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According to the epidemiological resear-
ches, up to 45 % of able-bodied men in Ukraine
are suffering from the chronic prostatitis (CP),
at that in 40 % cases CP may causes men's in-
fertility [1]. The treatment of patient with CP
remains the difficult medical problem that con-
ditions the actuality of researching and deve-
loping of new prostate protectors.

The elaboration of the entirely new drugs is
the priority for professionals [2]. Thus, it is well
known that changes of the physical properties
of substances in a form of nanoparticles (NP)
naturally lead to the changes of their biological
effects [3, 4]. The small sizes of nanoparticles
(1 pm — 100 nm) and variety of their shapes
(dot-shaped, spherical, grains, nanorods etc.)

promote to binding with nucleic acids and
proteins, insertion into cells membranes and
changing of biostructures functions [4—7]. The
term «form-factor» is referred to combination of
sizes and shapes parameters of nanoparticles.
It has been experimentally detected that using
of NP based on oxides of rare-earth elements
may positively influences the reproductive func-
tion and demonstrates antioxidative properties
[6, 7].

Therefore, the purpose of this work was
to investigate the influence of rare-earth ele-
ments’ nanoparticles of different form-factor on
the correction of pathological condition of endo-
crine and spermatogenic function of the testic-
les caused by chronic experimental prostatitis.
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Institute for Endocrine Pathology Problems of the NAMS of Ukraine» and the Department for nonstructural mate-
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reproductive function disturbances under experimental modeling of prostatitis in rats by nanoparticles based on the
oxides of rare-earth elements» (state registration Ne 0117U00788).
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MATERIALS AND METHODS

The investigation has been carried out ac-
cording to the «National General Principles for
Animal Researches Ethics», which corresponds
to the «European Convention for the Protection
of Vertebrate Animals used for Experimental
and Other Scientific Purposes» [8]. The ani-
mals have been kept in standard conditions of
vivarium with natural light, ration and water
supplying [9]. The modeling of CP has been ful-
filled in rat’s males (250-350 g of body mass)
by cryo traumatizing of ventral part of prostate
gland (vpPQG) using cryo device Wartner (omega
Pharma International, Belgium) (CP group).
This model of CP has been accompanied with
haemodynamic instability and inflammation
developing that to some extent corresponds to
mechanism of CP developing in men [10]. The
control group of animals has been performed
by falsely operated rats undergone the same
manipulations as in the modeling, but without
vpPG damaging.

For CP correction the NP composition have
been chosen: Lanthanum Orthovanadate ac-
tivated by Europium (NP LaVo, : Eu*) in the
rod shape (size 6—8*50—56 nm), Gadolinium
Orthovanadate activated by Europium NP
GdVO, : Eu*) in spherical shape (size 1-2 nm)
or in the grain shape (size: 8—10* 25 nm) to
which silver NP (NP Ag) was added (groups
CP+ nanorods, CP+ spherical NP, CP+ grain
shaped NP accordingly). The dose of substanc-
es were 0,3 mg/kg of body mass. All the re-
search samples of NP have been synthesized
and obtained in the Institute for Scintillation
Materials of NAS of Ukraine according to the
scientific cooperation agreement between SI «V.
Danilevsky Institute for Endocrine Pathology
Problems of the NAMS of Ukraine» and the
SI «Institute for Scintillation Materials of NAS
of Ukraine» (Department for nonstructural
materials of the Institute for Scintillation

Materials, the head — Dr. Sc. (Phys.-Math,
| Maliukin Yu. V).

«Prostatilen» (0,5%) has been chosen to be
the drug of comparison that is commonly used
for treatment of chronic nonbacterial prosta-
titis and correction of men's infertility (group
CP+Pr) [11]. The researched substances have
been introduced from 15% day after surgery du-
ring next 2 weeks in volume of 0,5 ml, into the
upper part of rectum to a depth of 20—-25 mm
from anus using special non traumatic semi-
rigid catheter.

The leukocytosis and changing of coeffici-
ents of prostate gland (PG) and seminal ve-
sicles (SV) masses have been considered to
be the criteria of pathology development. The
quantity of leukocytes has been measured dy-
namically according to the common procedure
[12]. Blood has been taken from rat’s tail vein.
The condition and masses of PG and SV have
been determined after quick animal’s decapita-
tion, mass coefficients (the ratio of the organ's
weight (mm) to the animal weight (g)) have
been calculated. The blood levels of general tes-
tosterone (Ts) have been determined using im-
munoferment test kit (firm «Chema», Russia)
and immunoferment photometric analyzer Stat
Fax 2100. The counting of sperm cells has been
carried out in the suspension of appendix of the
epididymis using Horiayev haemocytometer on
common procedure, the concentration of mor-
phologically normal cells was calculated CN
[13, 14].

The figures obtained have been analyzed
using Excel and Statistika 6,0 programs under
Shapiro-Wilk test and #-Student test [15]. Data
obtained were performed as the arithmetical
mean (X) and its standard deviation (£ So). The
differences among groups have been considered
as statistically significant at P < 0,05.

RESULTS AND THEIR DISCUSSION

Due to CP induced by cryo trauma of vpPG
the disturbances of endocrine and spermato-
genic functions have been observed [16].

It has been determined that modeling of
CP has accompanied with increasing of leuko-
cytes concentration. After two weeks of trea-
ting of CP by compositions contained NP with

different form-factor the number of leukocytes
has significantly decreased in all researched
groups comparing with group of males with CP
(p < 0,05) that may indicate declining of in-
flammation in the PG (fig. 1). The same results
has been obtained after treatment of males
with CP by referent cure «Prostatilen».
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Fig. 1. The concentration of leukocytes in blood of rats with chronic prostatitis
after treatment by nanoparticles with different form-factor.

*

P < 0,05 comparing with control group;

** P < 0,05 comparing with group of CP.

According to author's data, nanoparticles of
GdVO, : Eu** have demonstrated anti-inflam-
matory activity due to minimization of pro-
ducing of active forms of oxygen at the inflam-
mation sites. Combined with silver that has
antibacterial effect, treatment has led to de-
creasing of general inflammation [3, 17].

It is known, that the haemodynamical dis-
turbances caused by cryo trauma of PG, lead to
inflammation development in the gland as well
as in the rat's SV, which may be explained by
sameness of trophic and functioning processes
of these organs.

Owing to disturbances of drainage function
of CP during inflammation the fluid is gaining
in the lumen and the tension is increasing.
These processes contribute to membrane ische-
mia and inflammation activating [18]. Thus,

the increasing of CV fluid secretion (of 36 %),
their mass coefficients (of 26 %) and vpPG
(of 31%) observed in males with CP, may be
considered as signs of inflammation of re-
searched organs.

The treatment by NP with different form-
factors, particularly by nanorods and spherical
NP, has caused the decreasing of vpPG mass
coefficients (by 41 % and 53 % accordingly) and
SV mass coefficients (by 35% and 30% accor-
dingly, by lowering the mass of fluid) compa-
ring with rats of CP group. The application of
composition of grain-shaped NP and drug of
comparison «Prostatilen» have no influenced
the researched indices comparing with group of
animals without treatment.

The functional disturbance of prostate
gland due to inflammation leads to hormonal

Table 1

Masses coefficients of sex organs of rats with chronic prostatitis treated
by nanoparticles with different form-factor, X+ Sg

Indices
Mass coefficient X X
Group Weight of seminal
Seminal vesicles Ventral part vesicles fluid, mg
of prostate gland
Control (n = 13) 3,4+0,2 1,3+0,1 610,5 + 35,0
CP(n=17) 4,3 +0,2* 1,7+ 0,1* 830,5 + 51,6
CP + nanorods (n = 9) 2,8 +£0,3*%* 1,0 £ 0,1%/** 443.0 + 81,6%*
CP + sph. NP (n=9) 3,1 +0,3%* 0,8 + 0,1%/** 557,1 £ 73,9%*
CP + gr. NP (n = 10) 4,4 +0,3* 1,6 +£0,1* 788,0 + 74,9*
CP+ Pr (n=13) 4,4+0,3% 1,6 +£0,1* 748,5 + 63,0

Notes:
* P < 0,05 comparing with control group;
** P < 0,05 comparing with group of CP.
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Fig. 2. Testosterone serum levels in rats with chronic prostatitis
after treatment by nanoparticles with different form-factor.

*

P < 0,05 comparing with control group;

** P < 0,05 comparing with group of CP.

and spermogram values changes (fig. 2, tabl. 2,
group CP).

Thus, testosterone serum blood level in rats
with CP has declined by 35% comparing with
Control group. The application of NP nanorods
composition has led to the Ts levels normal-
ization (up to 40%), composition of spherical
NP has increased Ts level by 31% comparing
with CP group (see fig. 2). By application the
drug of comparison «Prostatilen» Ts level has
recovered up to intact group values, which cor-
responds to other authors’ data [11].

The inflammation declining in the PG has
facilitated the incretionary function of testis
that has led to the substantial improvement

of the spermogram's indices. Thus, the rats of
CP+nanorods group have shown spermatozo-
ons concentration increasing in 1,6 times, C
index — in 1,7 times more and sperms motili-
ty —in 1,4 times more than in rats of CP group
(p < 0,05) whereas pathologically changed sper-
matozoons have decreased in 2,1 times com-
paring with CP group of rats (p < 0,05). There-
fore, it can be argued that spermatogenic func-
tion has recovered according to the parameters
listed above. The males of CP+ spherical NP
group have demonstrated increased concen-
tration of the morphologically normal sper-
matozoons by 49 % and decreasing of number
of abnormal sperm cells in more than 2 times

Table 2
Spermogram indices of rats with chronic prostatitis
after treating by nanoparticles with different form-factors, X+ S
Indices
Group General Pathological
concentration, C,, mln/ml Motility, % form. %
mln/ml >
Control (n = 7) 68,4+ 5,2 65,4 = 4,5 74,6 + 4,4 4,1+0,7
CP (n=16) 40,3 + 3,9* 36,1 + 3,8% 45,9 + 3,5% 11,2 + 1,0%
- +(nniln7(;rods 63,0+ 6,7+* 60,0 + 6,9%* 63,1+ 6,6%* 54+ 1,1%
o &ng} W 56,2+ 7,7 53,7+ 7,6%* 53,3+ 5,1% 4,9+ 0,97
CP + gr. NP 49,5 + 5,0% 45,2 + 5,3* 74,8 + 3,0%* 8,3+1,1*
(n=10)
CP+Pr n =12) 52,3 + 3,4%/** 49,1 + 3,3%/** 66,6 £ 4,6 6,4 + 0,9%*

Notes:

* P < 0,05 comparing with control group;

** P < 0,05 comparing with group of CP;

CN — the concentration of morphologically normal sperms.
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comparing with Cp group data. The increa-
sing of percentage of motile sperms (oscillatory
movement) by 63 % has been detected in CP+
grain shaped NP group while other indices had
no changes comparing with the same one in
rats with CP. The introduction of «Prostatilen»
has led to the improvement of sperm indices
comparing with CP group (see table 2).
Therefore, data obtained have shown that
composition of nanorods (LaVo,:Eu®*+ Ag) was
more effective in CP consequences tackling.
It might occurre due to interaction among the

most part of receptors on the cells surface with
nanorods long spindles that facilitates their ab-
sorption [19]. Moreover, it has been observed
that nanorods may reach nucleuses of tumor,
whereas other nanoparticles (specifically
spheres) have been detected only on the tumor
surface that confirms the distinctiveness of
nanorods [20]. The results of our investigation
have shown that nanoparticles of La,O, have
reduced the disturbances of spermatogenesis in
rats [7].

CONCLUSIONS

1. Due to chronic prostatitis induced by cryo
trauma of ventral part of the prostate gland
the disturbances of the endocrine and sper-
matogenic functions of rats testicles are ob-
served.

2. The using of NP composition based on the
orthovanadates of rare-earth elements and
silver NP as the pathology treatment decline
the consequences of the chronic prostatitis
and have effectiveness at the level of the
referent drug «Prostatilen» which is widely
used for medication of the chronic nonbacte-
rial prostatitis and males infertility.

3. The using of composition of NP LaVo,:Eu?* +
Ag (nanorods) has marked capacity to in-
hibit systemic inflammation and to reduce
the consequences of cryo trauma of prostate

gland via restoring masses coefficient of epi-
didymis and testosterone level and impro-
ving rats spermogram. For spermogram indi-
cators, the effectiveness of these NP does not
concede, but even exceeds on some param-
eters the drug of comparison «Prostatilen».

4. In general, the using of NP GdVO,:Eu*" + Ag
in the spherical shape has positively influ-
enced the consequences of chronic prostati-
tis caused by cryo trauma of ventral part of
prostate gland, although the effectiveness
was less distinct.

5. The using of the NP based on the rare-earth
elements oxides has demonstrated prostate
protective effect. The efficacy of the NP rela-
tive to the experimental prostatitis depends
on composition and their form-factor.
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The management of patients with chronic prostatitis (CP) remains the difficult medical and social problem
that makes the elaboration of new prostate protectors actual. The purpose of the work: to ascertain the effec-
tiveness of nanoparticles' of rare-earth elements with different form-factors correction of the pathological semi-
nal's endocrine and spermatogenic function disturbances caused by chronic experimental prostatitis.

The modeling of CP in mature rats’ males has been fulfilled using Wartner device by cryo trauma of the
prostate gland making. The compositions of nanoparticles (NP) of rare-earth metals (LavVO, or GdVO,) acti-
vated by Europium, with NP Ag added, in shape of rods, spheres and grains have been chosen for CP correction.
The dose was 0,3 mg/kg of body weight. The drug of comparison was 0,5 % «Prostatilen». The researched sub-
stances have been rectally introduced in volume of 0,5 ml from 15% after surgery during next two weeks. The
number of leukocytes in blood, condition and masses of the prostate gland and seminal vesicles, the concentra-
tion of the general testosterone and spermatogenesis indices have been determined.

It has been determined that using of NP composition based on the oxides of rare-earth elements and NP
Ag (nanorods) for pathology correction has declined consequences of CP: the general inflammation has been
substantially inhibited, mass coefficients of the epididymis and testosterone level have been recovered and sper-
matogenesis have been improved. For some spermogram indices, the activity of these NP does not concede, but
even exceeds the activity of drug of comparison. The using of NP GdVO,:Eu* + Ag in the spherical shape has
positively influenced the correction of chronic prostatitis, although the effectiveness was less distinct.

Thus, the composition of nanoparticles LaVO,:Eu®* + Ag in the form of rods has a positive effect on the
sexual function of rats with chronic prostatitis compared with the effect of nanoparticles GAVO,:Eu**+Ag in the
form of spheres or grains.

Key words: experimental chronic prostatitis, nanoparticles of silver and rare-earth metals, spermogram,
testosterone.
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KOPEKUIA HACNIAKIB XPOHIYHOIO
EKCNEPUMEHTAJIbHOIO NPOCTATUTY HAHOYACTUHKAMMU
OPTOBAHALATIB PIAKICHO3EMEJIbHUX EJIEMEHTIB

Yucrakosa E. €.}, Cmonenko H. I1.}, Beakiua I. 0.', Beauuxo H. @.},
Kopenera €. M., Boiiko M. 0.}, Kycroga C. IL.!, Kioukor B. K.2,
Bonpapenxo B. O.', Kapnenxo H. O.!
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JlikyBanHusa xBopux Ha xpoHiunui mpocratut (XII) samuimaersesa cKiIagHOI MEIUYHOI Ta COL1aJILHOIO
mpobJeMom, 110 00YMOBJIIOE AKTYAJbHICTh CTBOPEHHS HOBHUX IIpocTaTompoTekTopiB. Mera poboTu: BusHa-
YeHHs BIIJINBY HAHOYACTHUHOK PIJIKICHO3eMEJIbHUX €JIEMEHTIB 13 pidHUM (OopM-(PaKTOPOM IIMOI0 KOPEKIlI
[ATOJIOTIYHOI0 CTAHY €HJOKPUHHOI Ta crepMaToreHol PyHKINI CIM'THUKIB BHACJIIJOK XPOHIYHOTO €KCIIePH-
MEHTAJILHOT'O IIPOCTATHUTY.

Mogenoanu XII y crareBo3pliiux camMIiiB IMypiB MIJIAXOM KPIOTPAaBMYyBaHHSA MIEPEIMIXypPOBOI 3aJI03U
3a moromoroo kpiompuctpoio Wartner. KorrponbsHay rpyny ckimanu xubHO omepoBaHi miypu. s koperiii
XII 6yn0 o6paro xommosuirii Hanouactraok (HY) pinkicrozemensrux meramis (LaVO, a6o GdVO)), akTu-
BOBAHHUX €BpoOIIieM, 10 akux Oyio npuengaano HY Ag, y dopmi crpusxuiB, cep abo sepen. Josa criaamana
0,3 mr/kr macu tina. Ilpemapar nopisaaaas — 0,5 % [Ipocrarumnen. JocaimxyBaHsl ClIONyKHM YBOJIUIIN PEK-
TaJBHO 3 15-1 §o0OH IIiciIsa omepalliil MPoTATOM 2-X THKHIB B 00'emi 0,5 M. BusHavaim KiIbKICTD JIEMKOI[UTIB
y tepudepruHii KPOBi, CTAH Ta Macy IIPOCTATH Ta CIM'THUX MYXUPIIIB, KOHIIEHTPAI[110 3araJIbHOT0 TECTOCTe-
POHY, TIOKA3HUKH CIIEPMATOreHe3y.

Berawmosieno, mo Bukopuctanasa komioauirii HY Ha ocHOBI OKCHIIIB piAKICHO3EeMeJIbHUX €JIEMEHTIB Ta
HY cpidma (y dopmi cTpusKHIB) 1JI KOPEKI[ll ITATOJOTIYHOrO CTAHY 3MeHIIyBaJio Hacaigku XII: Bupasuo
raJbMyBaJi0 PO3BUTOK CHUCTEMHOI'O 3aIIaJIbHOTO IIPOIeCY, BiJHOBJIIOBAJIO MacCOBl KOe(MIIleHTH TOJAaTKOBUX
CTaTeBUX 3aJI03, PIBEHB YOJIOBIYOI'0 CTATEBOI'0 TOPMOHY Ta MOKPAIIYBAJIO CIIEpMATOreHe3. 3a JeTKUMH I10-
KasHUKaMu ciiepmorpamu misg imux HY me mocrymaerses, a, HaBIiTh, IIEPEBHUIILYE 110 Iperapary IOpIBHIHHS.
BacrocyBanra HY GdVO,:Eu**+Ag y dopmi chep B misomy Maso MO3UTHBHUN BILINB o0 Kopekmii XII,
aJie MaJIoO MEHIII BUPA3HUH eeKT.

Takmm ymHOM, KOMmO3uIia HaHouacTHHOK LaVO_Eu®+Ag y dopmi cTpuxkHIB Mae MO3UTHBHHI
eerT mys crareBol PyHKII IIYypiB 3 XPOHIYHMM IIPOCTATHUTOM IIOPIBHSAHO 3 BIIJIMBOM HAHOYACTUHOK
GdVO,:Eu**+Ag y dopwmi cep abo sepen.

Knmouori cioBa: exkclIepuMeHTAJbHHUI XPOHIUHUHN MPOCTATHUT, HAHOYACTUHKHU PIJIKICHO3EMEJIbHUX
MeTaJIiB Ta cpibJia, cirepMorpaMa, TeCTOCTEPOH.
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