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ABSTRACT 

Introduction: There is much lack of knowledge concerning most prostatic malfunction, especially 
the reasons and detailed nature of its pathologies.  In spite of advances in medical science, the 

differential diagnosis of prostatic pathologies has steadily increased in complexity and 

controversy.  A proposal has been made that prostatic calcium (Ca) content determinations may 

aid in resolving these issues for prostate disorders and especially as an indicator of its carcinoma 

risk.  As a result many measurements of normal prostatic Ca have been made. 
Materials and methods: Here we analyze data published concerning Ca prostatic levels in healthy 

subjects.  In all 1911 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.  This data was subject to an analysis employing both the “range” and “median” of 
means.  In this way the disparate nature of published Ca content of normal prostates was 

evaluated.  From the papers examined, 36 were selected for the objective analysis of data from 

their 1357 healthy patients.. 

Results: On a wet mass basis prostatic Ca levels spanned the interval from 73 mg/kg to 1280 

mg/kg with 360 mg/kg as the median of their means. It is accepted that the prostatic Ca content 

is contingent on a wide variety of aspects of the host’s milieu, including androgen levels, zone of 

human prostate sampled, relative amounts of different types of prostatic tissue studied, Ca 

content of food and drink, Ca supplement intake, age, and the method of analysis. 

Conclusions: The data encompassed a wide range of values and the sample was small, hence it is 

advisable that further studies be performed.  

© 2021 The Authors. Published by Iberoamerican Journal of Medicine. This is an open access article under the 

CC BY license (http://creativecommons. org/licenses/by/4.0/).    
HOW TO CITE THIS ARTICLE: Zaichick V. A Systematic Review of the Calcium Content of the Normal Human Prostate Gland. 

Iberoam J Med. 2021;3(1):85-94. doi: 10.5281/zenodo.4429712. 
 

1. INTRODUCTION 

Amongst the many pathological prostatic conditions, 

prostatic carcinoma (PCa), chronic prostatitis and benign 

prostatic hyperplasia (BPH) are very frequently 

encountered, especially in the elderly [1-3]. Their causes 

and pathogenesis are poorly understood. Moreover, despite 

technological advances, the differential diagnosis of 

https://creativecommons.org/licenses/by/4.0/
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prostate disorders has become progressively more complex 

and controversial. An improvement of this situation, 

especially recognition of relevant risk factors and the 

disorders’ etiologies can allow great reduction in the 

incidence of these prostatic disorders [4]. 

We have previously shown that calcium (Ca) and some 

trace elements (TEs), including Zn, can significantly affect 

prostatic function [5-16]. Also published results indicate 

that prostatic Ca can play a significant role in etiology of 

PCa [17].  Further, the value of Ca level and the level ratio 

Zn/Ca and Ca/TEs as biomarkers of prostate pathology has 

been established [18-28]. 

The effects of Ca and all TEs 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 [29]. In this 

context, significant correlations between high Ca intake 

and the risk of prostate cancer have been reported [30-33]. 

Investigation of the role of Ca in carcinogenesis is a long 

story [34]. Recently, there have been a number of 

developments in the fields of Ca and nuclear signaling in 

PCa, however, precise molecular mechanisms by which 

this metal causes healthy cells to transform to malignant 

states have yet to be fully defined. Ca homeostasis 

mechanisms are critically involved in both normal function 

and cancerous transformation of prostate epithelial cells. 

Therefore, current models propose that dysregulated Ca 

homeostasis in tumoral cells depends on changes in the 

ratio of influx/efflux and storage of Ca, compared with 

normal cells, may contribute to Ca-induced prostate 

carcinogenesis [35-37]. Homeostasis mechanisms of intra-

prostatic Ca metabolism cause stable level of this element 

in normal functional conditions of the prostate. Thus, the 

Ca content in prostate tissue is an important parameter of 

the gland function. 

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/homeostasis
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/homeostasis
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To date, the Ca content of both abnormal and normal prostates has been listed in many publications. But for 

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

Reference Method n Age M(Range) Sample preparation 
Ca 

MeanSD Range 

ICRP 1960 [38] = = = = 320 - 

Zakutinsky et al. [39] - - - - 320 - 

Tipton et al. 40] AES 40 Adult D, A 240130 - 

Schroeder et al. [41] AAS 1 Adult A, AD 320 - 

Hienzsch et al. [42] AAS 110 <1-90 A, AD 140-260 - 

Schneider et al. [43] AAS 21 16-37 A, AD 7320 - 

Soman et al. [44] AAS 3 Adult A, AD 290180 - 

Holm et al. [45] AAS 21 16-37 A, AD 7320 - 

Forssen [46] XRF 12 Adult A, AD 240 140-330 

Schroeder et al. [47] AES 198 Adult D, A Med. 210 - 

Kwiatek et al. [48] SRIXE 3 61 CS (NB) 32040 - 

Kwiatek et al. [49] SRIXE 1 - CS (NB) 120 - 

Guntupalli et al. [50] PIXE 27 53(38-68) Pressing 76612 - 

Sapota et al. [51] AAS 11 49-67 AD 30566 - 

Tohno et al. [52] ICPAES 57(J) 65-101 F,FF,W,AD 12802090 - 

Zaichick et al. [53] NAA 

9 13-20 Intact 190140 68-1170 

28 21-40 Intact 360150 - 

27 41-60 Intact 440270 - 

Zaichick et al. [54] ICPAES 

9 13-20 AD 220130 68-1170 

AD 360140 - 28 21-40 

27 41-60 AD 440260 - 

Zaichick et al. [7] NAA 16 20-30 Intact 37080 - 

Zaichick et al. [9] NAA+ICPAES 16 20-30 Intact, AD 400290 - 

Leitao et al. [55] SR-TXRF 8 18-30 AD 460210 - 

Zaichick et al. [56] NAA 

28 21-40 Intact 340120 160-530 

27 41-60 Intact 410160 210-830 

10 61-87 Intact 32060 240-400 

Zaichick et al. [57] NAA+ICPAES 

28 21-40 Intact, AD 360140 160-700 

27 41-60 Intact, AD 440230 200-1170 

10 61-87 Intact, AD 330100 220-530 

Zaichick et al. [12] NAA 
29 0-13 Intact 260150 - 

21 14-30 Intact 410350 - 

Zaichick et al. [13] NAA+ICPAES 
29 0-13 Intact, AD 240150 - 

21 14-30 Intact, AD 430340 - 

Zaichick et al. [14] NAA+ICPAES 16 20-30 Intact, AD 400290 - 

Zaichick et al. [58] NAA 32 44-87 Intact 390150 210-830 

Zaichick [59] NAA+ICPAES 65 21-87 Intact, AD 390180 - 

Zaichick et al. [60] NAA 37 41-87 Intact 390150 210-830 

Zaichick et al. [61] NAA 37 5611 Intact 410210 200-1170 

Zaichick et al. [62] NAA 37 41-87 Intact 390150 210-830 

Zaichick et al. [63] NAA+ICPAES 37 41-87 Intact, AD 410210 200-1170 

Zaichick et al. [64] NAA+ICPAES 32 44-87 Intact, AD 410210 200-1170 

Zaichick et al. [65] NAA+ICPAES 37 41-87 Intact, AD 410210 200-1170 

Zaichick et al. [66] NAA+ICPAES 37 41-87 Intact, AD 502337 234-1980 

Zaichick [67] NAA+ICPAES 37 41-87 Intact, AD 410210 200-1170 

Zaichick et al. [68] NAA+ICPAES 37 41-87 Intact, AD 410210 200-1170 

Median of means: 365. Range of means (Mmin - Mmax): 73-1280. Ratio Mmax/Mmin: 17.5. 

M: Arithmetic mean; SD: Standard deviation of mean; AES: Atomic emission spectrometry; AAS: Atomic absorption spectrophotometry; XRF: X-ray 

fluorescence; SRIXE: Synchrotron radiation-induced X-ray emission; PIXE: Proton induced X-ray fluorescence; ICPAES: Inductively coupled 

plasma atomic emission spectrometry; SR-TXRF: Total reflection X-ray fluorescence spectroscopy using synchrotron radiation technique; NAA: 

Neutron activation analysis; D: Drying at high temperature; A: Ashing; AD: Acid digestion; CS: Cut section on a cryomicrotome; F: Fixed in 

ethanol, chloroform, formaldehyde; FF: Defatted (fat free); W: Washing; NB: Needle biopsy; J: Japanese; T: Thai.  



88 IBEROAMERICAN JOURNAL OF MEDICINE 01 (2021) 85-94 

 

generally accepted Ca levels to be established in a variety  

of prostatic conditions, more studies are required to resolve 

existing discrepant reported levels. This work, a systematic 

review of pertinent literature, may also offer further 

understanding into the means of diagnosis and etiology of 

some prostatic conditions, because of the present statistical  

study of normal prostates in terms of their Ca content.   

 

2. MATERIALS AND METHODS 

2.1. DATA SOURCES AND SEARCH STRATEGY 

To identify the most pertinent articles on which this review 

is based, a detailed and methodical search of the web’s 

PubMed, the Cochrane Library, Scopus, Web of Science 

and ELSEVIER-EMBASE databases was undertaken.  The 

author’s personal archive, amassed (using combinations of 

the keywords: prostatic trace elements, prostatic Ca 

content, prostatic tissue) in the years from 1966 to the 

present, was also used. As an example of the method 

employed, the search terms: “Ca content”, “Ca level”, 

“prostatic tissue Ca”, “Ca mass fraction” and “Ca of 

prostatic tissue” were used to determine data to provide Ca 

prostatic content. There were no restrictions on the 

language of articles sought. Close evaluation of the 

article’s title, determined its potential for acceptability. In 

addition references quoted in the article proved a further 

valuable source of relevant data.  

2.2. ELIGIBILITY CRITERIA 

For evaluation of a paper, a necessary condition for 

acceptance was presentation of quantitative Ca prostatic 

content. A further necessary condition for inclusion was 

that all subjects in a normal or control group were males in 

good health without any history or indications of urological 

or andrological dysfunction and that they provided samples 

of prostate tissue from which Ca levels were determined. 

2.3. EXCLUSION CRITERIA 

All case reports were excluded, as were studies of subjects 

who were using Ca supplementation. 

2.4. DATA EXTRACTION 

From each paper evaluated relevant data was extracted 

using a standardized protocol. The information so removed 

for further study comprised the following; the ages and 

numbers of the healthy persons studied, methods of sample 

preparation and Ca content measurement, the ranges of Ca 

levels and their means, medians and standard deviations of 

the mean. Entire articles and their abstracts were evaluated 

separately. Any apparent difference between them resulted 

in revaluations of the complete text until there was 

resolution of any discrepancies. 

2.5. STATISTICAL ANALYSIS 

Studies were combined based on means of Ca levels in 

prostatic tissue. This analysis was done on data mined from 

36 studies, including 1357 persons. The data divergence 

Table 2. Reference data of Ca mass fractions (mg/kg wet tissue) in “normal” whole prostate  

Reference Method n Age M(Range) Sample preparation 
Ca 

MeanSD Range 

ICRP [38] = = = = 320 - 

Zakutinsky et al. [39] - - - - 320 - 

Tipton et al. [40] AES 40 Adult D, A 240130 - 

Schroeder et al. [41] AAS 1 Adult A, AD 320 - 

Hienzsch et al. [42] AAS 110 <1-90 A, AD 140-260 - 

Schneider et al. [43] AAS 21 16-37 A, AD 7320 - 

Soman et al. [44] AAS 3 Adult A, AD 290180 - 

Holm et al. [45] AAS 21 16-37 A, AD 7320 - 

Forssen [46] XRF 12 Adult A, AD 240 140-330 

Schroeder et al. [47] AES 198 Adult D, A Med. 210 - 

Sapota et al. [51] AAS 11 49-67 AD 30566 - 

Tohno et al. [52] ICPAES 
57(J) 65-101 F,FF,W,AD 12802090 - 

13(T) 43-86 F,FF,W,AD 750150 - 

Median of means: 290. Range of means (Mmin - Mmax): 73-1280. Ratio Mmax/Mmin: 17.5. 

M: Arithmetic mean; SD: Standard deviation of mean; AES: Atomic emission spectrometry; AAS: Atomic absorption spectrophotometry; XRF: X-ray 

fluorescence; ICPAES: Inductively coupled plasma atomic emission spectrometry; D: Drying at high temperature; A: Ashing; AD: Acid digestion; F: 

Fixed in ethanol, chloroform, formaldehyde; FF: Defatted (fat free); W: Washing; J: Japanese; T: Thai.  
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was analyzed using both their “range of means” and 

“median of means”. In addition, two subgroups of data 

were used to evaluate the difference between results 

obtained for tissue Ca levels in whole gland and in 

peripheral zone of prostate.  

 

3. RESULTS 

Information about Ca 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 [20, 21, 27]. Thus, it dictates 

a need for reliable values of the Ca levels in the prostatic 

tissue of apparently healthy subjects, ranging from young 

adult males to elderly persons. 

A total of 1911 individual studies were identified. Among 

them 36 studies were ultimately selected according to 

eligibility criteria that investigated Ca levels in tissue of 

normal prostates (Table 1) and these 36 papers [7, 9, 12-14, 

38-68] comprised the material on which the review was 

based. A number of values for Ca 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% [69-72] and ash 

- 1% (on a wet mass basis) contents in normal prostates of 

adult men [40, 41, 71, 73]. 

Table 3. Reference data of Ca mass fractions (mg/kg wet tissue) in peripheral zone of “normal” human prostate  

Reference Method n Age M(Range) Sample preparation 
Ca 

MeanSD Range 

Kwiatek et al. [48] SRIXE 3 61 CS (NB) 32040 - 

Kwiatek et al. [49] SRIXE 1 - CS (NB) 120 - 

Guntupalli et al. 50] PIXE 27 53(38-68) Pressing 76612 - 

Zaichick et al. [53] NAA 

9 13-20 Intact 190140 68-1170 

28 21-40 Intact 360150 - 

27 41-60 Intact 440270 - 

Zaichick et al. [54] ICPAES 

9 13-20 AD 220130 68-1170 

28 21-40 AD 360140 - 

27 41-60 AD 440260 - 

Zaichick et al. [7] NAA 16 20-30 Intact 37080 - 

Zaichick et al. [9] NAA+ICPAES 16 20-30 Intact, AD 400290 - 

Leitao et al. [55] SR-TXRF 8 18-30 AD 460210 - 

Zaichick et al. [56] NAA 

28 21-40 Intact 340120 160-530 

27 41-60 Intact 410160 210-830 

10 61-87 Intact 32060 240-400 

Zaichick et al. 2014 

[57] 
NAA+ICPAES 

28 21-40 Intact, AD 360140 160-700 

27 41-60 Intact, AD 440230 200-1170 

10 61-87 Intact, AD 330100 220-530 

Zaichick et al. [12] NAA 
29 0-13 Intact 260150 - 

21 14-30 Intact 410350 - 

Zaichick et al. [13] NAA+ICPAES 
29 0-13 Intact, AD 240150 - 

21 14-30 Intact, AD 430340 - 

Zaichick et al. [14] NAA+ICPAES 16 20-30 Intact, AD 400290 - 

Zaichick et al. [58] NAA 32 44-87 Intact 390150 210-830 

Zaichick [59] NAA+ICPAES 65 21-87 Intact, AD 390180 - 

Zaichick et al. [60] NAA 37 41-87 Intact 390150 210-830 

Zaichick et al. [61] NAA 37 5611 Intact 410210 200-1170 

Zaichick et al. [62] NAA 37 41-87 Intact 390150 210-830 

Zaichick et al. [63] NAA+ICPAES 37 41-87 Intact, AD 410210 200-1170 

Zaichick et al. [64] NAA+ICPAES 32 44-87 Intact, AD 410210 200-1170 

Zaichick et al. [65] NAA+ICPAES 37 41-87 Intact, AD 410210 200-1170 

Zaichick et al. [66] NAA+ICPAES 37 41-87 Intact, AD 502337 234-1980 

Zaichick [67] NAA+ICPAES 37 41-87 Intact, AD 410210 200-1170 

Zaichick et al. [68] NAA+ICPAES 37 41-87 Intact, AD 410210 200-1170 

Median of means: 390. Range of means (Mmin - Mmax): 120-766. Ratio Mmax/Mmin: 6.4. 

M: Arithmetic mean; SD: Standard deviation of mean; SRIXE: Synchrotron radiation-induced X-ray emission; PIXE: Proton induced X-ray 

fluorescence; ICPAES: Inductively coupled plasma atomic emission spectrometry; SR-TXRF: Total reflection X-ray fluorescence spectroscopy using 

synchrotron radiation technique; NAA: Neutron activation analysis; AD: Acid digestion; CS: Cut section on a cryomicrotome; NB: Needle biopsy. 
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Table 1 summarizes general data from the 36 studies. The 

retrieved studies involved 1357 subjects. The ages of 

subjects were available for 28 studies and ranged from 0-

101 years. Information about the analytical method and 

sample preparation used was available for 34 studies. 

Fifteen studies determined Ca levels by destructive (require 

washing, pressing, cutting section on a cryomicrotome, 

high temperature drying, ashing, acid digestion, fixation in 

ethanol/chloroform/formaldehyde, and defatting of tissue 

samples) analytical methods (Table 1): one using X-ray 

fluorescence (XRF), one - proton induced X-ray 

fluorescence (PIXE), one - total reflection X-ray 

fluorescence spectroscopy using synchrotron radiation 

technique (SR-TXRF), two - atomic emission spectrometry 

(AES), two - synchrotron radiation-induced X-ray emission 

(SRIXE), two - inductively coupled plasma atomic 

emission spectrometry (ICPAES), and six - atomic 

absorption spectrophotometry (AAS). Eight studies 

detected Ca level in intact prostatic tissue samples by 

nondestructive analytical method, such as neutron 

activation analysis (NAA). In eleven studies a combination 

of destructive and nondestructive methods (ICPAES and 

NAA) was used and results were summarized.  

Figure 1 illustrates the data set of Ca measurements in 36 

studies during the period from 1960 to 2019.  

Table 2 presents data from the 12 studies of Ca mass 

fraction in the whole prostate gland, while Table 3 

summarizes results of Ca mass fraction investigations in 

peripheral zones of prostates from the 24 publications.  

 

4. DISCUSSION 

The range of means of Ca mass fractions reported in the 

literature for “normal” prostatic tissue varies widely from 

73 mg/kg [45] to 1280 mg/kg [52] with median of means 

360 mg/kg wet tissue (Table 1). Thus, the maximal value 

of mean Ca mass fraction reported in the literature was 

17.5 times higher the minimal value of mean Ca mass 

fraction. This variability of reported mean values can be 

explained by a dependence of Ca content on many factors, 

including analytical method imperfections, differences in 

“normal” prostate definitions, non-homogeneous 

distribution of Ca levels throughout the prostate gland 

volume, age, ethnicity, diet, 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 Ca 

content was measured in pieces of the prostate. Therefore 

published data allowed us to estimate the effect of only 

some different factors on Ca content in “normal” prostate 

tissue.  

4.1. ANALYTICAL METHOD 

Prostate tissue Ca contents showed large variations among 

published data. In our opinion, the leading cause of inter-

observer variability was insufficient quality control of 

results in published studies. In many reported papers such 

destructive analytical methods as AES, AAS and ICP-AES 

were used.  These methods require ashing or acid digestion 

of the samples at a high temperature. There is evidence that 

use of this treatment causes some quantities of Ca to be lost 

[29, 74, 75]. On the other hand, the Ca 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.  

Such analytical methods as SRIXE, PIXE, and SR-TXRF 

need to use thin sections of prostatic tissue. In the case of a 

frozen tissue samples, prostatic fluid (a significant pool of 

Ca content in prostate [17,76-81]  may be lost as a result of 

cutting microscopic sections. And, besides, Ca, particularly 

from prostatic fluid, may be lost during sample fixation in 

ethanol/chloroform/formaldehyde. 

Figure 1: Data on Ca content in “normal” prostate tissue reported from 

1960 to 2020. 
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It is possible to avoid these problems by using non-

destructive methods. Such method NAA can be fully 

instrumental and nondestructive analytical tool because a 

tissue sample is investigated without requiring any sample 

pretreatment or its destruction.  

It is, therefore, reasonable to conclude that the choice of 

analytical method and quality control of results are very 

important factors for using the Ca content in prostatic 

tissue as biomarkers. 

4.2. AGE 

In many studies a significant increase in Ca content with 

increasing of age was shown by the comparison of 

different age groups or the Pearson’s coefficient of 

correlation between age and Ca content in prostate tissue 

[7, 9. 10. 12-15, 17, 52-54, 56, 57]. The most detailed 

investigations of age-dependence of prostatic Zn were done 

by Zaichick and Zaichick [7, 9, 10, 12-15, 17, 53, 54, 56, 

57]. For example, a strongly pronounced tendency for an 

age-related increase of Ca mass fraction was observed in 

the prostate for the third to six decades [56, 57]. In 

prostates of 41-60 year old men, the mean Ca mass fraction 

was 2 times greater than that in the prostates of young adult 

males. According to Tohno et al. 2008 [52] in the prostates 

of Thai subjects ranged in age from 43 to 86 years a 

significant direct correlation was found between age and 

Ca content, but it was not found in the prostates of 

Japanese subjects ranged in age from 65 to 101 years. In 

the study of Heinzsch et al. 1970 [42] correlations between 

age and Ca content in prostate of males aged 11-90 years 

was not found. 

4.3. ANDROGEN-DEPENDENCE OF PROSTATIC CA 

LEVELS 

The significant difference between prostatic Ca levels 

before and after puberty allowed us to conclude that in man 

androgens govern this metal’s content of the prostate [12, 

13]. The relationship between prostatic Ca and androgens 

was indirectly confirmed in Hemelrijck et al. 2013 study 

serum Ca and sex steroid hormones in the Third National 

Health and Nutrition Examination Survey (NHANES III) 

[82]. Thus, the Ca content in normal prostates can possibly 

depend on the level of androgens. However, studies on 

direct correlations between the Ca content in normal 

prostates and the level of androgens were not found. 

4.4. NON-UNIFORM DISTRIBUTION OF CA WITHIN 

THE GLANDULAR VOLUME 

The publications on distribution of Ca within the glandular 

volume were not found. However, data presented in Figure 

1 indicated a visible difference between results obtained 

during periods 1960-1972 and 2004-2019 years. In all 

studies published in 1960-1972 years the whole glands 

were used for the prostatic Ca content investigations, while 

peripheral zones of prostates were mainly involved for this 

purpose in the recent investigations. Therefore, studies 

performed on whole prostates and on peripheral zones of 

prostates were summarized separately in Tables 2 and 3, 

respectively. A comparison of medians of Ca content 

means presented in Tables 2 and 3 demonstrated a 

difference in the distribution of this metal throughout the 

prostate. Very likely that the peripheral zone contained the 

highest levels of Ca, because this metal level in the 

peripheral zone is 34% higher than that in the whole gland 

volume. 

4.5. VARIABLE DISTRIBUTION OF CA BETWEEN THE 

DIFFERENT COMPONENTS OF PROSTATIC TISSUE 

According to Deering et al. [83], prostatic tissue contains 

three main components: glandular epithelium, prostatic 

fluid contained in the glandular lumina, and fibromuscular 

tissue or stroma. Studies on the Ca content in epithelium 

and stroma that was separated from each other were not 

found. However, the Ca concentrations in prostatic cells 

(both epithelial and stromal) have been investigated in 

Zaichick et al. study [17]. This level of prostatic 

intranuclear Ca is at least an order of magnitude higher 

than Ca concentrations in most other tissues of human 

body [17].  

There are several publications on the Ca concentration in 

prostatic fluid [76-81]. The median of the means of these 

concentrations (802 mg/L) agrees well with the finding by 

Kavanagh et al. [79]. It was also found that Ca 

concentration in prostatic fluid does not depend on age. 

4.6. DIETARY CA AND CA SUPPLEMENT INTAKE 

Because significant correlations between high Ca intake 

and the risk of prostate cancer have been reported [30-33], 

it is possible hypothesized that dietary Ca and Ca 

supplement intakes affect the metal’s levels in the prostate. 

There are data that support this hypothesis. For example, 

according to Tohno et al. [52] the mean Ca mass fraction in 

the Japanese prostates (1280 mg/kg wet tissue) was 1.7 

times higher than in the Thai prostates (750 mg/kg wet 

tissue). Likely, the differences in dietary preferences of 

Thai and Japanese subjects may well explain this 

difference.  

Thus, according our study no one influencing factor could 
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explain the variability of published means for prostatic Ca 

levels from 17 mg/kg to 1280 mg/kg in wet tissue. For 

example, the most powerful factor was age when it was 

found that the prostatic Ca level of boys before puberty 

was almost 2 times lower than that of males aged 14-30 

years [12, 13]. However, the lowest mean level reported in 

literature (73 mg/kg wet tissue) was found in the prostate 

of subjects aged 16-37 years [45]. 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 Ca 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 198), and a total of 1357 normal 

controls were investigated from all 36 studies. As such, it is 

hard to draw definite conclusions about the reference value 

of the Ca content in “normal” prostate as well as about the 

clinical value of the Ca levels in “normal” prostates as a 

biomarker. 

 

5. CONCLUSIONS 

The present study is a comprehensive study regarding the 

determination of Ca content in “normal” human prostates. 

With this knowledge Ca levels may then be considered as a 

biomarker for the recognition of prostate disorders. The 

study has demonstrated that levels of Ca in “normal” 

prostates depends on many factors such as age, androgen 

levels, zone of human prostate sampled, relative amounts 

of different types of prostatic tissue studied, dietary Ca, 

and Ca supplement intake. Because of the uncertainties we 

have outlined, we recommend other primary studies be 

performed. 

 

6. REFERENCES 

1. Nickel JC. Prostatitis. Can Urol Assoc J. 2011;5(5):306-15. doi: 
10.5489/cuaj.11211. 

2. Lim KB. Epidemiology of clinical benign prostatic hyperplasia. Asian J Urol. 
2017;4(3):148-151. doi: 10.1016/j.ajur.2017.06.004. 

3. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global 
cancer statistics 2018: GLOBOCAN estimates of incidence and mortality 
worldwide for 36 cancers in 185 countries. CA Cancer J Clin. 2018;68(6):394-
424. doi: 10.3322/caac.21492. 

4. Sharma S, Zapatero-Rodríguez J, O'Kennedy R. Prostate cancer diagnostics: 
Clinical challenges and the ongoing need for disruptive and effective 
diagnostic tools. Biotechnol Adv. 2017;35(2):135-149. doi: 
10.1016/j.biotechadv.2016.11.009. 

5. Avtsyn AP, Dunchik VN, Zhavoronkov AA, Zaĭchik VE, Sviridova TV. 
[Histological structure of the prostate and its zinc content at various ages]. 
Arkh Anat Gistol Embriol. 1981;81(11):76-83. 

6. Zaichick V. INAA and EDXRF applications in the age dynamics assessment 
of Zn content and distribution in the normal human prostate. J Radioanal Nucl 
Chem 2004;262:229-34. doi: 10.1023/B:JRNC.0000040879.45030.4f. 

7. 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 investigated by 
neutron activation analysis. Appl Radiat Isot. 2013;82:145-51. doi: 
10.1016/j.apradiso.2013.07.035. 

8. Zaichick V, Zaichick S. 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 2013;298:1559-66. doi: 
10.1007/s10967-013-2554-3. 

9. 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. Biol Trace Elem Res. 2013;156(1-3):357-66. doi: 
10.1007/s12011-013-9826-1. 

10. Zaichick V, Zaichick S. 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. 2013 4:696-706. doi: 
10.4236/ajac.2013.412084. 

11. Zaichick V, Zaichick S. Relations of bromine, iron, rubidium, strontium, 
and zinc content to morphometric parameters in pediatric and nonhyperplastic 
young adult prostate glands. Biol Trace Elem Res. 2014;157(3):195-204. doi: 
10.1007/s12011-014-9890-1. 

12. Zaichick V, Zaichick S. Relations of the neutron activation analysis data to 
morphometric parameters in pediatric and nonhyperplastic young adult 
prostate glands. Adv Biomed Sci Engin. 2014;1:26-42. 

13. 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 morphometric parameters in 
pediatric and nonhyperplastic young adult prostate glands. Biometals. 
2014;27(2):333-48. doi: 10.1007/s10534-014-9716-9. 

14. Zaichick V, Zaichick S. The distribution of 54 trace elements including zinc 
in pediatric and nonhyperplastic young adult prostate gland tissues. J Clin Lab 
Invest Updates. 2014;2(1):1-15. 

15. Zaichick V, Zaichick S. Androgen-dependent chemical elements of prostate 
gland. Androl Gynecol: Curr Res 2014;2:2. 

16. Zaichick V, Zaichick S. Differences and relationships between 
morphometric parameters and zinc content in nonhyperplastic and 
hyperplastic prostate glands. Br J Med & Med Res. 2015;8:692-706. doi: 
10.9734/BJMMR/2015/17572. 

17. Zaichick V, Zaichick S, Rossmann M. Intracellular calcium excess as one 
of the main factors in the etiology of prostate cancer. AIMS Mol Sci 
2016;3:635-47. 

18. Dunchik V, Zherbin E, Zaichick V, Leonov A, Sviridova T. 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 1980;35:13.  

19. Zaichick VYe, Sviridova TV, Zaichick SV. Zinc in the human prostate gland: 
normal, hyperplastic and cancerous. Int Urol Nephrol. 1997;29(5):565-74. doi: 
10.1007/BF02552202. 

20. Zaichick V, Zaichick S. Trace element levels in prostate gland as 
carcinoma’s markers. J Cancer Ther. 2017;8:131-45. 

https://doi.org/10.5489/cuaj.11211
https://doi.org/10.1016/j.ajur.2017.06.004
https://doi.org/10.3322/caac.21492
https://doi.org/10.1016/j.biotechadv.2016.11.009
https://doi.org/10.1023/B:JRNC.0000040879.45030.4f
https://doi.org/10.1016/j.apradiso.2013.07.035
https://doi.org/10.1007/s10967-013-2554-3
https://doi.org/10.1007/s12011-013-9826-1
http://dx.doi.org/10.4236/ajac.2013.412084
https://doi.org/10.1007/s12011-014-9890-1
https://doi.org/10.1007/s10534-014-9716-9
https://doi.org/10.9734/BJMMR/2015/17572
https://doi.org/10.1007/bf02552202


IBEROAMERICAN JOURNAL OF MEDICINE 01 (2021) 85-94                                                                                                                   93 

 

21. Zaichick V, Zaichick S. Ratios of selected chemical element contents in 
prostatic tissue as markers of malignancy. Hematol Med Oncol. 2016;1(2):1-8 
doi: 10.15761/HMO.1000109. 

22. Zaichick V, Zaichick S. Ratios of Zn/trace element contents in prostate 
gland as carcinoma’s markers. Cancer Rep Rev. 2017;1(1):1-7. doi: 
10.15761/CRR.1000105. 

23. Zaichick V, Zaichick S. Ratios of selenium/trace element contents in 
prostate gland as carcinoma’s markers. J Tumor Med Prev. 2017;1(2):555556. 

24. Zaichick V, Zaichick S. Ratios of rubidium/trace element contents in 
prostate gland as carcinoma’s markers. Can Res Clin Oncol. 2017;1:13-21. 

25. Zaichick V, Zaichick S. Ratios of cadmium/trace element contents in 
prostate gland as carcinoma’s markers. Canc Therapy & Oncol Int J. 
2017;4(1):555626. doi: 10.19080/CTOIJ.2017.04.555626. 

26. Zaichick V, Zaichick S. Ratios of cobalt/trace element contents in prostate 
gland as carcinoma’s markers. Int J Cancer Epid & Res. 2017;1:21-27. 

27. Zaichick V, Zaichick S. Ratios of calcium/trace elements as prostate cancer 
markers. J Oncol Res Ther. 2017;4:J116. 

28. Zaichick V, Zaichick S. Ratios of Mg/trace element contents in prostate 
gland as carcinoma’s markers. SAJ Canc Sci. 2017;2(1):102. 

29. Zaichick V. Medical elementology as a new scientific discipline. J 
Radioanal Nucl Chem. 2006;269:303-9. doi: 10.1007/s10967-006-0383-3. 

30. Giovannucci E, Liu Y, Stampfer MJ, Willett WC. A prospective study of 
calcium intake and incident and fatal prostate cancer. Cancer Epidemiol 
Biomarkers Prev. 2006;15(2):203-10. doi: 10.1158/1055-9965.EPI-05-0586. 

31. Rowland GW, Schwartz GG, John EM, Ingles SA. Protective effects of low 
calcium intake and low calcium absorption vitamin D receptor genotype in the 
California Collaborative Prostate Cancer Study. Cancer Epidemiol 
Biomarkers Prev. 2013;22(1):16-24. doi: 10.1158/1055-9965.EPI-12-0922-T. 

32. Aune D, Navarro Rosenblatt DA, Chan DS, Vieira AR, Vieira R, 
Greenwood DC, et al. Dairy products, calcium, and prostate cancer risk: a 
systematic review and meta-analysis of cohort studies. Am J Clin Nutr. 
2015;101(1):87-117. doi: 10.3945/ajcn.113.067157. 

33. Wilson KM, Shui IM, Mucci LA, Giovannucci E. Calcium and phosphorus 
intake and prostate cancer risk: a 24-y follow-up study. Am J Clin Nutr. 
2015;101(1):173-83. doi: 10.3945/ajcn.114.088716. 

34. Carruthers C, Suntzeff V. THE ROLE OF CALCIUM IN 
CARCINOGENESIS SUMMARY. Science. 1944;99(2569):245-7. doi: 
10.1126/science.99.2569.245-a. 

35. Vanden Abeele F, Shuba Y, Roudbaraki M, Lemonnier L, Vanoverberghe K, 
Mariot P, et al. Store-operated Ca2+ channels in prostate cancer epithelial 
cells: function, regulation, and role in carcinogenesis. Cell Calcium. 
2003;33(5-6):357-73. doi: 10.1016/s0143-4160(03)00049-6. 

36. Wang L, Xu M, Li Z, Shi M, Zhou X, Jiang X, et al. Calcium and 
CaSR/IP3R in prostate cancer development. Cell Biosci 2018;8:16. doi: 
10.1186/s13578-018-0217-3. 

37. Ardura JA, Álvarez-Carrión L, Gutiérrez-Rojas I, Alonso V. Role of 
Calcium Signaling in Prostate Cancer Progression: Effects on Cancer 
Hallmarks and Bone Metastatic Mechanisms. Cancers (Basel). 
2020;12(5):1071. doi: 10.3390/cancers12051071. 

38. ICRP. Report of Committee II on Permissible Dose for Internal Radiation. 
ICRP Publication 2. London: Pergamon Press; 1960. 

39. Zakutinsky DI, Parfyenov YuD, Selivanova LN. Data book on the 
radioactive isotopes toxicology. Moscow: State Publishing House of Medical 
Literature; 1962. 

40. TIPTON IH, COOK MJ. Trace elements in human tissue. II. Adult subjects 
from the United States. Health Phys. 1963;9:103-45. doi: 10.1097/00004032-
196302000-00002. 

41. Schroeder HA, Nason AP, Tipton IH, Balassa JJ. Essential trace metals in 
man: zinc. Relation to environmental cadmium. J Chronic Dis. 
1967;20(4):179-210. doi: 10.1016/0021-9681(67)90002-1. 

42. Hienzsch E, Schneider HJ, Anke M. [Comparative studies of the number 
and amount of trace elements of the normal prostate, prostate adenoma and 
prostate carcinoma]. Z Urol Nephrol. 1970;63(7):543-6. 

43. Schneider H-J, Anke M, Holm W. The inorganic components of testicle, 
epididymis, seminal vesicle, prostate and ejaculate of young men. Int Urol 
Nephrol. 1970;2:419-27. doi: 10.1007/BF02081698. 

44. Soman SD, Joseph KT, Raut SJ, Mulay CD, Parameshwaran M, Panday 
VK. Studies on major and trace element content in human tissues. Health Phys. 
1970;19(5):641-56. doi: 10.1097/00004032-197011000-00006. 

45. Holm W, Schneider HJ, Anke M. [Mineral content of the ejaculate and its 
relationship to larger amounts and trace elements in the prostate, seminal 
vesicles, epididymis and testis]. Arch Exp Veterinarmed. 1971;25(5):811-5. 

46. Forssén A. Inorganic elements in the human body. I. Occurrence of Ba, Br, 
Ca, Cd, Cs, Cu, K, Mn, Ni, Sn, Sr, Y and Zn in the human body. Ann Med Exp 
Biol Fenn. 1972;50(3):99-162. 

47. Schroeder HA, Tipton IH, Nason AP. Trace metals in man: strontium and 
barium. J Chronic Dis. 1972;25(9):491-517. doi: 10.1016/0021-
9681(72)90150-6. 

48. Kwiatek WM, Hanson AL, Paluszkiewicz C, Gałka M, Gajda M, Cichocki T. 
Application of SRIXE and XANES to the determination of the oxidation state of 
iron in prostate tissue sections. J Alloys Compd. 2004;362:83-7. doi: 
10.1016/S0925-8388(03)00566-8. 

49. Kwiatek WM, Banas A, Gajda M, Gałka M, Pawlicki B, Falkenberg G, et 
al. Cancerous tissues analyzed by SRIXE. J Alloys Compd. 2005;401:173-7. 
doi: 10.1016/j.jallcom.2005.02.070. 

50. Guntupalli JN, Padala S, Gummuluri AV, Muktineni RK, Byreddy SR, 
Sreerama L, et al. Trace elemental analysis of normal, benign hypertrophic 
and cancerous tissues of the prostate gland using the particle-induced X-ray 
emission technique. Eur J Cancer Prev. 2007;16(2):108-15. doi: 
10.1097/01.cej.0000228409.75976.b6. 

51. Sapota A, Darago A, Taczalski J, Kilanowicz A. Disturbed homeostasis of 
zinc and other essential elements in the prostate gland dependent on the 
character of pathological lesions. Biometals. 2009;22(6):1041-9. doi: 
10.1007/s10534-009-9255-y. 

52. Tohno S, Kobayashi M, Shimizu H, Tohno Y, Suwannahoy P, Azuma C, et 
al. Age-related changes of the concentrations of select elements in the 
prostates of Japanese. Biol Trace Elem Res. 2009;127(3):211-27. doi: 
10.1007/s12011-008-8241-5. 

53. Zaichick S, Zaichick V. INAA application in the age dynamics assessment 
of Br, Ca, Cl, K, Mg, Mn, and Na content in the normal human prostate. J 
Radioanal Nucl Chem. 2011;288(1):197-202. doi: 10.1007/s10967-010-0927-4. 

54. Zaichick V, Nosenko S, Moskvina I. The effect of age on 12 chemical 
element contents in the intact prostate of adult men investigated by inductively 
coupled plasma atomic emission spectrometry. Biol Trace Elem Res. 
2012;147(1-3):49-58. doi: 10.1007/s12011-011-9294-4. 

55. Leitão RG, Palumbo A, Souza PAVR, Pereira GR, Canellas CGL, Anjos 
MJ, et al. Elemental concentration analysis in prostate tissues using total 
reflection X-ray fluorescence. Radiat Phys Chem. 2014;95:62-4. doi: 
10.1016/j.radphyschem.2012.12.044. 

56. Zaichick V, Zaichick S. INAA application in the assessment of chemical 
element mass fractions in adult and geriatric prostate glands. Appl Radiat Isot. 
2014;90:62-73. doi: 10.1016/j.apradiso.2014.03.010. 

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

58. Zaichick S, Zaichick V. Prostatic tissue level of some androgen dependent 
and independent trace elements in patients with benign prostatic hyperplasia. 
Androl Gynecol: Curr Res 2015;3:3. 

59. Zaichick V. 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. 
2015;168(1):44-60. doi: 10.1007/s12011-015-0342-3. 

60. Zaichick V, Zaichick S. Age-related changes in concentration and 
histological distribution of Br, Ca, Cl, K, Mg, Mn, and Na in nonhyperplastic 
prostate of adults. Eur J Biol Med Sci Res. 2016;4(2):31-48. 

61. Zaichick V., Zaichick S. Age-related changes in concentration and 
histological distribution of 18 chemical elements in nonhyperplastic prostate of 
adults. World J  Pharm Med Res. 2016;2(4):5-18. 

62. Zaichick V, Zaichick S. Age-related changes in concentration and 
histological distribution of 54 trace elements in nonhyperplastic prostate of 
adults. Int Arch Urol Complic. 2016; 2(2):019. doi: 10.23937/2469-
5742/1510019. 

https://www.oatext.com/Ratios-of-selected-chemical-element-contents-in-prostatic-tissue-as-markers-of-malignancy.php#gsc.tab=0
https://www.oatext.com/Ratios-of-Zn-trace-element-contents-in-prostate-gland-as-carcinomas-markers.php#gsc.tab=0
https://juniperpublishers.com/ctoij/CTOIJ.MS.ID.555626.php
https://doi.org/10.1007/s10967-006-0383-3
https://doi.org/10.1158/1055-9965.epi-05-0586
https://doi.org/10.1158/1055-9965.epi-12-0922-t
https://doi.org/10.3945/ajcn.113.067157
https://doi.org/10.3945/ajcn.114.088716
https://doi.org/10.1126/science.99.2569.245-a
https://doi.org/10.1016/s0143-4160(03)00049-6
https://doi.org/10.1186/s13578-018-0217-3
https://doi.org/10.3390/cancers12051071
https://doi.org/10.1097/00004032-196302000-00002
https://doi.org/10.1097/00004032-196302000-00002
https://doi.org/10.1016/0021-9681(67)90002-1
https://doi.org/10.1007/BF02081698
https://doi.org/10.1097/00004032-197011000-00006
https://doi.org/10.1016/0021-9681(72)90150-6
https://doi.org/10.1016/0021-9681(72)90150-6
https://doi.org/10.1016/S0925-8388(03)00566-8
https://doi.org/10.1016/j.jallcom.2005.02.070
https://doi.org/10.1097/01.cej.0000228409.75976.b6
https://doi.org/10.1007/s10534-009-9255-y
https://doi.org/10.1007/s12011-008-8241-5
https://doi.org/10.1007/s10967-010-0927-4
https://doi.org/10.1007/s12011-011-9294-4
https://doi.org/10.1016/j.radphyschem.2012.12.044
https://doi.org/10.1016/j.apradiso.2014.03.010
https://doi.org/10.1007/s12011-015-0342-3
http://doi.org/10.23937/2469-5742/1510019
http://doi.org/10.23937/2469-5742/1510019


94 IBEROAMERICAN JOURNAL OF MEDICINE 01 (2021) 85-94 

 

63. Zaichick V, Zaichick S. The Comparison between the Contents and 
Interrelationships of 17 Chemical Elements in Normal and Cancerous Prostate 
Gland. JPS Open Access 2016;1(1):1-10. 

64. 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. 

65. Zaichick V, Zaichick S. Distinguishing malignant from benign prostate 
using content of 17 chemical elements in prostatic tissue. Integr Cancer Sci 
Therap. 2016;3(5):579-87. doi: 10.15761/ICST.1000208. 

66. Zaichick V, Zaichick S. Chemical element contents in normal and benign 
hyperplastic prostate. Ann Mens Health Wellness. 2017;1(2):1006. 

67. Zaichick V. Differences between 66 chemical element contents in normal 
and cancerous prostate. J Anal Oncol. 2017;6:37-56. doi: 10.6000/1927-
7229.2017.06.02.1. 

68. Zaichick V, Zaichick S. Comparison of 66 chemical element contents in 
normal and benign hyperplastic prostate. Asian J Urol. 2019;6(3):275-289. 
doi: 10.1016/j.ajur.2017.11.009. 

69. Isaacs JT. Prostatic structure and function in relation to the etiology of 
prostatic cancer. Prostate. 1983;4(4):351-66. doi: 10.1002/pros.2990040405. 

70. Leissner KH, Fjelkegård B, Tisell LE. Concentration and content of zinc in 
the human prostate. Invest Urol. 1980;18(1):32-5. 

71. Woodard HQ, White DR. The composition of body tissues. Br J Radiol. 
1986;59(708):1209-18. doi: 10.1259/0007-1285-59-708-1209. 

72. Arnold WN, Thrasher JB. Selenium concentration in the prostate. Biol 
Trace Elem Res. 2003;91(3):277-80. doi: 10.1385/BTER:91:3:277. 

73. Saltzman BE, Gross SB, Yeager DW, Meiners BG, Gartside PS. Total body 
burdens and tissue concentrations of lead, cadmium, copper, zinc, and ash in 
55 human cadavers. Environ Res. 1990;52(2):126-45. doi: 10.1016/s0013-
9351(05)80248-8. 

74. Zaichick V. Sampling, sample storage and preparation of biomaterials for 
INAA in clinical medicine, occupational and environmental health. In: 
Harmonization of Health-Related Environmental Measurements Using Nuclear 
and Isotopic Techniques. Vienna: IAEA; 1997:123-33. 

75. Zaichick V. Losses of chemical elements in biological samples under the 
dry ashing process. Trace Elements in Medicine (Moscow). 2004 5(3):17-22. 

76. Burgos MH. Biochemical and functional properties related to sperm 
metabolism and fertility. In: Brandes D, editors. Male accessory sex organs. 
New York: Academic press; 1974:151-60. 

77. Homonnai ZT, Matzkin H, Fainman N, Paz G, Kraicer PF. The cation 
composition of the seminal plasma and prostatic fluid and its correlation to 
semen quality. Fertil Steril. 1978;29(5):539-42. doi: 10.1016/s0015-
0282(16)43281-4. 

78. Zaneveld LJ, Tauber PF. Contribution of prostatic fluid components to the 
ejaculate. Prog Clin Biol Res. 1981;75A:265-77. 

79. Kavanagh JP, Darby C, Costello CB, Chowdhury SD. Zinc in post 
prostatic massage (VB3) urine samples: a marker of prostatic secretory 
function and indicator of bacterial infection. Urol Res. 1983;11(4):167-70. doi: 
10.1007/BF00256365. 

80. Daniels GF, Grayhack JT. Physiology of prostatic secretion. In: Chisholm 
GD, Fair WR, editors. Scientific Foundation in Urology. Chicago: Heinemann 
Medical Books; 1990:351-8. 

81. Romics I, Bach D. Zn, Ca and Na levels in the prostatic secretion of 
patients with prostatic adenoma. Int Urol Nephrol. 1991;23(1):45-9. doi: 
10.1007/BF02549727. 

82. Van Hemelrijck M, Michaelsson K, Nelson WG, Kanarek N, Dobs A, Platz 
EA, et al. Association of serum calcium with serum sex steroid hormones in 
men in NHANES III. Aging Male. 2013;16(4):151-8. doi: 
10.3109/13685538.2013.772133. 

83. Deering RE, Bigler SA, King J, Choongkittaworn M, Aramburu E, Brawer 
MK. Morphometric quantitation of stroma in human benign prostatic 
hyperplasia. Urology. 1994;44(1):64-70. doi: 10.1016/s0090-4295(94)80011-1. 

84. Tvedt KE, Kopstad G, Haugen OA, Halgunset J. Subcellular 
concentrations of calcium, zinc, and magnesium in benign nodular hyperplasia 
of the human prostate: X-ray microanalysis of freeze-dried cryosections. 
Cancer Res. 1987;47(1):323-8. 

 

 

https://www.oatext.com/Distinguishing-malignant-from-benign-prostate-using-content-of-17-chemical-elements-in-prostatic-tissue.php#gsc.tab=0
https://doi.org/10.6000/1927-7229.2017.06.02.1
https://doi.org/10.6000/1927-7229.2017.06.02.1
https://doi.org/10.1016/j.ajur.2017.11.009
https://doi.org/10.1002/pros.2990040405
https://doi.org/10.1259/0007-1285-59-708-1209
https://doi.org/10.1385/bter:91:3:277
https://doi.org/10.1016/s0013-9351(05)80248-8
https://doi.org/10.1016/s0013-9351(05)80248-8
https://doi.org/10.1016/s0015-0282(16)43281-4
https://doi.org/10.1016/s0015-0282(16)43281-4
https://doi.org/10.1007/bf00256365
https://doi.org/10.1007/bf02549727
https://doi.org/10.3109/13685538.2013.772133
https://doi.org/10.1016/s0090-4295(94)80011-1

