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MATERIALS AND METHODS: 60 patients with benign prostatic hyperplasia (BPH) and category Il chronic prostatitis

(NIH, 1995) were examined. The average age of the patients was 60.5 + 5.5 years. The patients were divided into two
groups of 30 people each. The comparison group (GC) included patients who received standard therapy with drugs from the
group of alpha-blockers and fluoroquinolones. The main group (MG) consisted of patients who received standard therapy in
combination with physiotherapy sessions with the device “SMART-PROST", which were carried out in the acrophase of the
chronorhythm. After the end of the course of therapy all patients underwent transurethral resection of the prostate, after
which a morphological and morphometric (immunohistochemical) study of the obtained material was carried out.
RESULTS: According to the results of the morphological and morphometric examination of the histological material

in patients of the CG and MG, statistically significant differences were revealed in all the studied parameters, which testify
to the persistence of signs of the inflammatory process in the CG, while in the MG, the severity of inflammation was
significantly lower.

CONCLUSION: According to the results of the study, personalized complex therapy of patients with benign prostatic
hyperplasia in combination with chronic prostatitis using a combined physiotherapeutic effect of the SMART-PROST device,
taking into account the individual chronobiological characteristics of patients, allows to more effectively arrest the
inflammatory process in the prostate tissue, which can lead to a decrease in the number of postoperative complications.
However, the last statement requires further more detailed study.
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XpoHob6uonoruyeckmin noaxopn, K ie4eHUo 60/1bHbIX
Ao6poKkavyecTBeHHOM runepnaasuen npeacraTeNlbHoOM xenesbl
U XPOHUYECKUM NPOCTAaTUTOM: pe3yNbTaTbl MOP$0IOrMUecKOoro
uccsief0BaHUA
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Mamepuanel u Memodel. 06cnenoBaHbl 60 NaumeHTOB ¢ [406POKAYECTBEHHOM TUMepr/iasuen npeacTaTeNlbHOW Hene-
3bl (AFTHK) 1 xpoHuyeckuM npoctatutoM Kateropuu Il (NIH, 1995). CpeaHuin BospacT 6onbHbIx coctaBun 60,5 + 5,5 roga.
MaumenTbl 6binK pacnipeseneHsbl B age rpynnbi no 30 yenosek. B rpynny cpaBHeHus (C) BKAKoYeHbI NaLMEHTBI, KOTOPbIM MPO-
BOAWNM CTaHOAPTHYI0 Tepanuio npenapaTamu U3 rpynnbl anbha-610Kkatopos 1 ¢TopxuHonoHoB. B ocHosHyto rpynny (OF) Bxo-
AWM NaLUMEHTbI, NOMyYaBLUME CTaHLAPTHYI0 Tepanuio B COMETaHWM C ceaHcamm ¢pumsmoTepanmm annapatoM «CmapT-TpocT»,
MPOBOAMBLUMECA B akpodasy xpoHopuTMa. ocie OKOHYaHMA Kypca Tepanuu BceM 60MbHBIM Obina Npou3BeeHa TpaHcype-
Tpa/nbHasA Pe3eKLmMA NpocTaThl, Noc/ie KOTOPoK bbino NpoBeaeH0 MOPHONOrUYecKoe U MOPHOMETPUYECKOE (MMMYHOMUCTOXM-
MWYECKOe) UCCief0BaHUE MONYYEHHOr0 MaTepuana.

Pesynemamei. CornacHo pesynbTatamM Mophoornyeckoro M MopdoMEeTpMYECKOr0 UCCNeA0BaHMA TUCTONOrMYECKOro Ma-
Tepuana y nauueHToB I'C 1 OF 6binM BbIABNEHbI CTAaTUCTUYECKM 3HaUMMble pasfiMums Mo BCEM UCCIEAYeMbIM MOKa3aTeNaM,
CBUIETeNbCTBYIOLLME O COXPaHEHMM NPU3HAKOB BocnanuTenkbHoro npowecca B I'C, Toraa Kak B OI BbipaxKeHHOCTb BOCTaneHns
Oblna 3Ha4YMTENbHO HUKE.

3aknoyenue. CornacHo pesynbTaTaM NpoBeLEHHOM0 UCC/eA0BaHUA, NEPCOHANM3MPOBaHHAA KOMIIEKCHaA Tepanius naum-
€HTOB C J,00POKaYeCTBEHHON FMNepniasue NpeacTaTeNbHON Hene3sbl B COHETaHUM C XPOHUYECKMM NPOCTAaTUTOM C UCMOfb-
30BaHMEM KOMOMHMPOBaHHOrO GKU3MOTEpaneBTUYECKOr0 BO3AENCTBMA annapaTtoM «CMapT-lpocT» ¢ y4eToM MHAMBULYAMb-
HbIX XPOHOBMOMOMMYECKMX 0COBEHHOCTEN NALMEHTOB No3BoniseT bonee IQHEKTUBHO KynmMpoBaTb BOCMANMUTENbHBIA MpoLecc
B TKaHW NpeACTaTeNbHOM HKenesbl, YT0 MOMET MPUBOAUTL K CHUMEHWIO KOMMYECTBa MOCNIEONePaLMOHHBIX OCMOKHEHUM.
0ZHaKo nocnefHee yTBepkaeHMe TpebyeT AanbHeiLero 6onee 4eTanbHOro U3yUeHuA.

KnioyeBble cnoBa: XxpoHUYECKUI baKTepuanbHbIM NPOCTaTUT; f,06pOKaYeCcTBEHHAA rMNepnaa3na NpeAcTaTe/lbHoOM Henesbl;
[ITIHK; TYP npocTaTtbl; XpoHoTepanua; ¢u3voTepanua annapatoM «CMapT-lpocT»; MoppoMeTpus; IMMYHOrMCTOXMMUA.
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INTRODUCTION

Benign prostatic hyperplasia (BPH) is one of the most
common diseases in older men. The histological signs of
BPH are found in 40% of men aged 50-59 years and in >75%
of men aged 260 years, and clinical manifestations of the
disease are detected in 20% and >35%, respectively [1-3].
According to some reports, chronic prostatitis (CP)
is the most common urological disease in men aged
<50 years and the third most frequent disease in men
aged >50 years [4-7]. Accordingly, it is quite appropriate
to assume that a combination of BPH and CP is highly
probable in older men. The results of the morphological
examination of the prostate tissue in these patients most
accurately confirm the presence of BPH and CP.

According to the National Institutes of Health, >25%
of men with urinary system diseases have symptoms of
prostatitis, which constitute approximately 9% of the en-
tire male population [5]. Results of morphological studies
conducted in male patients with BPH indicate that signs of
chronic inflammation of varying severities in the prostate
tissue were present in 96.7% of the cases [8-12].

Histologically, CP in the active phase is manifested by
the presence of alterative-exudative changes in the glan-
dular and stromal tissues of the prostate, an increase in
the number of segmented leukocytes, formation of pseu-
do-abscesses in the lumens of the glands, and emergence
of the foci of new connective (granulation) tissues [13].
The inflammatory process in the prostate gland deterio-
rates significantly the clinical manifestations of BPH and
increases the probability of postoperative complications.
Inflammation is also significant in the mechanism of
prostate enlargement due to cytokines secreted by mac-
rophages [14].

Currently, transurethral resection (TUR) of the pros-
tate is considered the gold standard of surgical treatment
of patients with BPH [1, 15]. The indication for surgery is
the presence of infravesical obstruction [16]. However,
despite its advantages, TUR is accompanied by a rather
high frequency of complications, including the most fa-
tal ones for the patient’s health, including hemorrhage
(2.9%), urinary bladder tamponade (4.9%), infectious
and inflammatory diseases (4.1%), urethral stricture
(5%-7%), and urinary bladder neck sclerosis (2%-4%)
(17, 18].

Given the insufficient efficiency of the known treat-
ment methods for CP and BPH, alternative therapeutic
methods with a proven pathophysiological mechanism
of action become increasingly common in medicine, par-
ticularly in urology [19-22]. Various physiotherapeutic
procedures have been recently used in combination with
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other drugs, such as magnetotherapy, electrophoresis,
and laser therapy [23].

All processes in the wildlife, and hence in the human
body, are subject to certain rhythms [19]. In the differ-
ent phases of the rhythm, the physiological activities in
the body are at different levels. Personalization of the
treatment of patients, taking into account the individual
characteristics of their biorhythms (chronotherapy) is a
topic in many branches of medicine, including urology,
and is widely used in the treatment of several diseases
[20]. Chronotherapy consists of the graphic determina-
tion of the time when the chronobiological activity of
each patient is at its maximum value (acrophase) and
in performing medical procedures at this particular time
[19-21].

This study aimed to assess the efficiency of personal-
ized complex treatment of patients with prostate adeno-
ma and CP using the Smart-Prost device in the acrophase
of the chronorhythm based on the results of the mor-
phological and morphometric examinations of histological
materials obtained during TUR of the prostate.

MATERIALS AND METHODS

We examined 60 patients with BPH who were referred
for surgical treatment (TUR of the prostate) and who were
diagnosed with category Il CP according to the classifica-
tion of the USA National Institute of Health (NIH, 1995).
The average age of the patients was 60.5 + 5.5 years.
The average duration of chronic bacterial prostatitis and
BPH at the time of patient inclusion in the study was
7.5 £ 2.3 years.

The inclusion criteria were total IPSS score >20, re-
sidual urine volume not more than 100 ml, maximum urine
flow rate of <14 ml/s, prostate gland volume of not more
than 80 cm?®, prostate-specific antigen level in the blood
serum of not more than 2.0 ng/ml, absence of sexually
transmitted infections, bacterial nature of inflammation
in the prostate gland (microbial count >10* CFU/ml in the
prostate secretion), and duration of CP and BPH from 5 to
10 years.

The exclusion criteria were stones in the bladder and
ureters, hematuria, suspected prostate or bladder cancer,
allergic reactions to the drugs used, a history of surgical
aids on the pelvic organs, urinary tract infections, neuro-
genic bladder dysfunction, abnormal development of the
urinary and genital organs, oncological and severe cardio-
vascular diseases, diabetes mellitus, and hypogonadism.

The patients were randomly distributed into two groups
of 30 people each. The comparison group (CG) included
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patients who received standard therapy with alpha-block-
ers (tamsulosin 0.4 mg once a day) and fluoroquinolones
(levofloxacin 500 mg once a day), with a treatment course
of 28 days. If necessary, the therapy was adjusted based
on the sensitivity of microorganisms.

The main group (MG) consisted of patients who re-
ceived standard therapy in combination with physiotherapy
sessions with the Smart-Prost apparatus, which were per-
formed in the chronorhythm acrophase. The chronorhythm
was recorded every day at 8:00 using the Dinamika com-
puter complex, after which the time corresponding to the
maximum peak of the chronobiological activity of the pa-
tient's body (chronorhythm acrophase) was determined.

After the therapy, all patients underwent TUR of the
prostate, and a morphological and morphometric (immu-
nohistochemical) study of the material obtained was per-
formed.

For histological examination, the prostate tissue was
fixed in a 10% solution of neutral formalin. The tissue was
dehydrated in ethyl alcohol of increasing concentration, and
the biopsy sample was then embedded in paraffin. Sections
of prostate tissue with a thickness of 5 ym were stained
with hematoxylin and eosin, as well as picro-fuchsin ac-
cording to Van Gieson, to identify collagen fibers. To detect
plasma cells in paraffin sections, the immunohistochemical
method was used. Monoclonal murine antibodies to human
CD138 and clone M115 from DakoDenmark A/C (Denmark)
were used. For this purpose, the immunoreactivity of pri-
mary antibodies was detected using secondary antibodies
conjugated to the peroxidase system. Cell antigens were
detected by an indirect enzyme-linked immunosorbent as-
say using the “EnVision FLEX+, PH, Mouse, high Ph" de-
tection system made by DacoDenmark A/S. For the labo-
ratory studies, an open-type auto-steiner Dako Link with
a manual setting from the same manufacturer was used.

Biopsy samples (surgical material) were examined
under a LeicaDMR light microscope using the LASVersion

Fig. 1. Micrograph of the preparation. Chronic prostatitis, in-
flammatory infiltrate in the stroma, hematoxylin-eosin staining,
%100 (@) and x200 (b)

Puc. 1. Mukpogotorpadma npenapara. XpoHUYECKUIA NPOCTATUT,
BOCMa/MTENbHbIN MHGUILTPAT B CTPOME, OKpacka reMaToKcum-
HOM U 303UHOM, yBenmyenune x100 (a) n x200 (b)
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4.4.0 software made by Leica Microsystems CMS GmbH
(Switzerland). Tissue photomicrographs were taken in ran-
dom areas of prostate fragments in each group. In total,
347 microphotographs were assessed in the CG, and 603
micrographs were analyzed in the MG (Fig. 1, 2).

To measure the area of collagen fibers, the ImageJ
1.51t software (National Institutes of Health, USA) was
also used. Histological sections of prostate tissue stained
with picro-fuchsin according to Van Gieson were photo-
graphed using a computer image analysis system based on
a LeicaDMR microscope, a Leica DFC295 digital camera,
and a Leica digitization board (Germany) (Fig. 3).

When quantifying red-colored collagen, the RGB im-
age was divided into red, green, and blue channels since
the threshold tool functions only with grayscale images
(Fig. 4). Then, using the threshold tool, the collagen was
isolated in the most contrasting green channel, and a mor-
phometric study was performed (Fig. 5).

The results of measuring the area of collagen in mi-
crometers and the percentage of the area of the collagen
from the entire area of each microphotograph were en-
tered into a table by the program for subsequent statisti-
cal processing. In addition to the percentage of fibrosis
area, the maximum threshold value of the pixels included
in the measurements was calculated. This characteris-
tic may indicate the intensity of the color of the collagen
fibers.

The diameters of the arterioles and venules were also
measured without dividing them into groups. According
to Ham-Cormack, the average size of the lumen area
of the arteriole is 452.16 ym? and that of the venule is
684.12 pm?. Vascular diameters were measured using the
LASVersion 4.4.0 software on microphotographs of the
prostate gland sections stained with hematoxylin and eosin
at a magnification of x200 (Fig. 6).

Statistical analysis was performed using the Statistica
10.0 (StatSoft) package. The conformity of the distribution
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Fig. 2. Micrograph of the preparation. Chronic prostatitis, the for-
mation of a lymphoid follicle, hematoxylin-eosin staining, x100 (a)
and =200 (b)

Puc. 2. MukpodoTorpadma npenapata. XpoHUYECKUI MPOCTATHT,
dopMupoBaHMe MMMGOUAHOTO GONMKYNA, OKpacka reMaToKcu-
JIMHOM W 303WHOM, yBenmyeHune x100 (a) n x200 (b)
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Fig. 3. Micrograph of the preparation.
Van Gieson'’s picrofuchsin staining of col-
lagen fibers, x20

Puc. 3. Mukpodotorpadua npenapara.
OKpacKa Ko/nnareHoBbIX BOJIOKOH MUKPO-
dyKcmHoM no Bau w3ony. YBenuuenue
x20

Fig. 4. Micrograph of the area of fibrosis. Split into three
channels: red, green, blue

Puc. 4. MukpodoTtorpadus obnactn ¢pnbposa. Pazgeneque Ha
TPM KaHana: KpacHbliA, 3eN1eHbIN, CUHUI

Fig. 5. Micrograph of a sample. Collagen fibers isolated with the
“Threshold” tool

Puc. 5. MukpogoTtorpadma obpasua. KonnareHoBble BOMOKHa,
Bbl1€/IeHHbIE C MOMOLLb0 MHCTpyMeHTa «Threshold»

of quantitative data to a normal distribution was tested
using the Shapiro-Wilk W-test. Two samples of quanti-
tative characteristics were compared using the t-test for
independent variables, since the variables had a normal
distribution. The result was significant if the probability of
rejecting the null hypothesis of the absence of differences
did not exceed 5% (p < 0.05).

RESULTS

Fibrosis in the prostate gland is caused by the influ-
ence of various damaging factors on the parenchyma,

Fig. 6. Micrograph of a sample. Prostate. Measurement of vessel
diameters. Hematoxylin-eosin staining, x200

Puc. 6. MukpodoTtorpagus obpasua. MNpoctata. N3mepenue ana-
MeTpoB cocyaoB. OKpacka reMaToKCUAMHOM U 303MHOM, x200

including a chronic inflammatory process, and it is also a
result of metabolic disorders in the prostate accompanied
by BPH. Morphological examination reveals signs of struc-
tural changes, which are expressed by the accumulation of
the extracellular matrix (ECM). ECM molecules combined
to form large molecules of collagen, elastin, and other
structures. Collagen is known to be the main structure that
forms the gland stroma, and excessive formation of these
structures leads to an impairment of the organ’s function.

Table 1 presents the relative proportions of fibrous tis-
sues in the prostate gland of patients of the MG and CG.

Table 1. The proportion of fibrosis in the prostate gland of patients in the comparison group and the main group (n = 60)
Tabnuua 1. [lona ¢pubpo3a B npeAcTaTeNIbHOM Hefe3e NaLMEHTOB FPYMMbl CPaBHEHWA M OCHOBHOM rpynnbl (n = 60)

Group Number

(number of patients, n) of samples Average value, % Minimum, % Maximum, % o m
Comparison group
(n=30) 347 35.47 10.96 57.18 9.04 0.49
Main group
(n=30) 603 19.89* 3.94 56.74 6.54 0.27

* The difference with the value in the comparison group is significant (p < 0.05).
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Table 2. Comparative analysis of the number of plasma cells in the prostate gland of patients in the comparison group and the main group (n = 60)

Ta6bnuua 2. CpaBHUTENbHBIA aHaNM3 KOMMYECTBA NIa3MaTUYECKUX KNETOK B MPeACTaTe/IbHOW Mene3e MalMeHToB rpynnbl CpaBHeHNA
M 0CHOBHOW rpynnbl (n = 60)

Group Number Number of cells positive for CD138 Average number of plasma cells
(number of patients, n) of fields of view in 20 fields of view, x20 in the field of view
Comparison group (n = 30) 200 1178 5.89
Main group (n = 30) 200 290* 1.45*

* The difference with the value in the comparison group is significant (p < 0,05).

Table 3. Comparative analysis of measuring the diameter and area of the vessels of the microvasculature of the prostate gland in patients
of the comparison group and the main group (n = 60)

Ta6nuua 3. CpaBHUTENbHBINA aHANIM3 U3MEPEHWA AMaMeTpa 1 NOLLaaM COCYL0B MUKPOLIMPKYIIATOPHOO pycia npeacTaTesibHom ene-
3bl NALMEHTOB FPYMMbl CPaBHEHWA U OCHOBHOM rpynnbl (n = 60)

Group Number Number Average vessel Average area of the vessel
(number of patients, n) of fields of view of measurements diameter, pm lumen, pm?
Comparison group (n = 30) 206 854 53.098 2834.393
Main group (n = 30) 301 1089 27.253* 794.539*

* The difference with the value in the comparison group is significant (p < 0.05).
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Fig. 7. Immunohistochemical study of plasma cells, reaction with CD138, x200: a - plasma cells in the stroma; b - plasma cells in the
stroma between the glands of the prostate; ¢ - plasma cells in the lymphoid follicle

Puc. 7. VIMMyHor1cTOXMMMYECKOE MCCieJOBaHME NIa3MaTUYeCKMX KNeTok, peakuma ¢ CD138, yennuenne x200: @ — nna3Matunyeckue
KMEeTKU B CTPOME; b — Nia3MaTUYecKme KNEeTKM B CTPOME MEX Y NPOCTAaTUUYECKUMM Hefe3aMu; ¢ — Nia3MaTUYeckue KIeTku B IMMgo-

naHoM donnukyne

The proportion of fibrous tissue in the MG was signifi-
cantly less than that in the CG. Table 2 shows the re-
sults of a comparative analysis of the number of plasma
cells in the CG and MG. Plasmocytes were indicated by
immunohistochemical method using antibodies to CD138
(Fig. 7).

The number of plasma cells in the prostate gland, de-
termined by immunohistochemical analysis, was signifi-
cantly lower in the MG than in the CG. A similar tendency
was noted when evaluating the results of measuring the
diameter and area of the vessels of the prostatic micro-
vasculature (Table 3).

According to the results of the morphological and mor-
phometric study of the histological materials of the pros-
tate gland of patients in the CG and MG, significant differ-
ences were found in all parameters examined, indicating

DOl https://doi.org/1017816/uroved56807

the persistence of inflammatory signs in the CG, while its
severity in the MG was significantly lower.

DISCUSSION

In chronic inflammation, active inflammation, tissue
damage, and repair occur simultaneously. In the histologi-
cal material obtained after TUR of the prostate, the five
main morphological signs of chronic inflammation include
the presence of a productive tissue reaction with infiltra-
tion by mononuclear cells (macrophages, lymphocytes, and
plasma cells), as well as repair failure, angiogenesis, and
tissue sclerosis [13]. Although the main cells of chronic
inflammation are macrophages, we selected the count of
plasma cells in biopsy samples of the prostate gland for
this study. Plasma cells, as immunocompetent cells of
the lymphocytic series, producing antibodies, are directed
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against a persistent antigen in the focus of inflammation or
against components of destroyed tissue. They represent a
common morphological indicator of chronic inflammation
and its intensity.

In the MG, significant differences (p < 0.05) were found
in all morphometric and immunohistochemical parameters
examined when compared with the CG. The proportion of
fibrous tissue in the prostate of the MG was significantly less
than that in the CG. In addition, the MG had a lower intensity
of fibrosis development, as evidenced by the higher optical
density of collagen in the patients, which indicated its ma-
turity. A similar presentation is typical for the end of the fi-
brosis process. In addition, significant differences were reg-
istered in the area of blood vessels and number of plasma
cells. All these changes indicate a more effective and quicker
relief of the inflammatory process in the prostate tissue in
patients who received standard therapy in combination with
physiotherapy sessions using the Smart-Prost apparatus in
the chronorhythm acrophase for 4 weeks.
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