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Abstract
Introduction: Nutritional supplementation is an integral part of modern pharmacotherapeutic strategies for prostate
diseases with different levels of evidence for specific nutrients.
Provitamin A (beta-carotene), vitamin A (retinol) and prostate diseases. Their effects have not been sufficiently
studied, and the available data are conflicting to recommend them as a nutritional supplement.
Vitamin E (tocopherol) and prostate diseases. Its effects have not been sufficiently studied, and the available data are
conflicting to recommend it as a nutritional supplement.
Vitamin C (ascorbic acid) and prostate diseases. Its effects have not been sufficiently studied, and the available data
are conflicted to recommend it as a nutritional supplement.
Vitamin K and prostate diseases. Its effects have not been sufficiently studied, and the available data are conflicted to
recommend it as a nutritional supplement.
Vitamin D and prostate diseases. The evidence base of the vitamin D prostatotropic effects has been accumulated,
which allows us to consider its deficiency replacement as an effective nutritional supplement in prostate diseases.
Omega-3 PUFAs and prostate diseases. They have universal physiological effects; however, the evidence base for
their recommendation as a nutritional supplement for prostate diseases is still insufficient.
Zinc and prostate diseases. Positive effects of zinc on the prostate gland are known for a fact and allow us to recommend it as a nutritional supplement for prostate diseases.
Selenium and prostate diseases. The reliably proven positive effects of selenium on the prostate gland allow us to
recommend it as a nutritional supplement for prostate diseases.
Magnesium and prostate diseases. Its effects have not been sufficiently studied, and the available data are conflicting
to recommend it as a nutritional supplement.
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Introduction
Prostate diseases are among the most common pathologies in men of various ages, but their modern pharmacotherapy does not always allows to achieve a rapid and
complete relief of clinical symptoms and improvesing
the quality of a man’s life. In addition, nowadays, when
most of age-associated diseases (including the prostate
diseases) are getting diagnosed at a much younger age,
another equally important pharmacotherapeutic problem,
related to the possibility of effective early prevention of
prostate diseases, is extremely relevant. The solution to
the problem of increasing the effectiveness of pharmacotherapy and drug prevention of prostate diseases can
be found through rational pharmacological management
of prostate metabolism, which is achieved by the intake
of various pharmacological agents, in particular vitamins
and minerals (nutraceuticals), which have a long history of clinical use in urological practice as oral nutritional
supplement (Gorbachev and Gorbacheva 2011; Veselovskiy 2013). It should be noted that the conservative
therapy of the prostate diseases today must be performed
in complete accordance with the available clinical protocols, based on high-quality recommendations, which,
first of all, order the administration of medications of the
appropriate groups, but clinical practice shows that the
additional administration of nutraceuticals, most of which
are deficient in modern people, is not a tactical mistake.
Moreover, some vitamins and trace elements necessary
for the prostate gland can enter the body exclusively with
food or dietary supplements due to their absence in the
form of medications. This article provides a brief review
of the main vitamins, micro-and macronutrients necessary to maintain metabolic homeostasis in the prostate
gland, which can be used as a nutritional supplementation
for traditional pharmacotherapy of the prostate diseases.

Provitamin A (beta-carotene),
vitamin A (retinol) and prostate
diseases
Provitamin A (beta-carotene), as well as carotenoids that
are incapable of vitamin A formation, perform important
antioxidant functions due to the presence of isoprenoid
sites in their srtucture. They are quite effective traps for
singlet oxygen, especially at low partial pressure of oxygen. In addition, in this case, they also have another mechanism, acting as antioxidant compounds, breaking the
chain of lipid peroxidation. At the same time, with high
oxygen content, beta-carotene can show prooxidant activity (Shikh and Makhova 2014). Vitamin A (retinol) together with beta-carotene (provitamin A) is an important
component of the natural antioxidant system of cells and
has a certain antioxidant effect, which is confirmed mainly in experimental studies in animals. According to the

membrane theory of the vitamin A action, retinol is able to
penetrate the hydrophobic zone of biological membranes
and interact with lecithin-cholesterol monolayers at the
interface, causing the rearrangement of cell membranes,
lysosomes, and mitochondria (Shikh and Makhova 2014).
Vitamin A ensures the integrity of cell membranes, regulates epithelial cell proliferation, and is involved in the regulation of spermatogenesis with various effects on fetal
and neonatal Leydig cells, Sertoli cells, and the germinogenic epithelium of the testes, that makes a possibility to
suppose the presence of some reproductive effects in vitamin A (Livera et al. 2000; Zhang et al. 2002; Ambrosini et
al. 2008; Clagett-Dame et al. 2011).
The role of vitamin A in the pathogenesis of prostate
diseases is understudied. At the same time, vitamin A is
known to have antitumor activity, such as induction of
apoptosis and cell differentiation, as well as inhibition
of cell proliferation (Mondul et al. 2017; Surman et al.
2020). However, it has also been shown that vitamin A
and its derivatives (retinoids) can promote tumor growth
(Peehl and Feldman 2003), possibly acting through the
receptor of insulin-like growth factor-1 (IGF-1) or sex
steroids, which may affect the risk of prostate cancer
(Mondul et al. 2011). Thus, the ATBC study found a
23% higher incidence of prostate cancer in men receiving 20 mg of beta-carotene daily (Alpha-Tocopherol et
al. 1994), while other studies did not report the effect of
beta-carotene (plus 25,000 IU of retinol palmitate) at the
dose of 30 mg daily (Omenn et al. 1996) or 50 mg of
beta-carotene once every other day (Cook et al. 2000)
on prostate cancer. The results of the ATBS study are
confirmed by other recent, larger analyses (Nash et al.
2015). In a placebo-controlled prostate cancer prevention
trial (PCPT), men with higher levels of circulating retinol had a significantly increased risk of prostate cancer
(OR=1.30, 95% CI 1.00–1.68 for the higher and lower
quartiles, n=974). The risk was higher for the well-differentiated form of the disease (OR=1.74, 95% CI 1.14–
2.68). The risk also increased in men with higher levels
of circulating α-carotene (OR=1.32, 95% CI 1.01–1.73
for the higher and lower quartiles) (Nash et al. 2015). In
a large pooled study involving more than 11,000 cases
and 18,000 men in control groups, higher retinol levels
were associated with an increased risk of prostate cancer
(OR=1.13, 95% CI 1.04–1.22 for the highest and lowest
quartiles) (Key et al. 2015). There were no associations
of a prostate cancer risk with the levels of provitamin A,
carotenoids, α-carotene, or β-cryptoxanthine, as confirmed by a recent meta-analysis (Wang et al. 2015). The
results of the larger studies suggest inefficiency of the
previous studies to detect a 20–30% increased risk associated with higher level of vitamin A. Smoking and prostate cancer screening did not appear to affect the study
results either. While GWA study has identified genetic
variants associated with higher serum concentrations of
carotenoids and retinol, they have not yet been tested for
a prostate cancer risk (Mondul et al. 2011).
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Vitamin E (tocopherol) and
prostate diseases
Vitamin E is a lipid soluble vitamin, naturally occurring in
eight forms: four tocopherols and four tocotrienols, which
have similar biological activity, however, only α-tocopherol is considered for establishing dietary requirements,
since it has the greatest vitamin and direct antioxidant activities, and therefore it is widely used in medicine (Gorbachev and Gorbacheva 2011; Veselovskiy 2013; Shikh
and Makhova 2014). The mechanism of the antioxidant
action of α-tocopherol is the transfer of the hydrogen of
the phenyl group to the peroxide radical at the initial interaction with the free radical. The resulting phenoxy radical is quite stable and does not participate in the chain
reaction (Gorbachev and Gorbacheva 2011; Veselovskiy
2013; Shikh and Makhova 2014). Ascorbic acid (vitamin
C) has a synergistic effect, reducing the oxidation product
of α–tocopherol, α–tocopheroxide, to α–tocopherol. The
total antioxidant effect of α-tocopherol is not pronounced,
since neutralization of free radicals with this substance results in compounds with residual radical activity (Gorbachev and Gorbacheva 2011; Veselovskiy 2013; Shikh and
Makhova 2014). Another disadvantage of α-tocopherol is
its lipophilicity, which makes it difficult to create dosage
forms for parenteral administration necessary for emergency care. However, it also has advantages, the main of
which is its very low toxicity, as in an endogenous compound (Khadang et al. 2018).
Vitamin E is one of the most studied antioxidants
in male infertility, which is confirmed by high-quality
randomized clinical trials (RCTs) and meta-analyses (Salas-Huetos et al. 2017; Majzoub et al. 2018). Currently,
vitamin E is applied in the complex treatment of chronic prostatitis (Bratchikov et al. 2019); however, the immediate and long-term results of such a therapy are still
unknown due to the lack of high-quality RCTs (Balercia
et al. 2015). The role of vitamin E in prostate cancer is
widely discussed in the scientific literature; however, the
contradictory data available indicate a possible dose-dependent oncostatic effect of vitamin E in some categories
of patients, in particular, in smokers, with various histological variants of prostate cancer, the discussion of which
is not the purpose of this review (Alkhenizan et al. 2007;
Albanes et al. 2014).

Vitamin C (ascorbic acid) and
prostate diseases
Vitamin C in the body is able to form a redox pair “ascorbic acid/dehydroascorbic acid”, which acts together with
vitamin E (Gorbachev and Gorbacheva 2011; Veselovskiy
2013; Shikh and Makhova 2014). At the lipids-water interface, ascorbic acid protects α-tocopherol or restores its
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oxidized form after the action of free radicals. Vitamin C
can prevent or reverse the oxidation of reduced glutathione to its functionally inactive form. Vitamin C has a pronounced antioxidant effect only in the absence of metals of
mixed valence (iron and copper ions); in the presence of
the active form of iron (Fe3+), it can reduce it to divalent
iron (Fe2+), which is able to release a hydroxyl radical by
the Fenton reaction and act as prooxidant (Gorbachev and
Gorbacheva 2011; Veselovskiy 2013; Shikh and Makhova
2014). Most studies of vitamin C are devoted to its effect
on male fertility, while data on its antioxidant effects in
prostate diseases are still insufficient for any definite evidence-based conclusions (Long et al. 2021). In clinical
studies, it has been shown that in patients with chronic
bacterial prostatitis, the concentrations of vitamins C, A,
and E in the blood plasma are significantly reduced compared to healthy volunteers, against the background of a
decrease in the activity of the key enzymes of the antioxidant defense system (superoxide dismutase, catalase, glutathione peroxidase) and increase in the concentration of
lipid peroxidation products (in particular, malondialdehyde) and nitric oxide (NO). That justifies the pathogenetic
expediency and prospects of the deficit correction of the
above-mentioned vitamins-antioxidants in this disease
(Zhou et al. 2006; Xiong et al. 2020).

Vitamin K and prostate diseases
Vitamin K is a group name for a number of derivatives
of 2-methyl-1,4-naphthoquinone with the similar structure and similar function in the body, which is that vitamin
K is a cofactor for γ-glutamyl carboxylase, catalyzing the
post-translational conversion of specific glutamyl residues
to γ-carboxyglutamyl residues in various vitamin K-dependent proteins involved in blood clotting, bone and cartilage
metabolism (calcium, phosphorus and vitamin D metabolisms), signal transduction, and cell proliferation (Simes et
al. 2020). Only two K-group vitamins have been found in
nature: vitamin K1 (phylloquinone) isolated from alfalfa
and K2 (menoquinone) isolated from the rotting fish (Gorbachev and Gorbacheva 2011; Veselovskiy 2013; Shikh
and Makhova 2014). In addition to natural K vitamins, a
number of synthetic naphthoquinone derivatives are currently known to have an antihemorrhagic effect. There are
the following compounds: vitamin K3 (2-methyl-1,4-naphthoquinone), vitamin K4 (2-methyl-1,4-naphthohydroquinone), vitamin K5 (2-methyl-4-amino-1-naphthohydroquinone), vitamin K6 (2-methyl-1,4-diaminonaphtoquinone),
and vitamin K7 (3-methyl-4-amino-1-naphthohydroquinone) (Gorbachev and Gorbacheva 2011; Veselovskiy 2013;
Shikh and Makhova 2014).
Sometimes vitamin K is called an overlooked vitamin,
because it has other important effects besides those described above. Today, there are reliable experimental data
suggesting the potential antitumor activity of vitamin K in
several types of cancer, including prostate cancer, and ear-
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lier in vitro and in vivo studies showed that the anti-tumor
activity of vitamin K is based on its antioxidant effects
(Dasari et al. 2017; Luo et al. 2018). Recent studies have
found that vitamin K inhibits cancer cell growth through
other mechanisms, including regulation of apoptosis, cell
cycle arrest, autophagy, and modulation of various transcription factors such as Myc and Fos, and the protective
role of vitamin K against progressive and fatal prostate cancer was found in the Heidelberg cohort of the EPIC study
(Nimptsch et al. 2010; Kristensen et al. 2019). Donaldson
M. S. (2015) proposed a very interesting and original hypothesis, according to which bad prostate health is, in fact,
vitamin K deficiency (Donaldson 2015), referring to the
results of the recent studies showing that even subclinical
varicocele, which is more common than usually believed,
causes retrograde blood flow from the testicles past the
prostate gland, leading to a more than 130-fold increase
in free testosterone in the veins of the periprostatic venous
plexus, which is able to activate the prostatic proliferation.
In this regard, according to the author of that hypothesis,
the periprostatic veins distensibility in varicocele is the
direct cause of prostate adenoma, and the embolization of
the internal seminal vein can reverse the enlargement of
the prostate gland, with appropriate symptomatic relief.
On the other hand, recent studies have revealed the role
of vitamin K in the calcification of varicose veins, as well
as its role in the proliferation of smooth muscle cells in
the medial layer of the vein wall. Vitamin K is directly
involved in the varicose vein formation. Consumption of
vitamin K in the right form and quantity, along with other
supporting nutrients and phytochemicals can likely prolong the excellent prostate health and possibly can reverse
the bad prostate health (Donaldson 2015). This hypothesis can be further evaluated in future studies of the relationship between vitamin K and varicocele, as well as of the
relationship between varicocele and prostatic hyperplasia
onset. And if it turns out to be correct, the management
of the prostate health can be radically changed: instead of
focusing on the prostate health only as a manifestation of
hormonal imbalance, prostate hyperplasia can be considered as a result of bad venous health in general and internal
seminal veins in particular (Donaldson 2015).

Vitamin D and prostate diseases
Unlike all other vitamins, vitamin D is not a classical vitamin, since it is formed de novo in the body from the biologically inactive precursors (25(OH)D3, or calcidiol) and
only due to a two-stage metabolism in the liver and kidneys, it is converted into its active form (1,25-[OH]2-D3),
or calcitriol) (Castro 2011). In addition, in contrast to
true vitamins, which act as co-factors of various cellular
enzyme systems, specific receptors to the active form of
vitamin D 1,25-[OH]2-D3, or calcitriol, called Vitamin
D Receptors (VDR) have been found in cells of various
organs and tissues (brain, prostate, breast, intestine, immunocompetent cells, muscle tissue, germ cells, etc.).
That allows us to classify vitamin D not as a true vita-

min, but as a D-hormone, which generates and modulates
slow genomic and fast non-genomic molecular-cellular
responses in more than 40 target tissues (Castro 2011).
According to current data, D-hormone regulates from 3
to 10% of the entire human genome, including the genes
of carbohydrate metabolism, steroidogenesis, innate immunity and reproduction, which makes it one of the key
hormone, essential in sufficient quantities from birth to
death (Kalinchenko et al. 2016).
The global vitamin D deficiency is now a new non-infectious pandemic of the XXI century among adults and
children, which is primarily due to a sharp decrease in
the duration of sun exposure of modern people, the geographical features of the areas of residence determining
the intensity and nature of insolation, and insufficient
consumption of animal products containing vitamin D
(Yadav and Kumar 2020). People living in the countries
located north of the 35th parallel forming the so-called
”vitamin winter zone” are particularly amenable to vitamin D deficiency/insufficiency (Yadav and Kumar 2020).
Since the entire Russian territory is a zone of increased
risk of vitamin D deficiency/insufficiency due to complete
location in the geographical ”vitamin winter zone”, this
problem is relevant for the Russian medicine and should
already become a key question in the concept of national
health improvement (Tyuzikov et al. 2013; Vorslov et al.
2015; Zhilenko et al. 2017).
Current epidemiological data prove a high frequency of
unrecognized vitamin (hormone) D deficiency/insufficiency in urological patients. For example, Pitman M. S. et al.
(2011) analyzed the results of examination of 3,763 men
from urological medical databases and concluded that currently 68% of urological patients have inadequate level of
vitamin D, and 52% of them have unrecognized vitamin
D deficiency or insufficiency (Pitman et al. 2011). Studies
have revealed the ability of vitamin D to regulate the expression of steroidogenesis genes, which, in turn, regulates the
expression of vitamin D metabolism genes (Mordan-McCombs et al. 2010; Wehr et al. 2010). In this regard, some
authors believe that testosterone deficiency may hypothetically increase the adverse effects of vitamin D deficiency,
i.e., there are not unilateral, but bilateral pathophysiological
links between the exchange of testosterone and vitamin D
(Blomberg 2012). Increased synthesis and secretion of testicular testosterone under the influence of vitamin D leads to
the realization of a whole range of prostatoprotective effects
of testosterone, which is one of the key androgen-precursors of the main prostatic androgen – 5-α-dihydrotestosterone (5-α-DHT), which provides most of the prostate gland
functions, including immunomodulatory, anti-inflammatory and bactericidal, as well as the function of pain reception
and perception. This view is supported by the results of a
large-scale population study of 3,369 men, which showed
that the proportion of men who had adequate vitamin D
status was the highest in the group of normogonadal men
(31%), and the lowest – among those with primary hypogonadism (18%) (Lee et al. 2012). According to the statistical
analysis of the study results, it was concluded that vitamin
D deficiency (25(OH)-vitamin D in blood <20 ng/ml) was
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Figure 1. The most important physiological effects of vitamin D in the prostate gland (Haghsheno et al. 2013; Bratchikov et al.
2018; Bratchikov et al. 2019).

associated with secondary hypogonadism (relative risk 1.2;
p=0.05) and with compensated hypogonadism (relative risk
1.5; p=0.03) in men, and the plasma levels of 25(OH)-vitamin D were directly proportional to the plasma levels of
total and free testosterone and inversely proportional to the
plasma levels of estradiol (Lee et al. 2012).
Modern studies have revealed numerous physiological
effects of vitamin D that positively affect the metabolism
of the prostate gland (Haghsheno et al. 2013; Bratchikov
et al. 2018; Bratchikov et al. 2019) (Fig. 1.).
The important role of vitamin D was found in the regulation of cytokine-mediated cellular and systemic reactions in chronic subclinical (aseptic) inflammation,
immunomodulatory effects on cell-mediated and humoral immunity, as well as on the fatty acid metabolism
and adipocyte metabolism as one of the key producers of
cytokines, which are the signaling molecules of the immune system (Watkins et al. 2011; Khadilkar and Khadilkar 2013). One of the potential mechanisms of anti-inflammatory effects of vitamin D in prostate tissue can be
considered its proven ability to inhibit the ROK kinase
system (a key enzyme system that can cause the development of local muscle spasm, not by changing the level of
calcium in myocytes, but by increasing their sensitivity
to calcium (calcium-independent muscle contractility)),
as well as cyclooxygenase COX-2, prostaglandins E2 and
pro-inflammatory interleukin-1 in the stromal cells of the
prostate gland (Manchanda et al. 2012; Zhang et al. 2016).

In the animal experiments, it was shown that the blockade of prostatic receptors for vitamin D leads to the
development of experimental autoimmune chronic prostatitis (Adorini and Penna 2008; Motrich et al. 2009).
The results of studies that demonstrate the presence of
pronounced antibacterial properties in vitamin D metabolites have appeared in the literature recently (Ghosn
and Viard 2013). Thus, the active form of vitamin D
(1,25-[OH]2-D3, or calcitriol) was found to activate cathelicidins and defensins – antimicrobial proteins that
mediate constitutive immunity, which promotes wound
healing and tissue repair (Hewison 2010).
Currently, the effect of vitamin D on the prostatic proliferation is being actively studied (Sampson et al. 2008).
Thus, it is known that the plasma level of 25(OH)D3 inversely dependent on the volume of the prostate gland
(Haghsheno et al. 2013). It has been shown that the polymorphism of the vitamin D receptor gene correlates
with the frequency of prostate hyperplasia complicated
by histological prostatitis and prostate cancer (Kivineva
et al. 1998; Gsur et al. 2002; Ruan et al. 2015; Xiao et al.
2020). One of the multivariate analyses showed that the
levels of 25(OH)D3, serum calcium adjusted for albumin,
sex hormone binding globulin (SHBG), and high-density lipoprotein (HDL) significantly and inversely correlate with the prostate volume, which makes it possible to
consider vitamin D as a natural prostatic antiproliferant
(Haghsheno et al. 2013; Zhang et al. 2016).
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The antiproliferative properties of vitamin D associated
with its ability to reduce the activity of prostatic 5-α-reductase, a key enzyme system for triggering and progressing
prostatic proliferation, have also been shown in a number
of studies, which also makes it possible to consider vitamin D deficiency as a predictor of prostatic hyperplasia,
which is quite often combined with the events of chronic
inflammation in the prostate tissue (Elshazly et al. 2017;
Murphy et al. 2017; Park et al. 2018). The antiproliferative
effect of vitamin D on prostate tissue can be further mediated by its ability to inhibit excessive insulin cell signaling
(insulin levels and insulin-like growth factor-1 (IGF–1)),
which is responsible for activating the mechanisms of cell
proliferation, including in the prostate. It is well known
that insulin is a powerful mitogenic hormone, so longterm hyperinsulinemia (for example, in insulin resistance) is accompanied by an increased risk of hyperplastic
cell-tissue processes and is considered as one of the key
mechanisms of carcinogenesis (Inoue and Tsugane 2012).
Since vitamin D has a modulating effect on the immune system, hypovitaminosis D can cause a systemic subclinical inflammatory response, which, in turn, can induce
insulin resistance, which leads to chronic hyperinsulinemia and activation of prostatic proliferation (Shoelson et
al. 2007; Warren and Livingston 2021). In addition, the
active metabolite 1,25-[OH]2-D3 activates the transcription of the human insulin gene (Maestro et al. 2003). Vitamin D regulates extracellular and intracellular calcium
metabolism, which is necessary for insulin-mediated intracellular processes in insulin-dependent tissues (skeletal muscles, adipose tissue), and changes in the level of
calcium in the cell can have adverse consequences for the
secretion of insulin, the synthesis of which, in turn, is mediated by calcium (Saponaro et al. 2020).
In this regard, correction of vitamin D deficiency, according to some researchers, has a beneficial effect on the
effects of endogenous insulin, stimulating the expression
of insulin receptors and, thereby, improving the insulin-mediated intracellular glucose transport (Pittas et al.
2007). Preliminary determination of the level of vitamin
(hormone) D in the blood before a puncture biopsy of the
prostate gland in patients with suspected prostate cancer
can be important in terms of predicting positive or negative results of the biopsy: the lower the vitamin D level,
the more often the puncture biopsy revealed more malignant prostate cancer (Grant 2014; Murphy et al. 2017).
Data from a systematic review suggest that vitamin D deficiency in men can be considered as a reliable predictor of
an increased risk of prostate cancer (Mandair et al. 2014).

Omega-3 polyunsaturated fatty
acids (Omega–3 PUFAs) and
prostate diseases
Omega–3 PUFAs, such as eicosapentaenoic acid (EPA)
and docosahexaenoic acid (DHA), found in fish oil, sea-

food and egg yolk, as well as alpha-linolenic acid, derived
from plants, are considered the most important for human
health. The human body is not able to synthesize them,
so omega-3 PUFAs are essential fatty acids and should
be supplied daily with food in sufficient quantities (about
1.2–1.5 g/day). In human cells and tissues, Omega-3 PUFAs, like other fatty acids, are not found in free state, but
are part of lipids of different classes, such as triacylglycerols (triglycerides), phosphoglycerides (phospholipids),
cardiolipin, sphingolipids, esters of sterols, and fatty acids
(esters of cholesterol, waxes). The key physiological role
of Omega–3 PUFAs is they are part of the bilipid layer of the membranes of all cells of the human body, and
therefore they have fundamental importance for cellular
and organ-tissue metabolism (Vorslov et al. 2015; Jędrusek-Golińska et al. 2020).
It is important to note that certain optimal balance
between the consumed with food Omega–6 PUFAs and
Omega-3 PUFAs, which is on average 1–5:1, which has
developed over the human evolution. However, in recent
decades, the nature of nutrition and the quality of food has
changed radically: the amount of Omega-6 PUFAs in the
diet has increased significantly over the past 100 years,
which has led to a changing of this ratio to 25–40:1 by
increasing Omega–6 PUFAs. That indicates a significant
global deficiency of Omega-3 PUFAs in the diet of modern humans, which, according to some authors, can have
a significant negative impact on the clinical course of almost all diseases of modern humans (Muthuvattur Pallath
et al. 2021; Van Dael et al. 2021).
Omega-3 PUFAs play an important role in the normal
metabolism of a healthy prostate gland, in which they perform a number of critical physiological functions (membrane-protective, anti-inflammatory, immunomodulatory,
antioxidant, receptor-regulatory, etc.) and are represented
in the form of phospholipids and free fatty acids, as well as
biologically active substances –prostaglandins (PGs), in
particular PG-E and PG-F, related to substances (hormonoids) (Christensen et al. 2006; Espinosa 2013; Vignozzi
et al. 2014; Wang et al. 2016; Ghadian and Rezaei 2017).
They were first isolated in 1935 by Swedish physiologist
Ulf von Euler from spermoplasm, so the term “prostaglandin” comes from the Latin name of the prostate gland
(glandula prostatica) (Kerstjens and Gosens 2020). Since
PGs don’t accumulate in the cell, their synthesis requires
a constant supply of a biochemical substrate – essential
PUFAs. PGs are a powerful autocrine and paracrine regulators and mandatory participants of any inflammatory
processes (Kerstjens and Gosens 2020). Together with
other PUFAs derivatives (thromboxanes and prostacyclin), PGs form a subclass of prostanoids, which, in turn,
belong to the class of eicosanoids. Today, an important
role of eicosanoids has been established not only in the
regulation of blood circulation and metabolism in the
prostate gland, but also in the regulation of male reproductive function, since PGs of the prostatic fluid reduce
the contractile motility of the muscle layer of the uterus
and fallopian tubes of women, providing conditions for

Research Results in Pharmacology 7(3): 1–14

the motion of sperm to the egg and its normal fertilization (Davidyan et al. 2018). In addition, the prostatic fluid
includes mandatory products of physiological secretory
activity of the prostate gland, also of a lipid nature – lecithin grains (lipoid bodies), biogenic polyamines (spermidine and spermin), as well as cholesterol crystals, which
are used as laboratory markers of its functional state. It is
understood that the role of spermin, which is formed from
spermidine, is participation in the metabolic reactions, the
clearance of cells from the waste products, which contributes to their renewal and regeneration. At the same time,
it was shown that the concentration of spermin in the
prostate cells decreases as a man ages (Handa et al. 2018).

Zinc and prostate diseases
Zinc is one of the key vital trace elements that ensure the
normal homeostasis of the human body. The total zinc
content in the human body is on average 1.4–2.3 g. Zinc
is present in the muscles (60%), bones (30%) and other
organs (10%), such as the liver, kidneys, pancreas, brain,
skin, prostate and mammary glands, etc. The daily requirement for zinc in an adult is about 15–20 mg (Hennigar
and Kelleher 2012; Sayapina et al. 2015). In older people,
zinc availability is disordered more often than in young
people, so the deficiency of this important trace element
may increase with age and contribute to the pathogenesis
of age-associated diseases (Santos et al. 2019).
Zinc is part of or supports the activity of about 100
intracellular enzymes that catalyze the key steps of DNA
and RNA synthesis, as well as more than 40 metalloenzymes. Zinc is involved in almost all stages of cell maturation, so it acts as a natural regulator of cell division, differentiation, proliferation, and apoptosis (Skalniy 2004;
Tsimmermann 2006). In addition, one of the fundamental
physiological functions of zinc in the body is that it is
a powerful co-factor of the natural antioxidant defense
system of cells, as it is part of the active center of the
superoxide dismutase enzyme, a key specialized enzyme
of the antioxidant defense system, and also zinc has the
ability to stabilize cell membranes (to reduce the severity
of cell membranopathies). Zinc has a pronounced immunomodulatory effect on the T- and B-cells of the immune
system, and also participates in the biosynthesis of vitamins B and C (Skalniy 2004; Tsimmermann 2006).
Currently, it is known that zinc modulates the “hypothalamus-pituitary-testicular” regulatory system and is
necessary for the synthesis of testosterone in men (Skalniy 2004; Tsimmermann 2006). Zinc plays a key role in
male reproduction, as it stabilizes chromatin of the sperm
DNA and provides a pronounced bactericidal activity
of the prostatic fluid (participates in the synthesis of the
zinc-protein antibacterial prostatic complex). In addition,
angiotensin-converting enzyme (ACE) takes an active part
in the maturation of spermatozoa, and a decrease in the
activity of ACE in zinc deficiency can lead to testosterone synthesis disorders and inhibition of spermatogenesis
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(Alshahran et al. 2013). Zinc is part of the active center of
receptors for sex steroid hormones (zinc-dependent domain, or ”zinc finger”), so its deficiency can lead to a decrease in cellular reception of sex steroid hormones, even
at their normal concentration in a systemic circulation.
Adequate synthesis of thyroid and adrenal hormones is
impossible without zinc. Zinc has a known positive effect
on carbohydrate metabolism (Skalniy 2004; Tsimmermann 2006; Gorbachev and Gorbacheva 2011; Veselovskiy 2013; Shikh and Makhova 2014). It is believed that
the beneficial effect on a diabetic patient (prolongation of
the hypoglycemic effect) caused by the interaction of zinc
with insulin, consists not only of the stabilizing effect of
zinc on the insulin molecule, but also of the inhibition of
insulin destruction by insulinase in tissues (Skalniy 2004;
Tsimmermann 2006; Gorbachev and Gorbacheva 2011;
Veselovskiy 2013; Shikh and Makhova 2014).
In a male body, the largest reserves of zinc are concentrated in the prostate gland, which determines the
critical role of this vital trace element in the organ metabolism (Gorbachev and Gorbacheva 2011; Veselovskiy
2013; Shikh and Makhova 2014; Sayapina et al. 2015). In
addition, it was found that different parts of the prostate
gland are characterized by different zinc concentrations,
which obviously reflects their different functional loads
(Kelleher et al. 2011). Dorsolateral parts of the prostate
gland in rodents and peripheral parts of the human prostate gland are characterized by the highest zinc concentrations, and these parts of the gland are characterized by the
greatest secretory activity (Kelleher et al. 2011; Sayapina
et al. 2015). Unlike most other cells in which zinc is sequestered into vesicles and organelles, in the cytoplasm of
prostate cells it is in free state, weakly bound to molecules
with a small molecular weight (citrate), so it is considered biologically active (Costello and Franklin 1998). The
current view suggests that this biologically active zinc is
used to inhibit M-aconitase, an enzyme protecting citrate from oxidation in the Krebs cycle, which provides a
large amount of citrate in prostate secretions (Costello
et al. 2005). The ability of zinc to inhibit mitochondrial
M-aconitase, in particular, accounts for its antiproliferative activity, different mechanisms of which have been
recently identified. In particular, the fact established in
many studies, that the level of prostatic zinc decreases in
patients with prostate cancer, according to experts, may
reflect the key pathophysiological role of this trace element in regulating the processes of prostatic proliferation
and reducing the severity of oxidative stress in prostate
cells, which can lead to DNA damage and impaired gene
expression, increasing the risk of mutations and malignant transformation; therefore, the preventive role of zinc
in relation to prostate cancer is now recognized by many
researchers and clinicians (Daragó et al. 2021; Madej et
al. 2021). This is also confirmed by the established fact
of an age-associated decrease in the level of zinc in the
prostate gland (including due to its alimentary deficiency), with a simultaneous increase in the manifestations of
age-related oxidative stress (an increase in the frequency
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of DNA damage) in prostate cells and an increase in the
frequency of prostate diseases in a male population (Franklin and Costello 2007; Bianchi-Frias et al. 2010).
It was shown that, on the one hand, in chronic prostatitis, prostate cells lose their ability to accumulate zinc, and
on the other hand, the presence of infection in the prostate gland is associated with a lower content of zinc and
zinc-peptide complex in the prostate secret, which resulted in the view that there are reliable two-way links between zinc deficiency and the risk of developing chronic
prostatitis, which has been confirmed in numerous clinical studies and experimental models of chronic prostatitis
(Evliyaoğlu and Kumbur 1995; Cho et al. 2002; Cicero et
al. 2019). The analysis of the available literature confirms
the critical physiological role of zinc in ensuring the most
important functions of the prostate gland, and almost all
studies in recent years have demonstrated the presence of
a reliable pathogenetic relationship between a low concentration of zinc in the prostate gland and its diseases, the
fact of which is reflected in modern high-quality systematic reviews and meta-analyses (Gumulec et al. 2014; Cui
et al. 2015; Mahmoud et al. 2016; Zhao et al. 2016). Thus,
the results of modern studies allow us to consider the diagnostic of zinc deficiency and its nutritional supplementation as one of the effective pharmacotherapeutic options
in the treatment of various prostate diseases, primarily of
inflammatory origin (Goel and Sankhwar 2006; Zaichick
and Zaichick 2014; Lo et al. 2020; Daragó et al. 2021).

Selenium and prostate diseases
Selenium, like zinc, belongs to vital trace elements that
perform extremely important physiological functions in
the body (Skalniy 2004; Tsimmermann 2006; Gorbachev
and Gorbacheva 2011; Veselovskiy 2013; Shikh and Makhova 2014). First of all, along with zinc, it is one of the
most important trace elements of the cellular antioxidant
defense system. Selenium and selenium-containing enzymes inhibit the activity of protein kinase C, 5-lipoxygenase, cyclooxygenase, and NADP oxidase, and also
its synergistic effect with α-tocopherol and zinc has been
found. Sodium selenite can be considered as modulators
of the antioxidant enzymes. Its action is associated with
the activation of the active center of glutathione peroxidase, which includes a selenium atom, the lack of which can
lead to a decrease in the activity of this enzyme (Skalniy
2004; Tsimmermann 2006; Gorbachev and Gorbacheva
2011; Veselovskiy 2013; Shikh and Makhova 2014). Selenium-dependent enzymes are thioredoxin reductase and
5-deiodinase (synthesis of thyroid hormones) (Rayman
2020; Winther et al. 2020). Selenium strengthens the immune system, so it is actively used in oncological practice,
in the treatment of hepatitis, pancreatitis, and cardiomyopathy (Gorbachev and Gorbacheva 2011; Veselovskiy 2013;
Shikh and Makhova 2014). In addition, selenium protects
the body from heavy metals. In the Russian Federation,
there is a high frequency of selenium deficiency, reaching
70%. Selenium deficiency (or deficiency of its transport

proteins – selenoproteins) is often induced by prolonged
statin use and leads to iodine deficiency and, consequently,
to a violation of homeostasis of calcium (“the main inorganic messenger”), with all the consequences following
from this (Skalniy 2004; Tsimmermann 2006; Gorbachev
and Gorbacheva 2011; Veselovskiy 2013; Shikh and Makhova 2014; Rayman 2020). Selenium monotherapy, and
more often a combination of selenium and zinc, has long
been used in urological practice in the treatment of various
prostate diseases, primarily of chronic prostatitis and prostate adenoma, demonstrating its high effectiveness and safety (Sabichi et al. 2006; Morgia et al. 2010; Kim et al.
2012). At the same time, current evidence for the potential
preventive role of selenium in relation to the risk of prostate cancer remains highly controversial and requires further
research (Allen et al. 2016; Cicero et al. 2019).

Magnesium and prostate diseases
The huge role of magnesium in the widest range of
physiological processes in the human body today is
doubtless (Gorbachev and Gorbacheva 2011; Veselovskiy 2013; Shikh and Makhova 2014; Gröber et al. 2015;
Ismail et al. 2018; Uwitonze et al. 2020). Magnesium is
an essential macronutrient of the body and ranks fourth
after sodium, potassium and calcium in its prevalence
in the human body (Skalniy 2004; Tsimmermann 2006).
The total amount of magnesium in humans is about 24
g, and about 40% of which is inside cells. The greatest
amount of magnesium is contained in bone (about 60%)
and muscle (about 20%) tissues. Currently, magnesium is
considered one of the main regulators of metabolic processes, and its physiological effects in the human body
are well studied (Skalniy 2004; Tsimmermann 2006; Gorbachev and Gorbacheva 2011; Veselovskiy 2013; Shikh
and Makhova 2014; Gröber et al. 2015; Ismail et al. 2018;
Rayman 2020; Uwitonze et al. 2020; Winther et al. 2020).
Magnesium has an effect on energy metabolism, oxidative phosphorylation and glycolysis (through the synthesis of adenosine triphosphate (ATP) and changes in the
activity of ATPase); the synthesis of protein, lipids, and
nucleic acids determines the effect on plastic processes
(among the most important pathogenetic mechanisms of
connective tissue dysplasia is a magnesium chronic deficiency, which leads to a violation of the formation of connective tissue structures and causes chaotic arrangement
of collagen fibers); it ensures the normal metabolism of
about 300 enzymes: creatine kinase, adenylate cyclase,
phosphofructokinase, K+-Na+-ATPase, Ca-ATPase, and
ATP (Nedogoda 2009; Liu et al. 2020). It is also known
that magnesium is a natural antagonist of calcium, which
determines its myotropic, antispasmodic and disaggregational effects and its participation in ensuring normal
electrophysiological processes of cells due to its influence
on the transmembrane potential (Gromova and Gogoleva
2007). Recently, an important role of magnesium in the
regulation of chronobiological processes and the development of endothelial dysfunction has been established,
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with a direct linear correlation being revealed between
the degree of endothelium-dependent vasodilation and
a concentration of intracellular magnesium. One of the
possible mechanisms explaining the beneficial effect of
magnesium on endothelial function may be its anti-atherogenic activity (Dominguez et al. 2020). Today all these
and a number of other important physiological effects of
magnesium in the human body make it one of the most
popular element of nutritional supplementation in various
fields of medicine (Gromova and Torshin 2018).
In urological practice in the treatment of prostate diseases, magnesium supplements have not yet gained wide
use, despite the fact that the available research results
indicate that magnesium increases the activity of local
immunity in the prostate tissue, increases the antiseptic
properties of prostatic fluid (together with potassium and
calcium), and also helps to relieve spasms and reduce
pelvic pain by improving the condition of nerve fibers
and regional blood circulation (Colleen et al. 1975; Stegmayr et al. 1982; Kavanagh 1985). Moreover, according
to some authors, the content of magnesium in the man’s
sperm in a greater degree as the content of zinc shows
stable correlations with the signs of chronic prostatitis,
which makes it possible to consider it as a reliable biochemical marker of this disease (Bassey et al. 2019). In
recent years, scientific data on the possible role of magnesium in the carcinogenesis of prostate cancer have begun
to accumulate, but today they are quite heterogeneous and
contradictory, which requires further research (Steck et al.
2018; Fowke et al. 2019; Zhong et al. 2020).
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Conclusion
Modern science has accumulated a significant amount
of information that reflects the physiological role of the
most important vitamins and trace elements in maintaining prostate health, which can become a promising basis
not only for improving the effectiveness of modern standard pharmacotherapy of prostate diseases, but also for
developing a concept of their effective drug prevention.
Various points of view are possible to nutraceuticals and
their evidence base, but the most important thing is a clear
understanding that, firstly, they do not replace medicines;
secondly, only a skillful and personalized combination of
medicines and various nutrients in the treatment of prostate diseases in a particular patient makes it possible to
potentiate their effects and improve the results of standard
pharmacotherapy, and, thirdly, most likely, nutritional
supplementation can be an important component of the
comprehensive prevention of prostate diseases, which
necessarily also includes the optimization of lifestyle (including sexual life), a rational diet and water regime, sufficient physical activity and an optimistic view of life. All
these contribute to the effective prevention of most age-associated diseases, including various prostate diseases.

Conflict of interests
The authors declare no conflict of interests.

References
 Adorini L, Penna G (2008) Control of autoimmune diseases by the
vitamin D endocrine system. Nature Clinical Practice. Rheumatology 4(8): 404–412. https://doi.org/10.1038/ncprheum0855 [PubMed]
 Albanes D, Till C, Klein EA, Goodman PJ, Mondul AM, Weinstein
SJ, Taylor PR, Parnes HL, Gaziano JM, Song X, Fleshner NE, Brown
PH, Meyskens Jr FL, Thompson IM (2014) Plasma tocopherols and
risk of prostate cancer in the Selenium and Vitamin E Cancer Prevention Trial (SELECT). Cancer Prevention Research 7(9): 886–895.
https://doi.org/10.1158/1940-6207.CAPR-14-0058 [PubMed] [PMC]
 Alkhenizan A, Hafez K (2007) The role of vitamin E in the prevention
of cancer: a meta-analysis of randomized controlled trials. Annals
of Saudi Medicine 27(6): 409–414. https://doi.org/10.5144/02564947.2007.409 [PubMed] [PMC]
 Allen NE, Travis RC, Appleby PN, Albanes D, Barnett MJ, Black
A, Bueno-de-Mesquita HB, Deschasaux M, Galan P, Goodman GE,
Goodman PJ, Gunter MJ, Heliövaara M, Helzlsouer KJ, Henderson
BE, Hercberg S, Knekt P, Kolonel LN, Lasheras C, Linseisen J,
Metter EJ, Neuhouser ML, Olsen A, Pala V, Platz EA, Rissanen H,
Reid ME, Schenk JM, Stampfer MJ, Stattin P, Tangen CM, Touvier
M, Trichopoulou A, van den Brandt PA, Key TJ (2016) Endogenous
hormones, nutritional biomarkers and prostate cancer collaborative
group. Selenium and prostate cancer: analysis of individual participant data from fifteen prospective studies. Journal of the National Cancer Institute 108(11): djw153. https://doi.org/10.1093/jnci/
djw153 [PubMed] [PMC]

 Alshahran S, McGill J, Agarwal A (2013) Prostatitis and male infertility. Journal of Reproductive Immunology 100(1): 30–36. https://
doi.org/10.1016/j.jri.2013.05.004 [PubMed]
 Ambrosini GL, de Klerk NH, Fritschi L, Mackerras D, Musk B
(2008) Fruit, vegetable, vitamin A intakes, and prostate cancer
risk. Prostate Cancer Prostatic Disease 11(1): 61–66. https://doi.
org/10.1038/sj.pcan.4500979 [PubMed]
 Balercia G, Gandini L, Lenzi A, Lombardo F (2015) Antioxidants in
andrology, trends in andrology and sexual medicine Springer International Publishing, Switzerland, 79 pp. https://doi.org/10.1007/9783-319-41749-3_5
 Bassey IE, Isong IKP, Sunday Esiere KU, Essien OE, Udoh AE, Akpan UO (2019) Seminal oxidative stress markers, calcium, magnesium, and semen profile of infertile diabetic and nondiabetic nigerian men. International Journal of Applied & Basic Medical Research
9(3): 159–164. https://doi.org/10.4103/ijabmr.IJABMR_152_18
[PubMed] [PMC]
 Bianchi-Frias D, Vakar-Lopez F, Coleman IM, Plymate SR, Reed
MJ, Nelson PS (2010) The effects of aging on the molecular and
cellular composition of the prostate microenvironment. PLoS ONE
5(9): 12501–12516. https://doi.org/10.1371/journal.pone.0012501
[PubMed] [PMC]
 Blomberg JM (2012) Vitamin D metabolism, sex hormones, and
male reproductive function. Reproduction 144(2): 135–152. https://
doi.org/10.1530/REP-12-0064 [PubMed]

10

Bratchikov OI et al.: Parapharmaceutical support for prostate diseases

 Bratchikov OI, Tyuzikov IA, Dubonos PA (2019) Antioxidant support for pharmacotherapy of chronic prostatitis. Publishing House of
Kursk State Medical University, Kursk, 109 pp. [in Russian]
 Bratchikovn OI, Artishchev SO, Tyuzikov IA (2018) Vitamin D
deficiency, metabolic syndrome, and prostate adenoma: current
epidemiological trends and pathophysiological mechanisms of
interaction. Urologiia 4:179–185. https://doi.org/10.18565/urology.2018.4.179-185 [in Russian]
 Bratchikovn OI, Tyuzikov IA, Artishchev SO (2019) Systemic hormonal
and metabolic pathways of prostate adenoma pathogenesis. Publishing
House of Kursk State Medical University, Kursk, 150 pp. [in Russian]
 Castro LC (2011) The vitamin D endocrine system. Arquivos Brasileiros de Endocrinologia e Metabologia 55(8): 566–575. https://
doi.org/10.1590/S0004-27302011000800010 [PubMed]
 Cho YH, Lee SJ, Lee JY, Kim SW, Lee CB, Lee WY, Yoon MS
(2002) Antibacterial effect of intraprostatic zinc injection in a rat
model of chronic bacterial prostatitis. International Journal of Antimicrobial Agents 19(6): 576–582. https://doi.org/10.1016/S09248579(02)00115-2 [PubMed]
 Christensen J.H., Fabrin K., Borup K. et al. Christensen JH, Fabrin
K, Borup K, Barber N, Poulsen J (2006) Prostate tissue and leukocyte
levels of n-3 polyunsaturated fatty acids in men with benign prostate
hyperplasia or prostate cancer. BJU International 97(2): 270–273.
https://doi.org/10.1111/j.1464-410X.2006.05951.x [PubMed]
 Cicero AFG, Allkanjari O, Busetto GM, Cai T, Larganà G, Magri
V, Perletti G, Robustelli Della Cuna FS, Russo GI, Stamatiou K,
Trinchieri A, Vitalone A (2019) Nutraceutical treatment and prevention of benign prostatic hyperplasia and prostate cancer. Archivio
Italiano di Urologia, Andrologia 91(3). https://doi.org/10.4081/
aiua.2019.3.139 [PubMed]
 Clagett-Dame M, Knutson D (2011) Vitamin A in reproduction and
development. Nutrients 3(4): 385–428. https://doi.org/10.3390/
nu3040385 [PubMed] [PMC]
 Colleen S, Mårdh PA, Schytz A (1975) Magnesium and zinc in seminal
fluid of healthy males and patients with non-acute prostatitis with and
without gonorrhoea. Scandinavian Journal of Urology and Nephrology
9(3): 192–197. https://doi.org/10.3109/00365597509134210 [PubMed]
 Cook NR, Le IM, Manson JE, Buring JE, Hennekens CH (2000)
Effects of beta-carotene supplementation on cancer incidence by
baseline characteristics in the Physicians’ Health Study (United
States). Cancer Causes and Control 11(7): 617–626. https://doi.
org/10.1023/A:1008995430664 [PubMed]
 Costello LC, Franklin RB (1998) Novel role of zinc in the regulation
of prostate citrate metabolism and its implications in prostate cancer. Prostate 35(4): 285–296. https://doi.org/10.1002/(SICI)10970045(19980601)35:4<285::AID-PROS8>3.0.CO;2-F [PubMed]
 Costello LC, Franklin RB, Feng P (2005) Mitochondrial function,
zinc, and intermediary metabolism relationships in normal prostate and prostate cancer. Mitochondrion 5(3): 143–153. https://doi.
org/10.1016/j.mito.2005.02.001 [PubMed] [PMC]
 Cui D, Han G, Shang Y, Mu L, Long Q, Du Y (2015) The effect of
chronic prostatitis on zinc concentration of prostatic fluid and seminal plasma: a systematic review and meta-analysis. Current Medical
Research and Opinion 31(9): 1763–1769. https://doi.org/10.1185/03
007995.2015.1072707 [PubMed]
 Daragó A, Klimczak M, Stragierowicz J, Jobczyk M, Kilanowicz A
(2021) Age-related changes in zinc, copper and selenium levels in





















the human prostate. Nutrients 13(5): 1403. https://doi.org/10.3390/
nu13051403 [PubMed] [PMC]
Dasari S, Ali SM, Zheng G, Chen A, Dontaraju VS, Bosland MC,
Kajdacsy-Balla A, Munirathinam G (2017) Vitamin K and its analogs: Potential avenues for prostate cancer management. Oncotarget 8(34): 57782–57799. https://doi.org/10.18632/oncotarget.17997
[PubMed] [PMC]
Davidyan OV, Tyuzikov IA, Tazhetdinov OKh, Fateev DM, Smirnov AV (2018) Omega-3 polyunsaturated fatty acids in andrological practice. Urology and Andrology 6(2): 28–39. https://doi.
org/10.20953/2307-6631-2018-2-28-39 [In Russian]
Dominguez L, Veronese N, Barbagallo M (2020) Magnesium and hypertension in old age. Nutrients 13(1): 139. https://doi.org/10.3390/
nu13010139 [PubMed] [PMC]
Donaldson MS (2015) Vitamin K: the missing link to prostate health.
Medical Hypotheses 84(3): 219–222. https://doi.org/10.1016/j.
mehy.2014.12.028 [PubMed]
Elshazly MA, Sultan MF, Aboutaleb HA, Salem SM, Aziz MS, Abd
Elbaky TM, Elsherif EA, Gawish MM, Alajrawi FT, Elgadi FAA,
Thaher AH, Shebl MA, Allam AM, Kehinde E (2017) Vitamin D
deficiency and lower urinary tract symptoms in males above 50 years
of age. Urology Annals 9(2): 170–173. https://doi.org/10.4103/09747796.204192 [PubMed] [PMC]
Espinosa G (2013) Nutrition and benign prostatic hyperplasia.
Current Opinion in Urology 23(1): 38–41. https://doi.org/10.1097/
MOU.0b013e32835abd05 [PubMed]
Evliyaoğlu Y, Kumbur H (1995) Seminal plasma zinc analysis and
bacteriological cultures in chronic staphylococcal prostatitis. International Urology and Nephrology 27(3): 341–345. https://doi.
org/10.1007/BF02564773 [PubMed]
Fowke JH, Koyama T, Dai Q, Zheng SL, Xu J, Howard LE, Freedland SJ (2019) Blood and dietary magnesium levels are not linked
with lower prostate cancer risk in black or white men. Cancer Letters 449: 99–105. https://doi.org/10.1016/j.canlet.2019.02.023
[PubMed] [PMC]
Franklin RB, Costello LC (2007) Zinc as an anti-tumor agent in prostate cancer and in other cancers. Archives of Biochemistry and Biophysics 463(2): 211–217. https://doi.org/10.1016/j.abb.2007.02.033
[PubMed] [PMC]
Ghadian A, Rezaei M (2017) Combination therapy with omega-3
fatty acids plus tamsulocin and finasteride in the treatment of men
with lower urinary tract symptoms (LUTS) and benign prostatic hyperplasia (BPH). Inflammopharmacology 25(4): 451–458. https://

doi.org/10.1007/s10787-017-0343-2 [PubMed]
 Ghosn J, Viard JP (2013) Vitamin D and infectious diseases.
Presse Medicale 42(10): 1371–1376. https://doi.org/10.1016/j.
lpm.2013.07.009 [PubMed]
 Goel T, Sankhwar SN (2006) Comparative study of zinc levels in benign and malignant lesions of the prostate. Scandinavian
Journal of Urology and Nephrology 40(2): 108–112. https://doi.
org/10.1080/00365590500368922 [PubMed]
 Gorbachev VV, Gorbacheva VN (2011) Vitamins. Macronutrients
and trace elements: handbook. Medical book [Meditsinskaya kniga],
Moscow, 428 pp. [in Russian]
 Grant WB (2014) Vitamin d status: ready for guiding prostate cancer diagnosis and treatment? Clinical Cancer Research 20(9): 2241–
2243. https://doi.org/10.1158/1078-0432.CCR-14-0369 [PubMed]

Research Results in Pharmacology 7(3): 1–14

 Gröber U, Schmidt J, Kisters K (2015) Magnesium in prevention
and therapy. Nutrients 7(9): 8199–226. https://doi.org/10.3390/
nu7095388 [PubMed] [PMC]
 Gromova OA, Gogoleva IV (2007) The use of Magnesium in the
Mirror of Evidence-Based Medicine and Basic Research in Therapy.
Pharmateca [Farmateca] 146(12): 104–110. [in Russian]
 Gromova OA, Torshin IYu (2018) Magnesium and the “diseases of
civilization”. Practical guide. GEOTAR-Media, Moscow, 800 pp. [in
Russian]
 Gsur A, Madersbacher S, Haidinger G, Schatzl G, Marberger M,
Vutuc C, Micksche M (2002) Vitamin D receptor gene polymorphism and prostate cancer risk. Prostate 51(1): 30–34. https://doi.
org/10.1002/pros.10064 [PubMed]
 Gumulec J, Masarik M, Adam V, Eckschlager T, Provaznik I, Kizek
R (2014) Serum and tissue zinc in epithelial malignancies: a meta-analysis. PLoS One 9(6): e99790. https://doi.org/10.1371/journal.
pone.0099790 [PubMed] [PMC]
 Haghsheno MA, Mellström D, Behre CJ, Damber JE, Johansson H,
Karlsson M, Lorentzon M, Peeker R, Barret-Connor E, Waern E,
Sundh V, Ohlsson C, Hammarsten J (2013) Low 25-OH vitamin D
is associated with benign prostatic hyperplasia. The Journal of Urology 190(2): 608–614. https://doi.org/10.1016/j.juro.2013.01.104
[PubMed]
 Handa AK, Fatima T, Mattoo AK (2018) Polyamines: bio-molecules
with diverse functions in plant and human health and disease. Frontiers in Chemistry 6: 10. https://doi.org/10.3389/fchem.2018.00010
[PubMed] [PMC]
 Hennigar SR, Kelleher SL (2012) Zinc networks: the cell-specific
compartmentalization of zinc for specialized functions. Biological
Chemistry 393(7): 565–578. https://doi.org/10.1515/hsz-2012-0128
[PubMed]
 Hewison M (2011) Antibacterial effects of vitamin D. Nature Reviews. Endocrinology 7(6): 337–345. https://doi.org/10.1038/nrendo.2010.226 [PubMed]
 Inoue M, Tsugane S (2012) Insulin resistance and cancer: epidemiological evidence. Endocrine-Related Cancer 19(5): F1–8. https://doi.
org/10.1530/ERC-12-0142 [PubMed]
 Ismail AAA, Ismail Y, Ismail AA (2018) Chronic magnesium deficiency and human disease; time for reappraisal? QJM 111(11):
759–763. https://doi.org/10.1093/qjmed/hcx186 [PubMed]
 Jędrusek-Golińska A, Górecka D, Buchowski M, Wieczorowska-Tobis K, Gramza-Michałowska A, Szymandera-Buszka K (2020) Recent progress in the use of functional foods for older adults: A narrative review. Comprehensive Reviews in Food Science and Food
Safety 19(2): 835–856. https://doi.org/10.1111/1541-4337.12530
[PubMed]
 Kalinchenko SYu, Gusakova DA, Vorslov LO, Tishova YuA, Tyuzikov IA, Nizhnik AN (2016) Oxidative stress and aging. a role of
vitamin d in generation of age-related diseases. effective pharmacotherapy. Urology and Nephrology [Effektivnaya Farmakoterapiya.
Urologiya i Nefrologiya] 2: 8–14. [in Russian]
 Kavanagh JP (1985) Sodium, potassium, calcium, magnesium, zinc,
citrate and chloride content of human prostatic and seminal fluid.
Journal of Reproduction and Fertility 75(1): 35–41. https://doi.
org/10.1530/jrf.0.0750035 [PubMed]
 Kelleher SL, McCormick NH, Velasquez V, Lopez V (2011) Zinc
in specialized secretory tissues: roles in the pancreas, prostate, and

11
















mammary gland. Advances in Nutrition 2(2): 101–111. https://doi.
org/10.3945/an.110.000232 [PubMed] [PMC]
Kerstjens HAM, Gosens R (2021) Prostaglandin D(2): the end of a
story or just the beginning? The Lancet. Respiratory Medicine 9(1):
2–3. https://doi.org/10.1016/S2213-2600(20)30449-5 [PubMed]
Key TJ, Appleby PN, Travis RC, Albanes D, Alberg AJ, Barricarte
A, Black A, Boeing H, Bueno-de-Mesquita HB, Chan JM, Chen C,
Cook MB, Donovan JL, Galan P, Gilbert R, Giles GG, Giovannucci
E, Goodman GE, Goodman PJ, Gunter MJ, Hamdy FC, Heliövaara
M, Helzlsouer KJ, Henderson BE, Hercberg S, Hoffman-Bolton J,
Hoover RN, Johansson M, Khaw KT, King IB, Knekt P, Kolonel LN,
Le Marchand L, Männistö S, Martin RM, Meyer HE, Mondul AM,
Moy KA, Neal DE, Neuhouser ML, Palli D, Platz EA, Pouchieu
C, Rissanen H, Schenk JM, Severi G, Stampfer MJ, Tjønneland A,
Touvier M, Trichopoulou A, Weinstein SJ, Ziegler RG, Zhou CK,
Allen NE; Endogenous Hormones Nutritional Biomarkers Prostate
Cancer Collaborative Group (2015) Carotenoids, retinol, tocopherols, and prostate cancer risk: pooled analysis of 15 studies. The
American Journal of Clinical Nutrition 102(5): 1142–1157. https://
doi.org/10.3945/ajcn.115.114306 [PubMed] [PMC]
Khadangi F, Azzi A (2019) Vitamin E– The Next 100 Years. IUBMB
Life 71(4): 411–415. https://doi.org/10.1002/iub.1990 [PubMed]
Khadilkar VV, Khadilkar AV (2013) Use of vitamin D in various
disorders. Indian Journal of Pediatrics 80(3): 215–218. https://doi.
org/10.1007/s12098-012-0877-7 [PubMed]
Kim HW, Ha US, Woo JC, Kim SJ, Yoon BI, Lee SJ, Cho YH
(2012) Preventive effect of selenium on chronic bacterial prostatitis. Journal of Infection and Chemotherapy 18(1): 30–34. https://doi.
org/10.1007/s10156-011-0276-4 [PubMed]
Kivineva M, Bläuer M, Syvälä H, Tammela T, Tuohimaa P (1998)
Localization of 1,25-dihydroxyvitamin D3 receptor (VDR) expression in human prostate. The Journal of Steroid Biochemistry and
Molecular Biology 66(3): 121–127. https://doi.org/10.1016/S09600760(98)00054-5 [PubMed]
Kristensen KB, Jensen PH, Skriver C, Friis S, Pottegård A (2019)
Use of vitamin K antagonists and risk of prostate cancer: Meta-analysis and nationwide case-control study. International Journal of Cancer 144(7): 1522–1529. https://doi.org/10.1002/ijc.31886 [PubMed]
Lee DM, Tajar A, Pye SR, Boonen S, Vanderschueren D, Bouillon R,
O’Neill TW, Bartfai G, Casanueva FF, Finn JD, Forti G, Giwercman
A, Han TS, Huhtaniemi IT, Kula K, Lean ME, Pendleton N, Punab
M, Wu FC; EMAS study group (2012) Association of hypogonadism
with vitamin D status: the European Male Ageing Study. European

Journal of Endocrinology 166(1): 77–85. https://doi.org/10.1530/
EJE-11-0743 [PubMed]
 Liu M, Dudley SCJr (2020) Magnesium, oxidative stress, inflammation, and cardiovascular disease. Antioxidants (Basel) 9(10): 907.
https://doi.org/10.3390/antiox9100907 [PubMed] [PMC]
 Livera G, Rouiller-Fabre V, Durand P (2000) Multiple effects of retinoids on the development of Sertoli, germ, and Leydig cells of fetal
and neonatal rat testis in culture. Biology of Reproduction 62(5):
1303–1314. https://doi.org/10.1095/biolreprod62.5.1303 [PubMed]
 Lo ST, Parrott D, Jordan MVC, Joseph DB, Strand D, Lo UG, Lin
H, Darehshouri A, Sherry AD (2021) The roles of ZnT1 and ZnT4 in
glucose-stimulated zinc secretion in prostate epithelial cells. Molecular Imaging and Biology 23(2): 230–240. https://doi.org/10.1007/
s11307-020-01557-x [PubMed]

12

Bratchikov OI et al.: Parapharmaceutical support for prostate diseases

 Long Y, Qiu J, Zhang B, He P, Shi X, He Q, Chen Z, Shen W, Li
Z, Zhang X (2021) Pharmacological vitamin C treatment impedes
the growth of endogenous glutamine-dependent cancers by targeting glutamine synthetase. Frontiers in Pharmacology 12: 671902.
https://doi.org/10.3389/fphar.2021.671902 [PubMed] [PMC]
 Luo JD, Luo J, Lai C, Chen J, Meng HZ (2018) Is use of vitamin K
antagonists associated with the risk of prostate cancer? A meta-analysis. Medicine (Baltimore) 97(49): e13489. https://doi.org/10.1097/
MD.0000000000013489 [PubMed] [PMC]
 Madej D, Pietruszka B, Kaluza J (2021) The effect of iron and/or
zinc diet supplementation and termination of this practice on the
antioxidant status of the reproductive tissues and sperm viability in
rats. Journal of Trace Elements in Medicine and Biology 64: 126689.
https://doi.org/10.1016/j.jtemb.2020.126689 [PubMed]
 Maestro B, Da´vila N, Carranza MC, Calle C (2003) Identification of
a vitamin D response element in the human insulin receptor gene promoter. The Journal of Steroid Biochemistry and Molecular Biology
84(2–3): 223–230. https://doi.org/10.1016/S0960-0760(03)00032-3
[PubMed]
 Mahmoud AM, Al-Alem U, Dabbous F, Ali MM, Batai K, Shah E,
Kittles RA (2016) Zinc intake and risk of prostate cancer: Case-control study and meta-analysis. PLoS One 11(11): e0165956. https://
doi.org/10.1371/journal.pone.0165956 [PubMed] [PMC]
 Majzoub A, Agarwal A (2018) Systematic review of antioxidant
types and doses in male infertility: Benefits on semen parameters,
advanced sperm function, assisted reproduction and live-birth rate.
Arab Journal of Urology 16(1): 113–122. https://doi.org/10.1016/j.
aju.2017.11.013 [PubMed] [PMC]
 Manchanda PK, Kibler AJ, Zhang M, Ravi J, Bid HK (2012) Vitamin D receptor as a therapeutic target for benign prostatic hyperplasia. Indian Journal of Urology 28(4):377–381. https://doi.
org/10.4103/0970-1591.105745 [PubMed] [PMC]
 Mandair D, Rossi RE, Pericleous M (2014) Prostate cancer and the
influence of dietary factors and supplements: a systematic review.
Nutrition and Metabolism 11: 30. https://doi.org/10.1186/17437075-11-30 [PubMed] [PMC]
 Mondul AM, Watters JL, Männistö S, Weinstein SJ, Snyder K, Virtamo J, Albanes D (2011) Serum retinol and risk of prostate cancer.
American Journal of Epidemiology 173(7): 813–821. https://doi.
org/10.1093/aje/kwq429 [PubMed] [PMC]
 Mondul AM, Yu K, Wheeler W, Zhang H, Weinstein SJ, Major JM,
Cornelis MC, Männistö S, Hazra A, Hsing AW, Jacobs KB, Eliassen H, Tanaka T, Reding DJ, Hendrickson S, Ferrucci L, Virtamo J,
Hunter DJ, Chanock SJ, Kraft P, Albanes D (2011) Genome-wide
association study of circulating retinol levels. Human Molecular
Genetics 20(23): 4724–4731. https://doi.org/10.1093/hmg/ddr387
[PubMed] [PMC]
 Mondul AM, Weinstein SJ, Albanes D (2017) Vitamins, metabolomics, and prostate cancer. World Journal of Urology 35(6): 883–893.
https://doi.org/10.1007/s00345-016-1878-3 [PubMed] [PMC]
 Mordan-McCombs S, Brown T, Wang WL, Gaupel AC, Welsh J,
Tenniswood M (2010) Tumor progression in the LPB-Tag transgenic model of prostate cancer is altered by vitamin D receptor and
serum testosterone status. The Journal of Steroid Biochemistry and
Molecular Biology 121(1–2): 368–371. https://doi.org/10.1016/j.
jsbmb.2010.03.062 [PubMed] [PMC]
 Morgia G, Mucciardi G, Galì A, Madonia M, Marchese F, Di Benedetto A, Romano G, Bonvissuto G, Castelli T, Macchione L, Magno

















C (2010) Treatment of chronic prostatitis/chronic pelvic pain syndrome category IIIA with Serenoa repens plus selenium and lycopene (Profluss) versus S. repens alone: an Italian randomized multicenter-controlled study. Urologia Internationalis 84(4): 400–406.
https://doi.org/10.1159/000302716 [PubMed]
Motrich RD, van Etten E, Depovere J, Riera CM, Rivero VE,
Mathieu C (2009) Impact of vitamin D receptor activity on experimental autoimmune prostatitis. Journal of Autoimmunity 32(2):
140–148. https://doi.org/10.1016/j.jaut.2009.02.002 [PubMed]
Murphy AB, Nyame YA, Batai K, Kalu R, Khan A, Gogana P, Dixon M, Macias V, Kajdacsy-Balla A, Hollowell CM, Catalona WJ,
Kittles R (2017) Does prostate volume correlate with vitamin D
deficiency among men undergoing prostate biopsy? Prostate Cancer and Prostatic Diseases 20(1): 55–60. https://doi.org/10.1038/
pcan.2016.41 [PubMed] [PMC]
Muthuvattur Pallath M, Ahirwar AK, Chandra Tripathi S, Asia P,
Sakarde A, Gopal N (2021) COVID-19 and nutritional deficiency:
a review of existing knowledge. Hormone Molecular Biology and
Clinical Investigation 42(1): 77–85. https://doi.org/10.1515/hmbci-2020-0074 [PubMed]
Nash SH, Till C, Song X, Lucia MS, Parnes HL, Thompson Jr IM,
Lippman SM, Platz EA, Schenk J (2015) Serum retinol and carotenoid concentrations and prostate cancer risk: results from the prostate cancer prevention trial. Cancer Epidemiology, Biomarkers and
Prevention 24(10): 1507–1515. https://doi.org/10.1158/1055-9965.
EPI-15-0394 [PubMed] [PMC]
Nedogoda SV (2009) The role of magnesium supplements in the
management of therapeutic patients. Clinician[Lechaschi Vrach] 6:
61–66. [in Russian]
Nimptsch K, Rohrmann S, Kaaks R, Linseisen J (2010) Dietary vitamin K intake in relation to cancer incidence and mortality: results
from the Heidelberg cohort of the European Prospective Investigation into Cancer and Nutrition (EPIC-Heidelberg). The American Journal of Clinical Nutrition 91(5): 1348–1358. https://doi.
org/10.3945/ajcn.2009.28691 [PubMed]
Omenn GS, Goodman GE, Thornquist MD, Balmes J, Cullen MR,
Glass A, Keogh JP, Meyskens Jr FL, Valanis B, Williams Jr JH,
Barnhart S, Cherniack MG, Brodkin CA, Hammar S (1996) Risk
factors for lung cancer and for intervention effects in CARET, the
Beta-Carotene and Retinol Efficacy Trial. Journal of the National Cancer Institute 88(21): 1550–1559. https://doi.org/10.1093/
jnci/88.21.1550 [PubMed]
Park SG, Yeo JK, Cho DY, Park MG (2018) Impact of metabolic sta-

tus on the association of serum vitamin D with hypogonadism and
lower urinary tract symptoms/benign prostatic hyperplasia. Aging
Male 21(1): 55–59. https://doi.org/10.1080/13685538.2017.1311857
[PubMed]
 Peehl DM, Feldman D (2003) The role of vitamin D and retinoids
in controlling prostate cancer progression. Endocrine-related Cancer
10(2): 131–140. https://doi.org/10.1677/erc.0.0100131 [PubMed]
 Pitman MS, Cheetham PJ, Hruby GW, Katz AE (2011) Vitamin D
deficiency in the urological population: a single center analysis. The
Journal of Urology 186(4): 1395–1399. https://doi.org/10.1016/j.
juro.2011.05.072 [PubMed]
 Pittas AG, Lau J, Hu FB, Dawson-Hughes B (2007) The role of vitamin
D and calcium in type 2 diabetes. A systematic review and meta-analysis. The Journal of Clinical Endocrinology and Metabolism 92(6):
2017–2029. https://doi.org/10.1210/jc.2007-0298 [PubMed] [PMC]

Research Results in Pharmacology 7(3): 1–14

 Rayman MP (2020) Selenium intake, status, and health: a complex relationship. Hormones (Athens) 19(1): 9–14. https://doi.
org/10.1007/s42000-019-00125-5 [PubMed] [PMC]
 Ruan L, Zhu JG, Pan C, Hua X, Yuan DB, Li ZM, Zhong WD (2015)
Association between single nucleotide polymorphism of vitamin D
receptor gene FokI polymorphism and clinical progress of benign
prostatic hyperplasia. Scientific World Journal 2015: 235895. https://
doi.org/10.1155/2015/235895 [PubMed] [PMC]
 Sabichi AL, Lee JJ, Taylor RJ, Thompson IM, Miles BJ, Tangen CM,
Minasian LM, Pisters LL, Caton JR, Basler JW, Lerner SP, Menter DG, Marshall JR, Crawford ED, Lippman SM (2006) Selenium
accumulation in prostate tissue during a randomized, controlled
short-term trial of l-selenomethionine: a Southwest Oncology Group
Study. Clinical Cancer Research 12(7 Pt 1): 2178–2184. https://doi.
org/10.1158/1078-0432.CCR-05-0937 [PubMed]
 Salas-Huetos A, Bulló M, Salas-Salvadó J (2017) Dietary patterns,
foods and nutrients in male fertility parameters and fecundability:
a systematic review of observational studies. Human Reproduction
Update 23(4): 371–389. https://doi.org/10.1093/humupd/dmx006
[PubMed]
 Sampson N, Madersbacher S, Berger P (2008) Pathophysiology and
therapy of benign prostatic hyperplasia. Wiener Klinische Wochenschrift 120(13–14): 390–401. https://doi.org/10.1007/s00508-0080986-5 [PubMed]
 Santos HO, Teixeira FJ, Schoenfeld BJ (2020) Dietary vs. pharmacological doses of zinc: A clinical review. Clinical Nutrition 39(5):
1345–1353. https://doi.org/10.1016/j.clnu.2019.06.024 [PubMed]
 Saponaro F, Saba A, Zucchi R (2020) An Update on Vitamin D Metabolism. International Journal of Molecular Sciences 21(18): 6573.
https://doi.org/10.3390/ijms21186573 [PubMed] [PMC]
 Sayapina IYu, Tseluyko SS, Cherednichenko OA (2015) Biological
role of zinc in the prostate (molecular aspects). Far East Medical
Journal 2: 137–143. [in Russian]
 Shikh EV, Makhova AA (2014) Vitamins in the clinical practice.
Practical Medicine, Moscow, 368 pp. [in Russian]
 Shoelson SE, Herrero L, Naaz A (2007) Obesity, inflammation, and
insulin resistance. Gastroenterology 132(6): 2169–2180. https://doi.
org/10.1053/j.gastro.2007.03.059 [PubMed]
 Simes DC, Viegas CSB, Araújo N, Marreiros C (2020) Vitamin K as
a diet supplement with impact in human health: current evidence in
age-related diseases. Nutrients 12(1): 138. https://doi.org/10.3390/
nu12010138 [PubMed] [PMC]
 Skalniy AV (2004) Chemical elements in human physiology and
ecology. ONYX 21st Century Publishing House, Moscow, 216 pp.
[in Russian]
 Steck SE, Omofuma OO, Su LJ, Maise AA, Woloszynska-Read A,
Johnson CS, Zhang H, Bensen JT, Fontham ETH, Mohler JL, Arab
L (2018) Calcium, magnesium, and whole-milk intakes and high-aggressive prostate cancer in the North Carolina-Louisiana Prostate
Cancer Project (PCaP). The American Journal of Clinical Nutrition
107(5): 799–807. https://doi.org/10.1093/ajcn/nqy037 [PubMed]
 Stegmayr B, Berggren PO, Ronquist G, Hellman B (1982) Calcium,
magnesium, and zinc contents in organelles of prostatic origin in
human seminal plasma. Journal of Urology and Nephrology 16(3):
199–203. https://doi.org/10.3109/00365598209179753 [PubMed]
 Surman SL, Penkert RR, Sealy RE, Jones BG, Marion TN, Vogel
P, Hurwitz JL (2020) consequences of vitamin a deficiency: immunoglobulin dysregulation, squamous cell metaplasia, infectious dis-

13





















ease, and death. International Journal of Molecular Sciences 21(15):
5570. https://doi.org/10.3390/ijms21155570 [PubMed] [PMC]
The Alpha-Tocopherol Beta Carotene Cancer Prevention Study
Group (1994) The effect of vitamin E and beta carotene on the
incidence of lung cancer and other cancers in male smokers. The
New England Journal of Medicine 330(15): 1029–1035. https://doi.
org/10.1056/NEJM199404143301501 [PubMed]
Tsimmermann M (2006) Trace elements in medicine. Arnebiya,
Moscow, 288 pp. [in Russian]
Tyuzikov IA, Kalinchenko SYu, Vorslov LO, Tishova YuA (2013)
Vitamin D, men’s health and male reproduction. Andrology and
Genital Surgery 4: 36–44. [in Russian]
Uwitonze AM, Rahman S, Ojeh N, Grant WB, Kaur H, Haq A, Razzaque MS (2020) Oral manifestations of magnesium and vitamin
D inadequacy. The Journal of Steroid Biochemistry and Molecular
Biology 200: 105636. https://doi.org/10.1016/j.jsbmb.2020.105636
[PubMed]
Van Dael P (2021) Role of n-3 long-chain polyunsaturated fatty acids
in human nutrition and health: review of recent studies and recommendations. Nutrition Research and Practice 15(2): 137–159. https://
doi.org/10.4162/nrp.2021.15.2.137 [PubMed] [PMC]
Veselovskiy KB (2013) Vitamins, macro- and micronutrients: reference manual. AIRO-XXI, Moscow, 574 pp. [in Russian]
Vignozzi L, Rastrelli G, Corona G, Gacci M, Forti G, Maggi M
(2014) Benign prostatic hyperplasia: a new metabolic disease? Journal of Endocrinological Investigation 37(4): 313–322. https://doi.
org/10.1007/s40618-014-0051-3 [PubMed]
Vorslov LO, Tyuzikov IA, Kalinchenko SYu, Gusakova DA, Tishova
YuA, Puchkova TV (2015) Health Quartet – a new concept of modern preventive and aesthetic medicine: vitamin D, the possibility of
external and internal administration. Cosmetics and Medicine [Kosmetika i Meditsina] 4: 56–63. [in Russian]
Wang C, Luo F, Zhou Y, Du X, Shi J, Zhao X, Xu Y, Zhu Y, Hong W,
Zhang J (2016) The therapeutic effects of docosahexaenoic acid on
oestrogen/androgen-induced benign prostatic hyperplasia in rats. Experimental Cell Research 345(2):125–133. https://doi.org/10.1016/j.
yexcr.2015.03.026 [PubMed]
Wang Y, Cui R, Xiao Y, Fang J, Xu Q (2015) Effect of carotene and
lycopene on the risk of prostate cancer: A systematic review and
dose-response meta-analysis of observational studies. PLoS One
10(9): e0137427. https://doi.org/10.1371/journal.pone.0137427
[PubMed] [PMC]
Warren MF, Livingston KA (2021) Implications of vitamin D re-

search in chickens can advance human nutrition and perspectives for
the future. Current Developments in Nutrition 5(5): nzab018. https://
doi.org/10.1093/cdn/nzab018 [PubMed] [PMC]
 Watkins RR, Yamshchikov AV, Lemonovich TL, Salata RA (2011)
The role of vitamin D deficiency in sepsis and potential therapeutic
implications. The Journal of Infection 63(5): 321–326. https://doi.
org/10.1016/j.jinf.2011.07.002 [PubMed]
 Wehr E, Pilz S, Boehm BO, März W, Obermayer-Pietsch B (2010)
Association of vitamin D status with serum androgen levels in men.
Clinical Endocrinology 73(2): 243–248. https://doi.org/10.1111/
j.1365-2265.2009.03777.x [PubMed]
 Winther KH, Rayman MP, Bonnema SJ, Hegedüs L (2020) Selenium in thyroid disorders – essential knowledge for clinicians. Nature
Reviews. Endocrinology 16(3): 165–176. https://doi.org/10.1038/
s41574-019-0311-6 [PubMed]

14

Bratchikov OI et al.: Parapharmaceutical support for prostate diseases

 Xiao H, Jiang Y, He W, Xu D, Chen P, Liu D, Liu J, Wang X,
DiSanto ME, Zhang X (2020) Identification and functional activity of matrix-remodeling associated 5 (MXRA5) in benign hyperplastic prostate. Aging (Albany NY) 12(9): 8605–8621. https://doi.
org/10.18632/aging.103175 [PubMed] [PMC]
 Xiong S, Liu X, Deng W, Zhou Z, Li Y, Tu Y, Chen L, Wang G,
Fu B (2020) Pharmacological interventions for bacterial prostatitis. Frontiers in pharmacology 11: 504. https://doi.org/10.3389/
fphar.2020.00504 [PubMed] [PMC]
 Yadav A, Kumar J (2020) Vitamin D deficiency: Definition matters! Indian Pediatrics 57(11):1083–1084. https://doi.org/10.1007/
s13312-020-2049-6 [PubMed] [PMC]
 Zaichick V, Zaichick S (2014) Age-related histological and zinc
content changes in adult nonhyperplastic prostate glands. Age (Dordr) 36(1): 167–181. https://doi.org/10.1007/s11357-013-9561-8
[PubMed] [PMC]
 Zhang W, Zheng X, Wang Y, Xiao H (2016) Vitamin D deficiency
as a potential marker of benign prostatic hyperplasia. Urology 97:
212–218. https://doi.org/10.1016/j.urology.2016.03.070 [PubMed]

 Zhang XK (2002) Vitamin A and apoptosis in prostate cancer.
Endocrine-related Cancer 9(2): 87–102. https://doi.org/10.1677/
erc.0.0090087 [PubMed]
 Zhao J, Wu Q, Hu X, Dong X, Wang L, Liu Q, Long Z, Li L (2016)
Comparative study of serum zinc concentrations in benign and malignant
prostate diseases: A Systematic review and meta-Analysis. Scientific Reports 6: 25778. https://doi.org/10.1038/srep25778 [PubMed] [PMC]
 Zhilenko MI, Gusakova DA, Tyuzikov IA (2017) Prevalence of vitamin
D deficiency/insufficiency in routine clinical practice. Nutrition 7(1):
10–15. [in Russian]. https://doi.org/10.20953/2224-5448-2017-1-10-15
 Zhong GC, Peng Y, Wang K, Wan L, Wu YQ, Hao FB, Hu JJ, Gu
HT (2020) Magnesium intake and primary liver cancer incidence
and mortality in the Prostate, Lung, Colorectal and Ovarian Cancer
Screening Trial. International Journal of Cancer 147(6): 1577–1586.
https://doi.org/10.1002/ijc.32939 [PubMed]
 Zhou JF, Xiao WQ, Zheng YC, Dong J, Zhang SM (2006) Increased
oxidative stress and oxidative damage associated with chronic bacterial prostatitis. Asian Journal of Andrology 8(3): 317–323. https://
doi.org/10.1111/j.1745-7262.2006.00144.x [PubMed]

Author contributions
 Oleg I. Bratchikov, Doctor Habil. of Medical Sciences, Professor, Head of the Department of Urology, e-mail:
bratov45@mail.ru, ORCID ID http://orcid.org/0000-0002-0906-9851. The author developed the research design,
analyzed the obtained data and was engaged in the article writing.
 Igor A. Tyuzikov, Candidate of Medical Sciences, Professor, Urologist, e-mail: phoenix-67@list.ru, ORCID ID
http://orcid.org/0000-0001-6316-9020. The author obtained the data for analysis, analyzed the obtained data, and
was engaged in the article writing.
 Pavel A. Dubonos, Postgraduate Student, Department of Urology, e-mail: v-utkin@rambler.ru, ORCID ID http://
orcid.org/0000-0001-9265-9467. The author reviewed the relevant literature and obtained the data for analysis.

