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ANTIOXIDANT EFFECT OF THICK EXTRACT FROM SHIITAKE MUSHROOMS
ON THE MODEL OF TESTOSTERONE-INDUCED PROSTATIC HYPERPLASIA

Actuality. Benign prostatic hyperplasia (BPH) is a common disease of elderly and senile men, the clinical manifestations of which
are lower urinary tract symptoms. The frequency of detection and progression of this disease increases with age. If BPH occurs in only
40% of men after the age of fifty, then at the age of 80, 90% of men suffer from this pathology. Prescribing drug therapy is not always
Jjustified. In the end, the positive effect of pharmacotherapy may not occur and, in the future, surgical intervention will be required.
Therefore, it is urgent to find and create new effective drugs for the prevention and treatment of BPH. Currently, the antioxidant support
of testosterone replacement therapy is becoming more and more widespread, with the aim of reducing adverse reactions. Therefore, it
is urgent to find and create new effective drugs with antioxidant properties for the prevention and complex treatment of BPH.

The aim of the work was to study the antioxidant properties of a thick extract from Shiitake mushrooms under the conditions of
testosterone-induced benign prostatic hyperplasia in white rats.

Material and methods. Antioxidant activity of a thick extract from Shiitake mushrooms was studied on a model of testosterone-
induced prostate hyperplasia. Shiitake extract was administered intragastrically to white rats daily for 21 days at a dose of 150 mg/kg
of animal body weight. Testosterone propionate was injected subcutaneously at a dose of 3 mg/kg according to the same scheme as the
studied extract. "Prostatophyt™ was chosen as a reference drug, which was administered intragastrically daily for 21 days in a dilution
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of 1:10 at a dose of 1 ml/100 g of rat body weight. Antioxidant effect of a thick extract from Shiitake mushrooms was studied according
to the following biochemical parameters: activity of acid and alkaline phosphatase, the content of TBA-active products and reduced
glutathione, the value of the phosphatase index.

Research results. Subcutaneous injections of testosterone at a dose of 3 mg/kg resulted in a probable increase in the content of
TBA-active products and a decrease in the content of reduced glutathione in the serum and prostate homogenate of affected rats. An
increase in activity of alkaline phosphatase was also observed in blood serum and prostate homogenate of animals relative to control.
The activity of acid phosphatase under the influence of testosterone increased in blood serum and decreased in prostate homogenate
of affected animals. Inhibition of the peroxidation processes and improvement of the antioxidant system of the animal body work were
observed when a thick extract of Shiitake mushrooms was used against the background of testosterone.

Conclusion. The effectiveness of a thick extract from Shiitake mushrooms under the conditions of simulated hyperplasia of the prostate
gland has been proven. The positive effect of the studied extract in this pathology is due to its antioxidant effect, since Shiitake mushrooms
contain polysaccharides, in particular lentinan, which exhibits pronounced antitumor activity, steroid compounds and vitamins

Key words: Shiitake mushrooms, thick extract, prostatic hyperplasia, antioxidant action.
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AHTHOKCUJAAHTHA AISA I'YCTOI'O EKCTPAKTY 3 I'PUBIB [HI/IiTAK]j; HA MOJEJII
TECTOCTEPOH-IHAYKOBAHOI I'NIIEPIIJIA3II HEPEAMIXYPOBOI 3AJIO3HU

Axmyanvuicme. /Jobposkicna cinepnaazis nepeomixyposoi zanosu ({I'T13) € nowupenum 3ax60pio8aHHsIM YON0BIKIE NOXULO20
ma cmapeuozo GIKy, KAHIYHUMU NPOAGAMU SIKO20 € CUMNMOMU HUJICHIX cedosux uiisxie. Yacmoma eusignenns ma npocpecy8ants
0aH020 3aX80pHO6anHs 30LbULYIOMbCS 3 6IKOM. HKwo nicis n’smoecsmu pokie T3 sycmpiuacmocs auwe y 40% uonosixie, mo
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v 6iyi cmapue 80 poxis yoce 90% uonosikie cmpasicoaioms na oany namonozito. Ilpusnavenns meouxamenmosnoi mepanii ne 3a82cou
€ oorpynmosanum. Iozumusnuii epekm ¢hapmaxomepanii' y Kinyesomy niocymKy mooice He Hacmamu, i Hadari 6yde nompione one-
pamusne empyuanns. Huni éce 6inbuio2o nowupenns Haby8ae aHmuoKCUOAHMHUL CYRPOGIO 3amiCHOI mecmocmeponogoi mepanii
3 Memor 3HUdICeH A nodiunux peaxyiu. Tomy akmyanbHUM € NOULYK Mma CMEOPEeHHs HOBUX e(eKMUSHUX NPenapamis 3 AaHmMuoOKCUOAHN-
HUMU 61acmusocmamu 0 npoginakmuxy ma komniekcnozo nikyeanns [ITI3.

Mema 0ocnidrcennsn — 6ugueHHs AHMUOKCUOAHMHUX GIACMUBOCHIEN 2YCIMO20 eKCMpaKkmy 3 epubie wuimare 3a ymog mecmocme-
POH-THOYKOBAHOT 000POAKICHOI 2inepniasii nepedmixypoeoi 3ano3u y Oinux uypis.

Mamepian i memoou. AHMUOKCUOGHMHY AKMUBHICMb 2YCIMO20 eKCMPAaKkmy 3 epubie wiuimake susuau Ha Mooeli mecmocne-
POH-THOYKOBAHOT 2inepnaasii nepeomixyposoi 3anosu. Excmpakm wuimaxe 0inum wypam yeoounu HYMpPIUHbOULTYHKOBO UWOOEHHO
npomseom 21 006u 6 003i 150 me/xke macu mina meapuru. Tecmocmepony nponionam y800unu niOWKIpHO 6 0031 3 Me/ke 3a mi€io e
cxemoro, wjo i docuiodcysanuil ekcmpakm. Peghepenc-npenapamom 6yno obpano «lIlpocmamoimy, sakuil y60Ounu 6HympiutHbOULLYH-
K060 ujooenno npomsicom 21 006u 6 possedenni 1:10 y 003i 1mn/100 & macu mina wypa. AHmuoxcudanmmy 00 2ycmo2o eKCmpaxmy
3 epubis wuimake 6uuAIU 34 MAKUMU OIOXIMIMHUMU NOKAZHUKAMU. AKMUBHICIMIO Kucioi ma ayxcHoi pocpamasu, ymicmom THhK-ax-
MUBHUX NPOOYKMIE MA BIOHOBNIEHO20 2IYMAMIOHY, 8eIUYUHON (ochamaszrnoo inoexcy (KD/ID).

Pesynomamu 0ocnioscennsn. ITiowkipni in’exyii mecmocmepony 6 003i 3 me/ke npuseenu 00 6ipo2ioH020 NIOSUUEHHS 6MICMY
TEK-axmusnux npoOykmie ma 3HudiCeHHsl 6BMICIY GIOHOBIEHO20 2IYMAmiony y CUpo8amuyi Kpo8i ma 2oMo2eHami npOCMamu ypaxiceHux
wypis. Taxooc cnocmepieanu niO8UWeHHsT AKMUBHOCIME IVHCHOL pocghamasu y cuposamyi Kpogi ma 2oMo2eHami npocmamu meapum
8IOHOCHO KOHMpONI0. AKmugnicms Kucioi pocghamasu nio @nau6om mecmocmepony 3p0cida y Cupo8amyi Kpogi ma 3Hu3UIaAch y 2oMo-
eenami npocmamu ypasxicenux meapun. 11io uac 3acmocyeanis Ha mii Mecmocmepony 2ycmoz0 eKCmpakmy cpubie wiuimaxe cno-
cmepieanu npucHivenHs npoyecie NePeKUCHO20 OKUCHEHHS Ma NOKPAWants. pOO6OmMu anmuoKCUOAHMHOI CUCeMU OP2aAHI3MY MEAPUH.

Bucnosok. Jlosedena epexmusHnicms 2ycmo2o ekcmpaxniy 3 2pubie wiuimaxe 3a yMog Mo0enb08anol 2inepniasii nepeomixypogoi
sanozu. Tlozumuenuil 6niue O0CIIONCYBAHO20 eKCMPAKMY 3 OAHOI NAMONOIL 3yMOGNEHULL 11020 AHMUOKCUOAHMHOIO OIE€I0, OCKLIbKU
2pubu wuimake MiCmsame y c60€MY CKAA0T NONICAXapuou, 30Kpema 1eHMUHAH, KUl BUAGIAE GUPAICEHY NPOMUNYXIUHNY AKMUGHICINDY,

CMepoioHi CnoNyKU ma imaminu.

Knwuosi crosa: epubu wuimare, eycmuil ekcmpaxkm, 2inepniazis nepeoMixyposoi 3an03u, aHmuoKCUOaAHmMHa Oisl.

Introduction. Actuality. Among the diseases of
male genitourinary system, prostatitis and benign pros-
tatic hyperplasia (BPH) take first place. Usually, the
provocateur of prostatitis is an infection that affects the
prostate gland. Prostatitis can appear at any age, but it
is more common in men aged 30-50 and can have quite
unpleasant and painful symptoms (Onoja, 2023; Sha-
kir Saleh, 2022). BPG differs from prostatitis in that it
is almost painless. This is a benign growth of prostate
tissue, which is also called hyperplasia. The number of
patients with BPH is constantly increasing. This pathol-
ogy is the most common disease of the genitourinary
system in men (Brechka, 2021; Brechka, 2019). The
main symptoms of benign prostatic hyperplasia (BPH)
are the weakening of sexual function, frequent urination,
leakage of urine during the day, difficulty in urination,
as the enlarged tissues of the gland strongly narrow the
urinary canal, urinary retention may occur. Pathology
develops due to hormonal disorders and aging of the
body, that is, usually already in adulthood (Zaichenko,
2019; Herasymets, 2023a).

Correct treatment of BPH is aimed, first of all, at
alleviating the symptoms of the lower urinary tract,
improving the patient's quality of life and preventing
the development of complications associated with pros-
tate adenoma. A wide variety of drugs are used for the
treatment of BPH, the effectiveness of which remains
insufficient (Brechka, 2021; Brechka, 2019). Treatment
of prostate adenoma, which is carried out already in the
late stages, involves surgical intervention, the use of
both open and endoscopic or transurethral operations
(Brechka, 2021, Shchokina, 2017).
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Prostate protectors are widely used for the complex
treatment of BPH (Epstein, 2021). These are drugs that
normalize the stromal-epithelial relationships in the
prostate during its age-related morphogenesis. Natural
prostate protectors deserve special attention, because the
risk of developing side effects is minimal, and the pres-
ence of various biologically active substances provides
a complex effect on the pathogenetic links of the dis-
ease (Zaichenko, 2019; Herasymets, 2023b; Liu, 2024).
Therefore, the creation of new prostate protectors of nat-
ural origin is promising. Testosterone is a hormone that
can affect many aspects of the body, including metabo-
lism and oxidative stress. Antioxidant supplementation
may be a useful component of testosterone replacement
therapy to reduce possible side effects.

Reishi, maitake and Shiitake mushrooms exhibit an
extremely wide spectrum of pharmacological activity.
There are data confirming their antioxidant, antiprolif-
erative and anti-inflammatory properties (Herasymets,
2021; Herasymets, 2023b). The object of this study was
Shiitake mushrooms (Lentinula edodes). They are used
in folk medicine to strengthen the immune system, lower
blood cholesterol and treat prostate cancer. Today, shii-
take is popular all over the world due to its taste qual-
ities, various pharmacological properties and ability
to grow both on natural logs and on artificial substrate
(Tamang, 2022; Xu, 2020).

Shiitake mushrooms have a positive effect on the work
of almost all systems of the human body. Their antiox-
idant, anti-inflammatory and oncoprotective properties
have been confirmed (Spim, 2021; Tamang, 2022). Shi-
itake mushrooms are also effective in the fight against
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various oncopathologies as part of complex therapy. They
are also used in the treatment of hypertension, prostatitis,
diabetes, polyarthritis and hepatitis. In Japan, it is recom-
mended to use Shiitake mushrooms for those who have a
precancerous condition (Tamang, 2022; Xu, 2020).

The aim of the work was to study the antioxidant
properties of a thick extract from Shiitake mushrooms
under the conditions of simulated benign prostatic
hyperplasia in rats.

Material and methods. The object of our research
was a thick extract from Shiitake mushrooms. The choice
of shiitake mushrooms for the study of their potential
antioxidant action in testosterone-induced BPH in rats is
due to several factors:

1. The content of biologically active substances: pol-
ysaccharides, steroid compounds, amino acids, vitamins
and minerals, which may have potential benefits for the
prevention and treatment of BPH.

2. Popular in traditional medicine. Shiitake mushrooms
are widely used in eastern countries in the treatment of can-
cer, hepatitis, prostate adenoma, and heart disease.

3. Previous studies. Based on the data of other
researchers and the results of our own experiments,
which confirm that shiitake mushrooms exhibit phar-
macological properties useful for the therapy of prostate
adenoma, which may cause further interest in this field.

The choice of research methods is determined by
the achievement of specific scientific goals, namely,
the study of the potential antioxidant effect in testoster-
one-induced prostate hyperplasia. With this pathology,
the activity of organ-specific enzymes increases, there-
fore, to confirm the proposed hypothesis, we investigated
the activity of acid and alkaline phosphatase, the content
of TBA-active products and reduced glutathione, the
value of the phosphatase index (AP/ALP).

The sequence of our scientific experiment is deter-
mined by a clear definition of the purpose and direction
of the research, the study of literary sources on the cho-
sen topic, the development of a hypothesis, the definition
of methods and tools for data collection and analysis.

The research stages are:

1. Selection of male white rats for BPH modeling.

2. Division of animals into 7 groups: control, control
pathology and groups that received Shiitake mushrooms
extract and Prostatophyt to correct the induced pathology.

3. Subcutaneous administration of testosterone pro-
pionate for 21 days.

4. Intragastric administration of a thick extract from
Shiitake mushrooms and the reference drug for 21 days.

5. Euthanasia of animals on the 15th and 22nd days
of the experiment. Sampling of blood, prostate glands
and seminal vesicles.

®diroTepanis. Yaconuc

6. Conducting a study of biochemical indicators in
blood serum and animal prostate homogenate.

The antioxidative effect of thick extract from Shiitake
mushrooms on the model of testosterone-induced BPH
was studied according to the recommendations of good
laboratory practice (GLP) and bioethics in accordance
with the "European Convention for the Protection of
Vertebrate Animals Used for Research and Other Scien-
tific Purposes" (Gross, 2015). The study was conducted
in 2021 year. Our research was approved by the Ethics
Commission of Ternopil National Medical University
(excerpt from protocol No. 72 dated January 6, 2023).

All raw materials were purchased from the private
enterprise "Mykhailovsky A. V." (Shiitake mushrooms
were grown in Donetsk and Kyiv regions). Thick extract
of shiitake was obtained by extraction with 40% etha-
nol in the raw material-extractant ratio of 1:10, which
was established experimentally, taking into account the
absorption coefficient of the extractant. To obtain thick
shiitake extract, the raw materials were extracted with
a suitable solvent for 2 hours while heating to 90 °C to
intensify the extraction process. The yield of the extract
was 46.9% (Burda, 2016).

Standardization of the extract according to steroid
compounds was carried out on 5 series according to the
requirements of the State Pharmacopoeia of Ukraine
(table 1).

The dominant compound in the studied mushrooms
was sitostenone (1.95 mg/kg). The presence of polysac-
charides, carboxylic acids, phenolic substances, com-
pounds of terpene nature was established using chemical
reactions, thin-layer chromatography, gas chromatog-
raphy and high-performance liquid chromatography.
According to the results of the study of the elemental
composition of the studied raw materials, the presence
of 19 macro- and microelements was established (Burda,
2016).

Experiments were conducted on 56 white male
rats weighing 200-250 g. Rats were kept in one room
at a constant temperature of 19-23 °C on a balanced
standard diet in the vivarium of the Ternopil National
Medical University. Daily monitoring of the general
condition, body weight, and mortality was carried out.
The fluctuation of the massometric indicator was insig-
nificant. Experimental animals were randomized by
random sampling. During the experiment, the experi-
mental rats were provided with constant access to food
and water. Feeding was carried out with grain mixtures
(corn, winter wheat, oats), carrots, table beets and
bread were given.

The experimental animals were divided into 7
groups of 8 rats each: 1st — animals that were given the
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appropriate amount of purified water every day (for
21 days), control (C); 2nd — rats injected subcutaneously
with testosterone propionate solution, control pathology
(CP), 15th day of the study; 3rd — animals that were
subcutaneously injected with testosterone propionate
solution, CP, 22nd day; 4th — rats that received a Shii-
take mushrooms thick extract (SMTE) simultaneously
with subcutaneous injection of testosterone propionate,
15th day; 5th — animals that received a SMTE simulta-
neously with subcutaneous injection of testosterone pro-
pionate, 22nd day; 6th — rats, which were given intragas-
trically a reference drug “Prostatophyt” simultaneously
with subcutaneous injection of testosterone propionate,
15th day; 7th — animals that received intragastric admin-
istration of the reference drug “Prostatophyt” simultane-
ously with subcutaneous administration of testosterone
propionate, 22nd day (Herasymets, 2023a).

BPH was simulated by injecting a solution of testos-
terone propionate at a dose of 3 mg/kg subcutaneously
for 21 days. SMTE was administered intragastrically to
experimental rats daily at a dose of 150 mg/kg of the
animal's body weight simultaneously with subcutaneous
injection of testosterone for 21 days. A dose of 150 mg/kg
of rat’s body weight was established by our previous stud-
ies as conditionally therapeutic. "Prostatophyt" was cho-

sen as a reference drug (manufacturer — LLC "Eim”, sci-
entific and production pharmaceutical company, Kharkiv,
Ukraine) in a dilution of 1:10 at a dose of 1 ml/100 g of
the animal's body weight, which was administered intra-
gastrically according to the same according to the same
scheme as Shiitake mushrooms extract.

Animals were taken out of the experiment, blood, pros-
tate glands (PG) and seminal vesicles (SV) were collected on
the 15th and 22nd days after the start of testosterone admin-
istration. The relative mass of PG and SV was determined.

Blood was taken from the heart of animals, centri-
fuged at 3000 rpm for 30 minutes. The resulting blood
serum (supernatant) was used for research. The prostate
gland (500 mg) was used to obtain a homogenate using a
Silent Crusher S magnetic homogenizer after pre-perfu-
sion with 4.5 ml of physiological saline.

The development of BPH is accompanied by a
change in biochemical indicators in the animal’s body
(Herasymets, 2023a; Makodrai, 2021). In this regard,
we investigated the content of TBA-active products
(TBA-AP), reduced glutathione (GSH), activity of acid
(AP) and alkaline phosphatase (ALP), calculated the
phosphatase index (Vlizlo, 2012).

The principle of the TBA-AP determination method: in an
acidic medium at high temperature, malondialdehyde reacts

Table 1
Standardization parameters of shiitake thick extract in accordance with the requirements
of the State Pharmacopoeia of Ukraine
. The content . . . The sum
Series Description | Solubility Identification D.ry of heavy Mlcroblt?loglcal of steroid
number residue purity
metals compounds
In 1 g of extract,
Steroid compounds. When the presence of
Easil adding a 1% solution of no more than
solub}l/e in p-dimethylaminobenzaldehyde 1000 bacteria
40% ethanol in a 4 N ethanolic solution and 100 yeasts
Viscous soluoble in > | of hydrochloric acid and and molds (in
mass of water. 50% subsequent heating, a pink total) is allowed.
> 270 color is formed. Not less The presence
brown color |ethanol, . o, |Not more C Not less
180516 . . The absorption spectrum of than 70% o of bacteria is o
with a weak | practically . . o than 0,01%. than 0,15%
characteristic | insoluble in Fhe .test so}utlon, obtained as 75% not allqwqd .
smell 96% ethanol indicated in the paragraph on Escherichia coli,
’ an. d°0 ther the quantitative determination Pseudomonas
oreanic of steroid compounds, in the aeruginosa and
soigven s region from 450 nm to 600 nm Staphylococcus
’ should have a maximum at a aureus, genus
wavelength of 518 = 3 nm. of bacteria
Salmonella
170316 Meer the Mee?s the Meets the requirements Meer the Binmosimae 0,18%
requirements | requirements requirements
201116 Mee?s the Mee?s the Meets the requirements 81% Meer the Mee?s the 0,16%
requirements | requirements requirements | requirements
270217 |Meetsthe Meetsthe o eqvirements 779, |Meetsthe jMeets the 0,18%
requirements | requirements requirements | requirements
210317 Mee?s the Mee?s the Meets the requirements 79% Mee?s the Mee?s the 0,17%
requirements | requirements requirements | requirements
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with thiobarbituric acid, forming a red colored complex with
an absorption maximum at a wavelength of 532 nm. To
determine the content of reduced glutathione, a method was
used, the principle of which is the interaction of 5,5-dithiobis
(2-nitrobenzoic) acid (Ellman's reagent) with free SH-groups
of reduced glutathione with the formation of a yellow thioni-
trophenyl anion, the amount of which is directly proportional
to the content of SH-groups. The method of determining the
activity of alkaline phosphatase is based on the property of
the enzyme to hydrolyze the ether bond in B-glycerophos-
phate with cleavage of phosphate acid. Phosphorus is deter-
mined colorimetrically by reaction with a molybdenum
reagent in the presence of an eikonogen reducing agent or
ascorbic acid. The product of the reaction is molybdenum
blue, the color intensity of which is directly proportional to
the amount of phosphorus in the sample, which characterizes
the activity of the enzyme. The principle of the method of
AP determining: acid phosphatase catalyses the hydrolysis
of naphthyl phosphate. The naphthyl produced, reacts with
the fast red TR salt to produce an azo dye. The increase in
absorbance due to the formation of the azo dye is directly
proportional to the concentration of acid phosphatase in the
sample (Vlizlo, 2012).

Statistical data analysis was performed using STATIS-
TICA 13 (TIBCO Software Inc., 2018). Parametric and
non-parametric methods of evaluating the obtained data
were used for statistical processing of the results. For all indi-
cators, the arithmetic mean of the sample (M) and the error
of the arithmetic mean (m) were calculated. The probability
of the difference in values between independent quantitative
values was determined by the Mann-Whitney test. The dif-
ference between values was considered probable at p < 0.05.

Research results and discussion. Research works
of recent years confirm the relevance of new medicinal
products of natural origin creation for the prevention
and treatment of liver diseases, diseases of cardiovas-
cular and immune systems, cancer and BPH (Makod-
rai, 2021). Experimental and clinical studies confirm the
feasibility of using drugs of natural origin with antioxi-
dant properties in the complex treatment of prostate ade-

noma. They are especially effective in the early stages of
the disease (Zaichenko, 2019; Brechka, 2019).

It was established experimentally that probable
changes in the relative mass of androgen-dependent
organs occurred when modeling testosterone-induced
benign hyperplasia of the prostate gland in white rats
(Zaichenko, 2019). In particular, the relative mass of PG
increased by 52 % and 77%, and the relative mass of SV
increased by 81% and 125% compared to the control on
the 15th and 22nd days of the experiment (table 2).

The development of BPH in white rats was con-
firmed by histological studies (fig. 1, 2, 3).

The parenchymal component of PG of rats in the
control group was represented by numerous alveolar-tu-
bular glands. The basement membrane was lined with
a layer of secretory cells — high prismatic epithelium,
which together formed folds protruding into the lumen
of the glands. Exfoliated epitheliocytes were present in
the lumen of the glands, which is a normal process of
cell removal. The lumens of the glands were filled with
a discharge of various tincture properties. The stroma
of PG was represented by connective tissue cords that
departed from the organ capsule and smooth myocytes
with a large number of blood micro vessels. Venules
were full-blooded (fig. 1).
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Fig. 1. Prostate gland of a rat from the control
group. The glands are ined with columnar
epithelium and form numerous folds (1). Blood
vessels are congested (2). Stained with hematoxylin
and eosin. x100

Table 2
The impact of Shiitake ushroom extract on the relative mass of reproductive system organs
under conditions of simulated BPH (M=m; n=56)
Relative weight of organs, g/100 g of body weight

Group of animals/Index PG SV

15th day 22th day 15th day 22th day
C 0,31+0,02 0,31+0,02 0,48+0,03 0,48+0,03
CP 0,47+0,03* 0,55+0,06* 0,87+0,03* 1,08+0,05*
CP+SMTE 0,40+0,03 0,36+0,03** 0,65+0,05%* 0,59+0,04*%*
CP+Prostatophyt 0,34+0,02** 0,35+0,03** 0,55+0,02** 0,54+0,04**

Note. Here and in the following tables: * — probable changes between the indicator of control and testosterone-affected animals;
** — probable changes between the indicator of testosterone-affected and treated animals; p<0,05; *** — probable changes between the

parameters of affected animals treated with SMTE and Prostatophyt.
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The affected animals PG tissues histological analy-
sis revealed significant structural changes compared to
the control group. Significantly expanded and deformed
lumens of the glands were observed. Epithelium located
on the basement membrane was represented by cubic
or flattened cells. The reversion of the nuclei from the
basal part of the cells to the apical part was observed.
A decrease in the number of basal cells was detected.
At the same time, binucleated epitheliocytes appeared.
Number of folds was significantly reduced, as well as
the height of the preserved ones. The secretion is une-
venly distributed, there were many lumens of the glands
that do not contain discharge (fig. 2).

Fig. 2. Prostate gland of a rat with simulated BPH.
Cystic transformation of the glands (1), flattening
of the epithelial lining (2), and uneven distribution
of secretion (3). Stained with hematoxylin
and eosin. X200

The stroma of the gland was mainly represented by
fibrous connective tissue with a significantly reduced
content of smooth muscle cells. The vessels of the
hemomicrocirculatory channel were full of blood, the
perivasal stroma was loosened by edema. There was an
increase in the number of cellular elements, especially
lymphocytes and fibroblasts (fig. 3).

The use of SMTE and Prostatophyte for 21 days in
order to correct the lesion of the PG caused a decrease
in the relative mass of the PG by 1.2 and 1.4 times on
the 15th day of the study and by 1.5 and 1.6 times on
the 22nd day of the experiment, respectively, relative to
CP group. Administration of shiitake extract and Pros-
tatophyte to white rats caused statistically significant
changes in the relative mass of SV relative to CP. Thus,
by the end of the experiment, a decrease in the relative
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Fig. 3. Interstitial stroma of the prostate
gland of a rat with simulated BPH.
Edema, infiltration by lymphocytes

and fibroblasts (1). Congested venule (2).

Stained with hematoxylin
and eosin. X200

weight of the SV was observed by 1.8 and 2.0 times rel-
ative to the affected animals after the use of SMTE and
the reference drug. There were no significant differences
between the effects of shiitake mushroom extract and the
comparison drug.

Probable changes were revealed in the activities of
acid and alkaline phosphatase in blood serum and pros-
tate homogenate of rats with simulated hyperplasia of
the prostate gland after the use of SMTE and the com-
parison drug.

It was established that when benign prostatic hyper-
plasia was modeled by the introduction of testosterone
propionate, systemic disturbances appeared, which were
manifested by changes in the biochemical parameters
of blood serum and prostate homogenate of animals. In
particular, a probable increase in the activity of acid and
alkaline phosphatase was observed in the blood serum
of white rats compared to the control. An increase in
the activity of phosphatases indicates the development
of the inflammatory process in this pathology. AP and
ALP activity increased in the prostate homogenate of
affected animals; changes are probable (tables 3, 4). So,
the activity of AP increased by 2.8 times and ALP — by
2.4 times by the end of the experiment compared to indi-
cators of the control group.

The introduction of a thick extract from Shii-
take mushrooms and Prostatophyte contributed to the
normalization of phosphatase activity in the blood
serum of animals: the activity of AP decreased on the

Table 3

The impact of Shiitake mushroom extract on biochemical parameters in rat blood serum in a model
of testosterone-induced prostate hyperplasia, 15th day (M+m; n=56)

Index/Group of animals C CP CP+SMTE CP+Prostatophyt
AP, nmol/I*hour 6,70+0,38 12,84+0,63* 7,68+0,32%* 7,18+0,36**
ALP, nmol/l*hour 10,45+0,36 18,05+0,55* 13,19+0,69** 11,21+0,39%*/**%*
AP/ALP 0,64+0,02 0,72+0,05* 0,58+0,01** 0,64+0,03
TBA-AP, pmol/l 2,06+0,11 3,37+0,16* 2,84+0,17 2,55+0,14**
GSH, mmol/l 1,75+0,06 0,96+0,05* 1,48+0,02%* 1,61£0,03%%/***
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15th day of the study under the influence of SMTE by
1.7 times, under the influence of the comparison drug—by
1.8 times; ALP activity — by 1.4 and 1.6 times, respec-
tively, compared to the control pathology group.
A 2.1-fold and 2.5-fold decrease in AP activity, and a
1.9- and 2.2-fold decrease in ALP activity were observed
in affected animals on the 22nd day of the use of shiitake
extract and prostatophyte, respectively. The AP/ALP
ratio increased by 1.5 times in the control pathology
group compared to the control, which indicates the devel-
opment of the inflammatory process in PG (Shchokina,
2017). A probable decrease in the phosphatase index
was noted in blood serum relative to CP under the influ-
ence of the studied extract and the comparison drug on
the 22nd day of the study. Probable differences between
the comparison drug and SMSE were noted regarding
the activity of ALP and the content of GSH in the blood
serum of animals on the 15th day of the experiment,
on the 22nd day, probable differences were recorded
regarding the activity of AP and the content of TBA-AP.
A probable decrease in AP activity was observed in the
prostate homogenate of the affected rats under the condi-
tions of PG testosterone-induced hyperplasia by 32% and
55% relative to the control group on 15th and 22nd days
of the study, indicating PG damage. A probable increase in
ALP activity was revealed in the animal prostate homoge-
nate by 56% and 90% on the 15th and 22nd days of the
experiment compared to the control (tables 5, 6). The
phosphatase index decreased by 4.1 times in the prostate
homogenate of affected animals under the influence of tes-
tosterone compared to the control by the end of the study.
The activity of AP increased by 1.9 times and the
activity of ALP decreased by 1.6 times under the influ-

ence of SMTE on the 22nd day of the experiment rela-
tive to the affected animals. Prostatophyte significantly
increased the activity of AP by 2.1 times and decreased
the activity of ALP by 1.8 times relative to the CP group.
The AP/ALP ratio increased by 2.9 and 3.6 times under
the influence of studied extract and comparison drug
respectively, relative to the affected rats (table 6), which
indicates the ability of the drugs to stabilize membranes
of the PG acini.

The development of testosterone-induced hyper-
plasia of PG was accompanied by the activation of
lipid peroxidation processes, which is confirmed by a
1.6-fold increase in the content of TBA-AP in blood
serum already on the 15th day of the experiment, and a
1.8-fold decrease in the level of GSH in CP group ani-
mals compared to the indicators of C group (table 3).
The largest deviations of the studied parameters from
the norm were observed on the 22nd day after the start
of experiment

The introduction of SMTE contributed to a decrease
in the content of TBA-AP in the blood serum by 1.2 and
1.4 times, an increase in the level of GSH by 1.5 and
1.8 times on the 15th and 22nd days of the study, respec-
tively, relative to the affected animals (table 4, 5). The
use of Prostatophyte in parallel with testosterone propi-
onate also contributed to a probable decrease in the con-
tent of TBA-AP. Thus, the largest decrease in the content
of TBA-AP in the blood serum of rats was observed on
the 22nd day of the study by 2 times and the increase in
the level of GSH by 2.1 times, respectively, relative to
the CP group.

The level of TBA-AP increased by 2.1 times in the
prostate homogenate of the affected animals by the end

Table 4

The impact of Shiitake mushroom extract on biochemical parameters in rat blood serum in a model
of testosterone-induced prostate hyperplasia, 22th day, (M+m; n=56)

Index/Group of animals C CP CP+SMTE CP+Prostatophyt
AP, nmol/I*hour 6,70+0,38 19,07+0,66* 9,21+0,63** 7,7040,32%%/*+*
ALP, nmol/I*hour 10,45+0,36 25,27+1,10% 13,27+40,87** 11,45+0,35%*
AP/ALP 0,64+0,02 0,76+0,03* 0,69+0,01%* 0,67+0,02**
TBA-AP, pmol/l 2,06+0,11 4,55+0,24* 3,22+0,16%* 2,3040,10%*/***
GSH, mmol/l 1,7540,06 0,73+0,04* 1,3240,06** 1,53+0,07**
Table 5

The impact of Shiitake mushroom extract on biochemical parameters in prostate homogenate of rats
in a model of testosterone-induced prostate hyperplasia, 15th day, (M+m; n=56)

Index/Group of animals C CP CP+SMTE CP+Prostatophyt
AP, nmol/kg*hour 20,20+0,34 13,83+0,46* 17,03+0,40** 18,69+0,35%#/%*%
ALP, nmol/kg*hour 23,59+0,89 36,75+1,26* 26,95+1,07** 25,38+0,86**
AP/ALP 0,87+0,04 0,38+0,02* 0,64+0,01** 0,740,043 /%%*
TBA-AP, pmol/kg 13,44+0,82 22,41+1,12% 17,3140,75%* 15,26+0,60**
GSH, mmol/kg 1,26+0,06 0,77+0,03* 1,05+0,03** 1,16£0,03%%/***
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Table 6

The impact of Shiitake mushroom extract on biochemical parameters in prostate homogenate of rats
in a model of testosterone-induced prostate hyperplasia, 22th day, (M+m; n=56)

Index/Group of animals C CP CP+SMTE CP+Prostatophyt
AP, nmol/kg*hour 20,20+0,34 9,10+0,37* 17,00+0,78** 18,9840,27%*/***
ALP, nmol/kg*hour 23,59+0,89 44,7542 ,23* 28,41£1,16%* 25,27+1,11%%*
AP/ALP 0,87+0,04 0,21£0,01* 0,60+0,010%* 0,76+0,03%:%/***
TBA-AP, pmol/kg 13,44+0,82 27,96+0,97* 17,70+0,58** 14,58+0,62°%* /*+*
GSH, mmol/kg 1,26+0,06 0,55+0,05* 0,95+0,06** 1,17+0,05%%/***

of the experiment, the content of GSH decreased by
2.3 times compared to the control (table 6). The use of
SMTE and Prostatophyte contributed to a decrease in
the content of TBA-AP in the homogenate of the pros-
tate of animals with simulated benign hyperplasia on the
22nd day of the study by 1.6 and 1.9 times, respectively,
compared to the parameters of the control pathology. By
the end of the experiment, the content of GSH increased
by 1.7 times in the homogenate of the animals’ prostate
under the influence of SMTE, under the influence of
comparison drug — by 2.1 times relative to CP (table 5).
As can be seen from tables 5 and 6, the comparison drug
showed probably greater effectiveness in normalizing
some of the studied parameters in the prostate homoge-
nate than SMTE.

The results of our study are consistent with the works
of other scientists who modeled BPH and observed sim-
ilar changes in biochemical parameters. (Zaichenko,
2019; Makodrai, 2021; Brechka, 2021).

The use of SMTE effectively affected the antiox-
idant/prooxidant balance in the animal's body. This
is confirmed by a probable decrease in the content of
TBA-AP, an increase in the content of GSH and the nor-
malization of phosphatase activities in blood serum and
prostate homogenate of rats with testosterone-induced
BPH. The reference preparation caused similar changes
in biochemical parameters.

All the revealed results of the SMTE corrective effect
on the modeled pathology confirm its antioxidant proper-
ties and give reason to consider the studied extract effective
for restoring the function of PG. The effectiveness of the

shiitake mushroom extract was almost at the level of the
comparator drug. The study extract may expand the range
of BPH treatments and reduce the side effects of conven-
tional therapy. The advantage of SMTE is monocompo-
nentity, since most drugs of natural origin, in particular, the
comparison drug, are multicomponent, which increases the
risk of allergic reactions to their individual components.

Conclusions

SMTE had a positive effect on the state of the
prostate gland of rats injected subcutaneously with
testosterone propionate to simulate BPH. This is evi-
denced by probable positive changes in the relative
mass of androgen-dependent organs, normalization
of phosphatase activity, a decrease in the content of
TBA-AP and an increase in the content of GSH in
blood serum and prostate homogenate of white rats.
The use of comparative preparation “Prostatophyte”
also caused probable positive changes in the investi-
gated biochemical parameters.

The data of the experimental study confirm the
antioxidant properties of the thick extract of Shiitake
mushrooms. The prostate protective effect of shii-
take extract can be realized through its antioxidant
effect. The pharmacological properties of shiitake are
probably related to the presence of polysaccharides
in their composition, namely lentinan, steroid com-
pounds and vitamins.

The obtained results are a theoretical justification
for the feasibility of a suitable drug further develop-
ment for the complex treatment and prevention of
BPH in men.
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