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DIETARY INTAKE OF MINERALS AND PROSTATE CANCER:
INSIGHTS INTO PROBLEM BASED ON THE CHEMICAL ELEMENT
CONTENTS IN THE PROSTATE GLAND

V. Zaichick!, S. Zaichick'?

Abstract: Objective: As men age total dietary mineral bioavailability falls which may increase the risk of prostate cancer. The aims of
this study were to investigate the changes in main mineral contents in prostate gland that occurred with aging. Design: Population
based study on changes in mineral contents in prostate gland with ageing. Participants and setting: 65 free-living healthy men aged
21-87 years who had died suddenly. Prostates were removed at necropsy and the samples of morphologic normal prostate tissue
were investigated. Measurements: Contents of ten main minerals (B, Ca, Co, Cr, Cu, Fe, Mg, Mn, Se, and Zn) were determined by
four instrumental analytical methods. Results: No any age-related deficiencies in minerals such as B, Ca, Co, Cr, Cu, Fe, Mg, Mn, Se,
and Zn in the prostate tissue were found. Moreover, the mean mass fractions of Co, Fe, and Zn in prostate tissue for the age group
adult men aged 41 years and older were statistically significant higher than for those younger than 40 years. Conclusions: Ageing
is not associated with reduced mineral contents in prostate gland resulting in inadequate intakes in nutrients. Nutrition policy for
men aged 41 years and older should include advice to decrease intakes of red meat for the purpose to reduce Fe and Zn intake.

Key words: Minerals intakes, aging, free-living men, minerals in prostate tissue, prostate cancer risk.

Abbreviations: PCa: Prostate Cancer; ROS: Reactive Oxygen Species; B: Boron; Ca: Calcium; Co: Cobalt; Cr: Chromium; Cu:
Copper; Fe: Iron; Mg: Magnesium; Mn: Manganese; Se: Selenium; Zn: Zinc; RCTs: Randomized Controlled Trials; CRM: Certified
Reference Material; EDXRF: Energy-Dispersive X-Ray Fluorescent analysis; INAA-SLR: Instrumental Neutron Activation Analysis
with high resolution spectrometry of Short-Lived Radionuclides; INAA-LLR: Instrumental Neutron Activation Analysis with high
resolution spectrometry of Long-Lived Radionuclides; ICP-AES: Inductively Coupled Plasma Atomic Emission Spectrometry.

subject. Among these hypotheses the possible role of
the oxidative stress, which increased with age, has been
noted in the literature (5, 6).

Reactive oxygen species (ROS) are widely considered
to be a causal factor not only in aging but in a number of
pathological conditions, including carcinogenesis. Aging,
considered as an impairment of body functions over
time, caused by the accumulation of molecular damage
in DNA, proteins and lipids, is also characterized by
an increase in intracellular oxidative stress due to the
progressive decrease of the intracellular ROS scavenging
(5). Oxidative damage to cellular macromolecules which
induce cancer can also arise through overproduction
of ROS and faulty antioxidant and/or DNA repair

Introduction

Prostate cancer (PCa) is the second most common
cause of male cancer-related deaths and the most
common male non-cutaneous malignancy in the Western
world (1). PCa is the fourth most common type of cancer
worldwide (2). According to epidemiological data the
greatest risk factor for prostate cancer is increasing age.
The prevalence of prostate cancer drastically increases
with age, being three orders of magnitude higher for the
age group 40-79 years than for those younger than 39
years (3, 4). To date, we still have no precise knowledge
of the biochemical processes underlying the etiology and

pathogenesis of PCa. There are a few hypotheses on the
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mechanisms (7). Overproduction of ROS is associated
with inflammation, radiation, and other factors, including
overload of some chemical elements, in both blood and
certain tissues, or deficiency in chemical elements with
antioxidant properties (8-11). Studies have shown that
the imbalance in the composition of chemical elements
may cause different types of pathology. The importance
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of appropriate levels of many chemical elements
is indisputable, due to their beneficial roles when in
specific concentration ranges, while on the other hand
they can cause toxic effects with excessively high or low
concentrations (12-19).

Dozens of epidemiologic and biochemical (chemical
element contents in blood, hair, and nails) studies have
looked at potential connections between mineral intakes
or status and PCa risk. A list of these minerals included
B, Ca, Mg, Se and transition metals such as Co, Cr,
Cu, Fe, Mn, Zn (2, 20-31). Unfortunately, data on the
effects of mineral intake on PCa risk are inconsistent
and present a very mixed picture. Some studies provide
evidence of a positive association, while others report an
inverse proportion or no association. On the one hand,
there is evidence of mineral bioavailability decreases in
the elderly (32). Proponents of “theory of deficiency”
think that due to lifestyle, eating and dietary habits, and
physiological effects of aging, the elderly male population
is normally predisposed to conditions of Cu, Fe, Mn, Se,
Zn and other antioxidant deficiency, which can increase
their susceptibility to PCa (22, 33, 34). On the other hand,
dozens of epidemiologic studies have looked at potential
connections between PCa risk and mineral overloads
resulting from excessive use of dairy foods (major source
of Ca), red meet (major source of Fe and Zn), and mineral
supplements (Ca, Mg, Fe, Zn, Se and others) (20, 27, 31,
35).

Since most studies reported to date are case-control
analyses, there remain more questions than evidence-
based data. It is generally accepted that the long-term
randomized controlled trials (RCTs) can highlighting
the unanswered question (36). However, such RCTs are
extremely difficult. They must be conducted for decades
to detect effects on long-latency disease incidence,
such as PCa, and compliance is difficult to maintain
(37). In our opinion, one valuable and relatively simple
way to elucidate the situation is to compare the mass
fractions of minerals in prostate tissue of young adult
(the norm) with those in adult and geriatric prostate.
Carcinogenesis is considered to occur in four stages:
initiation, promotion, progression, and metastasis. Thus,
the findings of the excess or deficiency in minerals and
the perturbation in their relationships in nonhyperplastic
prostate glands of adult and elderly males may highlight
the role of these disturbances at list in two stages of
carcinogenesis: initiation and promotion.

The data on age-dependence of chemical element mass
fractions in adult and geriatric nonhyperplastic prostate
is apparently extremely limited (38-40). Moreover, the
majority of these data are based on measurements of
processed tissue. In several studies tissue samples are
ashed before analysis. In other cases, prostate samples
are treated with solvents (distilled water, ethanol etc)
and then are dried at high temperature for many hours.
There is evidence that certain quantities of minerals are
lost as a result of such treatment (41, 42). In addition, only
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a few of these studies employed quality control using
certified reference materials (CRM) for determination of
the chemical element mass fractions.

The primary purpose of this study was to determine
valid values for mass fraction of minerals in the
nonhyperplastic prostate of subjects of different age
from young adult to elderly persons using four analytical
methods: an energy dispersive X-ray fluorescence
(EDXRF), an instrumental neutron activation analysis
with high resolution spectrometry of short-lived
(INAA-SLR) and long-lived (INAA-LLR) radionuclides,
and an inductively coupled plasma atomic emission
spectrometry (ICP-AES). The second aim was to evaluate
the quality of obtained results for mass fraction of
minerals. The final aim was to compare the chemical
element mass fractions in prostate gland of age group 2
(adult and elderly persons, who were aged >41 years),
with those of group 1 (adults aged 21 to 40 years).

All studies were approved by the Ethical Committee of
the Medical Radiological Research Center, Obninsk.

Materials and Methods

Samples of the human prostate were obtained from
randomly selected autopsy specimens of 65 males
(European-Caucasian) aged 21 to 87 years. Age ranges
for subjects were divided into two age groups, with
group 1, 21-40 years (30.4t1.1 years, M+SEM, n=28) and
group 2, 41-87 years (54.8+10.9 years, M+SEM, n=37).
These groups were selected to reflect the condition of
prostate tissue in the first period of adult life (group
1) and in the second period of adult life and in old age
(group 2). The available clinical data were reviewed
for each subject. None of the subjects had a history of
an intersex condition, endocrine disorder, neoplasm
or other chronic disease that could affect the normal
development of the prostate. None of the subjects were
receiving medications and mineral supplements known
to affect prostate morphology or chemical element
content. The typical causes of death of most of these
patients included acute illness (cardiac insufficiency,
stroke, embolism of pulmonary artery, alcohol poisoning)
and trauma. All prostate glands were divided (with an
anterior-posterior cross-section) into two portions using
a titanium scalpel. One tissue portion was reviewed by
an anatomical pathologist while the other was used for
the chemical element content determination. Only the
posterior part of the prostate, including the transitional,
central, and peripheral zones, was investigated. A
histological examination was used to control the age
norm conformity as well as to confirm the absence of any
microadenomatosis and/or latent cancer.

After the samples intended for chemical element
analysis were weighed, they were freeze-dried and
homogenized. The pounded sample weighing about
8 mg was applied to a piece of adhesive tape, which
served as a sample backing for EDXRF analysis. The
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Table 1
EDXRE NAA-SLR, and NAA-LLR data Ca, Mg, Se, and Zn contents in the IAEA H-4 (animal muscle) reference mate-
rial compared to certified values (mg/kg, dry mass basis)

Element Certified values This work results
M 95% Confidence in- Type M4SD (10 subsamples)
terval

EDXRF NAA-SLR NAA-LLR
Ca 188 163 -213 C - 238+59 -
Co 0.0027 - N - - 0.0034+0.0008
Cr 0.06 - N - - 0.071+0.010
Fe 49.1 42.6 —55.6 C 48+9 - 47.0+1.0
Mg 1050 990 - 1110 C - 1100+190 -
Mn 0.52 0.48 - 0.55 N - 0.55+0.11 -
Se 0.28 0.20-0.36 C - - 0.281+0.014
Zn 86 83-90 C 90+5 - 91+2
M arithmetic mean, SD standard deviation, C certified values, N non-certified values

Table 2

ICP-AES data of chemical element contents in Certified Reference Materials (M+SD, mg/kg, dry mass basis)

Element Soya Bean Flour (INCT-SBF-4) Tea Leaves (INCT-TL-1) Mixed Polish Herbs (IN-
CT-MPH-2)
Certificate This work Certificate This work Certificate This work
result result result
B 39.94+4.0 34.5+1.4 26a 24.8+1.2 - 28.848.1
Ca 24674170 2737+190 5820+520 62961360 108004700 102504294
Cu 14.3+0.5 14.2+0.8 20.4+1.5 19.741.1 7.77+0.53 8.28+0.47
Fe 90.8+4.0 80.5+6.9 432a 493+39 460a 459+33
Mg 3005+82 29834340 2240+170 24154115 29204180 2955+159
Mn 32.3+1.1 30.0+1.0 1570+110 1628+145 191+12 19745
Zn 52.3+1.3 54.846.6 34.7+2.7 36.0+3.7 33.54+2.1 32.0+6.1

M arithmetic mean, SD standard deviation, a Informative values

sample weighing about 100 mg was used for chemical
element measurement by instrumental NAA-SLR. The
samples for INAA-SLR were sealed separately in thin
polyethylene films washed with acetone and rectified
alcohol beforehand. The sealed samples were placed in
labeled polyethylene ampoules. The sample weighing
about 50 mg was used for chemical element measurement
by instrumental NAA-LLR. The samples for NAA-LLR
were wrapped separately in a high-purity aluminum foil
washed with rectified alcohol beforehand and placed
in a nitric acid-washed quartz ampoule. The samples
weighing about 100 mg for ICP-AES were decomposed
in autoclaves: 1.5 mL of concentrated HNO3 (nitric acid
at 65 %, maximum of 0.0000005 % Hg; GR, ISO, Merck)
and 0.3 mL of H202 (pure for analysis) were added to
prostate tissue samples and then they were heated for 3
h at 160-200 °C. After autoclaving, samples were cooled
to room temperature and solutions from the decomposed

samples were diluted with deionized water (up to 20 mL)
and transferred to plastic measuring bottles.

For quality control, samples of the certified
reference materials IAEA H-4 Animal muscle from the
International Atomic Energy Agency (IAEA), and also
samples INCT-SBF-4 Soya Bean Flour, INCT-TL-1 Tea
Leaves and INCT-MPH-2 Mixed Polish Herbs from the
Institute of Nuclear Chemistry and Technology (INCT,
Warszawa, Poland) were analyzed simultaneously with
the investigated prostate tissue samples. All samples of
CRMs were treated in the same way as the prostate tissue
samples.

The mass fractions of Fe and Zn were measured by
EDXRF, the mass fractions of Ca, Mg, and Mn - by
NAA-SLR, the mass fractions of Co, Cr, Fe, Se, and Zn
— by NAA-LLR, and the mass fractions of B, Ca, Cu, Fe,
Mg, Mn, and Zn - by ICP-AES. Details of the analytical
methods and procedures used here such as nuclear
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reactions, radionuclides, gamma-energies, wavelength,
spectrometers, spectrometer parameters and operating
conditions were presented in our earlier publications
concerning the chemical elements of human prostate
gland (43- 49).

A dedicated computer program of INAA mode
optimization was used (50). Using the Microsoft
Office Excel program the arithmetic mean, standard
deviation, and standard error of mean were calculated
for all the chemical element mass fractions obtained.
For elements investigated by two or more methods the
mean of all results was used. The reliability of difference
in the results between two age groups was evaluated
by Student’s parametric t-test. For the construction of
diagrams the Microsoft Office Excel program was also

used.

Results

Table 1 presents our data for Ca, Co, Cr, Fe, Mg, Mn,
Se, and Zn mass fraction (mg/kg, dry mass basis) in
ten sub-samples of CRM IAEA H-4 (animal muscle)
determined by EDXRF, NAA-SLR, and NAA-LLR as
well as the certified values of this material.

Figure 1
Individual data sets for the B, Ca, Co, Cr, Cu, Fe, Mg, Mn,
Se, and Zn mass fraction in the prostate gland of males
between ages 21-87 years
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Figure 2
Arithmetic mean + standard error of mean (M+SEM) of
B, Ca, Co, Cr, Cu, Fe, Mg, Mn, Se, and Zn mass fractions
(mg/kg, dry mass basis) in prostate glands of age group 1
(21-40 years) and 2 (41-87 years)
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Table 2 depicts the results obtained by ICP-AES
for B, Ca, Cu, Fe, Mg, Mn, and Zn mass fraction (mg/
kg, dry mass basis) in ten sub-samples of three CRMs:
INCT-SBF-4 (Soya Bean Flour), INCT-TL-1 (Tea Leaves),
and INCT-MPH-2 (Mixed Polish Herbs), as well as the
certified values of these materials.

Table 3 summarizes the results obtained for mass
fractions of 10 minerals (arithmetic mean + standard
deviation, M+SD, mg/kg, dry mass basis) in
nonhyperplastic prostate glands of males in the age
ranges 21-87 years measured by means of the four
analytical methods described above.

Figure 1 shows individual data sets for the B, Ca, Co,
Cr, Cu, Fe, Mg, Mn, Se, and Zn mass fraction (mg/kg,
dry mass basis) in the nonhyperplastic prostate gland of
males in the age range 21-87 years.

To analyze the effect of age on the mineral mass
fractions in the prostate we examined the two age groups,
described above. Figure 2 shows our data for arithmetic
mean + standard error of mean (M+SEM) of B, Ca, Co,
Cr, Cu, Fe, Mg, Mn, Se, and Zn mass fractions (mg/kg,
dry mass basis) in prostate glands of age group 1 (21-40
years) and 2 (41-87 years). The ratios of means and the
reliability of difference between mean values of mineral
mass fraction in the age group 1 and 2 are presented in
Table 4.

Discussion

The fact that the elemental mass fractions (M + SD) of
the certified reference materials obtained in the present
work were in good agreement with the certified values
and within the corresponding 95% confidence intervals
(Tables 1 and 2) suggests an acceptable accuracy of the
measurements performed on prostate tissue samples.

The use of four analytical methods allowed us to
estimate the mass fractions of 10 most important minerals
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Table 3
Arithmetic means (MSD) of the B, Ca, Co, Cr, Cu, Fe, Mg, Mn, Se, and Zn mass fractions (mg/kg, dry mass basis) in
nonhyperplastic prostate glands of males between ages 21-87 years (n=65) obtained by means of four analytical

methods
Element EDXRF NAA-SLR NAA-LLR ICP-AES Derived value
B - - - 0.94+0.70 0.94+0.70
Ca - 2150+802 - 2292+1052 2285+1066
Co - - 0.038+0.022 - 0.038+0.022
Cr - - 0.47+0.37 - 0.47+0.37
Cu - - - 10.3+4.9 10.3+4.9
Fe 114+60 - 99.3+46.6 123440 111+£34
Mg - 1149+484 - 10524412 11154472
Mn - 1.45+0.44 - 1.38+0.35 1.42+0.45
Se - - 0.65+0.23 - 0.65+0.23
Zn 928+628 - 795+573 844+759 856+634

M arithmetic mean; SD standard deviation; EDXRF energy dispersive X-ray fluorescence; NAA-SLR neutron activation analysis with high resolution spectrometry of
short-lived radionuclides; NAA-LLR neutron activation analysis with high resolution spectrometry of long-lived radionuclides; ICP-AES nductively coupled plasma
atomic emission spectrometry; Derived value for elements investigated by two or more methods the mean of all results was used.

in nonhyperplastic adult and geriatric prostate glands
of males in the age ranges 21-87 years. Good agreement
(Table 3) was found between the results obtained with
non-destructive (EDXRF, NAA-SLR, and NAA-LLR) and
destructive method (ICP-AES) for all minerals indicating
complete digestion of the prostate samples (for ICP-AES
technique) and correctness of all results obtained by the
various methods (Table 3).

In the histologically normal prostates, we have
observed an increase (more than 10%) in mass fraction
of B, Ca, Co, Cr, Fe, Se, and Zn with age from 21 to 87
years (Figs. 1 and 2, Table 4). In particular, a significant
tendency of age-related increase in Co (p<0.004), Fe
(p=<0.009), and Zn (p<0.0004) mass fraction was observed
in prostate (Table 4). For example, in prostate in group 2
the Zn mass fractions was almost 2 times greater than in
prostate of members of group 1 (Fig. 2, Table 4).

The variations of the individual mass fractions of
many minerals increased with age. It followed from the
qualitative analysis of individual data sets (Fig. 1) and
the quantitative comparison of the values of relative
standard deviations (M/SD, %) in the age group 1 and 2
(Fig. 2), for example, for B (35% v 83%), Ca (38% v 51%),
and Zn (41% v 73%). Of course, individual variation of
dietary, environmental, occupational, medicamental,
and some other factors impact on an accumulation of
minerals in the prostate within the lifespan. In addition,
in our previous studies it was shown that many minerals
bind tightly with one of the histological structures of
prostate glands such as stroma, epithelial cells, and
glandular lumen (51-55). It was also found that the per
cent volumes of these histological structures depend
from age and the individual uroflowmetric characteristics
of the subject (56). Moreover, the variations of the
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individual per cent volumes of histological structures and
uroflowmetric characteristics increased also with age (51-
56).

Table 4
Ratio of mean values and the reliability of difference
between mean values of chemical element mass frac-
tions in nonhyperplastic prostate glands of males of age
group 1 (21-40 years) and 2 (41-87 years)

Element Ratio of means M1 and M2
M2/M1 Student’s t-test, p<

B 1.35 0.173

Ca 1.24 0.278

Co 1.53 0.004

Cr 1.31 0.211

Cu 0.96 0.497

Fe 1.22 0.009

Mg 0.94 0.469

Mn 0.85 0.092

Se 1.06 0.131

Zn 1.99 0.0004

M1,2 arithmetic mean in age group 1 and 2, respectively; Statistically signifi-
cant values of p are in bold.

This work’s results for age-dependence of minerals
in adult and geriatric nonhyperplastic prostate glands
(20-87 years) are in accordance with earlier findings for
Ca, Cu, and Zn (38-40). For example, Heinzsch et al. (38)
found that the Zn mass fraction in the normal prostate
was higher in the age group 51-70 years than in the age
group 31-50 years by approximately 1.8 times.
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Multiple studies put forward an idea that due to
lifestyle, dietary habits, and physiological effects of aging,
the elderly male population is predisposed to B, Ca, Cu,
Fe, Mg, Se, Zn and some other mineral deficiencies (8,
28, 32-34, 57, 58), which can increase this population’s
susceptibility to PCa (8, 22, 28). Our data reveal that
there are no any age-related deficiencies in minerals
investigated in the prostate tissue. Moreover, the mean
mass fractions of Co, Fe, and Zn for the age group adult
males aged 41 years and older are statistically significant
higher than for those younger than 40 years. Thus, “the
potential role of age-related deficiency B, Ca, Cu, Fe, Mg,
Se, Zn” (8, 22, 28) or other main minerals in the prostate
has not been confirmed as being involved in the etiology
of PCa.

Adult prostatic mean Zn levels increase from 570 mg/
kg (dry mass basis) in group 1 (21-40 years) to 1072
mg/kg in group 2 (41-87 years). The normal level of
Zn mass fraction in the prostate tissue of young adults
is higher than mean values of this element’s content in
all other soft and hard tissues of human body (47-49,
59-61). Excessive prostatic tissue Zn level in the older
males may be harmful to normal metabolism of cells (62)
and partially responsible for an age-related enlargement
of the prostate. In humans, Zn intake is positively
correlated with circulating levels of insulin-like growth
factor-I (63) and testosterone (64) that are both directly
related to the proliferation of prostate cell (65). By now
much data has been obtained that is related both to the
direct and indirect action of Zn on the DNA polymeric
organisation, replication and lesions, and to its vital role
for cell division (66-68). Moreover, it is known that Zn is
an inhibitor of the Ca-dependent apoptotic endonuclease,
which takes part in the internucleosomal fragmentation
of DNA. Its consequence is a depression of cell apoptosis
(69). Some other ways for Zn to act as a potent anti-
apoptotic agent have also been described (70-73). All
these facts imply that age-related excessive Zn level in
prostatic tissue are probably one of the main factors
influencing enlargement of the prostate and the initiation
and promotion stages of PCa.

In addition to the elevated Zn level, an age-related
increase and excess in Co and Fe mass fractions in
prostatic tissue may contribute to the harmful effect on
the gland. There are good reasons for such speculations
about Fe since several reviews and many papers raise
the concern about carcinogenicity of this metal overload
(74-78). It was also shown that cobalt may be human
carcinogen, but the experimental and epidemiologic
data are limited (79-81). Our finding implies that an
age-related increase and excess in Co, Fe, and Zn mass
fraction in prostatic tissue may be one of the main
factors in the etiology PCa. Red meat is the major source
of Fe and Zn in foodstuff. Thus, nutrition policy for
men aged 41 years and older should include advice to
decrease intakes of red meat for the purpose to reduce
Fe and Zn intake. This advice agrees well with many
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epidemiological evidences of positive correlation between
red meat intake and PCa risk (35, 82, 83).

Conclusion

Our data reveal that there are no any age-related
deficiencies in minerals such as B, Ca, Co, Cr, Cu, Fe, Mg,
Mn, Se, and Zn in the prostate tissue. Thus, “the potential
role of age-related deficiency B, Ca, Cu, Fe, Mg, Se, Zn”
or other minerals in the prostate has not been confirmed
as being involved in the etiology of PCa. Moreover,
the mean mass fractions of Co, Fe, and Zn for the age
group adult men aged 41 years and older are statistically
significant higher than for those younger than 40 years. It
implies that an age-related increase and excess in Co, Fe,
and Zn mass fraction in prostatic tissue may be one of the
main factors in the etiology PCa. Red meat is the major
source of Fe and Zn in foodstuff. Thus, nutrition policy
for men aged 41 years and older should include advice to
decrease intakes of red meat for the purpose to reduce Fe
and Zn intake.
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