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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 µm – 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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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 (vpPG) 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 LaVo4 : Eu3+) in the 
rod shape (size 6–8× 50–56 nm), Gadolinium 
Orthovanadate activated by Europium NP 
GdVO4 : Eu3+) 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 15th 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 t-Student test [15]. Data 
obtained were performed as the arithmetical 
mean (X̄) and its standard deviation (± SX̄). 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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According to author's data, nanoparticles of  
GdVO4 : Eu3+ 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 

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.

Table 1
Masses coefficients of sex organs of rats with chronic prostatitis treated  

by nanoparticles with different form-factor, X̄ ± SX̄

Group

Indices
Mass coefficient

Weight of seminal 
vesicles fluid, mgSeminal vesicles Ventral part  

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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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, CN 
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 

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.

Table 2
Spermogram indices of rats with chronic prostatitis  

after treating by nanoparticles with different form-factors, X̄ ± SX̄

Group

Indices
General 

concentration, 
mln/ml

СN, mln/ml Motility, % Pathological 
form, %

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*

CP + nanorods  
(n = 7) 63,0 ± 6,7** 60,0 ± 6,9** 63,1 ± 6,6** 5,4 ± 1,1**

CP + sph. NP  
(n = 9) 56,2 ± 7,7 53,7 ± 7,6** 53,3 ± 5,1* 4,9 ± 0,9**

CP + gr. NP  
(n = 10) 49,5 ± 5,0* 45,2 ± 5,3* 74,8 ± 3,0** 8,3 ± 1,1*

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;
СN — 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 (LaVo4:Eu3++ 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 La2O3 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 LaVo4 : Eu3+ + 
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 GdVO4 : Eu3+ + 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 (LaVO4  or GdVO4 ) 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 15th  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 GdVO4 : Eu3+ + Ag in the spherical shape has 
positively influenced the correction of chronic prostatitis, although the effectiveness was less distinct.

Thus, the composition of nanoparticles LaVO4 : Eu3+ + 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 GdVO4:Eu3++Ag in the 
form of spheres or grains.

K ey  wor d s :  experimental chronic prostatitis, nanoparticles of silver and rare-earth metals, spermogram, 
testosterone. 
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Лікування хворих на хронічний простатит (ХП) залишається складною медичною та соціальною 

проблемою, що обумовлює актуальність створення нових простатопротекторів. Мета роботи: визна-
чення впливу наночастинок рідкісноземельних елементів із різним форм-фактором щодо корекції 
патологічного стану ендокринної та сперматогеної функції сім′яників внаслідок хронічного експери-
ментального простатиту.

Моделювали ХП у статевозрілих самців щурів шляхом кріотравмування передміхурової залози 
за  допомогою кріопристрою Wartner. Контрольну групу склали хибно оперовані щури. Для корекції 
ХП було обрано композиції наночастинок (НЧ) рідкісноземельних металів (LaVO4 або GdVO4), акти-
вованих європієм, до яких було приєднано НЧ Ag, у формі стрижнів, сфер або зерен. Доза складала  
0,3 мг/кг маси тіла. Препарат порівняння — 0,5 % Простатилен. Досліджувані сполуки уводили рек-
тально з 15-ї доби після операцій протягом 2-х тижнів в об’ємі 0,5 мл. Визначали кількість лейкоцитів 
у периферичній крові, стан та масу простати та сім′яних пухирців, концентрацію загального тестосте-
рону, показники сперматогенезу.

Встановлено, що використання композиції НЧ на основі оксидів рідкісноземельних елементів та 
НЧ срібла (у формі стрижнів) для корекції патологічного стану зменшувало наслідки ХП: виразно 
гальмувало розвиток системного запального процесу, відновлювало масові коефіцієнти додаткових 
статевих залоз, рівень чоловічого статевого гормону та покращувало сперматогенез. За деякими по-
казниками спермограми дія цих НЧ не поступається, а, навіть, перевищує дію препарату порівняння. 
Застосування НЧ GdVO4:Eu3+

 + Ag у формі сфер в цілому мало позитивний вплив щодо корекції ХП,  
але мало менш виразний ефект. 

Таким чином, композиція наночастинок LaVO4:Eu3+
 + Ag у формі стрижнів має позитивний 

ефект для статевої функції щурів з хронічним простатитом порівняно з впливом наночастинок 
GdVO4:Eu3+

 + Ag у формі сфер або зерен.
К л ю ч о в і  с л о в а :  експериментальний хронічний простатит, наночастинки рідкісноземельних 

металів та срібла, спермограма, тестостерон.


