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In modern urology, it is important to study and understand the features of the
development of various pathologies in the organs of the urinary system since the
disturbances of the urodynamics is awidespread problem all over the world. Thus, the
environment pollution caused by heavy metal salts has unpredictable consequences
for the functioning of the urinary bladder. That is why the object of this study is to
determine the features of the expression and the quantitative composition of T-cells
and macrophages in the UB wall under the intake of the HMS and correction of their
effect with vitamin E, as well as during the readaptation period. According to the
experimental scenario, the experiment model was implemented by using male rats
thatwere divided into six groups. The heavy metal salts mixture consisted of the most
common potentially dangerous metals-microelements (zinc, cooper, iron, manganese,
lead and chrome). Vitamin E was chosen as a corrector. To determine the quantitative
composition of T-cells and macrophages the immunohistochemical identification by
CD3 and CD68 antibodies was used. The main results are presented as M+SD, with
the assessment of the differences and dependencies between the groups by using
nonparametric Mann-Whitney U test and Spearman's Rank Correlation Coefficient. We
found that the number of CD3+ lymphocytes and CD68+ macrophages differed
between the groups and depended on the experimental conditions. Thus, the results
of our study demonstrate that the number of T-cells and macrophages in the bladder
increases under the influence of heavy metals salts. The simultaneous intake of the
pollutants andvitamin E is accompanied by the decrease of expression intensity of the
corresponding cells. When the intake of the heavy metals is canceled, the qualitative
composition of the identified CD3 and CD68 cells gradually comes to the norm, but the
speed of its reduction differs depending on the group of the readaptation. Discovered
that the decrease of T-cells and macrophages in the groups with the use of vitamin E
was more approachedto the control. Based on the results of the immunohistochemical
stuay, a strong correlation between an increased number of the expressed T-cells and
macrophages was revealed in the urinary bladder during the whole period of the study
that demonstrates the dependence of their activity.

Keywords: urinary bladder, heavy metals salts, T-lymphocytes, macrophages, vitamin
E, readaptation.

Introduction

In modern urology, it is important to study and
understand the features of the development of various
pathologies in the organs of the urinary system since the
disturbances of the urodynamics is a widespread problem
all over the world [3, 4]. Nowadays the mechanisms of the
pathogenesis of these processes are studied insufficiently

that stipulates the awareness of the main causes of their
occurrence [3].

Inflammation of the urinary bladder (UB) plays an
important role in the urodynamics disturbance [10]. The
pathology of this organ often accompanies various
pathologies of the urogenital system and may be the first
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clinical manifestation of their lesions. There are various
theories of the development of the inflammation in the UB,
and this complicates the understanding of the details of its
pathogenesis [3, 6, 10]. Itis known that the inflammation of this
organ occurs when the protective barriers both in the mucous
membrane and in its walls are broken [3, 5, 10]. However,
the nature of the disease and the symptoms may vary,
depending on the provocative factors: factors of the modern
lifestyle (smoking, alcohol, chronic stress), the influence of
the pollutants (anthropogenic pollution), the presence of the
pathogenic microorganisms (Escherichia coli, Clostridium
botulinum, etc.) and pathological processes in the UB wall
(innervation disorders, cystitis and cancer) [3, 6, 7, 10, 11].

The number of the reports on the connection between
the heavy metal salts (HMS) and ecologically caused diseases
has increased significantly [8]. It is caused by the increased
urbanization of the population and increased number of the
dangerous human-made emissions followed by the
environmental pollution and ecological imbalance. The effect
of the heavy metals (HM) is unpredictable due to the variety
of their combinations and concentrations in the polluted
regions of the world [5, 8, 14].

The object of the study is to determine the features of
the expression and the quantitative composition of T-cells
and macrophages in the UB wall under the intake of the
HMS and correction of their effect with vitamin E, as well as
during the readaptation period.

Materials and methods

The experiment model was implemented by using white
male rats (n=84) with a detailed UB research on the 30, 90,
120 and 180 day of the study. Thus, according to the
experimental scenario, laboratory animals were divided into
six groups: | - control group; Il - rats that received water with
the HMS mixture during 30 and 90 days; Il - rats that received
water with HM during the corrective therapy for 30 and 90
days; IV - animals on the 30 (120) and 90 (180) day after
discontinuation of HM using; V - animals that received vitamin
E within 30 (120) and 90 (180) days of readaptation after
discontinuation of HMS using; VI - animals that received
corrective therapy during 30 (120) and 90 (180) days after
long-term HM-+vitamin E influence. The animals were taken
out of the experiment in certain periods by the decapitation
after narcosis with the further UB removal. The animals were
kept in the vivarium with the temperature, humidity, and
day/night mode control and free access to water and food.
All studies and control of the animals were conducted in
accordance with the rules for the use of the animals in the
experiments, adopted by the "European Convention for the
Protection of Vertebrate Animals Used for Experimental and
other Scientific Purposes” (Strasbourg, 1986), "General
Ethical Principles of Animal Experiments”, adopted by the
First National Congress On Bioethics (Kyiv, 2001), "Ethical
Principles and Guidelines for Experiments on Animals: 3rd
Edition” (Switzerland 2005) and the Law of Ukraine "On the
Protection of Animals from Cruel Treatment” (2006).

The HMS mixture consisted of the following potentially
dangerous metals and microelements that circulate in the
environment: zinc (ZnS0O4x7H20) - 5 mg/l, cooper
(CuS04x5H20) - 1 mg/I,iron (FeS0O4) - 10 mg/I, manganese
(MnS04x5H20) - 0.1 mgy/I, lead (Pb(NO3)2) - 0.1 mg/I,
chrome (K2Cr207) - 0.1 mgy/I. Vitamin E (alpha-tocopherol
acetate (Vitamin E) was chosen as a corrector, with the
calculated average dose for the rats (9.1 mg/kg).

After removal, the UBs were fixed in 10% formalin
solution, dehydrated in graded ethanol and embedded in
paraffin. The series of sections (the thickness 3-5 um) were
obtained on a rotary microtome. Visualization of the
immunohistochemistry of the receptors was performed by
UltraVision Quanto Detection System HRP DAB Cromogen
(Thermo scientific, USA).

To determine the properties of T-cells and macrophages,
as well as their quantitative composition, the immuno-
histochemical identification by using monoclonal antibodies
of cluster differentiation CD3 (dilution 1:150) and CD68
(dilution 1:200).

The light and optical study of the UB was carried out by
using "Carl Zeiss Primo Star” microscope with "Zeiss AxioCam
ERs 5s" digital camera and "ZEN 2 (blue edition)" software.
The obtained data was calculated in Graph Pad® 6.0. The
digital results are presented as M+SD, with the assessment
of the differences and dependencies between the groups
by using nonparametric Mann-Whitney U test and Spear-
man's Rank Correlation Coefficient. p<0.05 is the statistically
significant value.

Results

The immunohistochemical study of the control group
revealed the single CD3- and CD68-positive expression with
membrane and cytoplasm patterns of the expression (Fig.
1-A). Identified T-cells (1.933%0.710) and tissue-specific
macrophages (2.635+1.030) were localized namely in the
stromal components of the UB.

Inthe animals from the Il group that were given the HMS
during 30 and 90 days, the number of positive expressed T-
cells increased up to 18.42+4.78 and 12.75+4.12 (p<0.01)
(Fig. 1-B) cells in the field. The study of the macrophage
generation revealed the increased activity of CD-68 positive
cells due to the mixed cellular inflammatory infiltration.
Herewith, the number of the macrophages increased with
the extension of the experiment onthe 30" day (14.55+5.19,
p<0.05) and 90™" day (19.58+6.89, p<0.05) (Fig. 1-B).
Diffuse or lesion localized CDS3 positive cells were localized
mainly around the vessels and in the fields of the inflammatory
infiltrates of the stroma, directed towards the epithelium.

At the same time, on the 30" day of the correction of the
influence of the exogenous pollutants with vitamin E (lll
group), the number of CD3 and CD68 cells increased up to
16.38+4.30 and 11.57+4.06 (p<0.01) in comparison with
the control group. However, on the 90" day of the study the
smooth reduction of the expression of the positive
lymphocytes upto 10.58+3.55 (p<0.01) aswell as increased
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Fig. 1. The UB wall of experimental animals. | - control group; Il group - Iaboratory anlmalsthat consumedwater saturated of HMS
during 90 days; Il group - rats that received water with a HMS combination and vit. E within 90 days. Immunohistochemical study
of CD3 and CD68 receptors. Magnification. x400.

number of macrophages up to 15.42+5.35 (p<0.01) was
observed (Fig. 1-C).

With the extension of the experiment, on the 30" day of
the readaptation the decreased number of the expressed T-
cells (10.35+3.49 vs 8.567+3.140 vs 6.883+2.510, p<0.01)
in the stromal components of the UB was observed in IV, V
and VI groups. It should be mentioned that the activity of T-
cells markers and their numerical difference in comparison
with the control group continued to decrease and accounted
6.417+£2.460 (p<0.01) vs 3.650+1.210 (p>0.05) vs
2.750%0.950 (p>0.05), after 3 months of the rehabilitation.

The comparison of the phagocytic activity of the tissue
macrophages by the identification with the antibodies to CD68+
cells on 120 and 180 days of the experiment showed the
variations in their levels. Thus, the number of the macrophages
in the UB wall depended on the studied group, namely:
15.80+5.06 and 9.750+3.430 (p<0.01) - in the group after the
HMS intakewas canceled; 11.55+3.84 and6.217+2.5 (p<0.01)
- with the use of the corrector during the entire rehabilitation
period; 8.730£3.020 and 4.283+2.230 (p<0.01) - with the
extension of the vitamin E intake during the readaptation.

Based on the results of the immunohistochemical study,
a strong correlation (r=0.76, p<0.01) between an increased
number of the expressed T-cells and macrophages was
revealedinthe UB wall of allgroups. These correlationindices
are due to the long-term effects of HMS and shows the
activity dependence of CD3 and CD68 positive cells.

Discussion
The activity of the elements of the immune system plays
an important role in the pathogenesis of many diseases.

-t e

The role of the cells of the immune system in the local
immune reactions, both during the inflammation and
neoplasia is described in details [2, 13]. It is reported about
the correlation between the composition of the immune
microenvironment and the course of the disease or the
development of the tumors in people who live in the polluted
areas [12]. Thus, it is important to study the composition of
the inflammatory infiltrate to predict the behavior of the
immune system. Moreover, the modern markers of the cluster
differentiation help accurately determine the cellular elements
of the inflammatory infiltrate [9, 12], namely, T-cells (CD3)
and macrophages (CD68).

It is known that the effect of the HMS on the body results
in the deep histological and immunohistochemical changes
inthe UB and disorders in its structural homeostasis [11]. In
this study, we revealed that the inflammatory cells of the
different sub-population accumulate in the stromal
components of the UB due to the long-term influence of
the HMS mixture. Herewith, their activity increased when
the experiment was extended and significantly exceeded
the control indicators. It is considered to be the normal
response of the body to the stress factor, but the composition
of the inflammatory infiltration may vary depending on the
conditions and period of the inflammation [2, 3, 7, 9]. On
the other hand the immune reaction in the group with the
corrector was less intensive that is demonstrated by the
decrease of the generation of T-cells and macrophages. It
can be explained by that fact that vitamin E has the effective
protective effect fromthe HMS that is also proved by the less
expressed morphological changes, demonstrated in the
previous studies [1].
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When the influence of the extreme factors on the body
was canceled, the qualitative decrease of CD3 and CD68
positive expressed cells in the lesion was stated in all groups
of thereadaptation. It should be mentioned that the decrease
of T-cells and macrophages activity in the groups with the
use of vitamin E was more approached to the control.

The obtained results demonstrate that the
immunohistochemical reaction with the selected antibodies
was individual in each case. Thus, the number of CD3+
lymphocytes and CD68+ macrophages differed between
the groups and depended on the experimental conditions.
The long-term presence of CD68-positive cells in the lesions
of the inflammatory infiltrates may be caused by the
maintenance of the enhanced phagocytosis after the
influence of the simulated microelementosis. Also, a strong
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BAPIAGEJIbBHICTb CKNAAY T-NIM®OLUUTIB TA MAKPO®ATIB Y CEHOBOMY MIXYPI 3A YMOB BINJIUBY
COJIE BAXKUX METAJNIB, KOPEKLII IX AIT BITAMIHOM E TA Y NEPIOA PEALOANTALIT

Cikopa B.B.

Baxnnsum nutaHHSIM Cy4acHOI yposorii € BUBYEHHST Ta PO3YMIiHHSI OCOBIMBOCTEV PO3BUTKY DISHOMAaHITHUX NaTo/orivi opraHis
CEe40BULINILHOI CUCTEMMU, TaK SIK MOPYLLIEHHS YPOANHAMIKU € LLIMPOKO PO3MOBCIOAXEHOI MPObIEMOIO y Pi3HUX KpaiHax cBiTi. Tak,
3abpyAHEHHST HaBKOJIMLLIHbOrO CEPeaoBULLA CONISIMU BaXKUX METasliB Hece 3a cobolo HerepenbayyBaHi Hacigkv Ha @yKLiOHYyBaHHS
ce40Boro Mixypa. Came ToMy METOK LibOro AOC/IAXEHHS CTa/l0 BCTaHOBJIEHHS] 0COOIMBOCTEVi eKCripecii Ta KinibkicHoro cknaany T-
nimeountis i Makpo@aris y cTiHyi CM 3a yMOB BXUBaHHSI CONEH BaXKnNX MeTasiB Ta Kopekuii ix gii BitramiHom E, a Takox y nepios
peananTauii. 3rigHoO 3 eKCrIEPUMEHTA/IbHUM CLIEHaPIEM MOLEIIb EKCIEPUMEHTY BYyJa peasizoBaHa 3a AOrMOMOrow camuiB LLYypIB, SKi
Oyan po3nineHi Ha wictb rpyn. [Jo cymilli conevi BaxXkux MeTasiB BBIVLLIN HaMOLWMPEHILL MOTeHUilHO Hebe3rneyHi meTanum-
MiKpOenemMeHTU (UMHK, Miab, 3a/1i30, MapraHelb, CBUHELb | XpoM). B skocTi kopekTopa 6ys10 obpaHo BiTamiH E. [11s BUSHA4eHHS
KisibkicHOro cknany T-KaiTuH Ta makpogaris by/a BUKopucTaHa iMyHorictoximiyHa ineHtugikauis aHtutinamm CD3 ta CD68. OcHoBHI
pe3ynbTatv npeacrasieHi sk M+SD, 3 OLiHKOIO BiAMIHHOCTEVI Ta 3a/1eXXHOCTI MK rpyramu 3a OrOMOIrol0 HernapameTpu4HoOro TeCcty
MarH-YiTHi U Ta koegiuieHTa kopensauii CriipmeHa. Mv BusBuau, 140 KinbkicTs CD3+ -nimpountis Ta Makpogaris CD68+ BiapisHsnacs
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MK rpynamu i 3anexana Bif eKCriepuMeHTaIbHUX YMOB. Tak, pe3y/ibTatv Halloro AOCHIAXEHHS AEMOHCTPYIOTb, L0 34 YMOB Aii
conevi Baxkux MeTaiB BiAbOYBaETbCA 3POCTaHHS Ki/IbKOCTI T-1imM@oumnTiB Ta MakpogarisB y CTiHUi opraHa. O[Ho4YacHe BXUBaHHS
MOMOTAHTIB Ta BiTaMiHy E CyrpoBOAXYETLCS 3HAYHO MEHLLIOK IHTEHCUBHICTIO EKCIPECIi BiAMOBIAHNX K/ITUH. TiCas BiAMIHW BXUBAHHS
BaXKNX META/B KiJIbKICHWI Cknaa ineHTugikoBaHnx CD3 Ta CD68 kiTyH nocTyrnoBo HabMXaeTbCsl 40 HOPMU, OAHAK LUBUAKICTb iX
BMEHLLEHHS BIAPIBHAETLCS MiX cepiamu peaaanTtauii. Ha nigcrasi pe3ynbtariB iMyHOriCToXiMidyHOro 4OC/iAXEHHS BCTAHOB/IEHO
CUJIbHI KOPEIALIVIHI 3B '3K1 MK 30O0CTaHHSAM KiJIbKOCTI €KCripecoBaHux T-7iMpounTis i makpogariB y ce40BOMY MiXypi rnpoTsrom
YCbOro AOC/AXEHHS, O AEMOHCTPYE 3aIEXHICTb iX aKTUBHOCTI.

KniouoBi cnoBa: ceyoBuii Mixyp, coni Baxkux Metanis, T-nim¢ountu, makpogparu, BitamiH E, peaganrtadis.

BAPUABEJIbBHOCTb COCTABA T-TIMM®OLUTOB U MAKPOD®AroB B MOYEBOM MNY3bIPE NMPU

BO3LENCTBUMN COJNIEM TAXENBIX METAJIJIOB, KOPPEKUUN UX OENCTBUA BUTAMWHOM E U B MEPUOA
PEAOANTALUN

Cukopa B.B.

BaxHbIM BOMPOCOM COBPEMEHHOV YpOonorun siBAsIeTC U3YHeHNE 1 MOHUMaHNe OCOOEHHOCTEV pPas3BUTUS PAa3/INYHbIX NaToI0rni
OpraHoB MOYEBbLIAEINTE/ILHON CUCTEMBI, Tak Kak HapyLLIEeHUe yponnHaMuKkn sIBJISETCS LUMPOKO PacripoCT PaHeHHO rnpobiemori B
pasHbIx cTpaHax mupe. Tak, 3arpsi3HeHNe OKPYXXaloLLel Cpeabl COMIMU TSXEbIX METAa/I/IOB B/IEYET 3a CODOV Hernpeackasyemoie
nocneacTeusi Ha QyKUMOHYBaHHS MOYEBOIo y3blpsi. IMEHHO Mo3TOMYy Li€/bI0 aHHOIrO NCC/IEA0BAaHNSI CTal0 yCTaHOBIeHUEe
0COBEHHOCTEN IKCrpeccun v KOIMYeCTBEHHOro coctasa T-1mm@oUnToB n MakpogaroB B CTEHKE MOYEBOIro ry3bipsi rpu yC/I0BUSX
yrnoTpebieHns1 Coneli TSXENbIX METAaN/I0B 1 KOPPEKUMU nX AeicTBusS BuTamuHoM E, a Takxe B nepuoa peanantauymm. CornacHo
OKCrIEPUMEHTA/IbHBLIM CLIEHAPUIO0 MOAESb KCIEPUMEHTA Oblia peain30BaHa C MOMOLLbIO CaMLIOB KPbIC, KOTOPbIe Obliv Pa3aesneHbl
Ha WeCTb rpynn. B cmech conedi TSXesbiXx MeTanioB BOLJIM CaMble€ PacripoCTPaHEHHbIe MOTEeHLUNalbHO OrnacHble MeTasillbi-
MUKPOS/IEMEHTbI (LUMHK, MEAb, XE/1€30, MapraHey, CBUHEL U XpoM). B kayecTBe koppekTopa bbii n3bpaH sutamuH E. [nsa
onpeneneHuss KoIM4ecTBeHHOro cocraBa T-KaeTok v Makpogaros 6biia 1Croib30BaHa UMMYHOMMCTOXMMUNYECKas! UAEHTUGUKaLS
aHtutenamm CD3 n CD68. OcHoBHbIe pe3yibTaTbl NPeacTaBieHbl kak M+SD, ¢ oueHKo pasnnyusi v 3aBUCUMOCTU MeXAy
rpyrnnamu ¢ roMoLLbIo HerapameTpudeckoro Tecta MarH-YutHu U u koagguumeHTa koppensumm CrinpmeHa. Mbi 06Hapyxuam, 4To
konm4ectBo CD3+ numeoumntos u makpogaroB CD68+ oTamy4anocs Mexay rpynnamu v 3aBUCHI0 OT 9KCEPUMEHTA/TbHbBIX YC/I0BU.
Tak, pe3ynbTatbl Hallero uccaenoBaHus MoKasblBarT, YTO B YCJI0BUSX BJIUSHUSI COJEN TSXKE/bIX METAJIJIOB MPOUCXOANT POCT
yucaa T-mmeounToB n Makpogaros B cTeHke opraHa. OOHOBPEMEHHbIV rpueM rnoJuIoTaHTOB U BUTamuHa E conposoxaaercs
3HaYNTEIbHO MEHbLUEV MHTEHCUBHOCTbIO 3KCIIPECCUMN COOTBETCTBYIOLMX KAETOK. [locne oTMeHb! yrioTpebeHns TaXenbix
METasI/IOB KOJIMYECTBEHHbIV cOCTaB uaeHTuduumpoBarHHbix CD3 n CD68 kneTok nocTerneHHo rnpubanxaercs K HopMe, 04HaKo
CKOPOCTb UX YMEHbLLEHUS OT/INYAETCS MEXAY cepusimu peanantaumn. Ha ocHoBaHum pesysibTatoB UMMYHOrNCTOXUMUYECKOro
uccs1ieoBaHns YCTaHOBIIEHO CUJIbHBIE KOPPETISILMOHHBIE CBS3U MeXAy POCTOM KOJINYECTBAa 3KCIPeCccupoBaHHbIX T-1mm@ounTosB
u makpogaros B MOYEBOM [1y3bipe B TEYEHNE BCErO UCCIEA0BAHUS, YTO AEMOHCTPUPYET 3aBUCUMOCTb X aKTUBHOCTU.
KnioueBbie CnoBa: MOYEeBOU My3biPb, CON TSXEJbIX METAIIO0B, T-mmM@ounTsl, Makpogaru, ButamuH E, peanantayms.
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