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ABSTRACT

Aims: To clarify the changes in morphometric parameters and contents of zinc (Zn) and in the
relationship between these characteristics in normal and hyperplastic human prostates, a
quantitative morphometry and energy-dispersive X-ray fluorescence analysis was performed.
Methodology: Samples of the human prostate of mass under 30 g were obtained from randomly
selected autopsy specimens of 35 men (European-Caucasian aged 40-87 years) who died mainly
from trauma. All prostate glands were divided into two portions, each with an anterior-posterior
cross-section: one tissue portion was reviewed by an anatomical pathologist while the other was
used for the Zn mass fraction measurement. After preliminary histological investigation the
subjects were divided into a control group (n=24) and a benign prostatic hyperplasia (BPH) group
(n=11). The mean percent volume of the stroma (S), glandular epithelium (E), glandular lumen (L)
and glandular component (GC=E+L) were determined, and the mean ratios of percent volumes
(S/E, SIGC, and E/L) were calculated for each prostate specimen.

Results: Increases in E (33.6% vs 26.7%) and GC (52.3% vs 44.4%) and also a decrease in S
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destroyed.

(47.7% vs 55.6%), S/E ratio (1.53 vs 2.31) and S/GC ratio (0.97 vs 1.40) were observed, when
values for Zn mass fraction in the earliest stage of BPH were compared with normality. A
significant positive correlation between Zn and L (r = 0.65, P<0.001) and between Zn and GC (r =
0.45, P<0.05) and also a negative correlation between Zn and S (r = - 0.45, P<0.05), between Zn
and E/L ratio (r = - 0.63, P<0.001), and between Zn and S/GC ratio (r = - 0.42, P<0.05) was seen in
histologically normal prostate tissue. A negative correlation between Zn and S and a positive
correlation between Zn and L disappeared in the earliest stage of hyperplastic change. It means
that a homeostatic control of Zn level in the histological structures of prostate tissue was partially

Conclusion: For the first time it was quantitatively shown that BPH begins from the excessive
proliferation of the glandular epithelium and that the Zn redistribution in the histological structures
of prostate tissue is a pathogenetic factor of the disease.
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1. INTRODUCTION

Benign prostatic hyperplasia (BPH) represents
the most common urologic disease among
elderly males. The prevalence of histological
BPH is found in approximately 50-60% of males
age 40-50, in over 70% at 60 years old and in
greater than 90% of men over 70 [1]. To date, we
still have no precise knowledge of the cellular
and biochemical processes underlying the
etiology and pathogenesis of BPH [2,3]. There
are a few hypotheses on the subject [3-7]. The
most common concept is based on the
differentiating and growth-promoting actions of
androgens [8]. Among other hypotheses the
possible role of the Zn excess in prostate tissue
in relation to BPH has been noted in the literature
[9-11]. Zinc is the second most abundant metal in
the human body, serving as a cofactor for more
than 300 enzymes with various physiological
functions [12]. Zinc plays an important role in
prostate functions [13]. Moreover, in our previous
studies it was shown that the levels of Zn and
some other chemical elements in prostate tissue
are the androgen-dependent parameters [14-19].
The concentrations of these chemical elements
in prostate tissue jump up after puberty and
continue to increase during the lifespan
especially after the fourth decade [9,11,20,21]. It
is well known that Zn is essential for cell
proliferation and differentiation and for the
regulation of DNA synthesis and mitosis [22-24].

According to Deering et al. [25], prostatic tissue
contains three main components: glandular
tissue, prostatic fluid, and fibromuscular tissue or
stroma. Glandular tissue includes acini and
ducts. Epithelial cells (E) surround the periphery
of the acini and luminal surfaces (L) in acini
(glandular lumen). Prostatic fluid fills the lumina

in acini. From time to time prostatic fluid is
drained into ducts and the urethra. Stromal tissue
(S) is composed of smooth muscle, connective
tissue, fibroblasts, nerves, lymphatic and blood
vessels. Thus, the volume of the prostate gland
is a sum of volumes (E + L + S), and volume of
the glandular component is a sum of the volumes
(E + L). Weibel and Gomez [26] demonstrated
that it is possible to quantitate morphological
data (E, L, and S) using a stereological
approach. Additionally, dimensionless
parameters such as the S/E and S/L ratios were
have been calculated in some studies [27-30].

Although morphological quantitation of
histological normal and hyperplastic prostate
glands has been reported [25-44], contradictory
results were obtained. For example, Bartsch et
al. [27] documented that the cellular
compositions of BPH and non-BPH prostatic
tissue were significantly different. It was
established that BPH is a ‘“stromal disease”
[27,45]. These findings agree with the results of
some other morphometric studies [39,42]. But
Shapiro et al. [30] observed that the S/E ratios of
the BPH and non-BPH are similar and
approximately equal to 5:1. Thus, the hypothesis
about BPH being a “stromal disease” was
refused. The close similarity between the S/E
ratios in men with BPH and in their age-matched
control subjects was also found by Doehring et
al. [28] but the ratio 2.6:1 in the present study
was almost half as large (2.6:1 vs 5:1).
Moreover, an increase of the glandular
component (E+L) and the glandular lumen
attended a decrease of the epithelium in BPH
was demonstrated by Fang-ming et al. [32] and
Babinski et al. [40]. This was opposite to a
decrease of the glandular component obtained
by Bartsch et al. [28].
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The Zn content in tissue of the normal [20,21,46-
69] and hyperplastic [46,47,50,52-
54,56,58,59,61,64,65,70-84] prostate have been
studied, also producing contradictory results.
There are data available that indicate Zn
accumulates mainly in the glandular epithelium
and the specialized Zn uptake transporters in
prostate epithelial cells [85-87]. However, Zn was
found not only in the glandular epithelium but
also in the stromal component [88]. Moreover, it
was shown that in prostatic fluid Zn has its
highest concentration [89]. Thus, the questions
about the hyperplastic changes in the very
beginning of BPH and relationships between Zn
content and morphometric parameters in this
period of the development of disease remained
open.

This work had four aims. The first was to gain
precise  quantitative information on the
morphometric parameters (percent volume of the
stroma, epithelium, glandular Ilumen, and
glandular component) and Zn content of the
prostate gland in the earliest stage of
hyperplastic change, in comparison with age-
matched control subjects. The second aim was
to calculate the percent volume ratios of “stroma
to epithelium”, “stroma to glandular component”,
and “epithelium to glandular lumen” for each
prostate specimen and to determine mean
values of these parameters in normality and in
the earliest stage of hyperplastic change. The
third aim was to investigate the age-related
changes of morphometric parameters and Zn
content of hyperplastic prostate by energy-
dispersive X-ray fluorescent analysis (EDXRF).
The final aim was to investigate the correlations
between the Zn content and the percent volume
of prostatic tissue components and between the
Zn content and the different percent volume
ratios of prostatic tissue components in normality
and in the earliest stage of hyperplastic change.

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

2. MATERIALS AND METHODS

Samples of the human prostate were obtained
from randomly selected autopsy specimens of 35
males (European-Caucasian) aged 40 to 87
years. The typical cause of death in most of
these subjects was trauma. The subjects’
available clinical data were reviewed. None of
the subjects had a history of an intersex
condition or an endocrine disorder that would

affect the normal state of the prostate. None of
them had neoplastic or other chronic diseases.
None of the subjects were receiving medications
which would affect the prostate.

The weight of each selected gland was under
30 g. 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 Zn content determination.
Only posterior part of the prostate, including the
transitional, central, and peripheral zones, was
investigated.

The prostate specimens intended for the
morphometric study were transversely cut into
consecutive sections, which were fixed in
buffered formalin (pH 7.4) and embedded in
paraffin wax. The paraffin-embedded specimens
were sectioned at 5 um thickness and processed
using routine histological methods. All samples
were conventionally stained with haematoxylin
and eosin, and then all histological slides were
examined by an anatomical pathologist to detect
any focus of carcinoma, or other neoplasm, to
exclude samples with artifact and to select slides
for further morphometric evaluation. The
occurrence of histological alterations (the earliest
stage of hyperplastic changes) in 11 glands led
us to evaluate the influence of these alterations
on the morphometric parameters and Zn content.
The subjects were divided into a control group
(n=24, age 50 to 87 years, Mean+SEM — 60+2)
and a BPH group (n=11, age 40 to 83,
Mean+SEM — 64+t4).

Morphometric  evaluations were performed
quantitatively by stereological methods [90]. The
stained tissue sections were viewed by
microscopy at x120 magnification. In order to
obtain information about changes in prostatic
components, the surfaces occupied by the
glands (epithelium plus lumen), the epithelium
alone and the stroma were measured in 10
randomly selected microscopic fields for each
histological section. The number of microscopic
fields per section studied was determined by
successive approaches to obtain the minimum
number of microscopic fields required to reach
the lowest standard deviation (SD). A greater
number of microscopic fields did not significantly
decrease the SD. The mean percent volumes of
S, E, and L and the glandular component
(GC=E+L) were determined, and the mean ratios
of percent volumes (S/E, S/GC, and E/L) were
calculated for each prostate specimen.
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After the samples intended for the Zn content
determination were weighed, they were
transferred to be stored at -20°C, until they were
freeze-dried, weighed once again and
homogenized. The pounded sample weighing
about 8 mg was applied to the piece of adhesive
tape serving as a sample backing. To determine
the Zn content by comparison with a known
standard, aliquots of commercial, chemically
pure compounds were used. The microliter
standards were placed on disks made of thin,
ash-free filter papers fixed on the adhesive tape
pieces and dried in a vacuum. Ten subsamples
of the Certified Reference Material (CRM) IAEA
H-4 (animal muscle) weighing about 8 mg were
analyzed to estimate the precision and accuracy
of results. The CRM IAEA H-4 subsamples were
prepared in the same way as the samples of dry
homogenized prostate tissue. All samples of
prostate tissue were prepared in duplicate and
mean values of Zn mass fraction were used in
final calculations.

The facilitg/ for EDXRF analysis included an
annular 'Cd source with an activity of 2.56
GBq, Si(Li) detector and a PC based portable
multichannel analyzer. Its resolution was 270 eV
at the 5.9 keV line of a **Fe-source. The duration
of the Zn measurements was 20 min. The
intensity of the K line of Zn for samples and
standards was estimated using a calculation
based on the total area of the corresponding
photopeak in the spectra. The Zn mass fraction
was calculated using a relative method,
comparing the intensities of K, -lines for samples
and standards. Further details of the sample
preparation, the facility for performing EDXRF,
the methods of analysis and quality control of
analytical results were presented in our previous
publication concerning the EDXRF of chemical
element contents in prostate specimens [20,63].

Using the Microsoft Office Excel program to
provide a summary of statistical results, the
arithmetic mean, standard deviation, standard
error of mean, minimum and maximum values,
median, percentiles with 0.025 and 0.975 levels
were calculated for all the morphometric
parameters obtained and the Zn mass fractions.
For the estimation of the Pearson correlation
coefficient between the morphometric
parameters and Zn mass fractions in prostate
tissue the Microsoft Office Excel programs were
also used. The reliability of difference in the
results between two groups of subjects was
evaluated by parametric Student’s t-test.

3. RESULTS

Table 1 depicts the basic statistical parameters
(arithmetic mean, standard deviation, standard
error of mean, minimal and maximal values,
median, percentiles with 0.025 and 0.975 levels)
of the quantitative morphometric parameters (S,
E, L, GC, S/E, S/GC, and E/L) and the Zn mass
fractions in two groups of European-Caucasian
males aged 40-87 years with nonhyperplastic
and initial stage hyperplastic prostate glands.

The differences between mean values of some
morphometric parameters and Zn mass fraction
of normal and hyperplastic prostate glands are
presented in Table 2.

To estimate the effect of age on the
morphometric parameters and the Zn mass
fractions in BPH glands we examined two age
groups: the first comprised persons with ages
ranging from 50 to 60 years (mean age 54+3
years, n=6) and the second comprised those with
ages ranging from 61 to 87 years (mean age
75+2 years, n=5). The means, the ratios of
means and the reliability of difference between
mean values of morphometric parameters and
Zn mass fractions in two age groups are
presented in Table 3.

The data of reciprocal relationship (values of r —
coefficient of correlation) between Zn mass
fractions and all morphometric parameters
identified by us for nonhyperplastic and initial
stage hyperplastic prostate glands are presented
in Table 4.

The comparison of our results with data from the
literature [28,32,38,43] for nonhyperplastic
prostate glands of males with ages above 40
years is shown in Table 5. Because in the study
of Fang-ming et al. [32] mean percent volumes of
prostate stroma and glandular epithelium only
were measured, we calculated mean percent
volumes of the glandular lumen (L) as the
remainder “(100% — S - E )”, all in % , and of the
glandular component (E+L) as the remainder
“100% - S” in %. In the study of Arenas et al. [38]
each prostate was divided into three regions
(periurethral, central and peripheral) and the
volume of each region, as well as the average
volume occupied by stroma and epithelium in
each region were determined in mm?®. For
comparison of these results with other published
data and our data the percent volumes for
stroma and epithelium were calculated by us for
each region and the medians of these values are
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presented in Table 5. The results for the
glandular lumen were found as L(%) = (100% —
S — E), all in %. Arenas et al. [38] and Pirus [43]
measured the volumes of prostate smooth
muscle and connective tissue. Using these data
we calculated the fibromuscular component (S)
as the sum of prostate smooth muscle and
connective tissue. Doehring et al. [28] only
documented the S/E ratio. All other means of the
S/E, S/(E+L), and E/L ratios were estimated
using authors’ data and those calculated in this

work for the morphometric parameters of
prostate tissue.

Some histologic parameters of untreated
hyperplastic prostate gland of persons above 40
years of age according to data from the literature
[25,27-29,31-33,35,36,38,39,42] are compared
with our results in Table 6. Because in some
studies [29,38,39] mean percent volumes of
prostate stroma and glandular epithelium only
were measured, we calculated mean percent
volumes of glandular lumen (L) as L(%) = (100%
—S—E), allin %.

Table 1. Certain statistical characteristics of the histologic components (percent volume),
some of their ratios, and Zn mass fraction (on a wet mass basis) in normal and hyperplastic
prostate glands

Parameter M SD SEM Min Max Med Per.0.025 Per.0.975
Normal (Age M+SEM 6012 years, n = 24)

Stroma (S), % 55.6 107 25 39.7 76.7 57.7 400 75.0
Epithelium (E), % 26.7 6.3 1.5 146 375 277 146 35.3
Lumen (L), % 17.8 8.3 2.0 87 343 153 9.1 33.6
(E+L), % 44 .4 107 25 233 603 423 250 60.0
S/E 2.31 114 0.27 1.06 525 2.01 1.19 5.13
S/(E+L) 1.40 0.69 0.16 066 329 136 0.67 3.02
E/L 1.78 0.81 0.19 052 326 163 0.65 3.02
Zn, mg/kg 213 116 24 41 452 198 48.2 408
BPH (Age M+SEM 6414 years, n = 11)

Stroma (S), % 47.7 8.9 2.7 358 634 46.7 36.1 61.2
Epithelium (E), % 33.6 9.6 29 240 56.3 304 246 53.9
Lumen (L), % 18.7 8.5 2.6 79 351 163 87 33.1
(E+L), % 52.3 8.9 2.7 36.6 642 533 3838 63.9
S/E 1.53 0.53 0.16 064 264 157 0.67 2.45
S/(E+L) 0.97 0.35 0.11 056 1.73 0.88 0.57 1.60
E/L 2.34 1.78 0.54 079 713 190 0.84 6.11
Zn, mg/kg 184 94 28 745 428 191 83.0 374

M arithmetic mean, SD standard deviation of mean, SEM standard error of mean, Min minimum value, Max
maximum value, Med median, Per.0.025 percentile with 0.025 level, Per.0.975 percentile with 0.975 level

Table 2. Differences between mean values (M+SEM) of some morphometric parameters
(percent volumes, or ratios of percent volumes) and Zn mass fraction (on a wet mass basis) of
normal and hyperplastic prostate glands

Parameter BPH n=11 Normal n=24 Ratio BPH/normal Student’s t-test P-value
Stroma (S), % 47.742.7  55.6+2.5 0.86 P=.042
Epithelium (E), %  33.6+2.9 26.7+1.5 1.26 P=.049
Lumen (L), % 18.742.6  17.8+2.0 1.05 P=.785
(E+L), % 52.3+2.7 444425 1.18 P=.042
S/E 1.53+0.16  2.31+0.27 0.66 P=.020
S/(E+L) 0.97+0.11  1.40+0.16 0.69 P=.035
E/L 2.34+0.54 1.78+0.19 1.31 P=.341
Zn, mg/kg 184428 213+24 0.86 P=.435

M arithmetic mean, SEM standard error of mean; Bold statistically significant differences
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Table 3. Differences between mean values (M+SEM) of some morphometric parameters
(percent volumes, or ratios of percent volumes) and Zn mass fraction (on a wet mass basis) of
hyperplastic prostate gland in two age groups

Parameter Age group 1 Age group 2 Ratio Student’s
54+3 year n=6 7512 year n=5 Group 2/ Group 1 P-value
Stroma (S), % 46.6+2.5 49.0+5.4 1.05 P=.695
Epithelium (E), %  33.1+3.0 34.3+5.7 1.04 P=.863
Lumen (L), % 20.3+2.7 16.7+4.8 0.82 P=.536
(E+L), % 53.446.2 51.0+5.4 0.96 P=.695
SIE 1.47+0.14 1.62+0.33 1.10 P=.694
S/(E+L) 0.89+0.09 1.05+0.22 1.18 P=.525
E/L 1.86+0.35 2.93+1.11 1.58 P=.404
Zn, mg/kg 145421 233452 1.61 P=.172

M arithmetic mean, SEM standard error of mean

The data of Arenas et al. [38] for males of age
above 50 years was treated by us, as was done
with their results for nonhyperplastic prostate
glands in Table 5. In some studies [33,35,38]
mean percent volumes of prostate smooth
muscle and connective tissue only were
measured. Using these data we calculated the
fibromuscular component (S) as the sum of
prostate smooth muscle and connective tissue
and glandular component (E+L) as the remainder
(100%- S), in %. Deering et al. [25] and Doehring
et al. [28] documented only the S/E ratio. All
other means of the S/E, S/(E+L), and E/L ratios
were estimated using authors’ data and those
calculated in this work for the morphometric
parameters of BPH tissue.

Table 4. Correlations (r - coefficient of
correlation) between the Zn mass fraction
and morphometric parameters in
nonhyperplastic and hyperplastic prostate

gland

Histologic Normal BPH
parameter (n=24) (n=11)
Stroma (S), % -0.453° -0.033
Epithelium (E), % -0.089 -0.413
Lumen (L), % 0.650° 0.501
(E+L), % 0.453% 0.033
S/E -0.214 0.195
S/(E+L) -0.418° -0.001
E/L -0.625° -0.347

Statistically significant correlations (* p<0.05,

p<0.001)

Tables 7 and 8 depict the comparison of our
results with published data for Zn mass fraction
in nonhyperplastic and hyperplastic prostate
glands of males in age above 40 vyears,
respectively. Because some values of the Zn

mass fraction were not expressed on a wet mass
basis in the above work, we calculated these
values using the medians of published data for a
water content of 83% in adult prostate [91] and
80% in BPH tissue [46].

4. DISCUSSION

For a morphological quantitation of prostatic
tissue components in normality and diseases,
different names of units are used, including
“percent area density” [30,37,41], “relative areas”
[44], “mean rate of the area” [34], and “volumetric
density” [39]. In our opinion all these units reflect
the relative volume as a percentage (percent
volume) of the different components of prostate
tissue and this clear term is used in our study.
Some authors used absolute values of “area”,
mm? [39] or of “volume”, mm?® [38]. If the whole
“area” or volume of the prostate was measured it
would also be possible to calculate the percent
volumes of the different components of prostate
tissue.

Using the technique of morphometric and
EDXRF analysis, we quantified the histological
components and Zn mass fraction of the
prostates of males ranging from 40 to 87 years of
age. The collection of prostates included the
histologically normal glands and glands with the
earliest stage of hyperplastic change. The mean
values and all selected statistical parameters
were calculated for percent volumes of S, E, L
and GC and percent volume ratios of S/E, S/GC
and E/L and for the Zn mass fraction (Table 1).
The similarity of arithmetic means and median
values of all the parameters investigated
(Table 1) confirms the normal distribution of
individual results.
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Table 5. Mean (medians) values of some morphometric parameters of nonhyperplastic
prostate glands of males of age above 40 years, according to data from the literature in
comparison with our results

Ref n Age S E L E+L Ratios
years % % % % S/IE S/(E+L) E/L
[32] 20 M>40 56.4 15.5 27.6* 43.1* 3.6* 1.3* 0.56*
[28] 36 M=70 - - - - 1.7 - -
[38] 23 51-60 50* 27* 23* 50* 1.85* 1.00* 1.17*
19 61-70 67" 15* 18* 33* 447 2.03* 0.89*
[43] 119  61-75 53* 47* 1.13*
This work 24 M=60 56 26 18 44 22 1.3 1.4
Med of M 56 211 20.5 44 2.2 1.22 1.03
23.5 2.38 1.27 1.15

Ref reference, M arithmetic mean, Med median, S stroma, E epithelium, L lumen; * Calculation of this work use
means (medians) of reference data.; Bold this work’s calculation using median of means for S, E, and L; E
calculated as E= (E+L)-L to keep a balance S+E+L = 100%, “-“ no data available

Table 6. Means (medians) of some morphometric parameters of untreated hyperplastic
prostate glands of males of age above 40 years, according to data from the literature in
comparison with our results

Ref n Age S E L E+L Ratios
years % % % % S/E S/(E+L) E/L
[27] 10 52-80 58 13 29 42* 4.46* 1.38* 0.45*
[25] 12 M=59 - - - - 2.6 - -
[31] 20 60-75 50 20 30 50* 2.5% 1.00* 0.67*
[32] 20 M>50 56 16 28 44* 3.50% 2.00* 0.57*
[28] 36 M=59 - - - - 27 - -
36 M=70 - - - - 1.7 - -
[33] 9 M=67 41* 11 48 59* 3.75* 0.80* 0.23*
8 M=66 80* 13 7 20" 6.15* 4.00* 1.86
[29] 20 60-70 64 13* 23* 36* 5.00 2.78 0.57
[35] 9 M>50 51* 29 20 49* 1.76* 1.04* 1.45*
8 M>50 49* 32 19 51* 1.53* 0.96* 1.68*
[36] 11 69 49 21 30 51* 2.33* 0.96* 0.70*
[38] 6 41-50 48* 35* 17* 52* 1.37* 0.92* 2.06*
4 51-60 38* 38* 24> 62* 1.00* 0.61* 1.58*
15 61-70 53* 31* 16* 47* 1.71 1.13* 1.94*
4 71-80 45* 37* 18* 55* 1.22* 0.82* 2.06*
5 81-90 48* 38* 14* 52* 1.26* 0.92* 2.71%
[39] 16 63-79 78 18 4* 22* 4.44* 3.55* 4.5*
[42] 49 50-60 56 - - 44* - 1.27* -
This 11 M=64 48 33 19 52 1.5 0.92 1.7
work
Med of 51 21 20 50 24 1.0 1.6
M 30 1.7 1.0 1.5

Ref reference, M arithmetic mean, Med median, S stroma, E epithelium, L lumen; * this work calculation using
means (medians) of reference data; Bold this work’s calculation using median of means for S, E, and L; E
calculated as E= (E+L)-L using S+E+L = 100% for normalization; “-“ no data available

In the glands with the earliest stage of component also compared to normality (Table 2).

hyperplastic change, we have observed an
increase in the percent volume of epithelium and
glandular component compared to normal
prostatic tissue and a decrease in the percent
volume of stroma and the percent volume ratio of
stroma/epithelium and of stroma/glandular

These differences were significant according to
the parametric Student’s t-test. Thus, for the first
time it was quantitatively shown that BPH begins
from the excessive proliferation of the glandular
epithelium.
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Table 7. Means values of Zn mass fraction (on a wet mass basis) in nonhyperplastic prostate
glands of males of age above 40 years, according to data from the literature in comparison
with our results

Ref Method n Age Treatment Zinc, mg/kg,
M(Range) of samples M+SD Range

[46] AAS 10 >40 A, AD 21149 -

[47] AAS 20 51-70 A, AD 97 -

[48] AAS 8 ~55 AD 143 50-280

[49] - - >40 - 222 123-299

[50] Polar 5 40 AD 540 -

[51] AAS 7 >40 A, AD 135+29 -

[52] AAS 8 60-87 D, AD 86+38 -

[53] AAS 10 >50 W, AD 547+7 -

[54] AAS 14 ~50 AD 167+24 -

[55] AAS 7 50-69 AD 211458 -

[56] AAS 8 52 FF, A, AD 167176 -

[57] ICP-AES 15 40(18-80) FF, AD ~200 -

[82] EDXRF 37 41-87 Intact 1731128 35-749

[58] SRXRF - 56-72 F,S 70-115 -

[59] PIXE 27 53(38-68) D, Press 367+6 -

[60] ICP-MS 15 >40 F, PE, AD 73 Med 32-143

[61] AAS 11 49-67 AD 95+10 -

[62] ICP-AES 57 65-101 F,FF,.W,AD 41482 -

[63] EDXRF 10 57+11 Intact 189174 39-275

[65] AAS 20 50-75 AD 215+ 33 -

[20] EDXRF 27 41-60 Intact 206+133 -

[21] NAA 27 41-60 Intact 132487 -

[66] ICP-AES 27 41-60 AD 1961173 -

[64] NAA 37 41-87 Intact 170+£113

[10] EDXRF 37 41-87 Intact 1961123

[67] NAA 27 41-60 Intact 1784123

[68] NAA+ICP-AES 27 41-60 Intact 209+180

[69] NAA+ICP-MS 27 41-60 Intact 186+149

This work EDXRF 24 (50-87) Intact 213+24 41-452

Med of M 178

Ref reference, M arithmetic mean, Med median, SD standard deviation of mean; AAS atomic absorption
spectrometry, Polar polarography, ICP-AES inductively coupled plasma atomic emission spectrometry, PIXE
proton induced X-ray emission, EDXRF energy-dispersive X-ray fluorescence analysis, SRXRF synchrotron

radiation X-ray fluorescence analysis; A ashing, AD acid digestion, W washing with water, D thermal drying, G
homogenization of fresh tissue, FF fat free, F fixation (formalin, ethanol, and etc.), S staining, PE paraffin-
embedding; “-“ no data available

No difference between Zn mass fractions in
nonhyperplastic and hyperplastic prostate tissue
was found. This finding agrees well with data of
some other known studies [52,56,92,93]. It is
important to mark that the age-matched control
group was used because there was no a
statistically significant difference between the
mean values of age in two groups of subjects
with nonhyperplastic and hyperplastic prostate
glands.

We have not observed any age-related changes
in the morphometric parameters and Zn mass
fraction of hyperplastic tissue of prostate glands

with weight under 30 g (Table 3). Ishigooka et al.
[94] showed that variation of quantities of stromal
and glandular components in established BPH
did not correlate with age. No published data
referring to age-related changes of Zn mass
fraction in prostate hyperplastic tissue have been
found.

A significant positive correlation between the
prostatic Zn and percent volume of the glandular
lumen (r = 0.65, P<0.001) and between the
prostatic Zn and percent volume of the glandular
component (r = 0.45, P<0.05) was seen in
histologically normal prostate tissue (Table 4).

699



Zaichick and Zaichick; BJMMR, 8(8): 692-706, 2015, Article no.BJMMR.2015.495

Table 8. Means values of Zn mass fraction (on a wet mass basis) in untreated hyperplastic
prostate of males in age above 40 according to data from the literature in comparison with our

results

Ref Method n Age, years Treatment Zinc, mg/kg

M (Range) of samples M+SD Range
[70] WDXRF 9 (55-92) CS 323+201 116-816
[46] AAS 10 >50 A, AD 646+11 -
[71] - 25 68.7 A, AD 384+29 -
[47] AAS 34 >40 A, AD 145 -
[50] Polar 57 (50-75) AD 746+11 -
[72] AAS 8 73 (64-82) A, AD 12149 -
[73] AAS 13 >50 A, AD 206+153 77-717
[52] AAS 48 (60-87) D, AD 77+92 20-188
[53] AAS 10 >50 W, AD 75448 -
[54] AAS 20 >40 D, AD 170 -
[74] AAS 56 >40 AD 121 24-320
[75] AAS 24 67 D, AD 132489 -
[56] AAS 43 68 (54-85) A, AD 148471 -
[76] AAS 15 >50 D, AD 154473 44-248
[77] AAS 24 >40 AD 132489 -
[78] AAS 10 >50 AD 200+82 -
[79] AAS 55 >40 G, AD 199451 -
[80] AAS 25 66+9 AD 123+29 86-181
[81] AAS 88 >50 AD 222 -
[82] EDXRF 50 66(38-83) Intact 228+109 60-500
[83] WDXRF 17 74 (45-91) Intact 110470 7-329
[58] SRXRF - 56-72 F,S 60-140 60-140
[59] PIXE 27 53 (38-68) G, Press 127410 -
[61] AAS 27 55-76 AD 200+50 -
[65] AAS 20 50-75 AD 105 £ 23 -
[84] SRuXRF - - Intact 150-300 -
[64] NAA 43 66(38-83) Intact 220+ 116 62-503
This work  EDXRF 11 64 (40-83) Intact 184428 72-428
Med of M 170

Ref reference, M arithmetic mean, Med median, SD standard deviation of mean; WDXRF wave dispersive X-ray
fluorescence analysis, AAS atomic absorption spectrophotometry, Polar polarography, PIXE proton induced X-
ray emission, EDXRF — energy dispersive X-ray fluorescence analysis, SRXRF synchrotron radiation X-ray
fluorescence analysis, SRuXRF synchrotron radiation micro X-ray fluorescence analysis; CS cutting of slices, A
ashing, AD acid digestion, W washing with water, D thermal drying, G homogenization of fresh tissue, F fixation
(formalin, ethanol, and etc.), S staining;“-“ no data available

A qualitative positive correlation between the Zn
content and the glandular component volume in
normal prostate tissue was previously shown by
Mawson and Fischer [92]. A strongly pronounced
negative correlation between the prostatic Zn
and the percent volume of stroma (r = - 0.45,
P<0.05), between the prostatic Zn and percent
volume ratios of E/L (r = - 0.63, P<0.001), and
between the prostatic Zn and percent volume
ratios of S/GC (r = - 0.42, P<0.05) was observed
by us also (Table 4). A qualitative negative
correlation between the zinc content and the
stromal volume was documented by Gonic et al.
[95]. This indicates that the glandular lumen is

the main reservoir of Zn in the normal human
prostate from 50 to 87 years of age. Because the
volume of glandular lumen reflects the volume of
prostatic fluid, we can conclude that the Zn more
tightly binds with the secretion of gland. In BPH
tissue these relationships were greatly modified.
A negative correlation between the prostatic Zn
and the percent volume of stroma and a positive
correlation between the prostatic Zn and the
percent volume of lumen disappeared in the
earliest stage of hyperplastic change. It means
that a homeostatic control of Zn level in the
histological structures of prostate tissue was
partially destroyed and the Zn content in stromal
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and epithelial cells began to increase and in
glandular lumen to decrease. In our earlier
publications it was discussed in detail [9-11] that
the age-related excessive Zn level in prostatic
cells is probably one of the main factors
influencing the enlargement of the prostate
gland, as well as the initiation and progression of
prostate cancer. Findings of this study show that
in spite of the Zn mass fraction in normal and
hyperplastic prostate are almost equal, the level
of Zn in cells of hyperplastic prostate has to be
higher than in cells of normal gland. Because the
biochemical changes preceded the
morphological transformation of tissue, we can
hypothesize that the Zn redistribution in the
histological structures of prostate tissue is a
pathogenetic factor of BPH.

The wvalidity of our morphometric data for
nonhyperplastic prostate glands confirms the
good agreement with medians of results cited by
other researches for the normal human prostate
of men aged above 40 years (Table 5). The data
of the present study also agree well with
medians of published results for hyperplastic
prostate glands of untreated males aged over 40
(Table 6).

The result obtained for Zn mass fraction, as
shown in Table 7, was higher (20%) the median
of means cited by other researches for
nonhyperplastic prostate glands of men in age
above 40. The present study also demonstrated
a value for Zn mass fraction for hyperplastic
prostate glands higher (8%) than the median of
means cited by other researches (Table 8). The
majority of published data are based on non-
intact tissue. In many studies tissue samples
were ashed or dried at high temperature for
many hours (see Tables 7 and 8). In other cases,
prostate samples were treated with solvents
(distilled water, ethanol, formalin etc). There is
evidence that by use of these methods some
quantities of certain chemical elements, including
Zn, are lost as a result of this treatment [96,97].

The range of means of Zn mass fraction reported
in the literature for nonhyperplastic (from 86 to
547 mg/kg on wet mass basis) and for untreated
hyperplastic prostate (from 77 to 754 mg/kg on
wet mass basis) vary widely (Tables 7 and 8,
respectively). This can be explained by a
dependence of Zn content on many factors,
including the region of the prostate, from which
the sample was taken, age, ethnicity, mass of the
gland, and the stage of BPH. Not all these
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factors were strictly controlled in other studies.
Additionally, the levels of quality control were
insufficient as only in a few studies were certified
reference materials for Zn used.

5. CONCLUSION

The present study represents the first
comprehensive quantitative evaluation of the
histologic and Zn content changes in the human
prostate gland at the earliest stage of benign
hyperplasia. Increases in the percent volume of
epithelium and glandular component were
observed. It was also found a decrease in the
percent volume of stroma and the percent
volume ratios stroma/epithelium and of
stroma/glandular component. Thus, our data
show that BPH on the first stage of development
characterized by proliferation not stromal, but
epithelial cells.

No difference between Zn mass fractions in
nonhyperplastic and hyperplastic prostate tissue
was observed. The observed correlations
between morphometric parameters and Zn mass
fraction indicate that the Zn more tightly binds
with the prostatic fluid than with the cells of
nonhyperplastic prostate tissue. In BPH tissue
these relationships were greatly modified. A
negative correlation between the prostatic Zn
and the percent volume of stroma and a positive
correlation between the prostatic Zn and the
percent volume of lumen disappeared in the
earliest stage of hyperplastic change. It means
that a homeostatic control of the Zn level in the
histological structures of prostate tissue was
partially destroyed and the Zn content in stromal
and epithelial cells began to increase and in
glandular lumen to decrease.

Excessive Zn level in prostatic cells may be one
of the main factors influencing the enlargement
of the prostate gland. Because the biochemical
changes preceded the morphological
transformation of tissue, we can hypothesize that
the Zn redistribution in the histological structures
of prostate tissue is a pathogenetic factor of
BPH.
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