The objective analysis was performed on data from the 23 studies, with 1190
healthy subjects.

Results

Information about Li 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
[27]. Thus, it dictates a need for reliable values of the Li 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
2312 publications were primarily obtained, of which 2289 irrelevant papers were excluded.
Thus, 23 studies were ultimately selected according to eligibility criteria that investigated Li
levels in tissue of “normal” prostates (Table 1) and these 23 papers [8, 9, 12, 14, 25, 29-46]
comprised the material on which the review was based. A number of values for Li 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%
[47-50] and ash — 1% (on a wet mass basis) contents in “normal” prostates of adult men
[49,51-53].

Table 1 summarizes general data from the 23 studies. The retrieved studies involved 1190
subjects. The ages of subjects were available for 22 studies and ranged from 0-87 years.
Information about the analytical method and sample preparation used was available for 23
studies. All studies determined Li levels by destructive (require acid digestion of tissue
samples) analytical methods (Table 1): eight using inductively coupled plasma atomic
emission spectrometry (ICP-AES) and nine — inductively coupled plasma mass spectrometry
(ICPMS). In five studies a combination of ICP-AES and ICP-MS methods was used and
results were summarized.



Table 1. Reference data of Li mass fractions (mg/kg wet tissue) in “normal” human prostatic

tissue
Reference Method n  Age, years Li
Range M+SD Range
Zakutinsky et al. 1962 [29] — — — 0.013 —
Zaichick et al. 2011 [30] ICP-MS 10 0-10 0.0182+0.0088  0.0053-0.0289
10 1-20 0.0053+0.0037  0.0026-0.0112
28 21-40 0.0066+0.0046 0. 0026-0.0165
27 41-60 0.0070+0.0041  0.0029-0.0170
8 61-72 0.0075+0.0060  0.0026-0.0172
83 0-72 0.0088+0.0070 0. 0026-0.0289
Zaichick etal. 2012 [31] ICP-AES 64 13-60 0.0068+0.0041  0.0026-0.0170
Zaichick etal. 2012 [32[ ICP-MS 64 13-60 0.0068+0.0041  0.0026-0.0170
Zaichick et al. 2013 [8] ICPAES 16 20-30 0.0068+0.0046 -
Zaichick et al. 2013 [9] ICPMS 16 20-30 0.0109+0.0083 -
Zaichick et al. 2014b [33] ICPAES 28 21-40 0.0068+0.0046  0.0026-0.0165
27 41-60 0.0070+0.0039  0.0029-0.0170
10 61-87 0.0075+0.0060  0.0026-0.0172
Zaichick et al. 2014 [34] ICPMS 28 21-40 0.0068+0.0046  0.0026-0.0165
27 41-60 0.0070+0.0039  0.0029-0.0170
10 61-87 0.0075+0.0060  0.0026-0.0172
Zaichick et al. 2014 [12] ICPAES 50 0-30 0.014+0.012 -
29 0-13 0.020+0.014 -
21 14-30 0.0088+0.0056 -
Zaichick et al. 2014 [35] ICPMS 50 0-30 0.014+0.012 -
29 0-13 0.020+0.014 -
21 14-30 0.0084+0.0058 -
Zaichick et al. 2014 [14] 2 Methods 16 20-30 0.0068+0.0046 -
Zaichick 2015 [36] 2 Methods 65 21-87 0.0070+0.0044 -
Zaichick etal. 2016 [37] ICPAES 28 21-40 0.0080+0.0079 -
27 41-60 0.0086+0.0062 -
10 61-87 0.0087+0.0076 -
Zaichick et al. 2016 [38] ICPMS 28 21-40 0.0080+0.0079 -
27 41-60 0.0086+0.0062 -
10 61-87 0.0087+0.0076 -
Zaichick et al. 2016 [39] ICPAES 37 41-87 0.0071+0.0044  0.0026-0.0172
Zaichick et al. 2016 [40] ICPAES 32 44-87 0.0073+0.0046  0.0026-0.0172
Zaichick et al. 2016 [41] ICPAES 37 41-87 0.0071+0.0044  0.0026-0.0172
Zaichick et al. 2016 [42] ICPMS 32 44-87 0.0072+0.0055 -
Zaichick et al. 2016 [43] ICPMS 37 41-87 0.0071+0.0056 -
Zaichick et al. 2017 [25] ICPMS 37 41-87 0.0071+0.0056 -
Zaichick et al. 2017 [44] 2 Methods 37 41-87 0.0082+0.0049 0.00284-0.0190
Zaichick 2017 [45] 2 Methods 37 41-87 0.0071+0.0045 0.0026-0.0172
Zaichick et al. 2019 [46] 2 Methods 37 41-87 0.0071+0.0045 0.0026-0.0172
Median of means 0.0074

Range of means (M - Mmay),
Ratio Mma/Mmin

All references

0.0068-0.0200

(0.0200/0.0068)=2.94

23




Discussion

The range of means of Li mass fractions reported in the literature for “normal” prostatic
tissue varies from 0.0068 mg/kg [33] to 0.020 mg/kg [35] with median of means 0.0074
mg/kg of wet tissue (Table 1). The maximal value of mean Li mass fraction reported [35] was
2.94 times higher the minimal published Li mass fraction (Table 1).

This variability of reported mean values can be explained by a dependence of Li content
on many factors, including analytical method imperfections, differences in “normal” prostate
definitions, possible non-homogeneous distribution of Li levels throughout the prostate gland
volume, diet, smoking, alcohol intake and others. Not all these factors were strictly controlled
in the cited studies.

In our opinion, the leading cause of inter-observer Li content variability was the need for
sample destruction. In 22 of 23 reported papers such destructive analytical methods as ICP-
AES and ICPMS were used. These methods require 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 [24,54,55]. On the other hand, the Li 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. It is possible to avoid these problems by using non-
destructive methods, but up to now there are no analytical methods which allow to quantify Li
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 Li content in prostatic tissue as biomarkers.

All natural chemical elements of the Periodic System, including Li, present in all subjects
of biosphere [27,56,57]. During the long evolutional period intakes of Li 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 element in their functions. The
situation began to change after the industrial revolution, particularly, over the last 100 years.
The primary use of Li is in industry and medicine. Thus, inorganic Li is ubiquitously
distributed in environment and food, water, and air everywhere contain this element. In
addition to the abundant natural sources of Li, there are a large number of industrial and
pharmaceutical sources of Li to the soil, water, and air (through atmospheric industrial
emissions) contamination. From the polluted environment Li is subsequently introduced into
the food chain and food is the major source of human exposure to Li.

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 10 to 65), and 22 of 23 studies were done one team. As such, it is hard to draw
definite conclusions about the reference value of the Li content in “normal’ prostate as well as
about the clinical value of the Li levels in “normal” prostates as a biomarker.
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