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Chronic prostatitis is a common urologi-
cal condition among men in the world. It has
been shown that only 5 to 10% of patients
with prostatitis have acute or chronic bacte-
rial infection, while the majority of men with
prostatitis (about 90-95 %) have chronic pel-
vic disease without facts of infection (category
III). For example, it has been found that in the
United States, the prevalence of chronic prosta-
titis (CP)/chronic pelvic pain syndrome (CPPS)
or nonbacterial chronic prostatitis ranges
from 1.8% to 6.3%. With a prevalence of 1.8 %
equivalent to approximately 2 million cases,
the total annual cost of treatment per patient

is $ 4,397. In addition, young and middle-aged
men first of all suffer from chronic prostatitis
[1]. According to statistics, about 10% of uro-
logical patients in Ukraine are diagnosed with
CP/CPPS [2].

The etiology and pathogenesis of CP/CPPS
remain substantially uncertain. To date, the
triggers of chronic prostatitis CP/CPPS are
considered chronic inflammation and/or hypo-
thermia, the mutual influence of autoimmune,
neuroendocrine and psychological factors.

In patients with CP/CPPS in urine and
prostate secretions, but not in sperm have been
observed an increase in the number of leuko-
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cytes compared with the control group of men
without prostate disease. At the same time, the
bacterial spectrum haven't had difference from
the IC group. These studies confirm that the
etiology and pathogenesis of CP/CPPS don't de-
pend on the microbial factor, but there is an
inflammatory process [3]. Inflammation is as-
sociated with an increase in the concentration
of pro-inflammatory cytokines (interleukin-1,
tumor necrosis factor-a, interferon-y) and the
activity of autoimmunity (the reaction of T-cell
proliferation to prostate antigens), intrapro-
static urinary reflux, increased intraprostatic
stress, etc. [4]. A large number of studies con-
cerning the treatment of CP with the use of
pharmacological drugs, physiotherapeutic, sur-
gical and other procedures and the ambiguity
of their results indicate that, unfortunately,
there 1s still no consensus regarding the stan-
dards of treatment of the disease [5].

As far as inflammation is an important
component of CP, in researches much attention
is paid to inflammation, the effect of drugs on

the molecular pathways of inflammation activa-
tion, on the regulation of the synthesis of pro-
and anti-inflammatory cytokines, etc. [1].

At the same time, in our opinion, the role
of another significant participant in inflam-
mation, namely, connective tissue, is un-
derestimated, since it i1s known that severe,
permanent or prolonged trauma leads to dys-
regulation of connective tissue, because it is the
environment where all stages of damage (in-
flammation, fibrosis, etc.) pass off. These pro-
cesses, in turn, lead to dysfunction/loss of the
functional state of the organ, and therefore the
therapeutic reconstruction of the structure and
function of the connective tissue of the prostatic
gland can be another important strategy for
the pharmacotherapy of CP/CPPS.

The aim of the work was to evaluate and
compare changes of inflammation markers and
histological structure of prostate tissue in rats
with experimental chronic prostatitis under
conditions of Chondroitin sulfate use.

MATERIALS AND METHODS

These experimental studies were carried
out in compliance with the main rules of the
European Convention on the Protection of
Vertebrate Animals Used for Experimental and
Scientific Purposes (Strasbourg, 1986) and the
provisions of the General Ethical Principles for
Animal Experiments (Kyiv, 2001) [6].

The experimental studies were carried on
white mature male Wistar rats with weight
of 270-370 g. Non-bacterial prostatitis was
caused by local irrigation of the previously ex-
posed surgical access to isthmus and ventral
parts of the prostate for 5 seconds by an ap-
plicator for the wart removal Wartner®, the
wounded surface was sewed in afterwards. All
manipulations with animals were performed
under ether anesthesia [7]. This model is cha-
racterized by necrotic-fibrotic changes as a re-
sult of direct cryo-traumatic damage to the
prostate, hemodynamic disorders and inflam-
mation [7].

To assess the anti-inflammatory and pros-
tatoprotective properties, we used the intro-
duction of the substance Chondroitin sulfate
(manufactured by Sigma, USA) and the refe-
rence drug Prostoplant forte (manufactured by

Schwabe, Germany). The drugs were adminis-
tered three days before the simulation of cryo-
traumatic prostatitis and within 11 days after
cryotrauma. On the 12th day, animals were
taken out of the experiment by rapid decapita-
tion under light ether anesthesia. Animals were
divided into the 5 groups (8 animals in each
group): group 1 — intact control (IC); group
2 (control) — falsely operated rats (C FO) —
small incision in the abdominal cavity in the
area of the ventral part of the prostate; group
3 — control pathology (CP) (local irrigation of
the anterior surface of the central part of the
prostate (isthmus and ventral parts) within
5 seconds with an applicator for wart removal
Wartner®; group 4 — control pathology + ad-
ministration of Prostaplant forte (CP+PF) at
a dose of 35 mg/kg; group 5 — control patho-
logy + administration of Chondroitin sulfate
substance (CP + CS) at a dose of 60 mg/kg.
The state of inflammation was assessed by
the level of C-reactive protein (CRP), the num-
ber of leukocytes, the erythrocyte sedimenta-
tion rate in the blood, and during pharmaco-
logical correction. CRP was determined by the
semiquantitative method of latex agglutina-
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tion according to [8]. The sensitivity of the di-
agnosticum was 0.5 mg/l CRP. The number of
leukocytes, ESR was determined by standard
methods [7].

The state of the connective tissue was as-
sessed according to the results of histological
examination of the prostate, for this it was
fixed in a 10% formalin solution, carried out
using alcohols of increasing strength, and fill
with celoidin-paraffin.

Histological preparations of the prostate
after stained with hematoxylin and eosin
was studied by microscopy (size, shape of aci-
ni, stroma and the integrity of the epithelial
lining, etc.) [9]

Statistical processing of the obtained re-
sults was performed using parametric and
non-parametric methods. As a result of the
normal distribution, the arithmetic mean and
its statistical error were calculated (X=+ S9);
if the data were not consistent with the nor-
mal distribution, the median (Me), minimum
and maximum data (min+max) were calcu-
lated. Newman-Keuls method, nonparametric
Wilcoxon—Mann—Whitney U-test and Kruskal—
Wallis H-test were used to analyze differences.
Critical level of significance was assumed to be
equal to or less than 0.05 (p < 0.05).

RESULTS AND THEIR DISCUSSIONS

It is known trauma cause inflammation.
In our research, there was an increase in the
number of leukocytes, ESR, the concentration
of CRP appropriate to 1,8; 1,5 and 2 times com-
pared with group of IC (p < 0.05) (Table 1) in
the group of C FO animals. The combination
of trauma and a cold agent (cryotrauma), as ex-
pected, was accompanied by a more expressed
inflammatory process, which was characteri-
zed by an increase in the number of leukocytes
and ESR compared to the group of falsely ope-
rated rats (1.5, 1.2 and 2 times, respectively,
p <0, 05).

In the group of animals receiving the stu-
died drugs, a decrease in the manifestations of

inflammation was observed not only in compa-
rison with the group CP, but also in the group
C FO, as evidenced by a decrease in leukocyto-
sis, ESR and CRP (p <0,05).

As mentioned earlier, the connective tissue
is exactly the field of the pathological process
development in the tissue, particularly inflam-
mation. And the use of CS, which today is not
classified as a drug for the treatment of pros-
tatitis, turned out to be effective in reducing
the manifestations of inflammation. The effect
of CS on leukocytes, ESR, CRP haven’t had
difference from the reference drug, and also
slightly exceeded the average values in the
CP + PF group.

Table 1
Peripheral blood indicators under the impact of drugs
on model of the prostate cryotrauma and subject
to pharmacological correction, (n = 8), (X+S;)
Indicators
Animal grou _
group Leull;(;(%tes, ESR, mm/ hr Me min + max X+Sg
IC 9,88 +£1,06 9,00 + 0,95 2 2+2 2,00+ 0,00
CFO 18,00 + 2,269 13,50 + 1,20V 49 2+4 3,80+ 0,70
CP 27,00 + 1,862 | 16,25+ 0,93V? 8Y2 8+8 8,00 + 0,00
CP + PF 15,00 +£ 11,3229 | 11,50 + 1,46>? 49 2+4 3,30+ 0,67
CP+CS 14,00 + 1,4629 | 10,25+ 1,07?9 293)# 2+4 2,70 + 0,67
Note:
U Statistically significant differences compared to IC group data, p < 0,05,
2 Statistically significant differences compared to C FO group data, p < 0,05,
9  Statistically significant differences compared to CP group data, p < 0,05,
#  Statistical differences with tendency to CP+PF group data, p < 0,05.
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Fig. 1. The prostate gland of IC group: the normal state of the acini of the prostatic glands
in the ventral lobule (a) and in the isthmus between the ventral lobules (b).
Hematoxylin-eosin. x200.

Therefore, inflammation, as one of the im-
portant pathogenetic factors of prostatitis, is
positively influenced by both chondroprotective
and prostateprotective drugs.

The results of histological examination of
preparations of prostate showed that in the IC
and C FO groups in the ventral lobule and in
the area of the isthmus between the ventral
lobules of the prostate, the acini of the prostate
glands were predominantly rounded or partly
oval in shape, their contours were well-defined,
and the wall tension was good. The wall is
lined with a single-layer cuboidal or simple co-
lumnar epithelium, which is in the part of the
glands assembled in small folds. The nuclei of
epithelial cells are basally located; at the lumen
of the acini, eosinophilic secretions of different
density are often visible. Paroprostatic tissues
are not changed (Fig. 1).

12 days after cryotrauma in rats of the CP
group in the prostate tissue, a specific produc-
tive inflammation have observed in the glandu-
lar tissue and in the surrounding paroprostatic
tissue, collapse of the walls, their thickening
in most acini, destruction of a part of the acini
and thinning of their walls, distinct sinuosity,
stretching of the lumen acini, death and necro-
sis of a part of acini, desquamation of degene-
rated cells, lime deposition, as well as edema
of a loose fibrous stroma with hemorrhagic
effusion.

The interacinar tissue is infiltrated with
lymphocytes, histiocytes, plasma cells, hemor-
rhages, edema and protein effusion have seen
in places (Fig. 2).

As seen in Fig. 3, the comparison drug
Prostaplant Forte in the same mode of admi-
nistration promoted a completely preservation

Fig. 2. Rat prostate gland after cryotrauma:
a — collapse of the walls, their thickening in most acini;
b — destruction of part of the acini, thinning of the walls;
¢ — expressive tortuosity of the contours, stretching of the lumen of the acini.
Hematoxylin-eosin. X 100.
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Fig. 3. The prostate gland of a rat, which was injected with Prostaplant forte
against the background of cryotrauma:
a, b — the state of acini of different prostatic glands is not changed;
¢ — focal inflammation reaction in paroprostatic tissue.
Hematoxylin-eosin. x200.

of the state of a significant number of acini of
the prostatic glands in the ventral lobule of
the prostate, the disappearance or reduction
of inflammation in the interacinar stroma and
paroprastatic tissue. There was no edema and
interacinar protein effusion.

At the same time, the structure of the
acini in the isthmus between the ventral lobu-
les of the prostate has not yet fully recovered,
in some acini the wall was focal destroyed,
stretching and thinning of the epithelial lining
was track down, and the tortuosity of the acini
contours was increased.

After the course of administration of the CS
substance, the morphofunctional state of many
prostatic glands of the investigated prostate
zones improved in comparison with the group
CP. There was no inflammatory response in
the paroprostatic tissue and in the interacinar
stroma in the overwhelming majority of rats.
The state of acini of different types of prostatic
glands is actually unchanged.

The structure of the acini in the isthmus
between the ventral lobes of the prostate have
not had difference from the IC group. However,
there were still acini of the prostatic glands in
the ventral zone of the prostate, which were
characterized by increased size, increased tor-
tuosity of the form, thinning or focal damage
to the integrity of a small amount epithelial
lining.

In this way, the results of the laboratory
and histological studies in the conditions of
simulating prostatopathy have been shown that
markers of inflammation of the blood and pros-
tate tissue have parallel unidirectional chan-
ges. Both drugs have a distinct anti-inflamma-
tory effect and they are able to protect prostate
tissue from destructive changes resulting from
inflammation. The effectiveness of CS did not
concede to the comparison drug Prostaplant
forte, and was even partly more effective in
normalizing the concentration of CRP and re-
construction of prostate tissue.

CONCLUSIONS

1. In experimental cryo-traumatic prostati-
tis prostatoprotector Prostaplant Forte and
chondroprotector Chondroitin sulfate show
anti-inflammatory properties, as evidenced
by a decrease in the number of leukocytes
and erythrocyte sedimentation rate, the con-
centration of C-reactive protein in the blood,
and decrease destructive changes in the
prostate tissue.

2.In terms of anti-inflammatory properties,
the chondroprotector Chondroitin sulfate is

not concede to the prostatoprotector Pro-
staplant Forte; but in terms of effectiveness
to reconstruction of prostatic tissue and to
decreasing the level of inflammation mar-
kers in the blood, it even slightly exceeds the
effect of the reference drug.

3. These results indicate that the use of a com-
bination of prostatoprotectors and drugs ca-
pable of affecting the metabolism and recon-
struction of connective tissue is promising
for the treatment of prostatitis.

IIpobremu endoxpurnoi namosnoeii Ne1, 2022

69



Excnepumenmastvri 00caiodxceH s

REFERENCES

Zhang R, Chomistek AK, Dimitrakoff JD, et al. Med Sci
Sports Exerc 2015;47(4): 757-764. https://doi.org/10.1249/
MSS.0000000000000472.

Berger RE. J Urol 2011;170(17): 1219-1224. https://doi.
org/10.1001/archinternmed.2010.319.

Nickel JC, Alexander RB, Schaeffer Ad, et al. J Urol
2003:170(3): 818-822. https://doi.org/10.1097/01.ju.0000
082252.49374.€9.

Franco JV, Turk T, Jung JH, et al. Cochrane Data-
base Syst Rev 2018;1(1): CD012551. https://doi.org/10.
1002/14651858.CD012551.pub2.

6. Doklinichni doslidzhennnja likars’kyh zasobiv : meto-

dychni rekomendacii’ / za red. O. V. Stefanova, Kyiv,
2001: 528 p.

Zajchenko GV, Andrijanenkov OV, Gevojan SR, Sol-
datova JeO. Novitni pidhody do modeljuvannja krio-
travmy peredmihurovoi’ zalozy v eksperymenti : inform.
lyst, Kyi'v, 2013: 4 p.

Patent 38911 UA. Sposib vyznachennja koncentracii’
S-reaktyvnogo bilka ekspres-metodom.

Merkulov G. A. Kurs patologogistologicheskoj tehniki,
Moskva, 1969: 424 p.

Franco JVA, Turk T, Jung JH, et al. BJU Int 2020;
125(4): 490-496. https://doi.org/10.1111/bju.14988.

KOPENALIA SANANEHHA
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B NEPEAMIXYPOBIV 3AN03I WYPIB I3 XPOHIYHUM NPOCTATUTOM
3A YMOB 3ACTOCYBAHHA XOHAOPOITUHY CYJIbDATY
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Ba craructromw 6an3bko 10 % ypoJIOriYHUX XBOPUX B YEpPaiHl MAlTh JiarHO3 XPOHIYHOrO IIPOCTATHUTY/
CHUHJIPOMY XPOHIYHOT0 TA30BOT0 00110, 400 abaKTepiaJbHOr0 XpOHIYHOrO mpocTaTuTy. Kriosorisa 1 marorexes
3aJIAINATHECA 3HAYHOI MIpOK Ile HeBU3HAUYEHUMU, IIPOTe 3allaJIeHHs € OJHUM 13 TPHUIepiB I[bOTO CTAHY,
B AKUU 3aJIyYeHA 1 CIOJIyYHA TKAHUHA.

MeTor0 1aHoOro gocaimskeHHsa OyJIO OLIHKUTH TA CIIIBCTABUTH 3MIHU MapKeplB 3allajIeHHs Ta FiCTOCTPYK-
TYPHU TKAHUHU IIPOCTATU y IILYPIB 13 €KCIEPUMEHTAJIbHUM XPOHIYHUM IIPOCTATUTOM B YMOBAX 3aCTOCYBaH-
Ha XoHIpoiTUHY cysibdary. ExcriepumenTanbaa Moaenb He0aKTepiaIbHOTO IPOCTATUTY Oyjia 3MOJIeIboBa-
Ha XIpypPriuyHuM JOCTYIIOM J0 mepeamixyporoi 3amosu (I[13) ta miciieBuM 3ponryBaHHAM IIPOCTATH CIIPEEM
«Bapruep» nporsirom 5 cexyna. s oIiHKN IPOTH3AMIAIBHUX TA IPOCTATONPOTEKOPHUX BJIACTUBOCTEN 3a-
CTOCOBYBaJIM BBeJeHHs cyOcTaHIlll XOHJAPOITUHY CcyJibparyTa mpemapary mopiBHaHHs IIpocrammauT dop-
Te, AKl MOYMHAJN BBOAUTH 34 TPHU J00U 10 MOJEJIIOBAHHS IIPOCTATUTY Ta mporsarom 11 mi6. Buswmauannm
CTaH 3aIajIeHHaA 3a KoHIleHTpalrien C-peakTHBHOro 01JIKa, KiJbKICTIO JIEMKOIMTIB, IIBUAKICTIO 3CiTaHHA
epuTporuTiB B Kpoei. CTaH CHOJYYHOI TKAHWHY OI[IHIOBAJIN 34 PE3yJIbTaTaMH TiCTOJIOTTYHOrO JTOCIIIMKeH-
Hs IIPeIMIiXypoBoi 3a03u. BecTaHOBIEHO, 10 B YMOBAX MOJIEJIIOBAHHS IIPOCTATOIATII MapKepu 3amaieHHs
B KPOBl Ta TKAHWHI IIPOCTATH MAIOTh IIapaJiesibHI oJHOHAIIpaBeHl aminu. JlociimakeHl mpemaparu MamoTh
IpPOTH3aIMaJbHl BJIaCTUBOCTI Ta 3MEHIIYIOTh JeCTPYKTUBHI 3MiHU B poctari. XC He mocTymaBcst 3a epeKToM
mpenapary nopieaauHsA [IpocraniaanT dopre, 1 6yB HABITH Jelo e)eKTUBHINIAM 38 HOPMAaJIi3alliero KOHIIeH-
rpamii C-peakTuBHOro 01JIKa Ta BIAHOBJIEHHIM TKAHUHHU IIepAMiXypoBoi 3amos3u. O0uaBa npemaparu MamwTh
BUPA3HUM HPOTU3ATIATBHUN eeKT Ta 3aTHI 3aXUNIIATH TKAHUHY IPOCTATH BiJl JeCTPYKTHUBHUX 3M1H, SIKI
BUHUKJIA B Pe3yJIbTaTl 3amajieHHs. XOHJPOITHUHY CyJbdaT 3a BiJHOBJIEHHAM TKAHWHU MEPeIMIiXypoBOi
3aJ103U Ta 3MEHIIEHHSM PIBHS MapKepiB 3allaJieHHs y KPOBl HABITH JIEIN0 IEePeBUIIye 110 Ipernapary Io-
piBHAHHA. OTpuMaH] pe3yJbTaTH BKA3YITh HA MEPCHEKTUBHICTD 3aCTOCYBAHHS y Tepalrii IpoCTaTUTIB KOM-
OlHAII] MPOCTATOIIPOTEKTOPIB Ta IIPEIaparTis, K1 3aTHI BIIMBATH HA MeTa00J113M 1 BIJJHOBJIEHHS CIIOJIYYHOL
TKAHUHH.

Kiawuosi croBa: abakTepialbHMUN OHPOCTATUAT, XOOAPOITUHY cyabdar, [IpocrammauT dopre, crosrydna
TKAHWHA, 3allaJIeHHs.

70 IIpobremu endoxpurnoi namosoeii Ne 1, 2022



Erxcnepumenmastvri 0ocaiodiceH s

CORRELATION OF INFLAMMATION
WITH STRUCTURAL AND FUNCTIONAL CHANGES
IN THE RATS’ PROSTATE GLAND WITH CHRONIC PROSTATITIS
UNDER THE EXPOSURE OF CHONDROITIN SULPHATE

N. M. Brechka 2, V. V. Kozar 2, Ye. M. Korenieva !, V. A. Bondarenko !,
0. V. Dolzhykova %, N. O. Tkachenko 3, V. V. Borozenets 3, O. S. Protsenko ?, E. I. Zalubovskaya *

I SI «V. Danilevsky Institute for Endocrine Pathology Problems
of the NAMS of Ukraine»n, Kharkiv, Ukraine
2 National University of Pharmacy, Kharkiv, Ukraine
3 V. N. Karazin Kharkiv National University, Kharkiv, Ukraine
4 Kharkiv National Medical University, Kharkiv, Ukraine
natalia01073@gmail.com

According to statistics, about 10 % of urological patients in Ukraine have diagnose as well chronic prosta-
titis/chronic pelvic pain syndrome, or non-bacterial chronic prostatitis. The etiology and pathogenesis continue
to be substantially uncertain, but inflammation is one of the triggers that also involves connective tissue. The
aim of the work was to evaluate and compare changes of inflammation markers and histological structure of
prostate tissue in rats with experimental chronic prostatitis under conditions of Chondroitin sulfate use.

Non-bacterial prostatitis was caused by local irrigation of the previously exposed surgical access to isthmus
and ventral parts of the prostate for 5 seconds by an applicator for the wart removal Wartner®, the wounded
surface was sewed in afterwards. Non-bacterial prostatitis was caused by local irrigation of the previously ex-
posed surgical access to isthmus and ventral parts of the prostate for 5 seconds by an applicator for the wart re-
moval Wartner®, the wounded surface was sewed in afterwards. To assess the anti-inflammatory and prostato-
protective properties, we used the introduction of the substance Chondroitin sulfate (manufactured by Sigma,
USA) and the reference drug Prostoplant forte (manufactured by Schwabe, Germany). The drugs were admi-
nistered three days before the simulation of cryotraumatic prostatitis and within 11 days after cryotrauma. The
state of inflammation was assessed by the level of C-reactive protein, the number of leukocytes, the erythrocyte
sedimentation rate in the blood, and during pharmacological correction. The state of the connective tissue was
assessed according to the results of histological examination of the prostate.

The results of the laboratory and histological studies in the conditions of simulating prostatopathy have
been shown that markers of inflammation of the blood and prostate tissue have parallel unidirectional changes.
Both drugs have a distinct anti-inflammatory effect and they are able to protect prostate tissue from destructive
changes resulting from inflammation. The effectiveness of Chondroitin sulfate did not concede to the compari-
son drug Prostoplant forte, and was even partly more effective in normalizing the concentration of C-reactive
protein C-reactive protein and reconstruction of prostate tissue. These results indicate that the use of a com-
bination of prostatoprotectors and drugs capable of affecting the metabolism and reconstruction of connective
tissue is promising for the treatment of prostatitis.

Keywords: non-bacterial prostatitis, Chodroitin sulfate, Prostaplant forte, connective tissue, inflam-
mation.
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