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Abstract
A proposal has been made that prostatic strontium (Sr) content de-
terminations may be useful in the prostate condition estimation and
especially as an indicator of prostate carcinoma risk. Here we analyze
data published concerning Sr prostatic levels in healthy subjects. All
2056 items in the literature of the years dating back to 1921 were
identified in the following databases: PubMed, the Cochrane Library,
Scopus, Web of Science, and ELSEVIER-EMBASE. The objective
analysis was carried out on the data from the 26 studies, including
1453 subjects. It was found that the range of means of prostatic Sr
content reported in the literature for “normal” gland widely varies from
0.16 mg/kg to <1.10 mg/kg with a median of means 0.398 mg/kg on a
wet mass basis. The data encompassed a wide range of values and the
sample was small, hence further studies should be performed.
Keywords: Strontium, Human prostate, Normal prostatic tissue,
Biomarkers
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1 INTRODUCTION

The prostate gland is subject to various dis-
orders and among them chronic prostati-
tis, Benign Prostatic Hyperplasia (BPH), and

Prostate Cancer (PCa) are extremely common dis-
eases of aging men (1–3). The etiology and patho-
genesis 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.

The significant involvement of trace elements (TEs)
in the function of the prostate has been shown be-
fore (4–15). It was also shown that levels of TEs in
prostatic tissue, including strontium (Sr), can play
a significant role in the etiology of PCa (16–20).
Moreover, it was demonstrated that the changes of
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A SYSTEMATIC REVIEW OF THE STRONTIUM CONTENT OF THE NORMAL HUMAN PROSTATE
GLAND
some TE levels and Zn/Sr ratios in prostate tissue can
be used as biomarkers (21–27).
It was indicated low levels of Sr in human prostatic
tissue (0.24 mg/kg of wet tissue) in studies published
more than 60 years ago (28). Their findings revealed
that the prostate gland accumulates Sr, because the
level of metal in prostates was almost an order of
magnitude higher than the Sr concentrations inwhole
blood and blood serum (29–31) and comparable to
the metal level in the liver (32). Furthermore, exper-
imental data identified that Sr compounds should be
considered as potential genotoxic carcinogens (33).
Moreover, several epidemiological studies revealed
the association of elevated environmental Sr levels
with an increased risk of esophageal carcinoma (34,
35). These findings promoted more detailed studies
of the Sr content of prostatic tissue of healthy sub-
jects, as well as of patients with different prostatic
diseases, including BPH and PCa.
The impacts of TEs, including Sr, are related to their
concentration. Recorded observations range from a
deficiency state, through normal function as biolog-
ically essential components, to an imbalance, when
an excess of one element interferes with the func-
tion of another, refer to pharmacologically active
concentrations, and finally to toxic and even life-
threatening concentrations (36–38). In this context,
for example, a low dose of Sr has some useful effects
on health (39, 40), but significant exposure to this
metal and its compoundsmay result in adverse health
effects in different organs or tissues, including ma-
lignancy (33–35, 41). However, it remains unclear
what precise mechanism is responsible for Sr geno-
toxicity (33).
By now, a few studies have reported the Sr content in
the tissue of “normal” and affected glands. However,
further investigation has been considered necessary
to provide practical reference data of Sr levels in
prostate norm and disorders, because the findings of
various studies indicate some discrepancies.
The present study addresses the significance of Sr 
levels in prostatic tissue as a biomarker of the gland’s 
condition. Therefore, we systematically reviewed all 
the available relevant literature and performed a sta-
tistical analysis of Sr content in the tissue of “nor-
mal” glands, which may provide valuable insight into 
the etiology and diagnosis of prostate disorders.

2 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 PubMed, Scopus,
ELSEVIER-EMBASE, Cochrane Library, and the
Web of Science databases, as well as from the per-
sonal archive of the author collected between 1966 to
2020, using the key-words: prostatic trace elements,
prostatic Sr content, prostatic tissue, and their combi-
nations. For example, the search terms for Sr content
were: “Sr mass fraction”, “Sr content”, “Sr level”,
“prostatic tissue Sr” and “Sr 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. Besides, references from the chosen articles
were investigated as further search instruments. Rel-
evant studies noted for each selected article were also
examined for inclusion.
Eligibility Criteria
Inclusion Criteria
Only papers with quantitative data of Sr prostatic
content were accepted for further evaluation. Studies
were included if the control groups were healthy
human males with no history or evidence of urolog-
ical or other andrological disease and Sr levels were
measured in samples of prostatic tissue.
Exclusion Criteria
Studies would be excluded if they were case reports.
Studies containing subjects that used Sr supplemen-
tation (Sr ranelate or citrate), or were Sr occupational
exposed, as well as persons from Sr contaminated
area were also excluded.
Data E xtraction
The data were extracted in a standard way, and the 
following available variables were extracted from 
each paper: method of Sr determination, number 
and ages of healthy persons, sample preparation, 
mean and median of Sr levels, standard deviations 
of the mean, and range of Sr 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.
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Studies were combined based on means of Sr levels
in prostatic tissue. The articles were analyzed and
“Median of Means” and “Range of Means” were
used to examine the heterogeneity of Sr contents. The
objective analysis was carried out on data from the 26
studies, with 1453 subjects.

Information about Sr levels in prostatic tissue 
in various 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 (26, 27, 36). 
Thus, it dictates a need for reliable values of the 
Sr levels in the prostatic tissue of apparently 
healthy subjects, ranging from young adult males 
to elderly persons.

TABLE 1: Referencedata of Sr mass fracƟons (mg/kg of wet Ɵssue) in ``normal'' human prostaƟcƟssue

Zaichick et
al. 2014
[10]

EDXRF 29 0-
13

In-
tact

0.42±0.30-

21 14-
30

In-
tact

0.24±0.12-

50 0-
30

In-
tact

0.33±0.24-

Zaichick et
al. 2014
[12]

NAA+ICPAES50 0-
30

In-
tact,
AD

0.30±0.24-

29 0-
13

In-
tact,
AD

0.40±0.30-

21 14-
30

In-
tact,
AD

0.22±0.11-

Zaichick et
al. 2014
[14]

3
Meth-
ods

16 20-
30

In-
tact,
AD

0.179±0.077-

Zaichick et
al. 2015
[51]

EDXRF 32 44-
87

In-
tact

0.425±0.3570.162-
1.65

Zaichick et
al. 2015
[52]

NAA 32 44-
87

In-
tact

<0.51 -

Zaichick
2015 [53]

3
Meth-
ods

65 21-
87

In-
tact,
AD

0.345±0.306-

Rossmann
et al. 2016
[54]

EDXRF 37 41-
79

In-
tact

0.425±0.3570.162-
1.65

Zaichick et
al. 2016
[55]

EDXRF 37 41-
79

In-
tact

0.425±0.3570.162-
1.65

Zaichick et
al. 2016
[56]

NAA+ICPAES28 21-
40

In-
tact,
AD

0.278±0.344-

27 41-
60

In-
tact,
AD

0.515±0.707-

10 61-
87

In-
tact,
AD

0.477±0.342-

37 41-
87

In-
tact,
AD

0.504±0.608-

65 21-
87

In-
tact,
AD

0.413±0.426-

Zaichick et
al. 2016
[57]

NAA+ICPAES37 41-
87

In-
tact,
AD

0.398±0.3160.148-
1.38

Zaichick et
al. 2016
[58]

NAA+ICPAES32 44-
87

In-
tact,
AD

0.405±0.3200.148-
1.38

Zaichick et
al. 2016
[59]

NAA+ICPAES37 41-
87

In-
tact,
AD

0.398±0.3160.148-
1.38

Zaichick et
al. 2017
[60]

3
Meth-
ods

37 41-
87

In-
tact,
AD

0.51±0.510.164-
2.55

Zaichick
2017 [61]

3
Meth-
ods

37 41-
87

In-
tact,
AD

0.420±0.3370.148-
1.51

Zaichick et
al. 2019
[62]

3
Meth-
ods

37 41-
87

In-
tact,
AD

0.420±0.3370.148-
1.51

Median of means 0.398
Range of means
(Mmin - Mmax),

0.16 – <1.10

RaƟo
Mmax/Mmin

(<1.10/0.16) = <6.88

All references 26

MRER PUBLISHER LTD JMRHS 4 (5), 1257−1269 (2021) 1259

3 RESULTS

Possible publications relevant to the keywords were retrieved and screened. A total of 2056 publications 
were primarily obtained, of which 2030 irrelevant papers were excluded. Thus, 26 studies were ulti-
mately selected according to eligibility criteria that investigated Sr levels in tissue of normal prostates 
(Table 1) and these 26 papers (8, 10, 12, 14, 28, 42–        comprised the material on which the review was

M – arithmetic mean, SD – standard deviation of mean, Med. – Median,

RNAA – radiochemical neutron activation analysis, AES – atomic emission spectrometry, XRF – X-ray 
fluorescence analysis, EDXRF – energy dispersive X-ray fluorescence analysis, ICPAES – inductively 
coupled plasma atomic emission spectrometry, NAA-instrumental neutron activation analysis, 3 Meth-ods – 
EDXR+NAA+ICPAES,
D – drying at high temperature, A – ashing, AD –acid digestion

62)
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values using the medians of published data for water
– 83% (63–66) and ash – 1% (on a wet mass basis)
contents in normal prostates of adult men (43, 65, 67,
68).
ummarizes general data from the26 studies. The
retrieved studies involved 1453 subjects. The ages
of subjects were available for 21 studies and ranged
from 0–87 years. Information about the analytical
method and sample preparation used was available
for 25 studies. One study determined Sr levels by
radiochemical neutron activation analysis (RNAA),
one – byX-ray fluorescence analysis (XRF), one – by
instrumental neutron activation analysis (NAA), one
– by by inductively coupled plasma atomic emission
spectrometry (ICPAES), two – by atomic emission
spectrometry (AES), seven - by energy dispersive
X-ray fluorescence analysis (EDXRF), seven - by
NAA combined with ICPAES, and in five studies 3
different methods were used – EDXRF, NAA, and
ICPAES (Table 1).

Figure 1 illustrates the data set of Sr measurements 
in 26 studies during the period from 1958 to 2020.

FIGURE 1: Data on Sr content in normal prostate
Ɵssue reported from 1958 to 2020.

4 DISCUSSION

The range of means of Sr mass fractions reported
in the literature for “normal” prostatic tissue varies
widely from 0.16 mg/kg (43) to <1.10 mg/kg (42)
with a median of means 0.398 mg/kg of wet tissue

(Table 1). This variability of reported mean values
can be explained a priori by a dependence of Sr
content onmany factors, including analytical method
imperfections, differences in “normal” prostate def-
initions, possible non-homogeneous distribution of
Sr levels throughout the prostate gland volume, age,
ethnicity, diet, smoking, alcohol intake, consuming
supplemental trace elements, 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 morpho-
logical confirmation of “normality” of his prostatic
tissue. In other studies, the “normal” prostate means
a non-cancerous prostate (but hyperplastic and in-
flamed glands were included) and even a visually
normal prostatic tissue adjacent to a prostatic ma-
lignant tumor. Some researchers used as the “nor-
mal” 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 Sr content
was measured in pieces of the prostate. Therefore,
published data allowed us to estimate the effect of
only some different factors on Sr content in “normal”
prostate tissue.
Analytical M ethod
The trend line of Sr content data in “normal” prostate
(Figure 1) showed that an improvement of analytical
technologies during the last 50 years did not signif-
icantly impact the mean and variability of reported
values. In our opinion, the leading cause of inter-
observer variability was an insufficient sensitivity of
analytical techniques and a lack of quality control of
results in old studies published in the 50-70s.
In some reported papers such destructive analytical
method as AES and ICP-AES were used. These
methods require ashing and acid digestion of the
samples at a high temperature. There is evidence
that the use of this treatment causes some quantities
of TEs to be lost (36, 69, 70). On the other hand,
the Sr content of chemicals used for acid digestion
can contaminate the prostate samples. Hence, when
using destructive analytical methods, it is essential
to allow for the losses of TEs, for example when
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based. Many values for Sr mass fractions were not
expressed on a wet mass basis by the authors of
the cited references. However, we calculated these
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there is complete acid digestion of the sample. Then
there are contaminations by TEs during sample de-
composition, which require the addition of some
chemicals. It is possible to avoid these problems
by using non-destructive methods, such as EDXRF,
which allow to the quantification of Sr content in
“normal” prostate without acid digestion. Moreover,
a good agreement between results obtained by both
EDXRF and ICPAESmethods under a strong quality
control (14, 53, 60–62) showed that in the case of Sr
it is possible to avoid uncertainties connected with
acid digestion. It is, therefore, reasonable to conclude
that the quality control of results is a very important
factor for using the Sr content in prostatic tissue as
biomarkers.
Age
In a few studies, a significant increase in Sr content
with increasing of age was shown by the comparison
of different age groups or the Pearson’s coefficient
of correlation between age and Sr content in prostate
tissue (47, 48, 50, 56). The most detailed investiga-
tions of age-dependence of prostatic Sr were done by
Zaichick and Zaichick (56). For example, a strongly
pronounced tendency for an age-related increase of
Sr mass fraction was observed in the prostate for the
third to sixth decades (56). In prostates of 41-60 year
old men, the mean Sr mass fraction was almost 2
times higher than that in the prostates of 21-40 year
old males. Thus, the accumulated information, stud-
ied by us from reported data, allowed a conclusion
that there is a significant increase in Sr mass fraction
in “normal” prostate from age 21 years to the sixth
decade.
Androgen-independence of Prostatic Sr Levels
There was no significant difference between Sr lev-
els in prostates of teenagers before puberty and of
post-pubertal teenagers and young adults (10, 12).
These findings allowed us to conclude that the Sr
content in “normal” prostates does not depend on
the level of androgens, and vice versa. However,
studies on the association between the Sr content
in “normal” prostates and the level of androgens in
blood were not found.
SrIntake
The general population can be exposed to low levels
of Sr primarily through consumption of food and

ingestion of drinking water and to a lesser degree
through inhalation of ambient air (39). The Sr content
in the food is determined by the Sr level in soil
which depends on the geological origin of the soil-
forming rocks and anthropogenic emissions (39). In
many countries there are Sr–calcium sub-regions of
the biosphere and biogeochemical provinces with
elevated levels of Sr in soil and disturbed Ca/Sr
ratio (71).
On average, in Europe, the Sr intake of people with
mixed diets amounted to 1.9-2.2 mg/day person (39,
72, 73). The most important sources are dairy prod-
ucts, vegetables and fruits (39, 72, 73). The highest
concentration of Sr came out in nuts (73).
The habitat takes a significant effect on the Sr intake
via the Sr content in the local drinking water (39).
The concentration of Sr in different water types
such as tap water, household wells, groundwater,
and surface waters (rivers, lakes, and oceans) variate
verywidely (34, 74–77). However, a health reference
level (HRL) for Sr 1.5mg/L in drinkingwater was es-
tablished, supported by an updated assessment from
the Environmental Protection Agency (EPA) Office
of Water (77).
Because Sr naturally occurs in the earth’s crust, it
is released into the atmosphere as a result of natu-
ral processes such as entrainment of dust particles,
resuspension of soil by wind, and sea spray. Coastal
regions have higher concentrations of Sr due to sea
spray. Human activities, including milling and pro-
cessing of strontium compounds, burning of coal,
land application of phosphate fertilizers, and using
pyrotechnic devices, release strontium into the atmo-
sphere (78). The effect of these activities is illustrated
by the deposition rates of Sr measured in peat cores
of northern Indiana. The deposition has increased by
a factor of 7 from 8.1 mg Sr/m2/year in presettlement
times (1339–1656) to 57.0 mg Sr/ m2/year between
1970 and 1973 [79].
Sr is sometimes included in medications and over-
the-counter dietary supplements (Sr ranelate or cit-
rate).
Sr Content in Body Fluids, Tissues and Organs
It is well known that Sr is accumulated primarily in
bone (79–81). Among soft tissues of the human body
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the pancreas and liver is the major site of deposition
for Sr (82). There is a correlation between this metal
level in bone, whole blood and soft tissues (82). The
median of prostatic Sr content means obtained in the
present review (0.398 mg/kg of wet tissue) is the
order of magnitude higher than the Sr concentrations
in whole blood and blood serum (29–31) and com-
parable to the metal level in the liver (32). Thus, we
can conclude that the prostate is also a target organ
for Sr.
All natural chemical elements of the Periodic Sys-
tem, including Sr, are present in all subjects of the
biosphere (36, 83, 84). During the long evolutional
period intakes of Sr in organisms were more or less
stable and organisms were adopted for such environ-
mental conditions (36, 39). The situation with using
Sr began to change after the industrial revolution,
particularly, over the last 100-150 years.
Because of Sr extreme reactivity both to oxygen and
water, this metal is not found in nature in its metal-
lic form, but there are many different Sr minerals.
Among them it is only economically viable to extract
Sr from celestite (strontium sulfate - SrSO4) and
strontianite (strontium carbonate - SrCO3). The first
large-scale application of Sr was in the food industry
for the production of sugar from sugar beet by a crys-
tallization process using Sr hydroxide. The process
was used well into the early part of the last century
particularly in Germany where the sugar industry
used 100,000 to 150,000 tons of Sr hydroxide per
year. In the second part of the 20th century, Sr began
to use for the production cathode ray tube color
TV screens. Now Sr and Sr compounds are used
extensively in the manufacture of glass and ferrite
ceramic magnets that are commonly exploited in
such applications as crafts, holding-magnet systems,
loudspeakers, magnetic couplings, magnetic therapy,
motors, novelties, sensors, and toys. Sr compounds
are also used to make ceramic glazes and glass to
impart both strength and hardness to them. About
30% of produced Sr compounds are employed in
pyrotechnics and signals. As a pure metal, Sr is used
as an additive to aluminum and magnesium alloys to
improve their machinability. Fluorescent lights em-
ploy phosphors using Sr magnesium phosphate and
calcium Sr phosphate. Sr chromate is used as rust-
and corrosion-resistant pigment in paints, varnishes

and oil colors. Sr ranelate is used in the treatment
of osteoporosis to reduce the risk of bone fracture
in patients suffering from the disease. Moreover, Sr-
containing bioactive classes are currently used as
implantable materials for the management of various
types of bone disorders and diseases (85). Sr titanate
(SrTiO3) can be a very good substrate for semicon-
ductors and high-temperature superconductors pro-
duction in the nearest future (86).
Besides stable isotopes, there are two radionuclides
of Sr - 89Sr and 90Sr that are used in the treatment
of certain types of cancer and bone metastasis from
cancer (87–89). The most common radionuclide 90Sr
is formed in nuclear reactors or during the explosion
of nuclear weapons. The radionuclide 90Sr generates
high-energy beta particles and has a half-life of 28
years. Hence, it is employed in systems for nuclear
auxiliary power devices, which find potential appli-
cations in remote weather stations, space vehicles,
navigational buoys, etc (90).
Thus, inorganic Sr is ubiquitously distributed in the
environment and food, water, and air everywhere
contain this element. In addition to the abundant
natural sources of Sr, there are a large number of in-
dustrial sources of Sr to the soil (through atmospheric
emissions originating from residues from coal, oil,
and gas combustion, urban refuse, Sr mine tailings,
smelter slag, waste), water (through irrigation and
industrial liquid waste, and wastewater sludge ap-
plication), and air (coal combustion and to a lesser
extent by cement plants and/or smelters, road traffic,
and fireworks) contamination (91).
Sr is an important product in the world economy. The
global market for Sr estimated at 274.8 thousand tons
in the year 2020, is projected to reach a revised size
of 340.9 thousand tons by 2027 (91). The top three
producers of Sr are China, Spain, and Mexico (92).
Since the use of Sr is linked to the rapidly developing
modern technology, we can assume that over the
years, the need for the industry in this metal has in-
creased significantly and would continue to increase
in the future.
Exposure to high levels of stable Sr can result in
impaired bone growth in children (90). Many studies
found a correlation between the accumulation of Sr
in bone and the presence of osteomalacia (41). An-
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imal studies demonstrated that high doses of stron-
tium induced alterations of mineralization and, in a
rat model of chronic renal failure (41). Furthermore,
some stable Sr compounds are cytotoxic, genotoxic,
and can produce cancer (33–35, 41). Precise molec-
ular mechanisms by which this metal causes healthy
cells to transform to malignant states have yet to be
fully defined (33). High levels of 90Sr can damage
bone marrow, cause anemia, and prevent the blood
from clotting properly (90). Leukemia and cancers
of the bone, nose, lung, and skin have also been seen
in laboratory animals. The International Agency for
Research on Cancer (IARC) has determined that 90Sr
is a human carcinogen (90).
Thus, according to our study for unpolluted areas
no information could explain the variability of pub-
lished means for “normal” prostatic Sr levels from
0.16 mg/kg to <1.10 mg/kg of wet tissue. Moreover,
prostate tissue Sr contents showed large variations
among individuals, but sources of the variation re-
main also unknown. It is, therefore, reasonable to
assume from the data of our study that inaccuracy
of analytical technologies employed caused so great
variability of published means for prostatic Sr lev-
els. This conclusion has supported the fact that the
Certified Reference Materials for quality control of
results were not used in old studies.
There are some limitations in our study, which need
to be paid attention to when interpreting the results
of this review. The sample size of each study was
sometimes relatively small (from 8 to 65), and a
total of 1453 “normal” prostates were investigated
from all 26 studies. As such, it is hard to draw
definite conclusions about the reference value of
the Sr content in the “normal” prostate as well as
about the clinical value of the Sr levels in “normal”
prostates as a biomarker.

5 CONCLUSION

The present study is a comprehensive one regarding
the determination of Sr content in “normal” human
prostates. With this knowledge, Sr levels may then
be considered as a biomarker for the recognition of
prostate disorders. The study has demonstrated that
the level of Sr in “normal” prostates increases with

age and depends on many unknown factors. Because
of the uncertainties we have outlined, we recommend
other primary studies be performed.

REFERENCES

1. Nickel JC, Prostatitis. Can Urol Assoc J.
2011;5:306–315.

2. Lim KB. Epidemiology of clinical benign pro-
static hyperplasia. Asian J Urol. 2017;4:148–
151.

3. Rawla P. Epidemiology of Prostate Cancer.
World Journal of Oncology. 2019;10(2):63–
89. Available from: https://dx.doi.org/10.14740/
wjon1191. doi:10.14740/wjon1191.

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

5. Zaichick V. INAA and EDXRF applications
in the age dynamics assessment of Zn content
and distribution in the normal human prostate.
Journal of Radioanalytical and Nuclear Chem-
istry. 2004;262(1):229–234. Available from:
https://dx.doi.org/10.1023/b:jrnc.0000040879.
45030.4f. doi:10.1023/b:jrnc.0000040879.4503
0.4f.

6. Zaichick V, Zaichick S. The effect of age on
Br, Ca, Cl, K, Mg, Mn, and Na mass fraction
in pediatric and young adult prostate glands in-
vestigated by neutron activation analysis. Ap-
plied Radiation and Isotopes. 2013;82:145–
151. Available from: https://dx.doi.org/10.1016/
j.apradiso.2013.07.035. doi:10.1016/j.apradiso.
2013.07.035.

7. Zaichick V, Zaichick S. INAA application in
the assessment of Ag, Co, Cr, Fe, Hg, Rb,
Sb, Sc, Se, and Zn mass fraction in pedi-
atric and young adult prostate glands. Jour-
nal of Radioanalytical and Nuclear Chemistry.

MRER PUBLISHER LTD JMRHS 4 (5), 1257−1269 (2021) 1263

https://dx.doi.org/10.14740/wjon1191
https://dx.doi.org/10.14740/wjon1191
http://dx.doi.org/10.14740/wjon1191
https://dx.doi.org/10.1023/b:jrnc.0000040879.45030.4f
https://dx.doi.org/10.1023/b:jrnc.0000040879.45030.4f
http://dx.doi.org/10.1023/b:jrnc.0000040879.45030.4f
http://dx.doi.org/10.1023/b:jrnc.0000040879.45030.4f
https://dx.doi.org/10.1016/j.apradiso.2013.07.035
https://dx.doi.org/10.1016/j.apradiso.2013.07.035
http://dx.doi.org/10.1016/j.apradiso.2013.07.035
http://dx.doi.org/10.1016/j.apradiso.2013.07.035


A SYSTEMATIC REVIEW OF THE STRONTIUM CONTENT OF THE NORMAL HUMAN PROSTATE
GLAND

2013;298(3):1559–1566. Available from: https:
//dx.doi.org/10.1007/s10967-013-2554-3. doi:1
0.1007/s10967-013-2554-3.

8. Zaichick V, Zaichick S. 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. 2013;156(1-3):357–
366. Available from: https://dx.doi.org/10.1007/
s12011-013-9826-1. doi:10.1007/s12011-013-9
826-1.

9. Zaichick V, Zaichick S. Use of Neutron Activa-
tion Analysis and Inductively Coupled Plasma
Mass Spectrometry for the Determination of
Trace Elements in Pediatric and Young Adult
Prostate. American Journal of Analytical Chem-
istry. 2013;04(12):696–706. Available from:
https://dx.doi.org/10.4236/ajac.2013.412084. d
oi:10.4236/ajac.2013.412084.

10. Zaichick V, Zaichick S. Relations of Bromine,
Iron, Rubidium, Strontium, and Zinc Con-
tent to Morphometric Parameters in Pediatric
and Nonhyperplastic Young Adult Prostate
Glands. Biological Trace Element Research.
2014;157(3):195–204. Available from: https://
dx.doi.org/10.1007/s12011-014-9890-1. doi:10
.1007/s12011-014-9890-1.

11. Zaichick V, Zaichick S. Relations of the neutron
activation analysis data to morphometric pa-
rameters in pediatric and nonhyperplastic young
adult prostate glands. Advances in Biomedical
Science and Engineering. 2014;1:26–42.

12. Zaichick V, Zaichick S. 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 morpho-
metric parameters in pediatric and nonhyper-
plastic young adult prostate glands. BioMetals.
2014;27(2):333–348. Available from: https://dx.
doi.org/10.1007/s10534-014-9716-9. doi:10.10
07/s10534-014-9716-9.

13. Zaichick S. Androgen-Dependent Chemical
Elements of Prostate Gland. Andrology &

Gynecology: Current Research. 2014;02(02).
Available from: https://dx.doi.org/10.4172/
2327-4360.1000121. doi:10.4172/2327-4360.
1000121.

14. Zaichick V, Zaichick S. The distribution of 54
trace elements including zinc in pediatric and
nonhyperplastic young adult prostate gland tis-
sues. Journal of Clinical and Laboratory Inves-
tigation Updates. 2014;2(1):1–15.

15. Zaichick V, Zaichick S. Differences and
Relationships between Morphometric Param-
eters and Zinc Content in Nonhyperplastic
and Hyperplastic Prostate Glands. British
Journal of Medicine and Medical Research.
2015;8(8):692–706. Available from: https://dx.
doi.org/10.9734/bjmmr/2015/17572. doi:10.97
34/bjmmr/2015/17572.

16. Schwartz MK. Role of trace elements in cancer.
Cancer Res. 1975;35:3481–3487.

17. Zaichick V, Zaichick S. Role of zinc in prostate
cancerogenesis. und Spurenelemente 19 Arbeit-
stagung Friedrich-Schiller-Universitat M, edi-
tor. Jena; 1999.

18. Zaichick V, Zaichick S, Wynchank S. Intracel-
lular zinc excess as one of the main factors in
the etiology of prostate cancer. J Anal Oncol.
2016;5:124–131.

19. Zaichick V, Zaichick S, Rossmann M. Intracel-
lular calcium excess as one of the main factors in
the etiology of prostate cancer. AIMS Mol Sci.
2016;3:635–647.

20. Fukuda H, Ebara M, Yamada H, Arimoto M,
Okabe S, Obu M, et al. Trace elements and
cancer. JMAJ. 2004;47(8):391–395.

21. Dunchik V, Zherbin E, Zaichick V, Leonov A,
Sviridova T. Method for differential diagnostics
of prostate malignant and benign tumours. In:
Discoveries, Inventions, Commercial Models.
vol. 10; 1977. p. 13–13.

JMRHS 4 (5), 1257−1269 (2021) MRER PUBLISHER LTD 1264

https://dx.doi.org/10.1007/s10967-013-2554-3
https://dx.doi.org/10.1007/s10967-013-2554-3
http://dx.doi.org/10.1007/s10967-013-2554-3
http://dx.doi.org/10.1007/s10967-013-2554-3
https://dx.doi.org/10.1007/s12011-013-9826-1
https://dx.doi.org/10.1007/s12011-013-9826-1
http://dx.doi.org/10.1007/s12011-013-9826-1
http://dx.doi.org/10.1007/s12011-013-9826-1
https://dx.doi.org/10.4236/ajac.2013.412084
http://dx.doi.org/10.4236/ajac.2013.412084
http://dx.doi.org/10.4236/ajac.2013.412084
https://dx.doi.org/10.1007/s12011-014-9890-1
https://dx.doi.org/10.1007/s12011-014-9890-1
http://dx.doi.org/10.1007/s12011-014-9890-1
http://dx.doi.org/10.1007/s12011-014-9890-1
https://dx.doi.org/10.1007/s10534-014-9716-9
https://dx.doi.org/10.1007/s10534-014-9716-9
http://dx.doi.org/10.1007/s10534-014-9716-9
http://dx.doi.org/10.1007/s10534-014-9716-9
https://dx.doi.org/10.4172/2327-4360.1000121
https://dx.doi.org/10.4172/2327-4360.1000121
http://dx.doi.org/10.4172/2327-4360.1000121
http://dx.doi.org/10.4172/2327-4360.1000121
https://dx.doi.org/10.9734/bjmmr/2015/17572
https://dx.doi.org/10.9734/bjmmr/2015/17572
http://dx.doi.org/10.9734/bjmmr/2015/17572
http://dx.doi.org/10.9734/bjmmr/2015/17572


MRER PUBLISHER LTD
ZAICHICK

22. Zaichick VY, Sviridova TV, Zaichick SV. Zinc
in the human prostate gland: Normal, hyperplas-
tic and cancerous. International Urology and
Nephrology. 1997;29(5):565–574. Available
from: https://dx.doi.org/10.1007/bf02552202.
doi:10.1007/bf02552202.

23. Zaichick VY, Sviridova TV, Zaichick SV. Zinc
in human prostate gland: Normal, hyperplas-
tic and cancerous. Journal of Radioanalyti-
cal and Nuclear Chemistry. 1997;217(2):157–
161. Available from: https://dx.doi.org/10.1007/
bf02034434. doi:10.1007/bf02034434.

24. Zaichick S, Zaichick V. Trace elements of nor-
mal, benign hypertrophic and cancerous tis-
sues of the Human prostate gland investigated
by neutron activation analysis. Applied Radi-
ation and Isotopes. 2012;70(1):81–87. Avail-
able from: https://dx.doi.org/10.1016/j.apradiso.
2011.08.021. doi:10.1016/j.apradiso.2011.08.0
21.

25. ZaichickV, Zaichick S. Ratios of selected chem-
ical element contents in prostatic tissue as mark-
ers of malignancy. Hematology & Medical On-
cology. 2016;1(2):1–8. Available from: https:
//dx.doi.org/10.15761/hmo.1000109. doi:10.15
761/hmo.1000109.

26. Zaichick V, Zaichick S. Trace Element Lev-
els in Prostate Gland as Carcinoma’s Markers.
Journal of Cancer Therapy. 2017;08(02):131–
145. Available from: https://dx.doi.org/10.4236/
jct.2017.82011. doi:10.4236/jct.2017.82011.

27. Zaichick V, Zaichick S. Ratios of Zn/trace
element contents in prostate gland as carci-
noma’s markers. Cancer Reports and Reviews.
2017;1(1):1–7. Available from: https://dx.doi.
org/10.15761/crr.1000105. doi:10.15761/crr.10
00105.

28. Sowden EM. Trace elements in human tissue.
3. Strontium and barium in non-skeletal tis-
sues*. Biochemical Journal. 1958;70(4):712–
715. Available from: https://dx.doi.org/10.1042/
bj0700712. doi:10.1042/bj0700712.

29. Piette M, Desmet B, Dams R. Determination of
strontium in human whole blood by ICP-AES.
Science of The Total Environment. 1994;141(1-
3):269–273. Available from: https://dx.doi.org/
10.1016/0048-9697(94)90033-7. doi:10.1016/0
048-9697(94)90033-7.

30. Somarouthu S, Ohh J, Shaked J, Cunico RL,
Yakatan G, Corritori S, et al. Quantitative bio-
analysis of strontium in human serum by induc-
tively coupled plasma-mass spectrometry. Fu-
ture Science OA. 2015;1(4):76–76. Available
from: https://dx.doi.org/10.4155/fso.15.76. doi:
10.4155/fso.15.76.

31. Nawi AM, Chin SF, Jamal R. Simultaneous
analysis of 25 trace elements in micro volume
of human serum by inductively coupled plasma
mass spectrometry (ICP-MS). Practical Labora-
tory Medicine. 2020;18:e00142–e00142. Avail-
able from: https://dx.doi.org/10.1016/j.plabm.
2019.e00142. doi:10.1016/j.plabm.2019.e0014
2.

32. Zaksas NP, Soboleva SE, Nevinsky GA. Twenty
Element Concentrations in Human Organs De-
termined by Two-Jet Plasma Atomic Emis-
sion Spectrometry. The Scientific World Jour-
nal. 2019;2019:1–9. Available from: https://dx.
doi.org/10.1155/2019/9782635. doi:10.1155/20
19/9782635.

33. EMEA -2005. Annual report of the Euro-
pean Medicines Agency; 2005. Available from:
EMEA/MB/63019/2006.EMEA.

34. Keshavarzi B, Moore F, Najmeddin A, Rah-
mani F, Malekzadeh A. Quality of drinking
water and high incidence rate of esophageal
cancer in Golestan province of Iran: a probable
link. Environmental Geochemistry and Health.
2012;34(1):15–26. Available from: https://dx.
doi.org/10.1007/s10653-011-9377-3. doi:10.10
07/s10653-011-9377-3.

35. Mirzaee M, Semnani S, Roshandel G, Neja-
bat M, Hesari Z, Joshaghani H. Strontium and
antimony serum levels in healthy individuals
living in high- and low-risk areas of esophageal

MRER PUBLISHER LTD JMRHS 4 (5), 1257−1269 (2021) 1265

https://dx.doi.org/10.1007/bf02552202
http://dx.doi.org/10.1007/bf02552202
https://dx.doi.org/10.1007/bf02034434
https://dx.doi.org/10.1007/bf02034434
http://dx.doi.org/10.1007/bf02034434
https://dx.doi.org/10.1016/j.apradiso.2011.08.021
https://dx.doi.org/10.1016/j.apradiso.2011.08.021
http://dx.doi.org/10.1016/j.apradiso.2011.08.021
http://dx.doi.org/10.1016/j.apradiso.2011.08.021
https://dx.doi.org/10.15761/hmo.1000109
https://dx.doi.org/10.15761/hmo.1000109
http://dx.doi.org/10.15761/hmo.1000109
http://dx.doi.org/10.15761/hmo.1000109
https://dx.doi.org/10.4236/jct.2017.82011
https://dx.doi.org/10.4236/jct.2017.82011
http://dx.doi.org/10.4236/jct.2017.82011
https://dx.doi.org/10.15761/crr.1000105
https://dx.doi.org/10.15761/crr.1000105
http://dx.doi.org/10.15761/crr.1000105
http://dx.doi.org/10.15761/crr.1000105
https://dx.doi.org/10.1042/bj0700712
https://dx.doi.org/10.1042/bj0700712
http://dx.doi.org/10.1042/bj0700712
https://dx.doi.org/10.1016/0048-9697(94)90033-7
https://dx.doi.org/10.1016/0048-9697(94)90033-7
http://dx.doi.org/10.1016/0048-9697(94)90033-7
http://dx.doi.org/10.1016/0048-9697(94)90033-7
https://dx.doi.org/10.4155/fso.15.76
http://dx.doi.org/10.4155/fso.15.76
http://dx.doi.org/10.4155/fso.15.76
https://dx.doi.org/10.1016/j.plabm.2019.e00142
https://dx.doi.org/10.1016/j.plabm.2019.e00142
http://dx.doi.org/10.1016/j.plabm.2019.e00142
http://dx.doi.org/10.1016/j.plabm.2019.e00142
https://dx.doi.org/10.1155/2019/9782635
https://dx.doi.org/10.1155/2019/9782635
http://dx.doi.org/10.1155/2019/9782635
http://dx.doi.org/10.1155/2019/9782635
EMEA/MB/63019/2006.EMEA
https://dx.doi.org/10.1007/s10653-011-9377-3
https://dx.doi.org/10.1007/s10653-011-9377-3
http://dx.doi.org/10.1007/s10653-011-9377-3
http://dx.doi.org/10.1007/s10653-011-9377-3


A SYSTEMATIC REVIEW OF THE STRONTIUM CONTENT OF THE NORMAL HUMAN PROSTATE
GLAND

cancer. Journal of Clinical Laboratory Analy-
sis. 2020;34(7):23269–23269. Available from:
https://dx.doi.org/10.1002/jcla.23269. doi:10.10
02/jcla.23269.

36. Zaichick V. Medical elementology as a new
scientific discipline. Journal of Radioanalyti-
cal and Nuclear Chemistry. 2006;269(2):303–
309. Available from: https://dx.doi.org/10.1007/
s10967-006-0383-3. doi:10.1007/s10967-006-0
383-3.

37. Hunter P. A toxic brew we cannot live without.
Micronutrients give insights into the interplay
between geochemistry and evolutionary biol-
ogy. EMBO Rep. 2008;9(1):15–18.

38. López-Alonso M. Trace Minerals and Live-
stock: Not Too Much Not Too Little. ISRN
Veterinary Science. 2012;2012:1–18. Available
from: https://dx.doi.org/10.5402/2012/704825.
doi:10.5402/2012/704825.

39. AnkeM, SeifertM, JaritzM, Lusch E, Hartmann
E. Strontium transfer in the food chain of hu-
mans. In: Roussel AM, Anderson RA, Favrier
AE, editors. Trace Elements in Man and Ani-
mals 10. Kluwer Academic Publishers; 2002. p.
229–230.

40. Nielsen SP. The biological role of strontium.
Bone. 2004;35(3):583–588.

41. Cohen-Solal M. Strontium overload and toxic-
ity: impact on renal osteodystrophy. Nephrology
Dialysis Transplantation. 2002;17(suppl_2):30–
34. Available from: https://dx.doi.org/10.1093/
ndt/17.suppl_2.30. doi:10.1093/ndt/17.suppl
2.30.

42. Zakutinsky DI, Yud P, Selivanova LN. Data
book on the radioactive isotopes toxicology.
Moscow: State Publishing House of Medical
Literature; 1962.

43. Tipton IH, Cook MJ, Steiner RL, Boye CA,
Pretty HM, A H. Trace Elements in Hu-
man Tissue Part I. Methods. Health Physics.
1963;9(2):89–101. Available from: https://dx.

doi.org/10.1097/00004032-196302000-00001.
doi:10.1097/00004032-196302000-00001.

44. Forssen A, Br, Ca, Cd, Cs, Cu K, et al. Inorganic
elements in the human body. I. Occurrence of
Ba. Annales medicinae Experimentalis et Biolo-
gie (Finland). 1972;50(3):99–162.

45. Schroeder HA, Tipton IH, Nason AP. Trace
metals in man: Strontium and barium. Journal
of Chronic Diseases. 1972;25(9):491–517.
Available from: https://dx.doi.org/10.1016/
0021-9681(72)90150-6. doi:10.1016/0021-96
81(72)90150-6.

46. Zaichick S, Zaichick V. Method and portable
facility for energy-dispersive X-ray fluores-
cent analysis of zinc content in needle-biopsy
specimens of prostate. X-Ray Spectrometry.
2010;39(2):83–89. Available from: https://dx.
doi.org/10.1002/xrs.1233. doi:10.1002/xrs.1233
.

47. Zaichick S, Zaichick V. The Br, Fe, Rb,
Sr, and Zn contents and interrelation in in-
tact and morphologic normal prostate tissue of
adult men investigated by energy-dispersive X-
ray fluorescent analysis. X-Ray Spectrometry.
2011;40(6):464–469. Available from: https://dx.
doi.org/10.1002/xrs.1370. doi:10.1002/xrs.1370
.

48. Zaichick V, Nosenko S, Moskvina I. The Ef-
fect of Age on 12 Chemical Element Contents
in the Intact Prostate of Adult Men Investi-
gated by Inductively Coupled Plasma Atomic
Emission Spectrometry. Biological Trace El-
ement Research. 2012;147(1-3):49–58. Avail-
able from: https://dx.doi.org/10.1007/s12011-
011-9294-4. doi:10.1007/s12011-011-9294-4.

49. Zaichick S, Zaichick V. EDXRF determination
of trace element contents in benign prostatic
hypertrophic tissue. Fundamental Interactions
and Neutrons, Neutron Spectroscopy, Nuclear
Structure, Ultracold Neutrons, Related Topics.
Dubna; 2014.

JMRHS 4 (5), 1257−1269 (2021) MRER PUBLISHER LTD 1266

https://dx.doi.org/10.1002/jcla.23269
http://dx.doi.org/10.1002/jcla.23269
http://dx.doi.org/10.1002/jcla.23269
https://dx.doi.org/10.1007/s10967-006-0383-3
https://dx.doi.org/10.1007/s10967-006-0383-3
http://dx.doi.org/10.1007/s10967-006-0383-3
http://dx.doi.org/10.1007/s10967-006-0383-3
https://dx.doi.org/10.5402/2012/704825
http://dx.doi.org/10.5402/2012/704825
https://dx.doi.org/10.1093/ndt/17.suppl_2.30
https://dx.doi.org/10.1093/ndt/17.suppl_2.30
http://dx.doi.org/10.1093/ndt/17.suppl_2.30
http://dx.doi.org/10.1093/ndt/17.suppl_2.30
https://dx.doi.org/10.1097/00004032-196302000-00001
https://dx.doi.org/10.1097/00004032-196302000-00001
http://dx.doi.org/10.1097/00004032-196302000-00001
https://dx.doi.org/10.1016/0021-9681(72)90150-6
https://dx.doi.org/10.1016/0021-9681(72)90150-6
http://dx.doi.org/10.1016/0021-9681(72)90150-6
http://dx.doi.org/10.1016/0021-9681(72)90150-6
https://dx.doi.org/10.1002/xrs.1233
https://dx.doi.org/10.1002/xrs.1233
http://dx.doi.org/10.1002/xrs.1233
https://dx.doi.org/10.1002/xrs.1370
https://dx.doi.org/10.1002/xrs.1370
http://dx.doi.org/10.1002/xrs.1370
https://dx.doi.org/10.1007/s12011-011-9294-4
https://dx.doi.org/10.1007/s12011-011-9294-4
http://dx.doi.org/10.1007/s12011-011-9294-4


MRER PUBLISHER LTD
ZAICHICK

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

51. Zaichick S, Zaichick V. Prostatic Tissue Level
of some Androgen Dependent and Independent
Trace Elements in Patients with Benign Pro-
static Hyperplasia. Androl Gynecol: Curr Res.
2015;3:1–7.

52. Zaichick V, Zaichick S, Davydov G. Differ-
ences Between Chemical Element Contents
in Hyperplastic and Nonhyperplastic Prostate
Glands Investigated by Neutron Activation
Analysis. Biological Trace Element Research.
2015;164(1):25–35. Available from: https://dx.
doi.org/10.1007/s12011-014-0204-4. doi:10.10
07/s12011-014-0204-4.

53. Zaichick V. The variation with age of 67 macro-
and microelement contents in nonhyperplastic
prostate glands of adult and elderly males inves-
tigated by nuclear analytical and related meth-
ods. Biol Trace Elem Res. 2015;168:44–60.

54. Rossmann M, Zaichick S, Zaichick V. Distin-
guishing malignant from benign prostate tumors
using Br, Fe, Rb, Sr, and Zn content in prostatic
tissue. Clin Oncol. 2016;1:1054–1054.

55. Zaichick V, Zaichick S. Trace Element Con-
tents in Adenocarcinoma of Human Prostate In-
vestigated by Energy Dispersive X-Ray Fluo-
rescent Analysis. Journal of Adenocarcinoma.
2016;01(01):1–1. Available from: https://dx.
doi.org/10.21767/2572-309x.100001. doi:10.21
767/2572-309x.100001.

56. Zaichick V, Zaichick S. Age-related changes in
concentration and histological distribution of 18
chemical elements in nonhyperplastic prostate
of adults. World Journal of Pharmaceutical and
Medical Research. 2016;2(4):5–18.

57. Zaichick V, Zaichick S. The comparison be-
tween the contents and interrelationships of 17

chemical elements in normal and cancerous
prostate gland. JPS Open Access. 2016;1(1):1–
10.

58. Zaichick V, Zaichick S. Prostatic tissue level of
some major and trace elements in patients with
BPH. J J Nephro Urol. 2016;3(1):1–10.

59. Zaichick V, Zaichick S. Distinguishing ma-
lignant from benign prostate using content
of 17 chemical elements in prostatic tissue.
Integrative Cancer Science and Therapeutics.
2016;3(5):579–587. Available from: https://dx.
doi.org/10.15761/icst.1000208. doi:10.15761/ic
st.1000208.

60. Zaichick V, Zaichick S. Chemical element con-
tents in normal and benign hyperplastic prostate.
Ann Mens Health Wellness. 2017;1(2):1006–
1006.

61. Zaichick V. Differences between 66 chemi-
cal element contents in normal and cancer-
ous prostate. Journal of Analytical Oncology.
2017;6:37–56.

62. Zaichick V, Zaichick S. Comparison of 66
chemical element contents in normal and benign
hyperplastic prostate. Asian Journal of Urol-
ogy. 2019;6(3):275–289. Available from: https:
//dx.doi.org/10.1016/j.ajur.2017.11.009. doi:10.
1016/j.ajur.2017.11.009.

63. Isaacs JT. Prostatic structure and function in
relation to the etiology of prostatic cancer. The
Prostate. 1983;4(4):351–366. Available from:
https://dx.doi.org/10.1002/pros.2990040405. do
i:10.1002/pros.2990040405.

64. Leissner KM, Fielkegard B, Tisell LE. Concen-
tration and content of zinc in human prostate.
Invest Urol. 1980;18:32–35.

65. Woodard HQ, White DR. The composition of
body tissues. The British Journal of Radiology.
1986;59(708):1209–1218. Available from:
https://dx.doi.org/10.1259/0007-1285-59-708-
1209. doi:10.1259/0007-1285-59-708-1209.

MRER PUBLISHER LTD JMRHS 4 (5), 1257−1269 (2021) 1267

https://dx.doi.org/10.1007/s12011-014-0204-4
https://dx.doi.org/10.1007/s12011-014-0204-4
http://dx.doi.org/10.1007/s12011-014-0204-4
http://dx.doi.org/10.1007/s12011-014-0204-4
https://dx.doi.org/10.21767/2572-309x.100001
https://dx.doi.org/10.21767/2572-309x.100001
http://dx.doi.org/10.21767/2572-309x.100001
http://dx.doi.org/10.21767/2572-309x.100001
https://dx.doi.org/10.15761/icst.1000208
https://dx.doi.org/10.15761/icst.1000208
http://dx.doi.org/10.15761/icst.1000208
http://dx.doi.org/10.15761/icst.1000208
https://dx.doi.org/10.1016/j.ajur.2017.11.009
https://dx.doi.org/10.1016/j.ajur.2017.11.009
http://dx.doi.org/10.1016/j.ajur.2017.11.009
http://dx.doi.org/10.1016/j.ajur.2017.11.009
https://dx.doi.org/10.1002/pros.2990040405
http://dx.doi.org/10.1002/pros.2990040405
http://dx.doi.org/10.1002/pros.2990040405
https://dx.doi.org/10.1259/0007-1285-59-708-1209
https://dx.doi.org/10.1259/0007-1285-59-708-1209
http://dx.doi.org/10.1259/0007-1285-59-708-1209


A SYSTEMATIC REVIEW OF THE STRONTIUM CONTENT OF THE NORMAL HUMAN PROSTATE
GLAND
66. Arnold WN, Thrasher JB. Selenium Concentra-

tion in the Prostate. Biological Trace Element
Research. 2003;91(3):277–280. Available from:
https://dx.doi.org/10.1385/bter:91:3:277. doi:10
.1385/bter:91:3:277.

67. Schroeder HA, Nason AP, Tipton IH, Bal-
assa JJ. Essential trace metals in man: Zinc.
Relation to environmental cadmium. Journal
of Chronic Diseases. 1967;20(4):179–210.
Available from: https://dx.doi.org/10.1016/
0021-9681(67)90002-1. doi:10.1016/0021-96
81(67)90002-1.

68. Saltzman BE, Gross SB, Yeager DW, Mein-
ers BG, Gartside PS. Total body burdens
and tissue concentrations of lead, cadmium,
copper, zinc, and ash in 55 human cadav-
ers. Environmental Research. 1990;52(2):126–
145. Available from: https://dx.doi.org/10.1016/
s0013-9351(05)80248-8. doi:10.1016/s0013-93
51(05)80248-8.

69. Zaichick V. Sampling, sample storage and
preparation of biomaterials for INAA in clin-
ical medicine, occupational and environmental
health. IAEA. 1997;p. 123–133.

70. Zaichick V. Losses of chemical elements in
biological samples under the dry ashing pro-
cess. Trace Elements in Medicine (Moscow).
2004;5(3):17–22.

71. Ermakov VV, Gulyaeva UA, Tyutikov SF,
Kuz’mina TG, SafonovVA. Biogeochemistry of
calcium and strontium in the landscapes of east-
ern Transbaikalia. Geochemistry International.
2017;55(12):1105–1117. Available from: https:
//dx.doi.org/10.1134/s0016702917090026. doi:
10.1134/s0016702917090026.

72. Varo P, Saari F, Paaso A, Koivistoinen P. Stron-
tium in Finnish foods. Int J Vitam Nutr Res.
1982;52(3):342–350.

73. González-Weller D, Rubio C, Ángel
José Gutiérrez, González GL, Mesa JMC,
Gironés CR, et al. Dietary intake of barium,
bismuth, chromium, lithium, and strontium in

a Spanish population (Canary Islands, Spain).
Food and Chemical Toxicology. 2013;62:856–
868. Available from: https://dx.doi.org/10.1016/
j.fct.2013.10.026. doi:10.1016/j.fct.2013.10.02
6.

74. Skougstadt MW, Horr CA. Occurrence of stron-
tium in natural water. Geological Survey Circu-
lar 420. United States Department of the Interior.
Washington, D. C.; 1960.

75. Zieliński M, Dopieralska J, Belka Z, Walczak
A, Siepak M, Jakubowicz M. Sr isotope tracing
of multiple water sources in a complex river
system, Noteć River, central Poland. Science
of The Total Environment. 2016;548-549:307–
316. Available from: https://dx.doi.org/10.1016/
j.scitotenv.2016.01.036. doi:10.1016/j.scitotenv
.2016.01.036.

76. ZhangH, ZhouX,Wang L,WangW, Xu J. Con-
centrations and potential health risks of stron-
tium in drinking water from Xi’an, Northwest
China. Ecotoxicol Environ Saf. 2018;164:181–
188.

77. O’Donnell AJ, Lytle DA, Harmon S, Vu K,
Chait H, Dionysiou DD. Removal of stron-
tium from drinking water by conventional treat-
ment and lime softening in bench-scale studies.
Water Research. 2016;103:319–333. Available
from: https://dx.doi.org/10.1016/j.watres.2016.
06.036. doi:10.1016/j.watres.2016.06.036.

78. Ondov JM, Choquette CE, Zoller WH, Gordon
GE, Biermann AH, Heft RE. Atmospheric
behavior of trace elements on particles emitted
from a coal-fired power plant. Atmospheric
Environment (1967). 1989;23(10):2193–2204.
Available from: https://dx.doi.org/10.1016/
0004-6981(89)90181-9. doi:10.1016/0004-69
81(89)90181-9.

79. Dahl SG, Allain P, Marie PJ, Mauras Y,
Boivin G, Ammann P, et al. Incorporation
and distribution of strontium in bone. Bone.
2001;28(4):446–453. Available from: https://dx.
doi.org/10.1016/s8756-3282(01)00419-7. doi:1
0.1016/s8756-3282(01)00419-7.

JMRHS 4 (5), 1257−1269 (2021) MRER PUBLISHER LTD 1268

https://dx.doi.org/10.1385/bter:91:3:277
http://dx.doi.org/10.1385/bter:91:3:277
http://dx.doi.org/10.1385/bter:91:3:277
https://dx.doi.org/10.1016/0021-9681(67)90002-1
https://dx.doi.org/10.1016/0021-9681(67)90002-1
http://dx.doi.org/10.1016/0021-9681(67)90002-1
http://dx.doi.org/10.1016/0021-9681(67)90002-1
https://dx.doi.org/10.1016/s0013-9351(05)80248-8
https://dx.doi.org/10.1016/s0013-9351(05)80248-8
http://dx.doi.org/10.1016/s0013-9351(05)80248-8
http://dx.doi.org/10.1016/s0013-9351(05)80248-8
https://dx.doi.org/10.1134/s0016702917090026
https://dx.doi.org/10.1134/s0016702917090026
http://dx.doi.org/10.1134/s0016702917090026
http://dx.doi.org/10.1134/s0016702917090026
https://dx.doi.org/10.1016/j.fct.2013.10.026
https://dx.doi.org/10.1016/j.fct.2013.10.026
http://dx.doi.org/10.1016/j.fct.2013.10.026
http://dx.doi.org/10.1016/j.fct.2013.10.026
https://dx.doi.org/10.1016/j.scitotenv.2016.01.036
https://dx.doi.org/10.1016/j.scitotenv.2016.01.036
http://dx.doi.org/10.1016/j.scitotenv.2016.01.036
http://dx.doi.org/10.1016/j.scitotenv.2016.01.036
https://dx.doi.org/10.1016/j.watres.2016.06.036
https://dx.doi.org/10.1016/j.watres.2016.06.036
http://dx.doi.org/10.1016/j.watres.2016.06.036
https://dx.doi.org/10.1016/0004-6981(89)90181-9
https://dx.doi.org/10.1016/0004-6981(89)90181-9
http://dx.doi.org/10.1016/0004-6981(89)90181-9
http://dx.doi.org/10.1016/0004-6981(89)90181-9
https://dx.doi.org/10.1016/s8756-3282(01)00419-7
https://dx.doi.org/10.1016/s8756-3282(01)00419-7
http://dx.doi.org/10.1016/s8756-3282(01)00419-7
http://dx.doi.org/10.1016/s8756-3282(01)00419-7


MRER PUBLISHER LTD
ZAICHICK

80. Zaichick V. Data for the Reference Man: skele-
ton content of chemical elements. Radiation
and Environmental Biophysics. 2013;52(1):65–
85. Available from: https://dx.doi.org/10.1007/
s00411-012-0448-3. doi:10.1007/s00411-012-0
448-3.

81. Zaichick V. Chemical Elements of Human
Bone Tissue Investigated by Nuclear Analyti-
cal and Related Methods. Biological Trace El-
ement Research. 2013;153(1-3):84–99. Avail-
able from: https://dx.doi.org/10.1007/s12011-
013-9661-4. doi:10.1007/s12011-013-9661-4.

82. Rahil-Khazen R, Bolann BJ, Myking A, Ul-
vik RJ. Multi-element analysis of trace element
levels in human autopsy tissues by using in-
ductively coupled atomic emission spectrome-
try technique (ICP-AES). Journal of Trace Ele-
ments in Medicine and Biology. 2002;16(1):15–
25. Available from: https://dx.doi.org/10.1016/
s0946-672x(02)80004-9. doi:10.1016/s0946-67
2x(02)80004-9.

83. Vernadsky VL, Matter. Nauka, Moscow; 1978.

84. Zaichick V, Ermidou-Pollet S, Pollet S. Medical
elementology: a new scientific discipline. Trace
Elements and Electrolytes. 2007;24(04):69–
74. Available from: https://dx.doi.org/10.5414/
tep24069. doi:10.5414/tep24069.

85. Kargozar S, Montazerian M, Fiume E, Baino
F. Multiple and Promising Applications of
Strontium (Sr)-Containing Bioactive Glasses in
Bone Tissue Engineering. Frontiers in Bio-
engineering and Biotechnology. 2019;7:161–
161. Available from: https://dx.doi.org/10.3389/
fbioe.2019.00161. doi:10.3389/fbioe.2019.0016
1.

86. Irzaman, Putra IR, Aminullah, Syafutra H,
Alatas H. Development of Ferroelectric Solar
Cells of Barium Strontium Titanate (BaxSr1-
xTiO3) for Subtituting Conventional Battery in
LAPAN-IPB Satellite (LISAT). Procedia En-
vironmental Sciences. 2016;33:607–614. Avail-
able from: https://dx.doi.org/10.1016/j.proenv.
2016.03.114. doi:10.1016/j.proenv.2016.03.114
.

87. Cohen VML, Papastefanou VP, Liu S, Stoker
I, Hungerford JL. The Use of Strontium-90
Beta Radiotherapy as Adjuvant Treatment for
Conjunctival Melanoma. Journal of Oncology.
2013;2013:1–7. Available from: https://dx.doi.
org/10.1155/2013/349162. doi:10.1155/2013/3
49162.

88. Lecuona K, Stannard C, Hart G, Rice J, Cook
C, Wetter J, et al. The treatment of carci-
noma in situ and squamous cell carcinoma
of the conjunctiva with fractionated strontium-
90 radiation in a population with a high
prevalence of HIV. British Journal of Oph-
thalmology. 2015;99(9):1158–1161. Available
from: https://dx.doi.org/10.1136/bjophthalmol-
2014-306327. doi:10.1136/bjophthalmol-2014-
306327.

89. Lou C, Ye X, Sun D. Comparison of the effi-
cacy of strontium-89 chloride in treating bone
metastasis of lung, breast, and prostate cancers.
Journal of Cancer Research and Therapeutics.
2018;14(8):36–36. Available from: https://dx.
doi.org/10.4103/0973-1482.181172. doi:10.410
3/0973-1482.181172.

90. Agency for Toxic Substances and Disease Reg-
istry (ATSDR). Public Health Service. 2004;.

91. Widory D, Liu X, Dong S. Isotopes as tracers of
sources of lead and strontium in aerosols (TSP&
PM2.5) in Beijing. Atmospheric Environment.
2010;44(30):3679–3687. Available from: https:
//dx.doi.org/10.1016/j.atmosenv.2010.06.036. d
oi:10.1016/j.atmosenv.2010.06.036.

92. ;. Available from: https://www.reportlinker.
com/p05817841/Global-Strontium-Industry.
html?utm_source=PRN.

How to cite this article: Zaichick V. A Systematic 
Review of the Strontium Content of the Normal Hu-
man Prostate Gland. Journal of Medical Research 
and Health Sciences. 2021;1257−1269. https://
doi.org/10.15520/jmrhs.v4i5.349

MRER PUBLISHER LTD JMRHS 4 (5), 1257−1269 (2021) 1269

https://dx.doi.org/10.1007/s00411-012-0448-3
https://dx.doi.org/10.1007/s00411-012-0448-3
http://dx.doi.org/10.1007/s00411-012-0448-3
http://dx.doi.org/10.1007/s00411-012-0448-3
https://dx.doi.org/10.1007/s12011-013-9661-4
https://dx.doi.org/10.1007/s12011-013-9661-4
http://dx.doi.org/10.1007/s12011-013-9661-4
https://dx.doi.org/10.1016/s0946-672x(02)80004-9
https://dx.doi.org/10.1016/s0946-672x(02)80004-9
http://dx.doi.org/10.1016/s0946-672x(02)80004-9
http://dx.doi.org/10.1016/s0946-672x(02)80004-9
https://dx.doi.org/10.5414/tep24069
https://dx.doi.org/10.5414/tep24069
http://dx.doi.org/10.5414/tep24069
https://dx.doi.org/10.3389/fbioe.2019.00161
https://dx.doi.org/10.3389/fbioe.2019.00161
http://dx.doi.org/10.3389/fbioe.2019.00161
http://dx.doi.org/10.3389/fbioe.2019.00161
https://dx.doi.org/10.1016/j.proenv.2016.03.114
https://dx.doi.org/10.1016/j.proenv.2016.03.114
http://dx.doi.org/10.1016/j.proenv.2016.03.114
https://dx.doi.org/10.1155/2013/349162
https://dx.doi.org/10.1155/2013/349162
http://dx.doi.org/10.1155/2013/349162
http://dx.doi.org/10.1155/2013/349162
https://dx.doi.org/10.1136/bjophthalmol-2014-306327
https://dx.doi.org/10.1136/bjophthalmol-2014-306327
http://dx.doi.org/10.1136/bjophthalmol-2014-306327
http://dx.doi.org/10.1136/bjophthalmol-2014-306327
https://dx.doi.org/10.4103/0973-1482.181172
https://dx.doi.org/10.4103/0973-1482.181172
http://dx.doi.org/10.4103/0973-1482.181172
http://dx.doi.org/10.4103/0973-1482.181172
https://dx.doi.org/10.1016/j.atmosenv.2010.06.036
https://dx.doi.org/10.1016/j.atmosenv.2010.06.036
http://dx.doi.org/10.1016/j.atmosenv.2010.06.036
http://dx.doi.org/10.1016/j.atmosenv.2010.06.036
https://www.reportlinker.com/p05817841/Global-Strontium-Industry.html?utm_source=PRN
https://www.reportlinker.com/p05817841/Global-Strontium-Industry.html?utm_source=PRN
https://www.reportlinker.com/p05817841/Global-Strontium-Industry.html?utm_source=PRN

	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusion



