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1. Introduction

Prostate diseases have tremendous social and medical importance today; benign prostatic hyperplasia
(BPH) is one of the most common chronic diseases in men, while prostate cancer (PCa) is one of the most
common malignancies in men.

Beside the great development in the diagnostics and management of prostate diseases, the prevention is of
great importance as well. The changes in lifestyle and diet, diet rich in plants and poor in meat, can
decrease the risk for many diseases and malignancies.

The action of active substances from Brassica napus pollen contained in Conprosta capsules, on prostate
diseases, is presented in this monograph. In addition, basic information about prostate physiology and
pathophysiology, are presented.

2. The function of the prostate



Prostate gland is the “crossroad” of genital and urinary ducts in male. The basic function of the prostate is
to produce secretions that provide survival and mobility of the spermatozoa.

Prostate appeared in first mammals, some 65 million years ago; today, all mammals have prostate glands,
with different shape and size, but similar purpose [1]. In most primates, prostate consists of two lobes,
cranial and caudal; prostate in hominids is very much like human [2,3].

Prostate consists of epithelium and stroma; the main epithelial cells are secretory, neuroendocrine, basal
and intermediate cells. Stroma consists of fibroblasts, vascular and lymphatic vessels and smooth muscles

[4].

One of the most important processes in the prostate is “epithelial-stromal interaction™ in which prostatic
stroma and epithelium interact and influence on each other. This process starts in embryonic period and
lasts during mature period and senium [5].

The most important functions of the prostate are hormonal and secretory. Prostate produces growth
factors, like epidermal growth factor (EGF) and fibroblast growth factor (FGF) and androgen hormone
dihydrotestosterone (DHT), which acts within the prostate.

Prostatic secretions provide normal pH of seminal fluid and contain glucose, citrate and zinc [6,7]. The
most important proteins in prostatic fluid are prostate specific antigen (PSA), glandular kalikrein (hK2)
and prostatic acid phosphatase (PAP). At first, PSA has been detected in seminal fluid and urine and later
on in the blood. The level of PSA in the blood is essential for the diagnosis of prostate diseases and the
follow up during the therapy. The level of PSA in the urine is the potential predictor of BPH progression
[8-15].

Figure 1. Epithelial- stromal interaction. E=estrogen, T=testosterone, DHT = dihydrotestosterone, BM =
basal membrane, GF = growth factor, Sar 1= 5 alpha reductase type 1, Sar 2= 5 alpha reductase type 2,
BC = basal cell, SC = secretory cell. (Drawing: Pejéi¢ T, 2013.)

The most important androgen in serum is testosterone (T), while the most important intraprostatic
androgen is DHT. After entering into prostatic cell, more than 90% T is converted to DHT, by enzyme 5-
alpha reductase (5aR). Both T and DHT are accumulated in the enlarged prostate [16].

The most important serum estrogen in male is estradiol (E2). Almost 90% of E2 in male is produced in
peripheral tissues, mainly in adipose tissue, in the reaction of testosterone aromatization. Like androgens,
estrogens are accumulated in the prostate, mainly in the prostatic stroma [17]. There are two estrogen
receptors in the prostate, ERa and ERB. The stimulation of ERa increases cell proliferation, while
stimulation of ERP acts in the opposite way [18-21].

Figure 2. Human steroid hormones



3. Benign prostatic hyperplasia

Benign prostatic hyperplasia (BPH) represents progressive enlargement of the prostate, due to formation
of new stromal and epithelial cells. It is a chronic disease, followed by weak urinary stream and straining,
worsening of the symptoms and complications. The most common complications are chronic infection,
stone formation, chronic and acute urinary retention. Except humans, BPH is common in dogs and
chimpanzees [22]. '

The prevalence of BPH in men older than 50 years in USA is 42%, while only 12% in Shanghai. The
prevalence is higher in Chinese living in USA [23,24]. These facts suggest that important factors for BPH
development are genetic, environmental and related to lifestyle and diet.

BPH is characterized by increasing number of stromal and epithelial cells, due to increased proliferation
and decreased programmed cellular death [25]. Older men who develop BPH have decreased serum T and
increased E2/T ratio; however, the accumulation of estrogens, T and DHT in the prostate play an
important role in BPH development [26-28, 16]. During BPH development, prostate volume increases,
approximately 1.9% annually [29]. Gradual prostate enlargement increases urethral resistance, which
results in bladder muscle hypertrophy and frequent voiding. Later, bladder muscle gradually
decompensates, which is followed by weak urinary stream, chronic and acute urinary retention.

The diagnosis of BPH consists of physical examination, digitorectal examination, ultrasonography and
various laboratory tests. In the assessment of symptoms, IPSS (international prostate symptom score) is
very useful; uroflowmetry measures patient’s urinary flow and provides objective analysis of the urinary
stream.

Figure 3. Benign prostatic hyperplasia. This image is a work of the National Institutes of Health, part of
the United States Department of Health and Human Services.

Today, most patients with BPH can be cured with medications; in past few decades the number of
surgical procedures decreased dramatically, approximately for 70% [30,31]. At the end of the 20"
century, open prostatectomy and transurethral resection of the prostate (TURP), were among the most
frequent surgical procedures. Medical therapy includes alpha- adrenergic blockers, SaR inhibitors and 5-
phoshodiesterase inhibitors. Inhibitors of SaR prevent formation of DHT from testosterone. Finally,
various phytotherapeutics emerge as novel potential medications, due to various actions, like anti-
inflammatory effect, SoR inhibition, and effects on growth factors.

4. Prostate cancer



Prostate cancer (PCa) is the second most frequent cancer in males; PCa is very rare in other mammals,
including hominids [32].

Global and ethnic differences in PCa are tremendous. In USA, the highest incidence was found in Afro-
Americans (220), Caucasians (139), Indians (104) and the lowest in Asians (75) [33]. On the other hand,
the lowest incidence was found in rural China (2.6), Eastern Asia (10.5) and Japan (31.2), while it is over
100 in New Zealand and Australia [34,35].

Figure 4. Global prostate cancer incidence

Risk factors for PCa development may be divided to genetic, inflammatory, hormonal and related to
lifestyle. Genetic factors are very important: the risk for PCa development is two times higher if father
had PCa, and five times higher if both father and brother had PCa [36]. Infections are responsible for
about 16% of all cancers [37]. Men with the history of sexually transmitted diseases and prostate
infections have increased risk for PCa development [38]. Proliferatory inflammatory atrophy (PIA) in the
prostate is frequently followed by PCa [39,40].

The precondition for PCa development is the exposure to androgens in childhood and adulthood. In
addition, androgens are essential for PCa survival and growth. Two large studies PCPT (Prostate Cancer
Prevention Trial) and REDUCE (Reduction by Dutasteride of Prostate Cancer Events) proved that
prolonged use of 5aR inhibitors decreased PCa risk for 25-30% [41].

The estrogens have been traditionally considered protective against PCa. Estrogens act on hypothalamic-
pituitary-gonadal axis, increase the levels of SHBG in the serum and hence increase T binding to SHBG.
However, it is clear now that estrogens may act as procarcinogens in the prostate [42]. Laboratory mice
without ERp receptors develop PCa; on the contrary, mice without ERa cannot develop PCa.

Disturbances in some cellular signaling pathways may be responsible for the development of some
cancers, including PCa. The PI3K/AKT/mTOR pathway is necessary to promote growth and proliferation
of adult stem cells. In many cancers, this pathway is overactive, which results in increased proliferation
and reduced apoptosis. The PI3K/AKT/mTOR pathway is responsible for the development of hormone-
resistant PCa [43].

Fig. 5. PI3K/Akt/mTOR pathway

Lifestyle factors are very important risk factor for PCa. Coffey believes that changes in human diet some
15,000 years ago were responsible for epidemical increase of PCa and breast cancer. Namely, that was the
period when man started to build settlements and to cultivate domestic animals. Increased meat intake and
decreased plant intake most likely influenced dramatic increase of incidence of those cancers. In fact, it is
believed that man was obligatory vegetarian, till late paleolith [44].



Low PCa and breast cancer incidence in Asia may be the result of specific diet: Asians consume much
more plants and less meat and fat than Western people [45]. The known fact is that PCa incidence
increases in Chinese and Japanese immigrants to USA, compared to their native countries [46-48].
However, in the last decades, meat intake in China has been increased almost 600%, which resulted in the
increased incidence of PCa and colon cancer [49].

The treatment of PCa includes numerous surgical and medical modalities. Organ- confined PCa must be
cured actively, by radical surgery, or external radiation. Multimodal treatment is indicated for advanced
and metastatic disease, and it includes surgery, radiation, hormonal or chemotherapy, depending of the
PCa stage and comorbidity.

5. Prostatitis

After BPH and PCa, prostatitis is the third most common urological diagnosis in men over 50 years and
the most common urological diagnosis in men younger than 50 years [50]. Overall incidence of prostatitis
and chronic pelvic pain syndrome (CPPS) is 7.1% [51]. Prostatic inflammation was seen in 44% prostate
specimen after autopsy; however, the cause of prostatitis frequently cannot be recognized [52]. Risk
factors for prostatitis are bladder outlet obstruction, intraprostatic ductal reflux and secretory dysfunction
of the prostate [53,54].

Acute bacterial prostatitis (ABP) is usually caused by intestinal bacteria, like Escherichia coli (65-80%),
while other bacterial species cause 10-15% of infections [55,56]. Some 20% of patients with chronic
prostatitis (CP) have antibodies for Chlamydia in the prostatic fluid; however, Chlamydia, as well as
Ureaplasma, has never been detected in the prostatic fluid [57]. After the successful treatment of ABP,
CBP can persist in following 6-12 months, due to immunological mechanisms. However, reflux of
specific substances from the urine into prostatic ducts can cause CBP even in the absence of the
pathogenic bacteria [58,59].

Prostatitis syndrome can be divided on four categories: I- ABP, 1I- CBP, III- CP/CPPS and V-
asymptomatic inflammatory prostatitis [60]. The treatment of prostatitis includes antibiotics, anti-
inflammatory drugs, drugs for benign prostatic hyperplasia and phytotherapeutics.

6. Free oxygen radicals, antioxidants and prostatic diseases

Half a century ago, Harman postulated that the main cause of aging and many diseases was the
accumulation of reactive oxygen species (ROS) [61]. The most important ROS are hydrogen peroxide,
hypochlorous acid, hydroxyl radical and superoxide anion. All ROS can start chain chemical reactions,
like oxidation of DNA, oxidation of proteins and peroxidation of lipids, and cause genetic mutations and
protein degradation [62]. If the amount of ROS overcomes cellular antioxidative capacity during longer
period, oxidative stress (OS) takes place.



The substances that can react with ROS in the cell and thus decrease the oxidative damage of cellular
structures are called antioxidants. Human cells can’t produce some antioxidants, so they must be taken by
plant food, like vitamin C, vitamin E, polyphenols, carotenoids etc. [63]. It is believed that terrestrial
plants started with massive antioxidants production in Jurassic, some 200 million years ago, as an
adaptation to increased amount of ROS generated during photosynthesis [64].

Diet is very important for OS occurrence; high intake of meat and fat increase oxidative damage, while
plant food act protectively [65-67].

7. The effects of Brassica napus pollen on prostate

The plants from genus Brassica are members of Brassicaceae family, or mustard family. The members of
the genus Brassica are known as cruciferous vegetable, cabbages, or mustard plants. Today's species, like
Brassica rapa (B. rapa, or B. campestris), B. napus, B. carinata, B. juncea, B. oleracea and B. nigra were
created by evolution and chromosomal combinations of the previous species. Brassica napus was created
by hybridization of B. rapa and B. oleracea, some 7500 years ago [68]. It is known as rapeseed, rape,
oilseed rape, rapa, rappi, rapaseed, canola etc. B napus is yellow flowering plant, used in China and South
Africa as vegetable. Brassica napus oil is today on the third place in global oil production, after soya and
palm oil [69].

Brassica napus pollen is used as a phytotherapeutic product, due to its content of amino acids, proteins
and polyphenols. The pollen can be collected manually, or collected and processed by bees. Pollen
consists of many microgametophits, 20-100 um large. Bees collect pollen on their body and rear legs and
transport it in the specific baskets called “corbiculae” [70,71]. The pollen is then transferred to the hive
and honeycomb. Bees mix the pollen with their saliva and seal the cell with honey [72].

Fig. 6. Honey bee (Apis mellifera) pollinates rapeseed (Brassica napus) blossom. Valingu, Northwestern
Estonia. Author: Ivar Leidus. This file is licensed under the Creative Commons Attribution-Share Alike
4.0 International license.

The composition of pollen differs among different plants and different bees. Usually, sugars make 40-
60% of pollen, proteins 20-60%, minerals and vitamins 3%, fatty acids 1-32% and other compounds 5%
[73].

Active ingredients in Brassica napus pollen



The most important ingredients of B. napus pollen are proteins, fatty acids, phytosterols, polyphenols and
alkaloids. The compounds from pollen act by lot of components, in many phases and cellular processes,
of which large number is not fully understood [74].

The major amino acids in B. napus pollen are threonin, valin and methionin; B napus contains 23-24% of
raw proteins. Borutinskaité and coauthors detected over 50 different proteins in B napus, of which one
third was unknown [75].

Fatty acids with long chains are one of the most active components of the pollen. It was proven earlier
that some unsaturated aliphatic fatty acids have inhibitory effect on enzyme 5aR. Among these acids,
gamma- linoleic acid showed the strongest SaR inhibition on PCa cellular line [76]. In B. rapa pollen, Li
detected compounds with potent SaR inhibitory activity (linoleic acid and monolinolein) and the
compounds with potent aromatase inhibitory activity (24-methylenecholesterol linolenate, cycloeucalenol
linolenate, 24-methylenecholesterol palmitate, cycloeucalenol, pollinastanol, 24-methylenecholesterol and
monopalmitin) [77].

A variety of polyphenols is detected in B napus. Polyphenols are the most abundant secondary
metabolites in the plant kingdom, with some 4000 types [78]; their therapeutic properties are known for
centuries in the traditional medicine. All polyphenols can be divided to flavonoids and non-flavonoids.
According to Linus Pauling Institute, polyphenols from the food have low direct antioxidative activity
after ingestion; it is more likely that the increase of the plasma antioxidative capacity is the consequence
of increased plasma levels of uric acid [79]. In addition, polyphenols increase the expression of enzyme
paraoxonase, which prevents LDL (low density lipoprotein) oxidation [80,81]. The absorption of
polyphenols is variable and depends of the amount and the molecular weight of the phenolic compound,
previous food ingestion, gender and the differences in gut microflora [82].

Many researchers proved antioxidant and apoptotic activity of polyphenols in isolated prostate cancer cell
lines.

Han showed that extract of B. napus pollen showed strong activity in decreasing the secretion of PSA in
LNCaP cells. His team isolated five flavonoids from the extract of B napus pollen: naringenin, luteolin,
kaempferol, kaempferol 3-(3-E-p-coumaroyl-alpha-L-rhamnopyranoside) and kaempferol 3-(2,3-di-E-p-
coumaroyl-alpha-L-rhamnopyranoside) [83].

In the bee honey from B rapa, Guo isolated the next polyphenols: kaemferol-3-O-beta-D-glucosyl-(2--
>1)-beta-D-glucoside, kaemferol-3,4'-di-O-beta-D-glucoside and quercetin-3-O-beta-D-glucosyl-(2-->1)-
beta-D-glucoside. Other compounds from the bee honey were B-sitosterol, nicotinic acid, nicotinamide,
trans-p-coumaric acid-4-O-beta-D-glucopyranoside and 5-hydroxymethylfurfural [84].

Fang profiled 18 phenolic compounds from an ethanol extract of rapeseed: two major phenols, sinapine
and methyl sinapate, and 16 minor phenolic compounds, from which seven were new lignans [85]. Qu
found that epicatechin, quercetin, isorhamnetin and kaempferol were present in higher concentrations in
black-seeded, than in yellow-seeded B. napus [86].



In B. napus seeds, Shao detected 61 flavonoids (39 kaempferol derivatives, 11 isorhamnetin derivatives, 5
quercetin derivatives, 6 flavanols) and 30 hydroxycinnamic acid derivatives [87].

In the recent research, Li used the new approach, liquid chromatography-diode array detector-electrospray
ionization-mass spectrometry, combined with nuclear magnetic resonance technology, to identify
flavonoids in B. napus bee pollen. Four compounds were identified: quercetin-3-O-B-D-glucosyl-(2—1)-
B-glucoside, kaempferol-3, 4'-di-O-B-D-glucoside, 5, 7, 4'-trihydroxy-3'-methoxyflavone-3-O--D-
sophoroside and kaempferol-3-O-B-D-glucosyl-(2—1)-B-D-glucoside [88].

Phytosterols are present primarily in the seed of B napus; their known activities in human body are anti-
inflammatory activity, induction of apoptosis, induction of angiogenesis and the reduction of serum
cholesterol levels [89,90]. Holtz demonstrated that B-sitosterol, in concentration of 16uM, suppressed cell
proliferation in LNCaP (lymph node metastatic lesion of prostatic adenocarcinoma) cells, and induced
cell apoptosis [91]. Similarly, Wu demonstrated that steroid fraction from B. napus and B. campestris
induced apoptosis and increased caspase-3 activity [92]. (Activation of caspases plays a central role in
cell apoptosis). Phytosterol brassinolide from B napus is particularly active on androgen refractory PCa
cells, and lesser on androgen sensitive, LNCaP cells [93].

Finally, low amounts of epicatechin and some lignans were detected in Brassica plants [94,95].

In vitro studies of Brassica napus pollen activity

In 2007, Han showed that pollen extract of B. napus showed strong activity in decreasing the secretion of
PSA in LNCaP cells [83].

Other authors also reported that active components of B. napus pollen, like kaempferol and quercetin,
inhibit proliferation of PCa cells. In 2008, Bandyopadhyay found that kaempferol and quercetin activate
immunologic response in PCa cells, by stimulating Granulocyte-macrophage colony-stimulating factor
production [96].

In 2015, Halimah found that kaempferol-3-O-rhamnoside inhibits proliferation of LNCaP cells, by
increasing the expression of caspase 3, 8 and 9 [97]. It is interesting that quercetin in combination with
metformin, inhibits growth, migration and invasion on PC-3 and LNCaP cells, by inhibition of
VEGF/Akt/PI3K signaling pathway [98].

Naringenin and luteolin were also detected in B napus pollen [83]. In 2017, Lim proved that naringenin
inhibited proliferation and migration of cells in PC-3 and LNCaP lines and simultaneously activated its
apoptosis [99]. Luteolin inhibited proliferation and migration of PCa cells [100].

Hydroxycinnamic acid was also detected in rapeseed [Fang]™™. Szliszka found that hydroxycinnamic
acids together with propolis extract showed cytotoxic and apoptotic activity in LNCaP and DU-145
prostate cancer cells [101].



Animal studies

In 2013, Li proved the improvement of BPH in mice fed with B napus pollen. Prostatic hyperplasia was
induced with T injections and prolonged laboratory stress. After 14 days, measurements showed prostatic
enlargement, elevated serum T and increased activity of SaR and acid phosphatase. The improvement of
BPH was better in the combination of rape pollen and anthocyanins from blueberry [102].

In 2013, Jafarian-Dehkordi proved that B. rapa extract decreased inflammation in mouse [103].

In 2014, on the rat model, Yang proved that bee collected rape pollen caused regression of prostatic
epithelium and the decrease of serum and tissue levels of T and DHT. In the rat model, BPH was induced
by daily subcutaneous injections of T. After 30 days, increased levels of T and DHT and increased
prostatic volume were detected. In addition, increased expression of 5aR-1, 5aR-2 and cyclooxygenase-2
(COX-2) were detected. (Inhibition of COX provides the relief of pain and inflammation [104]). Rape
pollen was administered orally, at the same time with T injections. In the group of animals treated with
pollen, significant decrease of SaR and COX expression were detected, together with the decrease of T
and DHT levels and the decrease of prostatic volume [105].

In 2015, Zou proved that rats fed with B napus honey tablets (Pulean) had weaker prostate inflammation.
The model of chronic abacterial prostatitis was created after the animals were castrated and consequently
given the injection of estradiol. After eight days, animals were fed with Pulean by gastrogavage. In rats
fed with Pulean, inflammatory reaction was modest; in addition, decreased levels of inflammatory factors
IL-1B, IL-10, i TNF-a were detected [106].

It was proven that B. napus pollen ingested orally, can be detected in mouse serum. In 2015, Chen
detected micro RNA (miRNA) from B. napus pollen in mouse serum: in the issue from 2018, the same
authors detected miRNA in the posterior prostate lobes in rats and the improvement of BPH symptoms.
The authors concluded that B. napus pollen can be absorbed in the mouse blood and can cross blood-
prostatic barrier [107,108].

Human studies

In 2008, Fu found significant improvement of BPH symptoms in patients taking Conprata Pulean tablets
made of B. napus bee honey. After three months of therapy, 60 patients reported improvement in IPSS
questionnaire and Qmax during uroflowmetry [109].



In 2011, Yue found that treatment with Pulean tablets (Qian Likang) significantly improved BPH
symptoms on IPSS and increased urine flow. Both symptoms and uroflowmetry parameters significantly
improved after 30 days of therapy and continued to improve during following 90 days [110].

In 2013, Zhu found symptoms improvement in 240 patients with BPH treated with Pulean during two
years. The improvement was slightly lower than in the group of patients treated with SaR inhibitors [111].

Conclusion

The diseases of the prostate gland have great medical and social significance in the modern world. Benign
prostatic hyperplasia is one of the commonest chronic diseases in men; prostate cancer is the leading
cancer in the Western world, while large number of younger men suffers from prostate inflammations.

The present time is characterized by the great advances in diagnostic, therapeutical and technological
improvements in the treatment of prostatic diseases. The wide use of laboratory tests like PSA as well as
the use of ultrasound and magnetic resonance etc, dramatically improved the detection of various
prostatic diseases. Finally, modern surgical procedures and the development of laparoscopic and robotic
procedures significantly improved the cure rates in the prostate cancer patients.

However, the prevention of prostatic diseases is important almost as the modern therapy. The experiences
from the traditional medicine, as well as large epidemical studies, show that specific phytotherapeutic
products, together with the lifestyle and diet, can decrease the risk from prostatic diseases.

Figure 7. Conprosta

The therapeutic properties of Brassica napus pollen are known for the long time in the Chinese traditional
medicine. However, modern laboratory researches and epidemiological studies also confirm positive
effects of B. napus pollen on prostatic inflammations, BPH and prostate cancer.

Dry extract of B napus pollen is present in Conprosta capsules in the dose of 500 mg, and 600 mg in
Conprosta Forte. Recommended dose is two capsules daily, one in the morning and one in the evening.
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